Bl OVEDI CAL DEVI CES CONTAI NI NG | NTERNAL WVETTI NG AGENTS RELATED PATENT
APPLI CATI ONS This patent application clains priority of a provisional

| / h filed b
DR CHl ELD OB SMEDIGAREMS ES N AR NS ERR AL e THING BerRas e et gel s

that contain internal wetting agents, as well as nethods for their
production and use. 10 BACKGROUND OF THE | NVENTI ON Cont act | enses have been
used comercially to inprBELATVERPATENTARPLIGATIONSst the 1950s. The first

Ccont or t ant et o iCefERtapblcalRh PR diorl|d oHiblistu AR B8 O het "o ¢ e
of softeb nBermMNoab®/318.5p6 whichwasYikdancSeptemtser 18y200dul arly silicone

hydrogel s. Silicone hydrogels are water-swollen polynmer networks that have
hi gh oxygen perneability and surfaces that are nore hydrophobic than

hydrophilic. These | enses prpm_gq)pangnggm@,\, of confort to many lens
wearers, but there are sone users who experience disconfort and 20 excessive

ocul ar deposit s Thisidvenfionselated da siicone dydrogels that contain interpalwettingese | enses.

This di sco n eposi [ to the hydrophobic

char acter g%%’ﬁ@%ﬂ*ﬁa%e’ﬁe%@ﬁwgm’g@Sgﬁg&toheaw:‘i'?gr action of those surfaces

vC\H]h tne pr?tgi 3 tI i p: fls and nmucin and the hydrop[]i | ctﬁurfac](ca of tpezgye.
ers have tried to a i ng e surface o

silicone hydrogel contact 4@%@%@“@& ﬁ@hﬁé&amrﬁﬁ‘?coati ngs. For exanple, it

has Dbeen discl @&ﬁa&i@fséhé\}%ﬁ u?é@é&ﬁtﬁérciaﬁﬁﬁqﬁ\ Féve isforl @it nor e

conpati ble wth ocul ar surfaces by ying plasm coatings to the |Iens

surface. HeWlegsithe 18RsaiTbe fisst mrﬁam&enawwg'génadeeqwesi materialg andw i nci dences
of surface a§i§ r? drs sBmel ?ﬂ;ncgﬁf’o?tag le& h?e??dMoggm |EHsBS RV reatt)%éﬁg | nt er nal

hydrophi | i c agen or me ng agents a hacroner containing reaction
m xt ure15asdbﬂ<npedﬂlsﬂlanssﬂdeblbsﬁleematenals t;tplballyswdnogelsendont ai ni ng macromners

ol yreri o aPRMER ol nygOBSF, Mibans P RoUE i< wrtelRp Rl Mt ormr i x used
to form t henéemworie!thathave ﬁigﬁ@xp@arpeﬁnébmw a5Eslirfabes/ utare mast ing in vivo
I mprovenents in wettability and
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 iens surface.
However, uncoated silicone hydrogel lenses having low incidences of surface
deposits have not been disclosed.
30 Incorporating internal 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)



wet t abl e bi onedi cal device. The present invention yet further relates to an
ophthalmc lens conprising a silicone hydrogel which has, w thout surface
treatnment, a tear 5 filmbreak up time of at |east about 7 seconds The
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preferably at I ments at east” about 50% as
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t he present inventio ) ' silicone hydrogels
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include but are not l|limted to catheters, inplants, stents, and ophthal mc
devi ces suc@mqunt of a compatibilizing component.

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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present inventio re not separatel treated.to.improve the wettability of
the devi e iRasdrEnses. Queray ehsds astier (nsei, ADd gRISAIESSEY. (he present
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are discl os%gﬁrﬁgqﬁés%s%% rl}ggﬁﬂcﬁagél:\ %@Féﬂgtﬁﬁz r%g‘gﬁl ar structures,

t he nol eculirdexsistegtion.. [Tbps mendmess, éndludeatiraersand in saraeicasesed upon t he
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(nunber av@ﬁéé@%%aﬁgﬂﬁjéggﬁé&e@g@ ."@"8?#’%%’? r%@éﬂ ‘lg'%n'ﬂgﬁc}r{rggn'gcts%ﬁéﬁ?aphy refractive
i ndex d& ecti onAsosed kerein{ the phrasBdwitious a sonfacerteeatmerttimedns/that ki nemati c

Vi scosity asur enent as,described in Encycl apedi a qf Pol r Science and
Engi neer | nghe RHGIGFLITaER B EIoAAvha PLthe PeesEBlHvastips P IONSGPErEY pgs. 106. 207,
John W ey téeatedits ihprove thedvettabiitylof the devicéO Treatménts whichhthaybdvbl ecul ar Wéi ght
Hydrophilic Polynmer As used herein, "high nolecular weight hydrophilic

pol ymer " r éPr€ASNQ "(’Fcaé‘ﬁ%gfttﬁﬁ9&9§9'Pfé’\weﬁg°’hi%9\!é¢©ﬂasm?&%@eﬂ\§| ecul ar wei ght of
no | ess thajaf@heg \¢batthg and the like. However, coatings which provide properties
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
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



100, 000 Dal tons, wherein said substances upon incorporation to silicone
hydrogel formulations, inprove the wettability of the cured silicone
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in this mrﬂ?@k[ﬁbyy%{oﬂpgﬂdddbto 8&@5606’6@) é"a‘t%@ﬁ?ﬁ rageeat er than about

46 and prefera et ween out '46’ an |gh nol ecul ar
wei ght hydrrogle¢ularoveightyners are present |n the formul ati ons of these

ur face mod: 11 cReiRo R, e et e ol BmerEBPE. o depositi ons.
duri ng 10se.invenkion ean bsels@exprmdlbycthernalamte basedion k&bmdtnc&sb@my , and
r ow, referably for 24 hours

preferably worn several day: HD e 28
or more w tASARUIERERIS B de%@ﬂ‘é{h "%!099‘??85 lyeR SdeneaRd depositi on neans
that, when py ﬂng"'N ingl Arhide Pofffiers, Hecbfdeditich Y8l 17, ?ﬁ%@@%ﬁr eferably at

Ieast about 90% nmof e preferably about 100% of | enses worn in the

pat i ent popl@halwll%l 8cﬁ5@ll§l g Wageemrp&sesi in issmasrerdeophiic si i ght, over the
wear perio I rophilic
pol ymer i nf:h" rﬁﬁ‘ne?%‘ %ﬁout %mgeg%out H%ggﬁh% ttj%%@%gﬁme“?rybe?'e preferably
about 31& o ablout46 drd atet tihtTherhigh mpleeﬂlalr\aelglyt hytiophilié polgmeatsane 12 percent,
all based u tal, .weight of all reactive n Exanpl es of
i gh ot e dreent Bring Briy and MesS setore h SR Anal L S GBI o™ i Fed to
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hydr oxyl - f Uiighi ®Rdlrs r@ﬂ%éraﬁ&%@%eﬂ?&ﬂﬁay@ﬂ% foWeBnd MBF | Ng the hydroxyl
groups of the resulti nﬁ; copolymer wth materials containing radical
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



5 polyneri zabl e groups, such as isocyanat oet hyl net hacryl ate or nethacryl oyl
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glycidyl methacrylate may al so be used. The glycidyl nmethacrylate ring can
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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.



hydrophilic polymer be soluble in the diluent at processing tenperatures. 6
Manuf acturing processes which use water or water soluble diluents nay be
preferred due to their sinplicity and reduced cost. In these enbodi nents
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conponent s i~ Al | i ve hydrogen
and ot 1 easrnspatenieRRERhic deETtAERRIRIAAT chnorB APl AL GreBEl, 1Y, VL O
hydr ogetb bdneention soluthilizesHiyaloxygbn permepblecomposend(shand highl mmtdcular c nononer s

present. Hydr | ,aroups , readi rticipate in.hydrogen bondi ng and are
Pher ot o o ibiah R BERHERolhEA hisrSntofiR, dns RIS °Pn N

gnbogi menlt icoiﬂbﬁaﬁmbiefbi ?mdihtamke.cm?ﬁﬁmrmaliw%iﬂf lg%etﬁtir} émwtent ion

enerli Cla conpri se, eas ne yar ox rou an al .| eas one
"ISi-0-i "¢jssHways with the ycseanl PolmE wRY e ysed ad a compatibilzing

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 ophthaimic 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 percent of 7
sai d conpatibilizing conponent, nore preferably nore than about 20 wei ght
percent. The ratio of Si to OHin the conpatibilizing conponent is also

i nportant  $aid mmmt@nhn@g@ompmwtt,imreﬂrefgr?étyrm@'némﬂn aieut B0 weight provi de t he
desired degg&g nto of conpatibilization. If the ratio of hydrophobic portion
to OHis to |gh the conpatibilizing conponent may be poor at

conpati bi | i zi ng ThaeatioyafiSh phOHiin therompatibilizingesompanegt is alsorvopariaat | bl e reacti on
m Xt ures. cor OH ratio is less than

Tbout | 2. 1 CmANge EpmpRuARE coBBaan W ich i PRGOS e desep 460red, 5w
enbodi mept Sofn:bmasafbmz%hsmhmih% rdflo DERRroph b YOrion EPOPE thoigrRglel bi |1 ty

conpared to secondary al cohols. Those of skill in the wi |l appreciate
that the aneAmRatibizing eoraeaneshmay be@@ﬁrp%ttcpmpatlbzlm@ the hydrapiilic wi 1 | depend on

how ”“gh dgg&ggﬂ&bk'wﬁlluﬁﬁIn%‘nﬁgcfms;hibler}gﬁaﬁﬂ rﬁnﬂut%%hh@!@rdi‘hgﬁbﬂ%ﬁhéed wet tabi I ty

and th I'cone contal I'S i nconpati bl e
wi t h t he hyembgdimeénts, the SitoedH rdth i€lesstHansabotit ‘[ﬁmmdlpbefétiablyng corrponents

R R e | Sapigéh Sbay i G 8bAR 40.£ IR some @ncdienee IAAKAICRIORT 1 wher et e

25 n isi@n hmmdéﬂamgﬁed%rﬂ atibiity comshred ©f sticamdary Biebhgien 4 and 25; R is
hydrogen, Cl.ra P ’I§4 are mdegendae%tly, Cl. 6al kyl ,

tri Cl. 5al kyTQqsﬁ@f(%'“ iHbeatt W"k‘ﬂi{ﬂ‘ﬂ%? that theramqunt ardiseiactiohoky| | subst i t ut ed
pheny i "o skl fbins Cofihanwl daobls5 bl ueh KropHRSidAira S are sel et ed

fromone or e ne
needed to achieve the desired wettability and the degree to which the silicone

containing monomer is incompatible with the hydrophilic polymer.
15 Examples of compatibilizing components include monomers of
Formulae | and Il

R! R?
|
R'—Ré.-c-R8—si-R?
RS l_le-t

20

wherein:
25 nis an integer between 3 and 35, and preferably between 4 and 25;
R' is hydrogen, C1.calkyl,;
R%R?, and R*, are independently, C1.salkyl, triCy.calkylsiloxy, phenyl, naphthyl,
substituted C1.salkyl, substituted phenyl, or substituted naphthyl



of the group consisting of Cl.6al koxycarbonyl, C1.6al kyl, Cl1_6al koxy,
am de, hal ogen, hydroxyl, carboxyl, Cl.6alkyl carbonyl and fornyl, and where
the aromatic substitutents are sel ected from one or 5 menbers of the

group consi sti nvhsre the alkvksybstitutentsare selegted ipmyne or @Pr%ﬁflemgﬁ ani de,
hal ogen, hydroxcontﬁn wg,smﬁ]ﬂ@qleg%,ﬁeégggwlcp&mw b%dm’dxy R5 is hydroxyl,

an al kyl grou one “or nore dr ox groups,
( CH2( CR9R10) 10) mmmmalmgm dydroyyli @FQOWbC&aIW@MbaM fQ"tl)d a&d xis an integer

of 10 1 to 100 0 to 25, RO - R11
are mdependentlvﬁl e‘f’%@&i@"?%&&r@ﬂﬂgg%%&%a(;\??%%gh?t} PfBFecar bon atons and
?I kyl's fhiav' ng mmbfgslgéﬁagmlagaﬁsmm$Jﬂ0$.§alltdxywlbdmyt Iﬁ:mlkyleastzgne pgl ar

t
atoms: R i s°a Koy AT RRggen Brouh e g ekUEAPIBN GRS and/ or

cationic pol yn?(rrj.nzfatlon conprising up to 20 carbon atoms; and R9 is a
di val ent or %I’I val ént group conprising up to 20 carbon atoms. 20 Reaction
m xt ures of Riindygoedenn alkyhgsoun eantaining one-onrdererydeoxyligioupsner  conpat i bi | i zi ng

conponent . C;;W o t referred RL is
hydr ogen, @ e pr)yeltp ﬁ;gﬂé&ﬁ%@q tbg é{g?ér éqg@%ﬁgh?ntE%oP

tr : to f st t<y1 wi 1|00x5(;rﬁ]ferah1582 t8@ret mork preiblr']ablly 0o 25 RPnaRHyarer | oxly For

mul ti functiona i.fun er conpri se

et hyl eni cal ! R?r'?é%ﬂ“éfr%@@@%@f‘}rﬁﬁ%gg io@éga%qmaq g?@ ér/abl gpcorrprl se
an acryl at ehavihgiiphto 10 caofrhtdnis dibsRated withat leastend ;ﬁilard@mctusriﬁal kyl acryl am de,
N-vi nyl l actam N-vinylam de, , C2.12al kenyl, C2.12al kenyl phenyl,

C2. 12al keny9"R¥®ht hyl , or C2. 6al kenyl phenyl d sal kyl . The preferred R5 is

hydr oxyl, -CH2OH or CHZCHO—ICHZO—I with 30 hydroxyl being nost preferred..
The preferred Re is a divalent C1l.6alkyl, Cl.ealkyl oxy,

Cl1. 6al k18 oxjis Sdivalgnt groupcompsising updpl@ barbemeton®l. 12cycl oal kyl

Cl. 6al koxycar bonyl, am de, carboxy, Cl_6al kyl carbonyl, carbonyl, Cl.6al koxy,
substituted Cl. eal kyI substituted Cl.6al kyl oxy, substituted

Cl. 6al kyl oxR’Gls ae'a(orioyblentsgrwrbthbl dantundengb dregIradieal aadlbstationiced napht hal ene,
substituted 12 cl oal ky] ubst |é uents are selected from one

or nore ne QWW%WB up to 56 carBon aft oms; an

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 Cy.salkyl 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 Cqsalkylacrylate,
acrylamide, C1.alkylacrylamide, N-vinyllactam, N-vinylamide, , Cz.12alkenyl,
C..12alkenylphenyl, C...2alkenylnaphthyl, or C,.salkenylphenylC4.galkyl.

The preferred R® is hydroxyl , -CH.0H or CH,CHOHCH,OH, with

30 hydroxyl being most preferred..

The preferred R® is a divalent Cy.¢alkyl, C1.alkyloxy,
C1.salkyloxyC.¢alkyl, phenylene, naphthalene, Cs.12cycloalkyl,
C1.salkoxycarbonyl, amide, carboxy, C1.salkylcarbonyl, carbonyl, Cy.¢alkoxy,
substituted Cq.galkyl, substituted C.salkyloxy, substituted C,.salkyloxyCy.salkyl,



consi sting of Cl.6al koxycarbonyl, C, _6al kyl, CI1.6al koxy, am de, hal ogen,

hydr oxyl , carboxyl, Cl.sal kylcarbonyl and fornyl. The particularly preferred
R6 5 is a divalent nethyl (nmethylene). The preferred R7 conprises a free
radi cal reasubstitetegiphepylese) shbstitutecnaphthialérse, substituted/Cy{Cycloatkyd,, vi nyl et her,

t t 6al kyl | yl am d | | ami d
N v i1 act AT SRS S SdciS fom oiF o med RSmpel g s < O
C2. 12al kenyédh@@hﬁ@oﬂcmarkoﬁﬂ:a%h eoyédmwmflsé%@aémwb Kdlo T%bnlo catlom c

reactive group such as viny er or epoxid artécul ary
preferred RW @‘Yhﬁ@’ﬁ%ﬂﬁeﬁ?&yhﬂb@"ﬂrﬁéﬂﬁmb TRG nagt'qiharlxpaﬁfeﬁ%ﬁ Cl. 6al kyl ,

Cl. 6al kyg ox; I kyl', phenyl ene, naphthal ene,
Cl. 12cyc oa?’kyqlgengﬁlegyl Eﬁxy onyl, am de, carboxy, Cl.6al kyicarbonyl,

carbonyl , Cl1- 6alTkepseferted mamwrtsasadreé‘,ladiedlkgdcnvsgroap,lamhadaﬁ 6al kyl oxy,
substituted Cl. 6al substitute | en substituted
napht hal ene? réﬂ'ﬁs??&ﬁ'?é%‘%f %6%’?6 0@ gro%@g?é WEQX%IB Ituents are
sel ect ed fr&qiyi@mRieOC.daMK) cmmmé w-oh lrahangmpwnylamiaesc%amenwf

Cl1. 6al koxycar onyl ., CI1. am de, hal ogen,  hydroxyl,

car boxyl , 2ﬁﬂkW’P&‘&Pﬂoﬁmza@WWBFWﬂ: or "‘ﬁﬁY'P’FWl%WP'}Y'pﬂr @erred R8 20 Is
Cl-6al k F | |
L 5al kb o abacite oBUALILS: AyiSHPel dbidefilhec THEGARRGR For ™ 2
t2{ret hylt h2|m&r§§ﬁg‘%g§m;yw; B-él(g ; ] | ester (hich
etranet hy QKK S RRG}Y] Propyl ester ic
can al so be narmtd ffﬁa%rj ?é&( EP(LZ‘E? y

373 rpL ORI s st are, 0.0.5.(09)5,
hydr oxypr opyt& )‘WWV%%@‘(&% F‘?Fé?’?{yaﬂqﬂﬂ%??‘??@wﬂ%rg Vénc(e' Gﬁge¥3brrred froman 10
epoxi deqs W&Qtlt@feﬁ@ﬁﬂﬁylaﬁ!bgﬁu@@ ijsél'k}‘lé)@' @ubs‘hﬁ!&o‘@{%ﬁ? Wyl above and

r oxypr opyl ox oxy) et hyl si | ane.

0 the. pr coebetisiedahengend, Rbsibiebraeniiane, » tS{bfL'g%eancl@aU,‘V') pur & (3-
met hacryl oxyrere M@é%ﬂéﬂ?%#&é@@d@% of S hbreTrémérs ot hegrd hyl silane. In
consisting of C1.salkoxycarbonyl, C1_salkyl, Cs.galkoxy, amide, halogen,
hydroxyl, carboxyl, Cy.salkylcarbonyl and formyl. The particularly preferred R®
20 is Cy.ealkyloxyCigalkyl.
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-[trimethyisilyl)oxy]disiloxanyl]propoxy]propy! ester (which can
also be named (3-methacryloxy-2-
25  hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane.

o o’ SI(CH3)3

j‘)"o/\cg\o’\/‘zi-cm
Si(CH3)3

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

10



5 sonme enbodi nents of the present invention it is preferred to have sone
amount of the primary hydroxyl present, preferably greater than about 10 w %
and nore preferably at |east about 20 wt/a QO her suitable

hydr oxyl - f ueRaxidenwhich prpducesi ancib2Q avrture of the copweurd shawicabeyeand

838{? Q&‘fgyfzﬁﬁgﬁ‘gﬂﬁg{gé}@@@%%gﬁ &(@M%.@Wﬁé lshighey) si 1 ane 10 0
bi s- 3- met halmrtlyé pregeri? ifvedtionxthe 80120Inuixtyre ie pyéferped grver patel(9+ si | oxane 0 ¢ O

nyar oy et noREtBRYB- 2Ry dondsomipd iron i Eir R St efians e 0 5. 0 00

OSiml 5 O“sd?ne ébddiments of the F:]aresent invention it is preferred to have some
N- 2- met hacryl oxyet hyl - O- (net hyl -bis-trineth | )silyl carbanate

Me3Si  Si Me33meurdotihe @ﬂmamhydmxykprﬁenn prefer ygqeate(e%aaag %N@%h
acryl oxy- 2- MQ?&W&Q@WW& %ag?éﬂoﬁfﬁow yri nopr opyl - pol yd| met hyl si | oxane 5

Other suitable hydroxyl-functionalized silicone containing monomers include
(3-methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane

0] O.Si(CH3)3
\n)LO/\(\O/\/\S:i-O-Si(CH;;)g
OH 0
10 Si(CH3)3

1



The reaction products of glycidyl methacrylate with am no-functional 10

pol ydi met hyl si | oxanes nay al so be used as a conpatibilizing conponents.

O her suitable conpatibilizing conponents include those disclosed in colunms
6,7 and 8 of US 5,994,488, and nononers disclosed in 4,259, 467; 4, 260, 725;
4,261, 875; 4. 84: 4,139,513, 4 139 69 2002/, 016383 4,139,513 and
4,139, 692, ¥ s’@ééﬂﬂylgw%gf‘i’fgf‘y%%qy E’oBﬁ p&gﬁl’?@gﬁ' K% ited herein are 15
incorporated by reference. Still additional structures which rmay be suitable
conpati bilizing conponents include those simlar to the conpounds discl osed
in Pro. ACS Div. Polym Mit. Sci. Eng., April 13-17, 1997, p. 42, and
having the folldvng structure: 20 OR OR 0 HHORORRO XAI \ L1/,
N-~5i 10,51 _ 1 ~INOR OR OR R 13 wh b n= 1- 50 and R i ndependently
conprise H O Zaly€ \uiSeg E one R
conprising a polynerizable group, Ieast one and preferably 3-8 R
comprising H 5 A secof@H suitable class of conpati bi ftlng conponent s

i ncl ude those having the structure given in Formula 111, bel ow
IWA—HB—[#\N&-HB]; | WA Wherein xis 1 to 10; 10 IWA is a difunctional
hydrophitic pol yner as defined bel ow, but having a nunber average nol ecul ar
wei ght of bgmeitienadiget (21000 and about 50,000 Daltons; and HBis a

di functional noeity Conprising at |east one N which is capable of hydrogen
bondi ng wi tWd&@t)’?(héxﬁp@pﬂg’éﬂ%fopﬂb'ﬁ@ﬁ’é“ﬁbﬂ’ﬁ'@psmﬁiﬂéylﬂawrrer and any 15 ot her
conponent havi ng active hydrogens. Pr erred | WA groups may be derived from
d, w hydroxyl term nated PVP and d, gqgroxyl term nat ed pol yoxyal kyl ene

gl ycol s havi ng punber

/

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

Me;Si ,SlMcz
0 0]
\ ]

12



aver age nol ecul ar wei ghts between about 1,000 and about 50, 000 Dal t ons.
Preferred HB groups include Bifunctional am des, imdes, carbamates 20 and
ureas, conbinations thereof and the |ike. Conpatibilizing conponents of
Formula 111 rmay be made by amine term nated pol yoxyal kyl enegl ycol s

(Jef fam ne sSocC t.es ofo es. or a chl ori des or
anhydr i des%ﬂdﬁ?ﬁ%@fs@me{ °"<¥%rﬂ¥z9¥?’&¥P’°P¥ é'ﬁ' FURERPIOP re di sclosed in
U S 25 P3iojdiméthyisifox@% Which is hereby |ncorporat ed by reference.

Sui tabl e conpati bilizing conponents may al so conprise silicone containing
macronmers whi ch have been nodified to include conpatibilizing functionality
as definpd above. Such macroners conprise substantial quantities of both S
and HB groups as defined, above, or active hydrogen 30 functionality, such
as hydroxyl groups. One class of suitable macroners include hydroxyl
functionalized macronmers made by G oup Transfer Polynerization (GIP), or
styrene functionalized prepolymers of hydroxyl functional nethacrylates and
silicone methacryllates, and are disclosed in A US6[/367,929, which is

i ncorporated her reference. In the preQ ivention, these
macroners are prefefgably used with another compatibilizing conponent, such
as a siloxane contalm,ng nononer. O her macr rs, such as those made by
radi cal polynerization or condensation reactifon may al so be used

i ndependently or igoeOwination with other atibilizing 5 conponents so
long as the Si to hydrogen nol I agh of the macronmer 1is |less than
about 15:1, and prefe to about 10:1 or the Sl to HB
nolar ratio is |ess
about 8:1. Howgver[ th@He of skill imthe W\l | @ppreciate that |nclud|ng
di f1 uor onet hyl roups will decrease the nol a 10 suitable for
providing 10 ce¢npatibility. Suitable nonofunctional conpatibilizing
conmponents ar nmer ci ald4¥10-8yai | abl e from CGel esyZtnc. Mrrisville, PA
Suitable nultifunctional conpatibilizing conponents are commercially

avai lable from Celest, Inc, Morrisville, PA or may be made using the
procedures di scl osed in 5,994,488 15 and 5, 962,548. Suitable PEG type

onof unct i onal - gorpaLkl bbaldSor gy RPRER:Sy R witaMRdSuiEbhg e procedures

10  polydimethylsiloxanes may also be used as a compatibilizing components.

an about 19:1

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
16 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

OR OR O H H OR OR

Rowl AV
i
N\/\/ ‘(0’ l% OR
OR OR
n (6] OR OR

13



PCT/ JP02/ 02231. Suitabl e conpatibilizing macronmers may be nmade using the
general procedure disclosed in US 5,760,100 (material C) or US 6,367, 929.
20 Wil e conpatibilizing conponents conprising hydroxyl functionality have
been found to be particularly sui tabl e for providing conpatible polyners

for bi onmedi c devi ar rl hal m |ces any

conpati bili ?’ ﬁrg? Eorggiaﬂfﬂme(%ﬁné%ﬁ g’Bﬁ?&EPfQ@ﬂ”@%W for rred into a final
article is Qmsmhteblgeowp)tdmrtét@ea?sebmmdmbﬁsimg)afpblymruzaum?'oemtS_ may be used.
25 Conpatib onents may. he_ sel ected ing the | owi ng nononer

il{zin
Conpat 1 bi | | P9 8UEES ONG R ARG ArelErably ks By semmfngEidn of
TOnG- S 1B NaCty 4 @hARYhatd BELH AR MR OB ETRIRE ke

pol ydi met hyl si | oxane R nononer to
m xed t oget having thestractyrezgivestin Fomulailibeloy! - 3- oct anol at about 20C. A

m xture of 12 wei ght b‘@ﬂﬁéﬁ%g’ﬂ%ﬁw and 30 60 weight parts DVA is added

drop-wi se to hydroph solution, wth stirring, until the
solution remains cloudy after three mnutes of stirring. The mass of the
added bl end of PVP and DXA ia determined in grams and recorded as the
mononer conpat i BVherelp X isdd® 10any conmati bili zi ng conponent 15 having a

conpati hplity i rlﬂWls%fdlﬂﬁ&fbhﬁlrhyHbeHmQ Sy ﬂélaé'ésdeﬂ?@é BeIBWeEc)Lﬂrhﬂ\hhd greater than
about 1 grams and nost preferabl reater t han about 1. tgrams will be

sui t abl e f of number averageynclﬁ%aftweﬁh ofipeiweerpabais il G0 and about 30,000y | |

appreci ate H@‘ts %&F nol ecul ar wei ght of the active conpatibilizing
conponent W effect 5 the results of the above test. Conpatibilizing
conponent s havi n@mdﬁhmbhunal mee@kﬁompgsnagaﬂeamrme Nawhiah isR@pabllel t ons nay need

to mx for lgnger ri re ntalver sults. An
ffocti ve afguHooeBBondas wihaclvelbriodet i EHERTE RIMEE TG IDhc s on i s ¢ he
anount mseed@[ﬁe,t@bnwmmthgmdglaém@ﬁymgl ve the high nol ecular weight 10
hydr ophi l i c pol yrrer and the ot her conponents of the polynmer fornulation.

Thus, the anmpunt @P"&GM&Q’W%’%Y@%M%F@H@ wihygroyd terminated part on the
anount  of hWP%HB'c'd)%é&‘akw@hﬁﬂ?é&ﬁbwdiyélﬁ%e Nl HIRIS aRBAL | bi | Zi ng

conmponent bel ng needed to compati bi |1 ze her” concentrations of high
mol ecul ar wavegage m9|9¢uipﬂ"w¢|9his pQWﬁEIBbOlEﬂf tand @bauth®:A09 Reitoasnpat i bi | i zi ng

15 component ' erlier 8 STl RAIAAOACIEEs AL BHapRant per cent.

based on the to the reactive co nen ut 90 %
20 and ureas, comblnatlons thereof and the like.

Compatibilizing components of Formula Ill 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 {0 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



preferably about 10%to about 80% nost preferably, about 20%to about 50%
In addition to the high nol ecul ar wei ght hydrophilic polyners and the 20
conpati bilizing conponents of the invention other hydrophilic nononers,
oxygen per n¥vanlion; thesemaenooiersare prgferablytused with aspthakeampatibitizing i ves, dil uents,
pol yneri zat j | A r . € | | devi ces of
the i nvent#%?dn%{' @éj‘g%né%@( %gea%&zﬂ&grp"@ﬁgﬁ? F'Tﬂ%‘%@ﬁ%@ﬁ?ﬁ’ %lr?\ésh and devi ces
of the presanthosemadé by radicay pdlymeriation occgndessatian déactiommby alsoponent s whi ch

provi de enhanced,.oxygen perneability ¢ red to a.conventional hydrogel.

Sui t abl e ox@%ﬁ??dd@q%g%?@y °5WM'Q" ?’VﬂEI% écgmpﬂ@él'ﬁ'égpont ai ni ng nmononers,

Macr oners agsmporRtsise fongtasthe BPloyHyBfogen Mol ratie(OHOOF Helthdt@orfinoners,

macromers and reactive té)repol yners and car bon-carbon triple bond cont ai ni ng
: r

mononer s, nadessikansaborhp: i canstreferablyhedrensy abosh il doabaut b1 @hthe her eof , but
excl ude theg; tﬁ‘i’-m)r%lbp?a:libﬁélggs ﬁgﬁ’?ﬂ&ﬁ%ﬂ fr@?r%@?abweﬂpéﬁsab%gt i s invention,
mer W 11 be use th nacroners an

the term macro 0 cover pr epol yners.
Preferred léndaboyestpeloweedr thoseofskiliimthe arbwillrappreciatd thatdnaudingnt ai ni ng
nononer s, rrﬁcr orre‘és and m xtures thereof Su'k.t abb%e?ri I oxane cont ai ni ng
mononer s i ndTYRIEMetiyiene.aronRs Wil degreagecing mejaifatip sutable for praviding 711 943,

vi nyl car@®angdnpalibilifyar bonat e anal ogs decribed in 5 U S Pat. 5,070,215, and

nononers contained in U S Pat. 6,020,6 445 are useful and these
af or enent i oned &Ht‘%ﬂ? gogafupgtional-compaiibitizing.corppanentsare FIMMEGIAEY in this

speci fi cat i Qi f i egab i e specifically,
et hacry | S H ey R S Al P o L E HR G

nmononet hacrganpaipilizipg cornpanents:are domoiescifliyavailabis fram Gelest, Inco

pol ydi met hyy,si S - et . r l i S (L Vi S ) met hyl si | ane,
met hacryl ox@%#dggwggn?rmey%g% %%'q?%@gg&‘ég@*e?gﬁ%!%‘ﬁ !ﬂo%’éb}f' %ér/eof are

par ti culgar | andi5862 5482 Suitable REGtype nohbfunctipnabeurmpatibiliziig t he i nventi on.
Addi ti onal sil oxane contai ning,.nmonomers, may be géfie.sent i n anobunts of about
0 to about SRRANENIS MAY edP%‘#%‘?%lﬂ'g‘*Bf“ﬁ%ﬁ%"!?@ bout 60 and nmost 15
preferably pETape2b2283. and 40 wei ght % Sui tabl e sil oxane contai ni ng

macroners have a nunber average .
Suitable compatibilizing macromers may be made using the general

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-methacryloxypropyi
terminated, mono-buty! 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-90 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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nol ecul ar wei ght between about 5,000 and about 15,000 Dal tons. Sil oxane
contai ning nmacroners include materials conprising at |east one sil oxane
group, and preferably at |east one dial kyl siloxane group and nore
preferably Révirata d:ompdubillt]ﬁndﬁxmibl'adtershdrm(ﬁgnmmme prEferably| oxane cont ai ni ng

macr oner s ude ot her co on nt ch a r et hane s, al kyl ene or
al kyl ene oﬁ"%@r E‘PB@ Qut 1pQTP9‘5>@9 é%ﬂbg{ﬁgféfgﬂl Bt bg al kyl

esters, am @M beBuRsHISfor 636 mﬁmrﬁ/ear&u pﬁws@ersfklimmr@émmyapgféew i socyanate

groups, conbinations thereof of an ke preferred class of siloxane

cont ai ni ng et the Molaeslas weight Qféhﬁ @?twe&ompetlt;@lﬁwgwmﬁﬁentzfaﬂ pieetof one or nore
si | oxanes iyelly ROt RE aBBvegteélf(rg)rﬂ nEo%ﬂB’nﬁznﬁ%&&ﬂHn%Hs% %b%él?&u?ar Si | oxane

contai ning nacroners trans meri zati on
("GTP"), frwelghtsgcbadmlthmmmﬂ(i&dalioommagoaeketmsramfmﬂomm(penmfand the Iike.

The sil oxan ont ai ni cro may be formed in one or a series of steps
dependi ng 3@"%??9!'%'985’?86%@%@?@{& ected and using conditions known in the
art. Specific qnl"efettive 8MBUMT OF thE cOMSAtBINEING compéhémbhmdsmieﬁrort hei r
manufucture, include those disclosed in US 5,760,100 as materials A-D

(et hacr yl adhe amewnt needad to sampatibilize on dissalyathe digharolgeuanwgigd and
th t di scl osed in US
g?s 6??5%6& ?db%ﬁ.&b@[}ﬂ@é the elr cﬁ@BGnéﬁfse f*yi@@egs %?P‘ﬁﬂﬁroxye I'sclosed 1n

yrene | ona | zed" prepo functi onal
met hacryl at Elmsathd amduntofmempatﬂnlimqunmoesr)t wilt d@endsmpankonﬁe of which are

I ncor por at ed her ej ref Sui t oxane nt ai ni ng reactive
prepol yners 'P?Hﬂt BQ&WWF p@& gﬁ’mﬂ‘és lﬁ?ﬁ 'ﬁb‘i\gﬁ “z%'b"%'ﬁ%‘ﬂ? nmet hyl si | oxane,
which is fuacfnhpbhemlbeﬁigwﬁdecumc@m&&|ﬁz&i§}&so§de?trwmth@hbased prfepolhyﬁers
Char ned. of ogesHE R SYYANIPORE -EIBFIYe ATai AIGOMPRRIENG: om o r ol at vel y
hi gh m)i@Cuécﬂrﬁpo%htgﬂihe%lmrfomu%bﬁihclu&e%b&btwwé?d}ﬁ%emehh two active

hydrogens. Specific exanpl es of suitable siloxahe containing prepolyners,
and met hodsbased on the totahweightefithe eactive campopeniglito gboutia %S 5, 034, 461, whi ch

| S i ncor por ghf fa edtsolul10% tcSSB 80%:> mosHP&e%%Q&ﬁhéo% totagﬁlfl]tpresent | nvention

may conprise at |'east one xane co e sil oxane
cont ai ni ng @%.r oner nay be present i n anounts between about 5 and about 50

wei ght % prefer about 10 a 50 wei ght %.and nore
preferably bet wge#dg%ﬁ? W‘%&“ %mgﬁaulg%%ﬂﬁhqﬁgwgfn %P%’ mg a“Soéﬁ%d upon the
total w0 gh¢ongdatibiliging esmponeénts 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
componerits 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 prepoimers 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

16



conponents. Suitable fluorine containing nononers include
fluorine-containing (nmeth)acrylates, and nore specifically include, for
exanpl e, fluorine- containing C2-C 2al kyl esters of (meth)acrylic acid such

as 2, 2, 246f by eﬁgbméam?eocdngpahem%m AdeSsilodand cdniinidg mnorgnsaf | uor oi sopr opyl

(et h) acryl ate 4- hept af | uor obutyl (et h) acryl ate,
2,2, 3,3, 4, amacemers and mixures hergefnt adecaf | uor ooctyl (met h)acryl at e,

2:2.3.3. 4. 4.5 5 Gl sfofnB oS SrnhHARERAL hUgiential abdiBdNraRy! ate and the

I|ke Fl uori ne containin reac ners i ncl ude
macr orrer S adesoobexpially.8e4, 21’2'1543/\,erngmanbambtmb]r camodatial amatogs decribedtimi ni ng

nmononers, | S und, that wettabjlit f _ma containing silicone
hydr ogel 2: w%ége(% %geﬂ‘ddyon%?rﬁﬁ? '"8‘? “Iy‘ég Fatoﬁéﬁﬂg 47 8fhi | k: pol ymer and
a’ conpat i bi hse?unraadmwahemioﬁea ga@ﬁts%twen%lahybmengbtuﬁl@s a decrease in

advanci ng dynani c contact ang | east about 10% and preferably at 30

| east about rr@owudmthns%@&caém@mhqﬂbynacqrwamwretenmcelMm about 50% In
certain enb of sil oxane

cont ai ni ng n‘gé Wg@b’ss&ﬁetﬁ%ﬁl&sgr%rpﬁrﬁgﬂ g"‘&ﬁ Qwr@srmnorrers with

si | oxane conmaomethgcrymypwpyrterminatedepp!ybwahr)&snomebwrophu i c Mononers
Addi ti onal | eactijye onents of the prese invention may al so include
By hyarBprbovdmabHslSets SaiehecPopie T ERY IR APEe s For

exanpl e m)”ﬁh@ihraél% %raﬂ)ﬂbéﬁ@hn@&ﬁyﬂdisﬂo@rn@léﬁé cérﬁblaa@ﬂ@)&\ermr@ Ris 5 hydrogen
or Cl.eal kyl an or vinyl groups (-C=CH2) may be used. Exanples

of additi onaartlmb'cspmul as;SI iningmanomersieb theyinvention.ani de,

2- hydr oxyet j |th5’5 %%el h&nl%%ﬁgﬁérﬂérﬁgpé% ?ﬁ%‘itﬁé% ount of%g pxyet hyl

met hacryl am enegl acry ic acid,
acrylic aci dxo albout Tﬁ'M%ynorelprefembly dﬂammﬁlanul-abamﬂﬁd argandsin de,

N-V|nyl eth 0 am de, vinyl -N-ethyl formam de, N-vinyl formam de
and and™co Yeﬁ%fg‘wﬁr?g’ ‘n@r%ﬂ?f“ W%'Q'(r’}x he additional hydrophilic monomers
menti oned above, Su.tmésmxﬁétaﬂtﬁﬁm?wcwmés RaVe 9'8urfbér Nerage’ € of the termi nal
hydroxyl groups replaced with a Tuncti onal pr (ﬁacont aining a polynerizable

doubl e bondmMgiggularwejght bebyeen@bakin, @) andabeyk aligpse SoX@ngcol , as

di scl osed i gorkdhing macromers include materials comprising at least one siloxane

group, and preferably at least one dialkyl 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 alkylene
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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5,484, 863, ethoxylated al kyl glucoside, as disclosed in US 5,690, 953, US

5, 304, 584, and et hoxyl ated bi sphenol A, as disclosed in US5, 565, 539,

reacted with one or nore nolar equival ents of an end-cappi ng group such as

| socyanat odithgtionaiized prapylymess of ytifoyl furctional netiacndites aned $ilicong! oyl chl ori de,

20 vi nyl benzoyl chl oride, and tgg bjge, Froduce ol yet hyl ene pol yol having

one or noreetacyates). ﬂ}?cd'iﬁ%wezs which aE8 inGPiPOgAt eIP N fRBrenge t he

pol yet hyl ene p : [k | Bhd A bamat e, urea or
sbiﬁ%% $ifdk nkdifd rREctVR ﬁéﬁcﬁﬁnﬁgm@? (ﬂr

ester groups. Sti urther exanples include th hx ophi l'ic vinyl carbonate
or vinyl carbamaie lingionelinedpoliidireetadsiloxane, whish isfurthendiscloseddvo, 215, the

hydr ophigl i I i L n. . wNow 4,910, 277, and
pol ydex raﬁ'!s %iﬁgﬁg’fﬂgw%ﬁ%ﬁpﬁ@%ﬁ? ?’6&8@%3%?%%%'@0&%@%% r'g? re N, N

di mﬁt hyl ?crsﬂgmghﬁe%rﬁ@wmmhm? Iﬂdaibtiﬂrx&féﬂhlbmkhghbdmEl_tbtwrﬂltdﬁsddyiﬁhﬂéhl 8 gl 3(/cer ;)I

nmet hacryl ate, ,2-hydroxye net hacr yl am de, Vi n rrolidone (NVP),

pol yet hyl e8| %Fe%?%ﬁ{?[’ﬁ% f"9l"zf’t'@|,a¥'Yﬁ!¥ H'@BF@Q'?@'%%‘I‘*Q{“ BRYPEhc acid and 30
conbi nat i oRGikHer | kil d,*@qy?,;grsr OBED DVA bei ng
particul ar W'%legfag'r?%%%ﬁ%é@d\?w?ma i éy’?% ophi icsi’ﬁgnomsar?lérr%g be present in
amount s of saifable sipxane cintaining prepolymersp aed mediiods fisityeiomanfaaiures and about 60

and no pr. .0f . 5 Labt o e the total weight

of theﬁpea&\? %géag%)%ﬁryﬁ@%iép@@gﬁ 'Bﬁ%b%?ed fgﬁgﬁgﬁ?eé&gﬁgessl i nkers are

conpounds wi t h Th@hyrogely of tiopiesentinveition rhaycompriselat pastgie. The crossl i nker

may be hydroghi i c oy hydrophobi aﬂ& in 5 sonme enbodi nents of the present

i nvention M ’ﬁﬁ'@é@f‘@f"m“é £l i e ?“ﬁ?ﬂ?’@ﬁl’ﬂﬂﬁ%"remﬁfs@w H?(ers. have been

found t 0 PigP¥ieiPinsidufRILEMBEH el Satl dtbut SOWRNPH, Mokl cl arity (1 educed
QtoaCSI Th Exampl e

hazi ness conpare in Lens@. s of suitabl e hydrophilic

cr ossl i nkebetwean abaut and@bautSheeightlp andomorsrpreferablyhstweasraboabl e f unct i onal

gr oups 4gas I 4| | | I . aS pol yether, am de
or hyd,r‘lgxyI‘l\égérngLl"'%ét.jtrl’élpj){'gegﬂI °¢5@%#@?’@2“&&8%83@‘5@%%%&8’% aet hyl enegl ycol

di net hacr ylcemppnents. ECDMA (tri et hyl enegl ycol di net hacryl ate), ethyl enegl ycol
di met hacyl ate ( .et hyl. enedi am ne di hyacryl em de, gl ycerol

i ot hact y1 at o SHIPDSARHTSANIGRGS RBPBER R f BEnSPSHAAREL e by dr ophobi ¢
crossl i nkelgeth)adrystes, Hnd mdré spetifichilydnélilde; doiexbimpiel fliddring- conmponent ,

mul tifunctional polyether- o _
containing C2-C,2 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,
3,4,4,4-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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pol ydi net hyl si | oxane bl ock copol ymers, conbinations thereof and the I|ike.
Speci fi ¢ hydrophobi c crosslinkers; include acryl oxypropyl term nated
pol ydi met hyl si | oxane (n= 10 or 20) (acPDMS), hydroxylacrylate functionalized

si | oxane neldydophilic Meridneersy| oxypropyl term nated PDI VIS, butanediol 20
di met hacryl at e,

Lvinyl b , 1, 3-bis(3- . .
net hacr yl oxypr oﬁ‘ah%b&ilﬁ/a’i@gg@%pq%mh?n%If’flgﬁwesﬂwéf“f%‘}@%@‘adr?dﬁom xt ures
ther eof . iA@Y &richyarcysficVoherd iNe 5 BrebafMivereRlhy RGNS and

conbi nations thereof. The anount of h phiTic crossl’inker used is
general | y afsgxamplednongmsis contaiping REiagrakes ($HHereRES, whereRisasbout 0.5 to

about 2 i 0 t t | R ' Is about 0 to
about 0 5tN(e; %Eﬁ?{{ ﬁ?@é‘f’%ﬁ' %a))ag%ge}é\l )&Egﬁ¥%§ﬂ{§3?§b@%ﬂ%@? he reactive
conponent s, Examptds af additiahal dydraphilicipndreens afeeN Nadimethylacrytemidepf about 0.01 to
about 0.2 | e/ eacti copponent s ef erab bout. Q.02 to about 0. 1
andum)re pré @f%f&ﬁ y[r@_eg‘glc%;l ‘%19%?'08!“8"%%5%?'&%& %‘Y&Wéyﬁ‘éagl ng the Ie\ljel of

cr ossl i nkermitRadri¥@mide) pblyBRyARlycBRRoRARRNAPVER, mehatRliEa&dt he amount of
haze. However, as crosslinker concentration " increases above about 0. 15

nol e/ gm r e6EXiic @eidc Nrvinyh pyrralidens) Hi-iry-N-methykacetamide, Nevigerdettyl y desi red

| evel s r : ; [ et T | : nt invention the
crossl iﬁge?&tgganhﬁ%%ﬁll 'gﬂgg{%g]%gﬁﬁﬁérﬁld?'sN'g@VIef?:'?neaéﬁ'F%a@%gﬁ)&ovi de a crosslinker
concent r at i combinatiohsethesmf.t i on m xture of between about | and about 10

mol es; crosslingker per 100 grans of reactive co nents. Additional
conponents or aga'ﬁ?i"\%’eéqd]'\'fMPE’H%éﬂpé'%@é’??é‘Ps\er%mﬁ?{aﬁEgPﬁ°‘(ene art may al so be
i ncl uded. Apbgiowetmﬂeﬁmpélyuehmg @*_feeorrrmsrebfm%&aﬁ‘iﬁaphwmkﬂgvdlghet 5 absorbing
conpounds and nononer, reactive tints, antim crobial conpounds, pignents,
phot ochr oni'eplaged with:a funiglional groyp fentaising @-Rrolymrrizable daHbletiged MaYe. Di I uent s

The reagyi %L&QEPE&EI‘H %sﬁr&ﬂlﬁéﬁ:&%%ﬁﬁ# :@;gc&%@&%@&&{ed iRyg ophi l'ic 10 pol yner,

oxygen perneabl e conponents, nononers, crosslinker(s) and ot her
conponent s)5,484e863, rthoxylated atkylglecdside, asdischiredin IS 56904863 Sand opti onal |y,

in the pre f |l yent  f. r I Lon m xture. The
type and a%ﬁ%ﬁs 8(%1' aﬁ* F{ﬂ‘gﬁﬁgtﬁg égpgénggﬂeﬁcﬁégqjéss%g mGSBF’@%@?F’ les of the

resul tant peagedwitiaone er mbrd molarlévivaients afran endicapping gtoupasuch be 15 fi nal
Aol e analBaRy Fethlcrigler e Byl by, ety e ' 1ot

20  vinylbenzoyl chloride, and the like, produce a polyethylene polyot 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-hydroxyethyl methacryiate (HEMA), glycerol
methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP),
polyethyleneglycol monomethacrylate, meéthacrylic acid, acrylic acid and
30 combinations thereof, with hydrophilic monomers comprising DMA being
particularly preferred. Additional hydrophilic monomers may be present in
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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and/ or decreasing the concentration of diluent used. As discussed above,

I ncreasing the hydrophobicity of the diluent nay also allow poorly

conpati ble conponents (as neasured by the conpatibility test) to be
processed to forma conpatible polyner and article. However, as the dil uent
becones nnrﬁ g B{drophoblc processi ng steps necessary to replace the
diluent wit Bwill require the use of solvents other than water. This

may undesi rabl ygjjifgbleed8slinkdrs afé)émhﬁaahaywmdw@ﬁhor@fpotmnmf acturing
process. Thus, it is inportant to 'select a diluent which provides the

desired corfmtlpbalqgmqut he eosglinkpomay be hyapphili prdydepbatie ayd inevel  of
processigg s%gr[é‘l;eg@ogpﬁ&tsathé‘ FEsﬁnHﬁf‘e{( ritibn H&t&ﬁﬁe aqtﬂgahﬁe devi ces of this

Il nvention 1 n ers ers anes si | anes, am des,
al cohol s arhydophbbic etosslimkersthave béen fdondl tspravide snad:mmmyb-gelswtpr eferred

di luents , .and secondary.and . tertiary al coho ferred al cohol
di | uents. ETBWF&QPW?Qng&KrgdWW §§ ?ﬁ gﬁp? iR ke qu vention incl ude
tetrahydr OfEkra?Hblesth bﬁ!éﬂé’ﬁ)%?&bhﬂkléﬁd%%hﬁ@m%ludﬁ Etﬁﬁpouaes Ha\m ene gl ycol

met hyl ether, ethylene gly butyl ether, diethylene glycol n-butyll

ether, di etgiynosepolymeczs |ﬂ1’bﬂ¢f5¢na|eﬁfﬁ'éﬂs,- a%wa@a%h)ed@fyl@dunqan@aiyl et her,

I t at
o7 OPY! oNP il L0 By BBl SRR BSOS U Mangdi acetate,
di propyl enénaj.h@ec'EEGlDMAr(tqhyéthpl'eheglycol dlnpmmwllaiel)eTgﬂqmmA n- butyl ether,

01 il b AL BB o 2L

di propyl eneetwemaianmémtmethyaérvﬁmude P;ybyretmmbmerymevsmi s, pol ypropyl ene
glycols and m xtures thereof esters usef ul for this invention

i ncl ude et HPM E@E‘P%&tBe"erJIEQ‘P"‘B'@EPE%@abGWF"OQh%‘éF’&F@'n gradneiude| act ate, et hyl
lact at gy | n%lﬁ?ﬂﬂétloréigfoﬁ#gum%r?gnﬁﬁlr\@ﬁt ﬁahlﬁ?ﬂnctﬂh%'l Ptﬂfe“th seful as diluents for

this invention inc ori de. es of silanes useful as
di | uent s f crolydimeshylsiloxanei rmcquwolumers mb&n@&qﬂrylﬂwmfangtthea!&el oxane. Exanpl es

of al cohol ?P@ﬁLHW‘% Qsﬁlt?kef cfugéacr’y@( @ﬁ&rﬁnﬁ“&de t hose 10 having

the formul erein ere are i ndependent |y
sel ect ed f rpolydirhetiyldilonaree (n= 10%r B@)a(acmusmrhydmylacrylam“fomalbaaﬂzedl kyl having 1

to 10 car bO[]oxane maQ:romgr methacryloxypropyl terminated PDMS, butanediol

20 dimethacrylate, divinyl benzene, 1,3-bis(3-
methacryloxypropyli)tetrakis(trimethylsiloxy) disiloxane and mixtures thereof.
Preferred crosslinkers include TEGDMA, EGDMA, acPDMS and tombinations
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 80 psi). Thus, in
the present invention the crosslinker composition and amount is selected to
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optionally be substituted with one or nore groups including hal ogens,
ethers, esters, aryls, am nos, am des, al kenes, al kynes, carboxylic acids,
al cohol s, al dehydes, ketones or the like, or any two or all three of R R
and R' can progigealcersslinkedcansentmationimtheaeaction anixtyrel afbetween@boutes, such as

al kyl havin 20 | 0, carbo I C al tituted as just

descri bed, %%ﬂbc{”hi&mﬂ}o&?%@ s?ﬁl&qrwaﬁr Wémﬁ?ﬁeagﬁ‘ée %%?qgngés R is H It
i's preferred thatddiﬁond?compdndﬂts araeidltmdepmmrélgtn@reuﬂmm i tmm H or
unsubstituted |inear, branched or c c, al ka/pﬁarou having 1 to 7 carbons.

It is noreAhmayalspde 'Q%dRAdF’ét'VedeGlu‘i*@ bufas iBpted de Hitreyviclet) ect ed form 25
Unsubst I§ Ut ikl Bimpohal BRFoRimeY okl lanif ¥l Batkpelshch, T 0 7 car bons.

In certain e S preferre dil uent

pr ef er abl y pigmentsphotochramic, releassagents) eombinatiorisdhéreeftand the)hkecul ar \Ael ght

di luents have Ilower volatility, and lower flammbility. \Wen one of the R
R and R' is H the structure forns a secondary al cohol. Wen none of the
R, R and R' ar Qitkntg2 the structure fornms a tertiary alcohol. Tertiary

al cohols are nore preferred than secq ,ar al cohol The, diluents are
preferably mertﬁﬁﬁ‘iﬁcﬁ,‘%?qr?ponﬁf‘@g?qwg'g? OWBP@"@B{QWPM% total nunber of

car bonsyg s 5d|%rﬁer06xygeﬁaem@ssmoﬁﬁ)oﬁéms'sr@wphﬁ.eme% 5,al cohol s i ncl ude

2- but anol , , cycl ohexanol, cycl opentanol and
exonor bor neQID$S|la estsharchother @mmﬁnbh@ne mizechandireatted i the abserice

3- met hyl - 2&% algdloﬁ}(&?alﬂ%jﬁ'mqprgseﬂ Qfﬁlle?s%to ﬂ?e'ﬂ?fo %ecan_ol, 3-octanol ,

nor boneol , es o usef ary a ol s include
tert-but anaieactlcarmlxmra(IThe twbe:aximémom pidilueht &seneamoaeftfebts the

2, 3-di net hyl |l oh I

2" met hyl - 2 HRREIER o e tesRRELRYme-ABCAE: Tha fets SR BRUBIRI: pr opanol
2- met hyq5 2-finaphdice |ma¥%eﬁmﬁl‘wbd B{lﬁélé@t |relaﬁveWTWd?6ﬁhoBrc dilgeragol ,

2- met hyl - 2- decanol exano XI - 3- hept anol , 4-

met hyl - 4- he?ﬁdéﬁf(ﬂec’egs'ﬁ%iwonge’ﬁ’@f'%%ﬂ d"“ﬂ“‘d@?ﬁy s disgssgA POves- et hyl - 3-

| |, 3-nehtyl
Egngngept angﬁeg%h%@ﬁrﬁ?ﬂﬁﬁﬁ&bmg d?ﬁ\temﬂherﬁ rﬁ%}‘ﬁ%’ﬁllowgpcﬁfrlp%mﬁawano menty
4-i sopr opyl commpntar(nﬂ mea@reti loy ﬁhetchmpa@llmmﬁlh)be processet o foymlaopent anol ,

e ey SRR Boym oF B HoRBoa 4l e YBE RS dole PV -1 - butene,
2- met ha@Qy- Zaymdmpblcaarmespmgstepgnécefksanyrto r&pléb,elthé%dment witlDWater will
3, 7-di met hyI quure t(ﬁe use of so%ve%g ormer than water thls may undQISIraLIy 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 methy! ether, ethylene glycol phenyl
ether, propylene glycol methy! ether, propylene glycol methyl ether acetate,
dipropylene glycol methyl ether acetate, propylene glycol n-propyl ether,
dipropylene glycol n-propy! ether, tripropylene glycol n-buty! ether, propylene
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20 phenyl - 2- propanol and 3-ethyl-3-pentanol, and the like. A single alcohol
or mxtures of two or nore of the above-listed alcohols or two or nore
al cohol s according to the structure above can be used as the diluent to

make the polglyos n-mityltetties, dipropyléneoglycol m-botyt ethem tripnipyténeeglyco) nt he pref erred

| cohol dil d d 25 terti | cohol ' t least 4

car bons. - ThiuistasprpERRe dvce oBion ey FBERYERY ARFIBUReR Mt el

tert-anyl a'p@l?é'lﬁillen@glgé&?h%,ypgo%yl@ﬁé Biytole aRe mixdured thereof3 Estafplely | - 2- but anol ,
_e -

3- et hyl - 3- pent anol , ny -pentanol , 3,7-dinmethyl- 3-octanol. Presently,
the most pr &festersyseful igethissnyantiom inclyde ethyhagetate, Qutyl 3eetateoBMy30 nonanol |
decanol , gt et HUt I - Vil o 3s | %nol , t anyl

al cohol , 5et ﬁéﬁ@Pa%"F g‘? ILI?&?T% ﬁtﬁ‘ I@%@Qt%&ﬁ%&ﬁ%% xﬂdﬁfﬁée, !

3, 7- di net hy halles asefnlds, diludntsddarilyib irfventionrinclade methylehe chladde.ani de, di net hyl

pr opi onam d N .net hyl rrqlidinone, apd m xt.ures thereof. Additional
di luents usg#ﬂpp'?%Pp%ﬁﬁ%g)%?\ﬂaﬁf%Blr‘?%foéﬁés 'BY@E'P%wﬁ‘dPn US patent 6, 020, 445,
whi ch is inegameihglcpsloterasiiorarfey reference. In one enbodi ment of the present

i nvention the diluent is water sol uble at processing _conditions and readily
washed out of t fexamples afatorholaueeful as djuents fasthis ipvention inglude hase syj t abl e

wat er SQ?UbhfviﬁH the$Himid ncl ude | -ethoxy-2- propanol, 1-methyl-2-propanol,
t-amyl al cohol,” tripropyl ene glycol nmethyl ether, isopropanol,

1- net hyl - 2- pyrrol i done, N, N-di et hyl propi onani de, ethyl |[|actate,

di propyl ene gl ycol nethyl ether, mxtures thereof and the |ike. The use of
a water soluble diluent allows the post nolding process to be 10 conducted
using water only or agueous solutions which conprise water as a substanti al
conmponent. In one enb¢gdi ment, the amount of diluent is generally |ess than
about 50 weight % of {the reaction m xture and preferably | ess than about 40
wei ght % and nor eRp+ef erabtggbet ween about 10 and about 30 wei ght % 15 based
upon the total weightjof the conponents of the reaction m xture. The dil uent
may al so conprise additi onal conponents such as rel ease agents. Suitable
rel ease agents are wafer soluble and aid in | ens deblocking The

pol ynmeri zation initiators includes conpounds such as |auryl peroxide,

benzoyl per akérgin, WheeiR, R hd Re arssinbepententlyazlebled ifabi} ¥ liseart ri | e,

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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20 and the like, that generate free radicals at noderately el evated
tenperatures, and photoinitlator systens such as aromatic al pha-hydroxy
ket ones, al koxyoxybenzoi ns, acetophenones, aCé| phosphi ne oxi des, and a
tertiary afferffugiuiesfornsi testiasy elcohelx Tartiaey alepbplsdre mere prefertedke. 11| ustrati ve
exanpl es of Wk td S adar r ; henyl ket one,

2 hydr oxy- 2"EBERAg dghdles e Sideris W REKIAEY REIER edtiy

bi s( 2, 6- di ndisplaceablerbyoydter-viheh thettotalmeiiber pksarhdns ipfivesgriiésse oxi de ( DVBAPO) ,
bis(2,4,6-trigethylbenzoyl)-_ phenyl.phosphin ' I re 819),
2,4,6-trinet hﬁ%’@ﬁ'ﬁ?EQ‘F‘S@%19@"%9%?5%@"‘6@%@"@?@: &Betpandl, hyl benzyoyl

di phenyl hogehthodiec 'h@ﬁandne;?cleklmtamrahdbxmtwnevnct-pemanmianat ion of
canphor qui none and et hyl 4-(N, N 30 di nmet hyl am no) benzoate. Comrercially

avai | abl e vPeNgnab 2-hexarol; Jrhexanob S-methyldbitanghod-prpiangl geectanolro, | r gacure
1700, Irgac 39 C lnkih | ba Specialty Chem cals) and
Lucirin TPOH(?rﬁ.llngxll. ggg?ér{eg\?awﬁmkg%ﬁoor&ngl'gﬂéwkgbmrerci ally avail able WV
phot oi ni ti at or s Exampled of Txefiddentiaryd®halsdnchiertert-butapas@ritatnha Speci al ty
Crerm e21£)- o 28RS S SRR ST SR . L5 %, o1
gbf)ut o1a tmemvnyﬁlotﬁaxam,tzsnbmyne4mhanqqa,7-dia{étuygs;oeganbl, ércnm;-izve Honomer.

ol yneri zati on of the reactio xfure,_ca initjate ing the
appropri at emEW'i‘Mﬁ'%B’%P“Qﬂezafnemyﬂg%P@P@' %‘F“QE}F)RS'&?W?PQE'Q"P 'abr other 5 means
dependi Ng Ofbrialel, PAAHPRRICEBEAGIB-Hridkyl-8hekarish ScnethlitEhéttroral-y, i ni tiation
can be conducted W t hout a photoinitiator using, for exanple, a-beam
However , vmr@nthal-bhmtanqhi&-nnagwl-%ogtaogleﬂhmeﬁméwmnek Baethykidti ator is a
conbi nati o 1 e
bi (2 6 di N "r%fc}%'y%'ewnegﬁo@%ﬁ’é,g’i@n- eé’.“*“é%P%‘e%‘??\‘?"%ﬁg’é%}?!'r?ém%’} Ye (DVBAPO),
and t hel%r e3-beptenbl deethyidt -hé ptatol pb proppird-heptanoh 4-isopgropyl-dcheptanoli si bl e |i ght .

The nost preferr i.s_bis(2.,4.6: trinethylbenzoyl)-phenyl phosphi neoxi de
(1rgacure ééﬁmg‘ﬁﬂ%@a@%e]d“?‘&%'&&c'%?e"%PE3‘.#’1%8?&'88%’@?@ 15 ng conponent s
(oxygen p%tﬁﬁ%t@eﬁ@ﬁ@@ﬁ%@xﬁe%amaﬁm&kt #-nydroxgamemgnt s) is from about
5to 99 weight percent, re preferably about 15 to 90 wei ght percent, and
most 15 pre‘?ygp&ﬁ’ﬁ@%{b%me"ggz %SU?"@WT@HW‘}S’&'E@HWO'B%gd upon the total
wei ght  of t?ihﬂtrgggg%htéﬁgl,cﬁﬁmﬁb ERYIS3-octaridl, X SHenPib-b ARG, Rinet§fRAat i bi i zi ng

conponents 1Is 0 about 90 wei ght {)er_cent, preferably about 10 to
about & aphenpiodsproppnalaed giethyl-3trantanghandthelibest 50 wei ght percent. A

preferred ranggiffe 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,

,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-buty| 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

23



hydrophilic nononer is fromabout 5 to about 80 wei ght percent, nore 20

preferably about 5 to about 60 wei ght percent, and nost preferably about 10

to about 50 wei ght percent of the reactive conponents in the reaction

m xture. Aaierdisclosedin US pgtenth, 020,445, whiahds inserpaedtethierripdyophi | i ¢ pol yrmer is

about | to 'e?é)rgHée 15 wei ght percent, nore preferably about 3 to about 15
nt, —a

wei ght perc'é nd nost preferably about 5 to about 12 wei ght percent. A

preferred range Inbn@émbadimentf thespresennirvientidn the dituenbisiwatéGolubleght %
preferably fromabout 10 to bout, 50 wej ght ., % and re preferably from
about 15 t c@HABCRSSIAG CoRAItaRe ag? reagyly wgghe tP&ﬁ&Z‘%ﬂ%ﬁR}‘%ﬂg@g 3are based upon

the totad VeidHberil offirhe.” S@ifdble/RateCSUlIIE Bifiehts ifcitdee-8thogylar ange of di | uent
is fromabout 0 to about 70 wei ght percent, 30 nore pretferably about 0 to

abouth 50 wePighanqict-methyl-2-aiopaseli tamykslcehelr ipeapxiens glye® dathyd t o abgut 40 ;
. . bl ‘ _ 10
about 30 wesiet Shbropihd GhrefRERLRSRLTe. RAimBH SRRk WGED 2701 20 2"

about 30 wei'g conponents in the
t ot al r eact iactateydiptopylene glyeolanethyl ethef, mikluresther@bf arelcthe fiked Ther i es dependi ng

on the nature agnd rel ative . amounts of the reactive onponents. The
“nvent i on {8 1wt bl aeRtlons fe parimoBitg abessd8BRC el |y of o

si | i congg hygbneaeted uSih® Watér 6ally of 8Yieoas seRBEASWHIEIE calfprise vatdt@s@ont act | enses
of 5 the formnulations shown bel ow. W % conpon nts c¢cHWWHPASCVSCVHI M

5-901- 15, 3substapfialcompengntio- 801- 15, 3-15 or 5-12000 15-551-15, 3-15 or
315 or 5 121548 SRoyeRment: Ko zniudtbiiiied b gelihaly Mes Mardione ) 70 "5 50 o
10- or 10403Gweight % of the redadion BrixtGre@nd prafe@blless than about 40
weight% and more preferably between about 10 and about 30 weight %
15 based upon the total weight of the components of the reaction 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-methy{-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-trimethylbenzyldiphenyl
phosphine oxide, 2,4,6-trimethylbenzyoy! diphenyliphosphine 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, Irgacure 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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5-50; 10-50; 0-70, 5-60 or 15-- or 1040154550 15-551-15, 3-15 or 5-12

0- 80, 5-60 5-50; 10-50; 0-70, 5-60 or 10- lor 10 O 11545 150 CCis

conmpati bilizing conponent HWWHP is high nol ecul ar wei ght hydrophilic polyner
ASCM i s addhixiughiale 9cﬁ|\@>a1mmmtsdnmtiate n@otqmwnerrzan«m efitive reactignir ophi | i ¢ nononer

SCMis a m@wy&g&o@&w %1”{8 eV| C 'F%Bﬁ,t%éﬁnpg; ?ﬂ’% g&vent i on includes

silicone hydrogeél cal e and contact |enses

havi ng eaclreadtive hmnb&recomlmerﬁzadon bf tlae eshction tixeure zbh be inifidtech descri bes 261
possi bl e co Each of .the above is prefaced

by the wor d'S "aﬁﬁt ?’%}%R’I’?ée ali“g cef eater v%%o&jﬁ%\pﬂgfnghértoigg presented with

the prow S%éd?ﬂtdebéﬁdlhg §r‘iﬁ‘ﬂpo%féﬁ@étfbﬁtlﬁtlatéﬂfbeanb(ltéiﬁﬂlvblyoihﬂibtld‘rpWponentS add
up to 100 wei ght% In a preferred enbodi ment, the reactive conmponent s

conpr i slehatS@U e CQOdlESedl/\)ﬁ"ﬂ%USﬁ efwtoiniigton Lsing, fok example e1eam. My
ol ya et yjooterel Mt BRY phol it e LTty el iy Babfaton i e

"1 DMA", abafitl- t'@dmxy%cbhbwﬂphmwbkdiqrm anuehi$(2 Grdimethoxybdakey))- ZAJéout 1.5w0do

hyl en | dj
ol yvi ny! pyRTOY e ORI Sl ENBATOL Al g BRtalestndboit o1 ng m nor

anount s100f pafifierizatesm inRatidphietisibleilighThe mostiprefefrel YoBis(22406- on 26 i s nost
preferably conducted in the presence of about 23% (wel ght % of the conbi ned

NMDNONET S arﬂ!!“ﬂ‘ihV'QGWOYBTPQﬂwp@sﬂh'ﬂﬁ‘?ﬂeﬂwa%“%&QénoI diluent. In a second
referred enmbodype [ 30vvt O/SlGlVA
Dbout 23wt . o moIR R eree8 R MR SRahRo EOBPORSS (AR Tt o6
et hyl enegl \peoneabiecompangntstand com@m\wzyngeqomwnmtahsc;r@mamuww, and about 7.5
wt % HEMA, 1S ] ' ; f | kives and
phot of i § 1 SPQTRiSH BRRRERFe FRREHE uSk 5 8% BHBH{Retoarf e
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 0 to about 50 weight percent, and still more preferably
about O 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

25



conducted in the presence of tert-anyl-al cohol
29 weight percent of the reaction mxture.
about 11 wei ght

reactive c
product of

et

nprise
. %

é% co

% 15

as a diluent conprising about
The diluent may al so conprise 10
% | ow nol ecul ar wei ght PVP (less than about 5,000 and
pref erabl y legdised vasias depanding, andbe Naturenand relativelapeente of e reagiveli nent ,

about 11-18 wt
HEMA; about 3wt % MVA; about 33wt .

t he

% macr onmer (the GIP reaction

met hacryl oxypr op’hbInvelstﬁdnrfhnttmrfcxbhrpi'ltwyc)rsidtm condistsessentiiybf 86 mono-

met hacryl o
functi onal

13-15 wt .
t he bal anc
pol yneri za|
(wei ght % o
3, 7-dineth
conponent s
from perfl
a, w hydro
wei ght of
met hacryl

tris(trirrgﬂ.

YBaRey

% TRI'S, about 2-5 wt

term, nat d nono-b
‘F1’°%e'vx§l'°’% @'QSHF%&?
about 185 30thukorfuEiENSSshodaYelowd- 10 W % acPDMV5, about 27-33 wt.
. % HEMA, and about 5-7 wt.
conprising mnor annunts of additives and

§£1,a|

t.erm na

mlgdavueﬁ

enet oAt e o

S

%K 20 9
phot oj ni

%

| si |l oxane
ocyanate)
DVA, about
0 PVP;, with
iators. The

tion i s nost preferabMPcomgorands] i n t he

pr esence of

25-30%

fCChe ¢

HMWHE] nononerASGMd di

8EM bl enddM a dil uent

conpri si ng

V$-98- 0C

tfa18)(3-159 41 5212 gy t h pref epred enbod nent,

the r

bacti ve

8pr |

S€15, 2515615020 (bout 15

po apout

g5 T

o115, 344

dts-f2 1

n nol ec

fpar_ ver gh

-80 0P

KRR SERES 7Y

porydrmet

I‘s 5b| oxar

10-80

2O S O o

)

)
OpP1TuT UlIe
it 20 Ol

Zu;lggﬁuyau

Al At

% nmacr o
ou

D W
00

rer (fornmed
B0 g/ nmol and
An nol ecul ar
nat oet hyl

258, |

A 318 ar

T J /U0

mathacr
Het-H

w % 3 30
to about 32

w. % DMA,
amount s of
preferably
27 between
di l uent bl

58%ut

additi

S é{'

1

Sot5 % TW

ves and nhn'rn

&

-

45 18l SR

Ar1040qr <

HEY TN

i7a'r|nn i s

5i ng m nor
nost

W8Riud

about

20 and_about

4

tleth. i35 S-17 o Sbbll -6

%108 gh

h 550t10459; t
1854b6f t he

-840 SR0 a0l 0-
¥onbi ned non

and preferably

pners and

ctedd d

et hanol ,

3,

i 1-UR 13615 ontd- th

7-di ne

t hyl - 3-oct ano

r6e§Q, 5-60 s

.or30H0oce

pEB0HBEH d

020556 oretler

54548 The

BOonedi cal de

ably be
Vi ces of the

i nventi on aC@ iscomipatibilizifiy/componept t he

pol ymer,

t he oxygen ASCMBaAdditionsl sioXsmecdontining monomer
HM is hydrophilic monomer
SCM is a siloxane containing macromer

10

15

20

25

Thus, the present invention includes silicone hydrogel,

biomedical device, ophthalmic device and contact lenses having each of the

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
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
comprising minor amounts of additives and photoinitiators. The polymerization

26
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conponent, the hydrophilic nonomers, the additives ("reactive conponents”),
10 and the diluents "reaction mxture"), with a polynerization initator and
curing by appropriate conditions to forma product that can be subsequently

formed i ni®moskprafefabhpeanducted indhe piggence ofiabgut 23% (weightamef thee | ke.

Al ter nal i v eloyniddAnorafiaed hiaillett ity SOaiRBiI 80Rdnb sl d and
subsequent I'y cured 1nto the approprrate artrcle. arious processes are
known for curi npd $exone preferced embadiment ithe rebetivewoononente nomprisgont act | enses,

i ncl udi ' t] . tati t] ' ' th di scl d
7L 7 BRI, e 5SS, B OBATERATED 2 0"
di scl 05e 19 abbi1 RSk etrfeheglydoidihanaddisRaEDIAT, 881 6 T, kgl er red met hod

for producing contact |énses 20 conpri sing pol ynmer of this invention is
by the di r&,\ﬂ’;md@bwj 705 Wi'h HIEMA. Wit the balgnfesgepsisingmings ampustsononi cal , and
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final desi roeddwsitéd iodimepregehceé tert-amyd-ajcohaltasra dikeot doaprisiogyabedt, and t he

reacti on mxture.is subpj,ected to conditi,on ereby 25 the nononers

o homer ! zo ZibdhobuRltori Bacld MR TS s Sartb e T he " enape of
the find cdoul EOwegitdd dw moleedar weéigist RV fléseIthah dborns,000%hdire is treated
with a solvent to renpve the diluent and ultimately replace it with water,

produci ng #referabldess thyrpytB.08ng a final size and shape which are quite
similar to the 7 dBr@RaRenSIhAR, 16 okl cbdiersRempss / di | uent 30

article. This method can be used to forr_ncont act cﬁgnses nd is further
descri bed iabout B-18at % massomer, (e T eactiorsyodad 6f abpus89 we8t: and 5, 039, 459,

incorporatq_ﬂE RfaedoﬂtQM%rﬁWEB&ﬁ%@{&/Q”i”g Yet anot her feature of the
present invention Is a proceS§s 1or ¢uring silicone hydrogel fornulations to
pr ovi delSenmethaatylowyptopyltiis(tri;nethytsildngisilomeand dtmwh 32wtfatmdrioe gel tinme for a
silicone hydrpgel may be used to sele cure. 5 ndi.t i.ans_ whi ch provi de a
wettabl o offRATHPRPIRRY tetminale MR oiR] teimingted holAMYSBRE® The el time i
the tinme atfyNdliosdlized WitR 8w 95 BabpRPeNYIES, aftheMybendyPisb&/aRB@); resulting in the

viscosity of the curing reaction m xture approachin infinity and the

reaction nigeout 8-HowbimgDMenalqut2-40 withachOM$ abaut Zcwkhat a specific
degree of GHRXSIHBLPTB-15 REGPAREEMNouPs-5'vA 35 HERA, GRE AbbdtBF wt 4N

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 ftris(trimethylsiloxy)silylpropyl methacrylate, “TRIS”, about 22 to about 32 wt.%
DMA, about 3 about 8 wt% K-90 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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10 therefore can be used as an indicator of the rate of the reaction. It has
been found that, for a given reaction mxture, the gel tine nay be used to
determ ne cure conditions which inpart desirable wettability. Thus, in a

process of beélwepn ebauti20iand ahoutadd’% (weight éacfithe combiredimenomersiandd at or above

a gel time_tha es | oved ttabilit r r ferably
sufficient i@;e\ﬂﬁlgr& ﬁ‘f"‘?t @me&r&c&o&ﬁ%n&p@ﬁerﬁ@?bged W t hout a

hydr ophi | i Cemeﬂéllml-dmﬁethﬁw’-émw treatment ("mnimumgel tine"). Preferably

i nproved wettability is a decrease in advancing dynam c contact angle of at
| east 10% conpared to fornulation with no high nol ecul ar wei ght pol yner.
Longer gsl e preferred as they provide inproved wettability and

i ncreased prrbt)({:egéél g 20 flexibility. Gel times will vary for different

si i cone hydr ogdlhefbiomedical texices afthednventinn are preparad Sy mixingthe gel ti me.

ncr ongl ng. R ERAEE WeloBtBorle PoRAR 5 Edmediblizin BBAEbn .. caci ng 1 ne

intensity oplusbee oaﬁo&tdfm fbﬁmnngammmbwemeabmlyoemancmﬁ terrperature (for
t hermal pol marlzatlor})éhd I?@ efficienwecﬁ(g I ni |at elther sel ecting
a nore effi fBPﬂ"ePhﬂtq ERPNBE MANPEIGTSy ditives l;gac ROAELR Fa\'t or whi ch
absor bs100r gnhe HGents (“feakbith rﬁﬁiu?é"} Qithi o pohhetzbfidh indate€anddurihg al so decr ease
gel tine. Tenperature and diluent type ‘and concentration al so ef fect gel
time in wabyapniorriate exnditions tqf@%acpm&t thet Gan berfrubsequenttpforred ni ni num gel
time may be; V, viaLyi ng one of the
above factopﬁﬁg%@%ﬂ?)‘éh@@ tﬁﬁgfhl}'g ?"rﬁﬂ % hg@%ﬁ%ﬁrhﬂﬁely te The m ni nrum
gel tine i sreabtorpmxtw'e aiapbe pldceathnameldraldtshbseqyenﬂ;ecwed mtcglbeer ally wettabl e.
Bel ow t he mi ni rrumér; i time the Iens is generally not wettable. For a
contact | en8PPRRRIIALT AMEL. et t abl e is a Iens which displays 29 an advancing

dynam c1gont avtanmreces&ed @r&fknb\hmbr@bmgthzeeaiiﬂd'n pibv@lreriminey | ess than about
600 or a contact | ens which |spas a.tear filmbreak up tine equal to or

better thanPRAUGiCmEEeontact fpnsesyinedy Wag‘"gﬁﬂplsﬁatﬁcﬁaxﬁm art will appreciate
that i ni mughelstigaingds SRR IPUN PaltésbEa08 iagghy taking S into

consideration statistical experinental variability. In certain enbodi nents

usi ng vi si b8.660, %&nanidrstaélqr:@atingmewqﬂsmﬁrdlsg@edtm - Rat. Mes.| east about 30,
preferably gyepbes ﬂci]@ggfl%)détﬂ?éspre@ﬂgd WRitfod 1BF by dontcERhEls t han about 40

seconds have beeh foun
20 comprising 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 io 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.
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advant ageous. 10 Curing may be conducted using heat, ionizing or actinic
radi ation, for exanple electron beans, Xrays, UV or visible light, ie.

el ectromagnetic radiation or particle radiation having a wavelength in the
range of frGuoriapout 150 to about 800 nm Preferable radiation sources

i ncl ude WV or V88| bl ¢ I'ie%ht @l\é a vvav | engt h_of out, 250 to about 700
nm Suitable radfAno e '9@" 2 RigEess PLH®cent | anps,

i ncandescendjlico rod@fcﬁr‘rlbbét;oﬂ@@?frodldﬁmanmmihwhthaslEbe‘ﬁfTbOd' ments where
is included in the reaction m xture (for exanple,

a UV absorhbi ng ou
as a WV bl cf@knd)thatng‘hgﬂd'ﬂ?@rfghﬁéﬂ'CQﬂPr'PYH{iPQP'sI“ébH%iH%Q‘i e pelegt 58NS ot her than WV

di at d enbodi t
the.r adi'at 1 Snoats wieh byl 2 rple fifinablic B o, ant SpdaBE £ Lot 400 nm . UV
(about 280-coptast ledsl Shhe gel timieds thiedinie zgmmq»ammsslmm palyoertneMs@knm) . | n

Compound. |18 ARG 4ETY T dsogbl oftGR g eqhuR) MuAulsEPRsREnD, wi 11 b

useful to QHﬁrﬂybhd?tHéQé@dtlbﬂmxtm@%éd:bmlr@tnohwd eyl poinfsecasiutave the desired
m nimumgel tine. As used 25 herein the term"low jintensity"” nmeans those

bet ween abo‘iﬁ’@c'ﬁc degueq ehmnveysionpipdepesdgmiotipactioncapdibpes. Ay bet ween about 1
MV CMV2 g M;&&l\%be 58 o8 inindibdIBr dfhd 1B (RCRRER Mt Il Iehhan about 1

m nut e and pr etween a out bou m nut es and still nore
pref er abl y foendibatnfor alg(yen reéacinnl mixionet ths(gelrhmmmes bglusedtol ow, | ow intensity

cure i s one 1o, 30 prayi ' L N g L. es and produce

opht hal m ¢ d ﬁ"{{‘ scugﬁﬁo?'ﬁﬁghgg’Bkﬁ@“gﬁ%ﬁg‘fl%@ﬁW %gﬁé I"ﬂ?t I at or

con]E:ent rgt lpwca!; sﬂhelbfeselhﬁnwitlon ithereabﬁmnn?tumﬁlsmurédatmabovewbodi meln]c s it is
referre t relativel S O o) | t ener a | % or

Fess and pro&f ﬁ\aypf@v'é% B‘PB/rP &%ﬁi& @’Hﬁ%’regirﬁé ?)t ‘{Rﬁﬂe@lﬂ t hg reacti )c/)n i

m Xt ure1§ s atfasilty If<§r thé Feuffing Géﬂééﬁﬂieusé& Mtﬁ&:ttaqmaﬂfphﬁlfélbéatin‘g drncreased above

anbi ent the haze of the resultin ecreases. Tenpératures effective

to reduce H#face tfﬁﬂ"!]@@ (“migipmm ﬁ?‘d'm@s) a%efmbwwpmeﬁa@@ablm igdhe resulting
lens is deg, n%??@lnb%gr&cgge%tﬁmma%‘ﬁctg 8 6FatGIP R Compated!tsns of the same

conposition sui tabl e cure tenperatures include those

gr eat er t hdormalasion witb @G highOmpleedlanweight polimes lbmgaegei times @re 250C and 700C and

more pref erp%?e%eé? t?\gy provide improved wettability and increased processing

20 Aflexibility.

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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bet ween about 400C and 700C. The precise set of cure conditions
(tenperature, intensity and tinme) wll depend upon the conponents of |ens
material selected and, with reference to the teaching herein, are within the
skill of onan advancidgdgnamisicohtact angtetof less tharnalbet €0 andprefetabielessy be

conducted i 15 o or a nuptiplicity Qf cure zones. The cure conditions
et be - sut i BB 805 Of & Potal eyt s &ter Gt reaiun GREBREEL i xt ur o The
resul ting I U UERGérse j t arh d has the form of
the nold cg@i%{?&?gﬁ%ﬁgﬁ ggE?/n? Afr{tsé?h\tﬁ%etn?geerr}gesgmﬁgegtage@ﬁ cured they nust be

renoved froappreciatethat minimwmogel peint as defined bersin may be acangsotabings used in the

| ens forgrul ati f i I "sticky" and difficult to

rel ease iﬂ"thi;otﬁ(yeﬁs{dg%g8%%@%@{%)ﬁé@rﬂgﬂgla\%ﬂ%@ﬁtyebl ocked (renmoved fromthe nold
hal f or too[ suppor tingrthinenbadinentbusivg vigibie light iradidtionaninimume an or gani c

sol vent. Howeyer, in one enbqdi mepnt of the present_invention at |east one

| ow nol ecul i@“wsﬁghﬁt 'fﬂ/%tag?m%ﬂi gre%&qiw,eaﬁeg.t agd'%gat %épaf"ﬁ@ofeeact i on mixture,
the reaCt'Qﬁ}ef&éﬁlwér‘éate?tﬁaﬁrdﬁsdt4%&06&%&6%%?&@&6b&' e, cured and

debl ocked in water”or an aqueous solution conprising, consisting

essenti al | yadyAntageousonsi sting of a small anount of surfactant. The 30 | ow

nol ecul wei gh I J ba . . ving a structure
as def iﬁded for tac“ﬁ?{gh‘%eeé@ﬁ?‘%?é%%d‘n’fégé‘{?@ﬁeﬁg& %%b%vr}\?‘?' @'t‘r’gl ecul ar wei ght
such that téanipleeletttranchdaars, XesygHiV brisibiphight, ie. pletyormagnefi¢ r act s or | eaches
fromthe | enﬁ?ﬁnder debl ocki.ng, condi ti og ist in.ens release 31 from

he ol d. Pt of Resick CRdAION AR RS @ WeROPORI It Recnae sl foREbAUS L ot - 40. 000

Dal t ons and150tafabb@ttB00 rintSBrefdiatile flifitibn 46ure@dinblabié OVsor visimsighef skill in
the art will appreciate that the foregoi n8 nol ecul ar wei ghts are averages,

and that sdWVingrib¥avelenothefiaboptdSOraabeyt 780 fp)- ceuilehle radiai  hi gher than the 5
gi ven aMer agRicdSivciiR W idniel fuo éé&e{;t]q&q ﬂﬁnffﬁﬁ@e&\éﬁf Igﬂlﬁs,rfﬁér lar weight is
bref y Pre ecu

wi thin the specified range. eferak ow no I'ar wer ght pol yner is
sel ect ed f raprnamgs, ansl suplightp i srabridiraents wheteandlVabgorpiob gempgunshe gl ycol s,

o o <Lt S8l 2B R B Bl B Y ! e, POl Yot ene
| nnovat i onspholachromic) olyfihg issoindoeting dg mdans other thanbd/ iradiatiarcisuch aci d) ,
pol ycapr ol agt ;B gt ar heat: I d rereou HbBameAt e tSaidton souftg i V' 1Y! - @l cohol,
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 mWi/cm?.
The cure time is long, generaily 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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pol yhema, polyacrylic acid, poly(1l-glycerol methacrylate), poly(2-ethyl-2-
oxazol i ne), poly(2-hydroxypropyl nethacrylate), poly(2-vinylpyridine

N-oxi de), polyacryl am de, polynethacrylam de and the |ike. 15 The | ow

nol ecul ar wei ghinitiajerrcepegntiationdlpy aiectsag) time. AseerdinglyaifcidMe up to about 20

w2 and rGlGLRbts % SRR BB AR e BB, v 26 of L1

reacti ve conponen non-1onic surfactants
i ncl udi ng keneralie 4% ordessremdrefdrbly C8Mtor fessi ons t hereof and the |ike .

Exanpl es of suitable 20 surfact s_include, TWEEN(r). (1 Cl), DOE 120

CAer chol | un; on 68 imisdatiif At Wi he esBfon male Trubed alsRy be used i n

anount s 81p iinPordUAs 1kb BRPernire is iRErRBS Pt ove BRbIEREthed 228 bf he PPM and about
1500 ppm and nore preferably between about 100 and about 1200 ppm Suitabl e

rel ease agdBsulting ROlYrae) desieases. alemperajutes effpetive i radyee hazesinclude

met hyl - 4- pi ' y LN - i 2H- pyr an- 4- ol ,
gl ycerol fc}?ﬁg{agﬁgﬁ?&%@g93#%@{)&%8%@@& '(E)%Frgt%gédqsf%a%}mt hyl -3, 4,5, 6-
t et r ahydr o-abpiit 2% @y compatied tme lens &f the(s2mieycbnpogitomyriade 2¢ p§Q; ol i done Lenses
made fromreaction m xtures without | ow nolecul ar i hé Aydrophilic

pol ymer nay Iy %BP'S@H%‘emﬁe’éH"%HGE'HG%t@é?GEQWWE $& at 30 | east one

or gani ol ' ' riﬁem" i but m scible
W th vv;}(gr ’* %‘Ptag!@ﬁg%@%tﬁ%ﬂﬁ@%ﬁ?%é [ keéaé;ﬁg%%d?u%(g é%%,&?r'r'gorsg specifically
prinary al delwlen about #°CeandfdeC f Th@plexise sepsfenid conditiohe! , DPMA,  TPM  DPM
met hanol , et hanol, propanol and m xtures thereof being suitable exanples.
32 Suit abl dteperature; itensity.prd tine) vl depangdaipep e coFRANeRlsOf I8As t o about

1000C, prefrﬁét@ml%eﬁgﬁd%‘ﬁ@ Vit idfererféd to fHede ch{gr@he\‘giﬁharQi i thé €TPEr at ures

provi di ng qui cker ocking tinmes. Agitatior, such as by soni cation, may
al so be usesHilltoh one of erdinaryckillimtheiamdo detessineOCues may basondusiad inn the art, 5

such as,pva : e used to renove the lenses fromthe

nol ds. SB I &&#’Egr?gﬁ@é@%&y?lﬂég%ﬁ'i on Typically after curing the reaction

m xture, the reJheé turegopditignsemust be s0ffitientd datmva pdlymesratwernkifrotno r enove t he
unreacted co nt s

ﬂ'yljlrjgtn ; &Bh%ﬁq%g&m mpxtre. ?ﬁquglgﬁg,oacﬁwgri r_wetvl\)/X&risogvV&fe%’witﬁQﬁe }iim%n} ' ke and

and has the form of the mold cavity.

20 Deblocking
After the lenses have been cured they must be removed from the mold.

Unfortunately, the silicone components 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 lens)

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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Al ternatively, depending on the solubility characteristics of the hydrogel's
conponents, the solvent initiaIIy used can be an organic liquid such as

et hanol , net hanol, isqgpropanol DPM PEGs, PPGs, glycerol, mxtures 15
t hereof, or "%{“Fﬁ@(’f‘@#’eSéﬁa%@OlﬁCUl@bWélgﬁﬁde“&edﬁ‘Pﬁedeﬁ'ha“é Wi th water,

fol | oved byg ?@Bé}%k 3Ad etfé}aﬂlgrl s%n%bpﬁ%q,gd(%gélﬁnigﬁéée &@k‘ll”e) The

organi c I|qU| al so e us as a di ng, |enses
may be bri eihithe amwltleappre(ctalerttm the fomgmu@mlesmameighbsa;e pverbgesabl y bet ween

' qui 0 and AR soR PO ikaterpnalfia B ™aRa et HioRbe Role or “rycr ot ca

usi ng acfleogifencavierRet intdy bessﬂltulﬂét@Ioﬂigﬁa§m§%v@r@§@ﬁldmta$wetdhelspr ef erred
process uses_an extraction solvent t is predom nately water, preferably

greater t hatitimthesaeefied repge Preferakly the low @%ﬂﬂ’@! Welghhpalygriat er . Ot her
conmponent s %ﬁdﬂg\'%&r Albe p%BaﬁWeg IQ&aﬁrQ%rUBEgnsgghgglzﬂQd' um bor at e

boric acid, anol | SOpr opano generally rel eased
from t he noandiomixtures thereef ar@momcnreferabb'(nolbemylpwmlidmb@lyethyleme stirring or a

conti nuous f| f th tr tj LV er ses. This process can
be conduct y(%\{g B@K’%@W’é gz? aiﬁaka f&'f' ¢ﬁ7—;‘?t§'bl y from20 to 980C.
The pr ofEssinrovations, crompAEﬂpalynﬁﬂmaedywa&nd:@omemwmd) particularly when
using tenperatures in excess of allé conduct ed at

100' C t
ambi ent pr Aprolaciam, |pQ|YB%@'§‘aSI°BetR9|Y&€WP@€19"e1d B’Né@sa ¢b one sol ution
(for exarmlﬁ:m@maawa"&yml naP&y agﬁﬁeﬁil %tr%@ﬂllaté)hﬁélg@féﬂﬁfzer theminto

anot her (for exarrg I ng sol utl al tthough it may al so be
possi bl e t ooxaedling IPOW(?ehYd@?Q’QB)PWmdh@Wa@&rP@'YQJVIOﬂPYJ’Ide Nroxlekh they are

packaged. T ggg)togﬁ{e{ @%ﬁ%te”'ké extraction solvent may be
ou

conduct ed for a perld seconds to about 3 days, preferably
bet weenifabout 5Th@lbmhobtul&%erghtdiyd-ph'mpolysmémayeue Bsdmdnamums sol ution may

addi t i onal co S a d|t ves su ) t ants and/ or
rel ease ai d¥P© @?@ "gﬁ’}gar‘aaﬁ% §'¥ " Wﬁ?lﬂm% 8%8@0%8 daﬁﬂﬁ’t surfactants,
such as betwm@mcmmmedgs Specific surfactants include TWEEN 80
(avai l able from A Anmerchol), DOE 120 (avail able from Uni on  Carbi de),

Pl uroni cs, met hyHitabig q;q;fas@@ts IR¢luge pRsionis sidantants, icludiBa betainesnd nay 10 be
added in o Aé 8xil&Y, %ﬁﬂlnéﬁﬁ?ﬂtth&e&]an\&ﬁh&m&%B@nﬁé@&tsuﬁaﬁlba%d upon total

wei ght of hydration solution used

20 surfactants include TWEEN® (ICI) 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)-pyrimidincne 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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I n one enbodi nent the | enses may be hydrated using a "step down" nethod,
where the solvent is replaced in steps over the hydration process. Suitable

step down processes have at |least two, at |east three and in sone 15
embodi nents at |%ateblefd@blpclgmgapmpewwe&raﬂgpémahqwgemblenm@bguﬂ vent is

or of or bl y "0 Prdsrach) Beesh SPAT 2 6RES T Ay Plope Bleteilel, o 0” ™

preferably pheiding qZﬂ:kéﬂde’b\&khgﬁﬁleﬁeAgﬁﬁtloﬁeﬁtkﬂ@s byabeicatioanmapost preferably
about 25 to about 20 50 weig percent water of the total weight of the

si licone hyéﬁ@@él”seq:WrQ%Eqase éé‘?’@‘?"l’"&g times: Hetheremadnssknewn i @@ ng si | i cone
hydr ogel 5 Cogﬁtﬁlcé‘)s%gg\ﬁﬁ@gﬂl@svmﬁy é‘rﬁgﬁﬁedﬁr%&eﬁﬂtl%5§fr§m49§ 313; 4, 680, 336;

4,889, 664; and reby 1 ncorporate ref erence. The
cured bi onetioidsl devi ce of the present invention displays excel lent 25
resistance to fouling in vivo, even without a coating. Wen the bionedical
device is an ophthal m c device, resistance to biofouling my be neasured by

measuri ng tbﬁu%mmfenﬁmgfaﬁﬁﬂ deposi ts on the lens during the wear period,
often referred to as osits". Lens surface deposits are neasured as
fol l ows: Lenses TMBF@"W’SW’"SG o (RRaiPnapiture fhe eulling.PU¥MEt Ber 30 ni nutes and
one weekq of tr%‘@é&wﬁiﬁh%@lvént% kémovgfiﬁ%dn@rlf %Q&e&ﬁﬁm@&&ba‘@??e&\én&e patient is

asked to bl several tines an ses are nanhua pushed" in order
t o diff er enbypioducts: ang the like podhydsatathe palyokr to fermalbe hydrageled debris. Front

or iy, FRdERRraehFo8 oF o AR hasr RS Fidisot'sn i ¢ back
f?; f agg gggmpm:fltls tmetsoll\;laftﬂnkiﬁaollymed cartibd éue?;gahlcat%md Sﬁm?s | ch\lfm Islurf?rg\e/e
whi Fg t he bﬁ%ﬂ“g ng%oa} '?%P;S‘RR?WG@@MD&’SG ﬁ%qse%pﬁ QquF?p ML eposi ts are
graded y#t othetet®, of ainfigafe GTonE BFMEre fieA o'f |d%bl€l§%tﬁ%té?ffo“$%d ens surface 5
which is effected; none (< about 1 % , ght (about 1 to about 5%, mld

(about 6% by.exirastien withvgure n@tpén(qtp@w@!s@eal sﬂm)t dheprganicliguld mayd severe
Coner dor ed 25 Pa RSt g Hre schic ARG e TortE} MRy By LENFHaREP L 0% or esent
i nvent i on a(tiesdipde bbgut 30 wihutes: prefarably beteentababt § andatmuti3®odul us.
minutes) 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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Haze is nmeasured by placing test lenses in saline in a clear cell above a
bl ack background, illumnating frombelow with a fiber optic lanp at an
angle 660 nornal to the lens cell, and capturing an inage of the lens from
above with aitthiemmaaralsome poksible dc deplocktte tanises inta thd sametsolatienl | i ght | mage

was 15 uantlt vel e |nt ratin el t central 10 nm of

t he Iensq alﬂc‘f’ c%ﬁh %r?ﬁglfa@éé gh%%ﬂt I?ﬂﬂaag"t ?ﬁﬁp%t'ﬁ ns@ which is
arbi traril ysghht by e cbrﬁﬁﬁteﬁ&'br@pafodmﬂomvwobt:m)séo@nss &fztboassa haze val ue of
0. Wettability is neasure rin bhe cont act ‘i

typi cal |y #aYe Rigiesably WF@%QPUggIaPaéb°lﬂ§ rﬂ’@j"‘é{ewr'ﬁ%??%&ﬁ Iance at 230C. The
20 wettigg ﬁﬁF&ﬁn%ﬁPﬁ@f@g& Bt &Hﬁrs@ mﬁwaﬁ%ﬁ\oﬁﬁfs‘%ﬁf%d@wéﬁuﬁﬁ saline is

nmeasur ed usi ng a mcro ance he sa e I's bei ng I mmer sed
into or pulasssmrfactanbfanmerebe;aserasis Tudalble surdaatands mqlude inshudedionsed | F =

2ypcosO or .0 .= cos' / 25 wher s th i f y is the surface
t ensi on of SWSSH?%%‘F? %éﬁﬁﬁsgeti'n?%qu;%mlﬂgPi’(ﬁﬁg\eﬁ%ﬁ&(ﬂ‘g{agéﬂtﬁl e at the

nMeni scus arnfclidd FWEEN 80t sikibledrogn AmercﬁWl DOE H 20 (dvaflasle rbmUnigingl es are
obtained froma dynamc wetti n ancbgqg contact angle and

recedi ng cdriTaide). BhYPRics, methyhes H&’sgdﬂ?‘ﬂ‘&s thﬁ’ﬁ@?@"q the jkg ANHEEYi r om t he _
porti onyeof Behé‘ddgﬁﬁﬂ énﬂ?urﬂﬁéB&Wbé’i?BEOM’@%%é@ﬂ%mb%u%%'b‘és@@bM i mersed into

t he probe |1 qui east | enses of each conposition are nmeasured and
the val ues tetahweigbtfihydration sohdiewsed. DCA is not al ways a good predictor of

L T ST

(PLTF-NI BUT) is one I"'ens wettability.
The PLTF- NirBeffiod, wheeatherselventus reptacad i steps weptrmrmydeatnohrpmdess fl uorescent

The £ e el SHitaBl e G ocsSes Bibe aflaash o, fTeast iTes ERENCOME: ne- appear ance
of the 1§ r%mﬁb@[ﬂferﬂ@@ileﬂ!t‘fdﬂr@t ?Qalvﬁé?élé p'érd‘ehiaﬁé@f‘thb%@lvfahﬂ@t surface of a
contact lens is recorded as PLTF-N BUT. The PLTF-N BUT was neasur ed

30- ni nut es "§Pleead Wiltwalhses were placed on eye and after one week. Three

eading. The PLTE RS arcB8E 3t NRlh o 3 oy ites BRAGaBl 0o bt he r1 gh
eye and t hesompiiee bbout 18yeabolh 6Qweightpercens watm,smo@cpre@rab@/ about " push up" test.
The PatL o0 865, 5ef ot BefcBf At TBhY miRF oAbl it 28 WFaltfEh- up test T a
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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the I ens upwards using the lower lid. The resistance of the lens to upward
novenment i s judged and graded according to the follow ng scale: 1
(excessive, unacceptabl e novenent), 2 (noderate, but acceptable 15
nmovenent ), Feflectuni wiille beth surite Jdepdsit o motrelDeposits amwfméraialed fmwerrent ), 5

(i nsufficient, unaccegt abl e novenent The Ig}rjses of _th I nvention

di spl ay modletk faes rappegidelpsderingn gliﬂgi""aBP Wp tast.y T QHQE' ‘é( out 30 and
about 90 psrnovéwﬂnm@%aer ?Jrf‘éc@t?rla}SBeé)&‘éBﬁ?Wﬂ @h@wstmOTﬁaéeamytarJO psi .

Modul us is neasured by using t crosshead of constant rate of novenent
type tensi | graded intomfivernategories besgqir meedlametmenéagemi@a:lem sufase is | owered to

model 1155, VRO BEeRElea one Ss8obf Rk oich b ERRAF Wil I 6576 e
“ear” widthegd aBoéthS%)rmbderm@qbboumd%ho about26%) afd seNere {dreatar i ps and
el ongated at a consta rate strain of 2 in/mn. 25 until it breaks. The

initial gau&@"laéﬁﬁtaﬁ 6=f A 1o §'gﬁiﬂnée betypen e calegeries iscapideredt break (Lf) are
measur ed. ﬁ;ﬁéarmans of each conposition are neasured and the average
S reported ensr e modul us is nmeasured at the initial |linear portion of

t he stress/strarTrlnemphthelmld'devrcﬂsrnf&‘cﬁprbmnﬁwerpiroeradaoaﬂsnigy fowih@zé,nventi on have
02 Dk values e t 40 and about 300 barrer, determ ned by the
70,0 h eod erBRU ErARE

pol ar og USare positioned on the sensor then covered on

the upper side Hdzkls memﬁséu By plaéing testleRsdsamsaling i ¥ RRaPEellabod® at nosphere of
humfied 2.1% 02. The ox%gn that diffuses throu h the lens i s neasured

using a po#f lasbpmrqsmex inating-feosm belpw with @ WQT gpticlamp gharianglet er gol d

cat hode andg | t hose neasured
on comrer créflb o@mél&é%gﬁ%&%lb%ﬁﬁég{bwﬁﬁﬁ?gsﬁé Y'gkﬂr‘reﬁf%b%gg Bal afi |l con A

| enses avawittabvided bmrﬁaﬁmrba&kgromr‘m-sglbtrected s@tewdelrghhrtnagé waspr ox. 79

barrer Etafll‘cagn | en give, a asu r 5 barrer. (1 barrer =

10-11 (&% 8ugptitavely on /?U%egfﬂ NG OV§SiHRe cgptrg lg[ﬂ'ﬁ ?Ig}%e leas|angd ne was

neasur ed usthgl cbipare@ td 814.00 didBleh €8I THIR Eef® Whichl® hibitRirlyZstt boq reaction was
nmonitored with an ATS StressTech rheoneter equipped with a photo-curing

accessory, DarecslueshdPewithdio lgng %ﬁfﬁéﬁ&?é‘?éﬁu%gfrﬁ rolled cell with a quartz
I | at d del t
ower plate an @rﬁggssn%?}%?%# tﬁ?gorﬁ‘ac}gnélé%'rﬁthon elivery system

equi pped with a
typically with borate buffered saline, usrng a Wilhelmy balance at 23°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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whi ch originates at a Novacure nercury arc |lanp equipped with an iris and
conputer-controlled shutter, was delivered to the quartz plate in the
rheoneter via a liquid light guide. The filter was a 420 nm (20 nm FWHM
bandpass fihveasurebhlnozivoairmﬂnmaléiensIwettbblgﬁyt TaeiPLTENIBUDIs medsur@B bul b. The 15
intensity of .the at, .the surface. of .the quartz w ndow

di ati
WS | Dlsi R siAme st B iy dUpERES HalSFaPE oo ARG {1 an | de.

The tenper gfthe featfih (ROEIE Todrdp@Pludp TR t'maaafeéd@étwamheye;yaatel y I nL of
the de- gassed reactive m xture was pl aced | ower plate of the

rheomet er, @epRNiNgAftermblinkand the agmaéancﬁcétﬂae ﬂuatsdarbmwhmdh@tegoo 0. 001 mm
above the ZHPJ mﬁ%fr%ﬂlu?f B Eorl l@%g {‘r%'cgrduaﬁh'pl_?ﬁtr\ﬂﬁu’fh?héeaCt'0” reached

t he gel poin PE® Nas reach t Rermal "equiTibrium (-4
m nut es, dePETFANIBUT wbs!ntebeurbdaemmlmge@éﬁterdme tehsessWaa(ﬂ)jaceﬂlealeym scosity)

before the | app, shutter ened and the reac b ring this tine
ohi Lot ho SSRLRIET GH6 WeplaThipR GToeRUPmENAATE 14460 AL PR 168 BIBTe. chanber e
purged wi t hadl wEiR%Reraged moﬁéreadnhgt ¢h9bL#ﬁmlsg\rWas%ds&@dtohe reaction the
rheoneter continuously nonitored The strain resulting froman applied

dynami ¢ st reeh eyesabegioriag with thegight exsend themthede By® segnents of |ess than a
conpl et g cycle Wv%m‘é@ﬁg ﬂe%su@ uEIHbfﬁ @h%‘?gé’g&@hﬁ'hgbaﬁ&?sfégﬁé' edm)dul Us

programabl e stress ynam C
(G), |oss ameduthepriahy gammd)smoscme pl}sf@ﬂ) k‘st%a gestledibital pustoof of exposure
time. As thﬁareactlon proc ear S |n reased from<1 Pa to

>0 1 MPa, Dowafshising 56 et L e Bristaoa Pl R 14ma0 Gpvad) coa t nan 1. - For
neasurenentmouaﬁ@umngéaém;rﬂﬁd atcwiemgaomerouéwu@s@e :which tan 6 equals

1. (t'‘he crossover point when =G") he tine that G reaches 100 Pa

(shortly aftexgessive, ¢nacceptabie )T‘OVW\%'“) Qs{quéﬁt%@ub#cﬁlﬁ@b'ﬁpper pI ate was
removed$0 %Mg change as

t he reacfl V@Bﬂ%rp}%rﬁg3?%):(1%2@%%%%3(?\2@%%?@# %: bﬁ%g\é appr’eC| ated t hat
all of the @mﬁmlespenadqephbbbmmt)e a certain 5 anount of inherent test
error. Accordi nﬂ.b es & rte he .gi 0y MGuf o e en as absol ute
nunbers, but nu %1@3?55 thégge 8@ h' Plﬁé §P'é§§a§ %‘ﬁt ”i parti cul ar
tesf dlg Or;_ﬁl_hﬁrpréferablﬁbméaiébotlm{) aﬂWMtﬁmptnhmdmbdecmfa@bB/xanpl es are |

i ncl ude ese exa e inventi y are neant only to
suggest a qﬁwﬁﬂ?ﬂﬂﬂ'n%am 3’3‘%‘42693‘ Nﬂé’ SW%H\F?%‘H"' %‘.B% ﬁﬁow{ edgeabl e in
cont act2gd €ngg8shdsd 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 until it 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 Dbetween 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%
O,. 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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wel |l as other specialties may find other nmethods of practicing the

I nvention. However, those nethods are deened to be within the scope of this
i nvention. EXAMPLES 15 The foll ow ng abbrevi ations are used in the exanples
bel ow. Sl G\é%uwepmgombwwmférer%e%mybr@mbyéim@ayurad ba- [1 3,3, 3-tetramet hyl -
1-[trimethylsilyl)oxy]disiloxanyl]propox prg&p ester

N, N- di et hydoauRerrighy anailablepentact ﬁ%i@*eg{hﬁ ﬁaﬁalwlmreAmswows 800- 1000

I (M) TQBRILIG 6 EUSHET £PUn e ek eriB ST afiBik! 24 parf m nat ed

pol ydi net h oxane
2- (2' - hydr Etgfiléomiensesagive a'tneawemgmtpiﬂéﬁyd 25 Batrére(tzmrrer A0 '8 (cra@ 1850 1: 1

(wgt) bI nd,of 1-h ohex ket one and

bi s(2, 6 rﬂ§9ﬁ5§ Bﬁﬂ{f %’fe@y’ﬂe% %/?(Fﬁgfgrriyl pentyl phosphine 25 oxide PVP
pol y(N-vi nyl pyc;repiuméwag}neé&réahsﬁﬂg&@foﬁ’dM@EixﬂEM%dt MBelphaeti on product of
Reactive Blue 4 and HEMA, as describ le 4 of U.S. Pat, no.

5, 944, 853 |nob(megtzpmwyact@nd@sdmr@gregmth@WAEﬁ ﬁﬁemectmmmﬁml rPDVB- OH

Lor mi hat oo URPTA A 7 AR BE KD IHAPH bty Y TefRRuer Th001 yeo!

di met hacr ylmmfolréldEﬁIDmharquatti\k)Menplgte;mnﬂl anddluminbmcuppeaplate3&nd & S

3 ot ol YO SR st aRHPPET W B PRRdRaS figy The radiation,
3- met hacr ylvmrcsrpcsrfgmdtéy &@ Novaemrbyﬁ@cdmwlamf:b?b@pé@Mh afGisRvid

bi s- 3- met hacr yl oxy- 2- hydr oxypr opyl oxypr op di et hyl si | oxane
TR S- HEMA zompm?éf:ﬁ?tr@'?#ék was delivarae fq, aﬂéamw%tedﬁt' met hacryl ate THE

tetrahydr Ofrw&ﬁ%-erwngﬁiﬁ l@g W2 THE Riter Wrad acﬁd)ﬁrﬁt(%‘ﬁﬁquHﬂﬂ? ™

3-i sopropen nzy[ I Socyanat e
bandpass filter, which simulates the light emitted from a TLO3 bulb. The

15  intensity of the radiation, measured at the surface of the quartz window with
an IL1400A radiometer, was controlled to 1 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 continuousiy
monitored the strain resulting from an applied dynamic stress (fast oscillation
mode), where time segments of less than a compiete cycie 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 ¢ (=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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| PL i sopropyl lactate CA 819 2,4, 6-trinethyl benzyl di phenyl phosphi ne oxi de
Thr oughout the Exanples intensity is nmeasured using an IL 1400A 15

radi ometer, using an XRL 140A sensor. Exanples 1-10 The reacti on conponents
and dil uent tl(alBOr)eabliestmd Aa(sHartly eftdr theegel poimit)xthe restretiohen the uppest i rring or

rolling for | east aboput 3 urs at 23 unti | 0 all] conponents were

di ssol ved. ?ﬁ& ‘?’%%’@Wv"éP bﬁ@rﬂag b&f"@ePgb%%'Rpé*&a%E\)U&ra%{ eSf@cent of all
reactive coamgglgg%ea-@gcﬁvg%dydm&m,x Lirinke beig dwps.cent of  reaction mxture.
The reaction mxture was placed into thernoplastic contact |ens nolds (nade

from Topas(r) cdb@lﬂPﬁépeﬁ'e@lﬁtedtth@tl@r@é“‘ﬁﬁ@ﬁﬁéﬁ%&ﬂeﬁ@éw barea ¢RI r om Ti cona
Pol yrer sy, %g%r ?ﬁﬂééﬁ%ﬂ??ﬁ%é@%{j@@? rysuléq gh%f’elrﬁ Losgggent bulbs at

45C for about m nut re op ene and | enses were
extracted i betaken Eﬁaﬁébll(te\mambeﬂsubutmnmﬂcal Pdhgasdiatmlponrmle soaked in | PA at

anbi ent tenBeraIurg f or .abou 5 hours to renove residual diluent and
mononer s, pPECEQNohths PABICHIAT H20 for about 30 minutes, then equilibrated

in borate buffengdrdepiolimptraethéinvesithithéloling exanples aAAciB@ecaut ocl aved at
122C for 30_m nutes. The properties of the resulting |lenses are shown in

Tabl e 1. 39Thesgiexampies do pobiaittedrventian nihey as meADNG s898e8t322039. 42068

veousa1 405 T304 el e et Jhess Biiptiabl ¥ et onsss

Nor bl oc2202wela2dthespedaltied Bagdind 8ther gizthods ofl pradtie@igha irvedtidr 1. 51. 511. 51. 902

Tr EGDM ‘Ooooﬂgv?gvleg tﬁose maﬁ 0arg2 egr%% (t)ot())é) within the scope of this invention.

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]disiloxanyi]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-methacrylyloxyethylphenyl)-2H-benzotriazole
CG1 1850 ° 1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4-4-trimethyipentyl 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)propy! terminated,
mono-butyl terminated polydimethyisiloxane (MW 1100)
TEGDMA tetraethyleneglycol dimethacrylate
TrEGDMA triethyleneglycol dimethacrylate
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nmPDMS- OHO031. 60000000 Dar ocur 0000000001 1173 D30 9%°23261723232932281727
Properties %EWC136333940363739254829 Modul us 6878112616750669243173 (psi) %
El ongati on301250147294281308245258364283 DCA 62555864726561559272 advanci ng)
Dk (edge 10¥8111011B3methatryioxpprendioaltinetbylsioxylsignel. Equi | i bri um wat er
content 2. amc cp L ysi ol ogi cal

bor at e- buf f@gd sal ?.ﬁ@%&%éryﬁ)%?%ﬁwqﬁﬁgﬁ%ﬁ{/e <!3. élhgaeﬁ.wS 3. Oxygen perneability,
edge correddéBNM, in Eamethasrylokigropyhis(trirsetbylsilexp)metiadsiiand 0 show t hat t he

reaction m o nent s _and ejr.amounts may be varied substantially,
while stil I'&(C%'@%i dfbr\n%gm?é @(yriéﬁgdégxmggﬁyﬁéy%[ﬁp xcel | ent bal ance of

mechani gl 10 propergolygimaidsiloRaneabi [ity. The contact angle (DCA) of Exanple
9 may be tao h to forma lens that would be clinically wettable, and the

hi :
nodul us naylB&-H trimethylsiiexyethybmethagiylate de a nechanical |y robust |ens.
Exampl e 9 t ai ne &Hﬁi oncentration of Si GVA (20% . Because the
l\gﬂ q’c.'i%tﬁgg\ I'es la

Si GMA 40 ha een re VP coul d be added to the formulation and
still THF tetrahydrofuran
TBACB tetrabutylammonium 3-chlorobenzoate
10 TM™I 3-isopropenyl- {0 0-dimethylbenzyl isocyanate
IPL isopropy! lactate

CGI 819 2,4,6-trimethylbenzyldiphenyl phosphine oxide

Throughout the Examples intensity is measured using an IL 1400A
15 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

20 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

25 fluorescent bulbs at 45°C for about 20 minutes N2. The molds were opened
and lenses were extracted into a 50:50 (wt) solution of IPA and H20, 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

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

are shown in Table 1.
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provi de a conpatible reaction m xture.
Is effective in conpatibilizing PVP and that when sufficient SIGVA and PVP

Thus,

t hese exanpl es show t hat

SI GVA

are present |lenses with desirable wettability and ot her nechanical 5
properties can be rrade WlthOUt anyTabIerﬂ\ of surface m)dlflcatlon Exanpl e 11
Lenses havj e tHe—fofrrmutatt+onTof L.}\allp e—1 e uc, 9 t control i ng
cure inteng S The T?chag cal o,prqgpert ss aée r por ed |i*n ‘IQH e 2, 10
bel ow. Thegélenses were i allly evaluated psing ACUNMUE(r) 2 Ienses as
controls. T@eMPest |ensed were worln in|onel evel andl an ACUM E(r 2 lens was
worn on theSiEMhA ral at 88al| Bye| 28hd 28ens3t 182 e br 134 [@0pdtBBents in a daily
wear node [RVRKKI0) r57mvalm fpr.1a [peri oAl of 7oneb wepb7 A3 ond week the
PLTF- NI BUT| D& 3. 6 (8285 (sigcongs5d@3mi 20 {20 50 34 (R164 |3Fcands {for 15
ACUVUE(r) pPMPbwses. [Be Trant [ gurflaae fgposss 1 ogy wasg grfagedgnome to slight
for 50% of [TRYE TeST [§Ns§F anfig L0U% 1 O[gT NEQCOMG T Of o T EMgBS [gIhe novenent
was accept BliERAf O DPETT st elq Q@I Pg 5'r ERISE 55E}7®1§p| ) p: 0’20 Exanple 11
was repeat ept at—tgTe—¢ enStt tegfiget 9~ mMVcnR. The
mechani cal INO D[b et - 2.,,\“-\ r\hz A ki 20 Al 'Q hnch l-énses wer e
) ¢ Y TP g CcpP \¥ T LA =5 E\,I !‘u\,-b T
clinically UQQB;J ALY r1) Q_ ] a5 _cphtrdlls [0Tnd test |enses
were worn BMAat i bhds §n al M8 Q@se 1.90hHe (159 Py Or ey ), In one eye
for a peri QHEGDNMAe WBek |Ahd hO AGOVUE(Q) DO \A@Q_Ziilworﬁhthe
cont r al at efBlue EHEMA A1 0884 Onveek0t ha OPLTFO NI BUT Mais 802 (90.7)X0 séconds
conpar ed t |omBDMS-QH5) 0seddhds| 816 |[ACUVLE(r)02 |&nsed. TBe fibonl surface
deposi ti on| Darecgr adegdonone® to|(gliglt fpd alo® of0theo patpentsg for both test
and control147@nses. [he rnovengnt Was agceptablle for botth test and control
| enses. 30] Tabl'e 2 Ek. #I1T11Z P&EWC36363p Mbdul us (psSi) 637481 41
El ongat i onqyIE®5223™ [BF064 500 PRIUIBZZ7IHY (29 |32 |28 |17 |27
Properties

%EWC' 36 [33 |39 |40 (36 |37 {39 |25 (48 (29

Modulus 68 |78 |112 {61 |67 |50 (66 |92 |43 |[173

(psi)

% Elongation | 301 {250 | 147 | 294 | 281 | 308 | 245 | 258 | 364 | 283

DCA? 62 |55 |58 |[64 |72 |65 [61 |55 |92 |72

(advancing)

Dk’ 103 [111 {101 131 {110 132|106 | 140 |64 |76

(edge

corrected)

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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General ly the nmechani cal properties for Exanples 1, 11 and 12 are
consistent results for nultiple runs of the sane naterial. However, the
clinical results for Exanples 11 (uncontrolled cure intensity) and 12 (I ow,
control | ed badbeen redticedsless/PVRrcould besdded toethe forohufatien and stiliThe on eye

wettability after one .week of wear f anple 1 asyred by PLTF- NI BUT)
was Wor se tH%'dfﬁézoméﬂ%aqcﬁo'kwxgﬂge?hﬂ%s .ex@éjfggﬁ%”ﬁ‘éff the | enses had
nore than sBiGNA is éifethivear corhpawilizing VP dritthEeanen suffitient SIGM& abgont rol | ed,
| ow i nt ensi tﬁgcur e) i sp significantly inmproved on-eye wettability,

d | d d
whi ch was n€ _ﬁ%W?e@dﬁrﬁég )V/VEF desicahlesveliobtityrandothes mechanieal2 v. 6.9) and no
surface gepﬁ@bﬁﬂti@@éan e ade M{ﬁédﬂfgngﬁrﬂ‘ﬁf sGRftemodifdtisn!r € provides an

uncoated | e aving on-eye wetta ity which I's as good as, and in sone
cases better than conventional hydrogel |enses. 15 Exanples 13-17 Reaction
m xtures de gi in Table 3 and containing low or no conpatibilizing
conponent ( Exanpl es SIGVA) were m xed with constant stirring at

room t enper at ur ¢.ehsds Heing ahe formbldtioh ¢ffBxamplet! wererreamade, withelit t he reacti on
m xtures renmai ned cl oudy and_sone contai ned pr egjpi tates._ 20 Accordingly,
these react FAWOlNg curedutersiyy dhe prechenical peprediep arfgperteindable 2, Tapl e 3 Ex.

1314153617 Lo 10108. 31919
f/PDMss?%Qsot.’g@gggﬁ?% '%ﬁf’f%zl‘f%@g ?%ﬂ@ Qﬁ%%%%@&ég?gg@opﬁgﬁgﬁooooo

CG 18500000C0MTEisDIine. test lansesBereprory inprecrerand GDCAGH VIE 1HerOEa90 42
PDVE- O—lOOO‘ggm 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/em?. 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 worn in the contralateral eye. Atone week the PLTF-NIBUT was 8.2 (1.7)
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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Darocur 11731.01.00.831.01.0 D30 933111312727 Exanples 13 through 15 show
that reaction m xtures without any conpatibilizing conponent (SIGVA or
nPDVS- OH) are inconpatible, and not suitable for mmking contact |enses.
Exanpl es 1¢ d&dehgatiorshpw t BAl 5 g¢onceditd ati pns &23conpfati bili zi ng conponent

| ess than arbeuﬁ.';(?—we' ght-Sa-pre—ri ﬁsu‘fli et tu5 efpat i bilize signifincant
anmounts of {hig | ecul ar i ghtt PVP. However, %orrp ring Exanple 17 to
Exanpl e 9, {Tesspk anpbunts1g3 hi gh mgzecul ar wejigght P (3 weight % can be
included and still forma conpatible reaction mxturie. 10 Exanples 18-26 A
solution of 1.00 gramof D30, 1.00 gram of nPDMS and 1.00 gram of TRI S was
placed in a gla ' r ] irred at about
20 to 23 C Withscglen\r%g é’éﬁeg |rcabéfra?é’ggss*gﬁ?%ﬁﬁgﬁ'@é@aﬁ éfte(wt) PVP 15
(K90) and 6@omsistért réduls fon snultipteerdnsl oithessame umdterial.t Hewewdr Lihe alinicat mai ned

cl oudy after 3 npnutes of irring. The.nmass, of added PVP bl end was
det or i ned" FeULF oRExalSs 4] bnchnrcled éve Maguhand EEREPBIPIER, i ndex- . Thi <
Lest wass! epalinghdis) 418 sohaMialyFaifietAl THEW djwerBiity dHEPoAX. 21),  acPDIS,
where n=10 (Ex. 22),; acPDMS where n=20 (Ex. Bé i Sl -3Me 20 (Ex. 24) and
TRI S2- HOEOPWegk=ef weas for Example 11measiae brbhdReVIBUThwas wesedhat therl . Tabl e 4

1551 cua1. 5ol PUYMFRAE 85158 LR RER TUlfs RRrRes GiBrpartignt Y = OH i ndex

surface depositions. The Example 12 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, controlied 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 37.5 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

42



22acPDVB (n=10)"'1.911:2 43 23121:2 acPDV5 (n=20)"' 240.154:0 | Si MAA- 3Me

250. 113: 2 TRI S2- HOEOP2 260. 64- 11: 2 MPDMS- CH Doug - should we try nPDVS- CH
and see what that nunber is? Structures for acPDVS, iSi GWA-3Me and

TRI S2- HOEORPDMS-QHOWN  be] ow. % acPDUB (n ayer ag% 10 Or 20): 0 0 OH CH 10
15 TRI S2- H r@183 7 170 14,00, —0of Op.83L 1 SH! -Mgl OV 10"X O
SkOSdvt e3) B O The Tesurts, shown T n [Tabl € {, shoyw that| Si GVA, acPDVB
(where n:1fbsbr%' 20 —and—TTPDVEAgH TORE readyy 1 T5T rpogt e into a blend of a
di | uent, anotfer—st+tt+core—contarmng—mononer,—a hydrophi | i ¢ nononer, and an
hi gh 20 nol ecul ar wei ght polyner (PVP) than alternative silicone-containing
mononers. Thus, Examplas I BtHroughnid shiolw thatmeaction ittivies gvithomaamgr s havi ng a

D heePBi oA S SH - s, o nG P 1112179

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  (K90) 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 (Ex. 24) and TRIS2-HOEOP?2 (Ex. 25) as test silicone monomers in place of

TRIS.
Table 4
Ex.# | Test silicone- Monomer Si:OH
containing monomer | compatibility
index
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 1.9 11:2
acPDMS (n=10)*
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44 Exanple 27 -35 Lenses were nmade using the reaction m xture formnul ati on of

Exanpl e
et hyl ene

1. The plastic contact

| ens nol ds (nade from Topas(D copol yners of
and norbonene obtained from Ticona Polyners) were stored overni ght

in 5 nitrog@8 (<0d.5% 02) before usel Each nold

m xt ur e. IVtIds we

raePDMSs(@d2@)hd | en

ot ad thnl:

@12 dosed wi

5es phot ocur ed usi ng t he

alnG-o

h 75 | reaction
[i mes and cure
Adi ati on of the

intensitieq 2.4..u. €
nononer m X “tsi ng
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n.
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'%mé'ﬁgl i ght 1
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dintensity and c
maHOEIOR@II atl 0

15 the end

DI  water and

anot her

20 mnute

Nﬁ@#mes vvere Qﬁﬁsferred
“~The | PA was repl aced _
Dou D%HéuIdWeWQ%ISDM%U@H%dTs@@whbi‘ihéiﬁﬁmﬂﬁm‘fed and replaced with
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Af ter

1321ar cont
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20 m nut es,
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was sel ected to

P) for each

Jre of i sopropyl

ai ning 300 g 100%
for 10 hours. At

50% of
WAS roIIed for
rol | ed

for 20 mnbeles. and then tested. 20 Table 5 Step 1 Step 1 Step 2 Step 2

Ex. #i nt
I Sec

Advanci n
MmN cn2m

tine i

bRl &

2efBoms | & 205

ty tinme Contact
A 16: 555.51: 2851 1

0
\/u\o/\og\o/\/\/Si\éo;si\é\/\o/\og\o)k/

TRIS2-HOEOP2

10

07N Si<0\ eV O/\/OH

/[ \

iISIMAA3-Me

15

OMe

Ylk LO\/\/ SI(OSMC3)3

)

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,

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

20

molecular weight polymer (PVP) than alternative 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.



281.12: 465.52: 2155 2 291.111:035.50: 3555 1 301.76:305.50:3550 1
311.71:375.52: 21551 321.74:045.51: 2854 2 332.42:525.51:2862 6

342. 44: 365. 50: 3576 9 352.41:095.50:3578 6 The contact angles for Exanples
27 through P@inple 27 438t significantly 25 different, indicating that step 1

cure intensitie of less t . ut fede | roved
wettability for BHies Vieé%g‘agsi’ﬂmﬁie'BﬁaPed%iriﬂ%E“nﬁi“D tEﬁ‘@mQ[Egp 1 cure tine.
However, thpsmé)éias%lcbiitaetrieﬁsﬁﬁoiag Imadd irommb%@edpbimg of sthpener step 1 cure
tinmes (suc as those used in Exanples 28 and 31) | ow for shorter overall

cure cycl esa"q\ﬂﬂt&m%ie obfainegfgm dicgea R@b’@iﬁf&)we 89@" QVBRBNGIN iN t he cont act

Exanp! ed 27 MHER ISR 0L Bellhe Eh TnOBRAR BRI A iredclBl . ' Gostr abi e on
eye wet t abiixtuye. mmb&sclafed-anélenibeph@t&@iré@ﬂsin@mmmﬁaidﬁuréxarrpl e 1, were

bl ended w th ei.ther 25% or_40% 030 as, di luent i,n accordance with the
procedure dp eEﬂQﬁﬁi‘F‘HGafedo mlf%ber%skﬁn%awe%fam by iradiationef ther e charged into

pl astic co “ﬁqqﬁlb'e('ﬁm@ fersegﬁt %séjrhggagggicynﬁ{es of ethyl ene and

nor bonmrene o taine | cofia ner s in a glove box under a
ni t rogen atintessityavas,vaeed byabsing a Qarfabia/uaiaisﬂ or lighe fikersyin twdosteps 80 m nut es and

the te ratures,shown jn 15 Tahle 6 el ow. The | enses . erem)vedfrom
the ol TG, VATRS TR S Rt 30€ a2 Wae SRSRE ISRUHE Y " AT Ter

hydr atlon t d3end tomEirddiatisieritrgyl (ABoutl880 MRFc e edeh sampleed. The results shown
in Table 6 show_t hat the degree of haziness was reduced at the higher

t enper at ures. THee ﬁ@%ﬂﬂdtl%"s&ﬁwr%‘l’m'd?%ﬂﬁe 3 80:4Q midurecf iRoPEPYbN of di | uent

Jocroases tdohBMBicvater ThERsRE We arfirelARlS afarfebniafhifig*SbrgRoose hazeDCA

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
|nten5|ty time mtensuty time Contact
(mW/cm?) | (min:sec) (mW/cm } | (min:sec) | Angle
27 1.1 6:55 5.5 1:28 51+1
28 1.1 2:46 5.5 2:21 5612
29 1.1 11:03 5.5 0:35 5511
30 1.7 6:30 5.5 0:35 50 +1
31 1.7 1:37 5.5 2:21 55+ 1
32 1.7 4:04 5.5 1:28 54+2
33 24 2:52 55 1:28 62+6
34 24 4:36 5.5 0:35 7619
35 24 1:09 5.5 0:35 7816

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
mWi/cm? provide improved wettability for this lens formulation regardiess of
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372550-5512(2) 100 382560-6514(0. 2) 59 39402550(10) 68 404050-5540(9) 72

414060- 65320) 66 25 Haze (std. dev.) The results in Table 6 show that haze
may be reduced by about 20% (Exanple 41 v. Exanple 39) and up to as nuch as
about 65% (Beated £ciBe time. P-Emnvpt thosé pf sigll in the arhwillapprdoiate thak t enper at ur e.

Decreasi ng di l uent conc Lon from 40 .t 25O re e by between
about 40  antliorss Steg  GRE ek BUbR 35 bb3Sueb Beanglel 2hiaa ) ORFC e

formul at i onfor sthertdn oVéraTatheezyaeslsma@ov&rensmmsdno@dmatswmb@gm with a 30
mnute cure tine at 25C and an intensit about 2.5 mWcnR. Percent haze

was neasur efegantackanaiasipk %’@mﬂﬂesl'%@df‘@“gx el a‘i%tﬁ‘leés“fa@)( highevtham 454647

0. 00 04 Da. BIRY RS IR MRS W £lehniae S5 Sl BRI G605 5. 06. 06. 0

TEGDVAL. 51. desirblesn. éye. wettabilityl oc2. 02. 02. 02. 02. 02. 0 PVP (K-
7.07.07.07.07.07.0 90) CE 18501.01.01.01.01.01.0

Examples 36 - 41
The reaction components of Example 1, were blended with either 25%

10 or40% 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. (°C) | % 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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D3025. 04025. 040. 025. 040. 0 Properti es Haze30507. 3142625 Mdul us
745614810474NT (psi) Elongation 326395188251312NT N EWC %884133353839 10 A
conparision of the results for fornul ations having the sanme anmount of

di | uent andExdnples 4FBCDVA or acPDVS (Exanpl es 42 and 46 and Exanples 43 and

47) shows that ti e es lenses with
properties whi cﬁ%g%%%ﬁﬂﬁbgﬁ &8 fgr‘?rbuigé%aggtﬁcgw '%Iggg%lg 'Fsé %{shgd as a

crossl i nker probedum®bEExatrblén dwiftba G0 Mimité clrettimeldt 26*© and amimersity Haze for these
Exanpl es decr eased subst gnt I al Iépcorrpar ed to the |l ense rrade fromeither

crossl i nker ofADgHE2.5 RWSTEr Perasatinaze wasdneasuesdpnd; i reppee@imEable i vel v i npact ed
(I'ikely decqause the amount of crosslinker was too great) 47 Exanpl es 48-52
React i on mxtures were made using the formulati ons shown in Table 8 with a
m xture of 72.5%t-anyl al cohol and 27.5% PVP (Mv = 2500) as the diluent.
The reaction m xtures were placed iTable % her nopl astic contact |ens 5 nolds,
and irradiated using Philips TL 20WO03T fl uorescent bul bs at 45C, 0.8

mV cn? for|pbput 3749 nut €33 Thd 4301 ds{usre opeeed ayf I enses were rel eased
i nto dei onf SEMAVT 6728d 9IPeg AVET| Z8.PCT 198007 404 'he |enses were
t hen pl ace mPDmbUﬁ[ YRR TTTe ZB%I ut g d’Ul @m nutes and
aut ocl aved 5 36 moﬂtjt X -gr pet-tes esulting 10 | enses
are shown gpgﬁ 3’ Tab g EX. #91849‘ 19152& §? po%ent s
i 2020

S GMA3030 3P =521 235|235 | 235 235|240 | 240

HEMA 6.0 6.0 50 5.0 6.0 6.0

TEGDMA 1.5 1.5 1.5 1.5 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)

CGi1850 [1.0 1.0 1.0 1.0 1.0 1.0

D30 25.0 40 25.0 40.0 25.0 1400

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

10 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

15  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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PVP6666766 DMA31313130303131 MPDMS192223.516. 5192528 AcPDVS 2003000 n=10
HEMA9. 858. 56. 959610. 512. 5 Norbl oc1.51.51.521.51.51.5 Cd
8190. 230. 230. 250. 4800. 230. 23 CG 18500000100 EGDMAO. 40. 750. 8000. 750. 75
TEGDVA0O0001 ES@0ples 48:52EMAO. 020. 020000. 020. 02 %
Di | uent 40. 040. 0 Readfith Mizfuré\Weré nideussirigetbefokmBliaisas showndn Takle 8EWWC
%15454749474950 5 pL(7) 74( 10) 10875( 6( agdvanci ng) Mdul us
(psi) 917769&3&9&%@%@4&9‘ M&?gé'@i‘g?gz@%%@% D;’&Q?a\gaﬁj?%54607844875960
Di luents (wgil@ht. THrbsotion Mixturés webe pladédintcPthesisplastie dortdctIeddVP (Mv = 2500)
48 B = t-anyl alcohol C = 15/38/38% TMP/ 2M2P/ PVP (Mv = 2500) D= 57143
2MeP/ TMPD 5 Twplds, anstirradisted usima ibilipX b 2063 Luorescentmlbs at46°¢.dk8rul at i ons
COMDEL 5119 i Y S56UR 3 WifnkE A s WEFPMned U logqiap © cr osst i nker s
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 M4 25 20
PVP 6 6 6 6 7 6 |6
DMA 31 3N 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 ) 6 105 125
Norbloc 1.5 1.5 1.5 2 1.5 1.5 1.5
CGl 819 023 10.23 {0.25 048 |0 0.23 10.23
CGI 1850 0 0 0 0 1 0 0
EGDMA 0.4 0.756 ;0.8 0 0 0.75 |0.756
TEGDMA 0 0 0 0 1.5 10 0
Blue HEMA 0.02 (002 {0 0 0 0.02 {0.02
% Diluent 40.0 [40.0 |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 alcoho! and 27.5 PVP (My = 2500)

48



provi de silicone hydrogel conpositions which display an excellent bal ance of
10 properties including good water content, noderate Dk, wettabiltiy,

nodul us and el ongati on. Exanpl e 55 The | enses of Exanple 48 were clinically
eval uat ed. Bhrd-damyhaleshalere 15 worn by 18 patients in a daily wear node

(ni ghtly re@wvtd/38/88% TMRI2MRBIP\R (Mine 25(8k. At one week the PLTF- NI BUT was
8.4 (2.9) sbe6Ms 2MaRFEMPd to 7.0 (1.3) seconds for ACUWUE(r) 2 |l enses. The
front surface discrete deposition was graded none to slight for 97% of the
patient ssw f(jh-thpetdsedt | enses, conpared with 89%in control |enses. The
novenent was acceptable for 20 both test and control |enses. Exanple 56 The

| enses of Exarrplmrlé’%v\,aegg{lpfeﬁ?gégi (r%?gh%{?éjY&Hﬁ%isﬁ cq;hsﬂgi,@ﬁﬁ were worn by 18

patients in a dai renova or aperiod of one 25

week. At onkydneptilict(E6DMATer THGRMA)eRd IRydiophpbio crasstinkens(acBEM™ ed to 7 (#1. 3)

seconds for 2 T r e . di osition was
graded no neP @%gﬁé}‘;ﬁe '}YSFO%QE&(’?%OS{&%J B@? ii;' gﬁp f’g{/ %ﬁ ﬁzfgé'%ﬁ{ &%{chl nses,

conpar edo wi prop&48s indluding igood whienseritent,Iinederatedie Mettabiltiy amodylisabl e for  bot h

. test and control |enses. 30 Exanple 57 The | enses of Exanple 51 were
clinically ¥W80n83880. The | enses were worn by 13 patients in a daily wear
node (nightly renoval) for a period of one week. At one week the PLTF- N BUT
was 4.3 (1.@_@‘%_535& conpared to 9.6 35 (2.1) seconds for ACUVUE(r) 2

| enses. The urface discrete deposition was graded none to slight for
70% of the pati dhedenses bf Examplec48 wererclinically eveluptede dhevdenkeweei n cont r ol

Thus. -t ir D S oRpaUdit LTS BANY a3 o8 g abova LRt p B¥nE8erenc < (205 for
Exanpl e 51 wesks Ut oh@ wieek tHexRUTIH-RIBLE) way 8l4 (£2.9)5ecohds/ eunipaped tot7y0 as nmeasure by
PLTF N BUT (43 63529045 ACUVIES Thred e hirk Siidbe s G Wsodit, BX2TP! e 48).
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
worn by 13 patients in a daily wear mode (nightly removal) for a period of one
week. At one week the PLTF-NIBUT was 4.3 (11.9) 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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Silicone hydrogel |enses were nade using the components listed in Table 9
and the follow ng procedure: 10 The conponents were m xed together in a jar
to for a reaction mxture. The jar containing the reaction m xture was

pl aced on ab¢thtestand control lensesn drhus.dhereds sonee earghationbetwaeacontash ni xt ure was

pl aced in a_vacuum desi cc L 8 h 0X 6 lLyi ng vacuum f or
40 minutes.? %mﬁgglfrﬁ@ﬁrfc%ﬁ%éorr%%ﬂgc% \fe?(%%(rag& \?ﬁqﬁé‘%ﬁ‘u"ﬁ%‘ﬁ%ﬁd Cont act | enses
wer e for medcllpicapWéttabiliteadrhexdui@bg PKTENIBUD (403 séddndsiRg Examplel5ans material to
the concave front curve side of” TOPAS(r) nold cavities in a glove box with

ni trogen puyejsus B:fhsesandsifor Example48)sed wi t h pol ypropyl ene convex base curve
nmol d halyes. Polynerization was carried out under a nitrogen purge and was
photoinitiated 20 with 5 mWcnR2 of visible Iight generated using 20W

fluorescent | ] Seagdh a  TL-03 phosphor. After curing for 25 mnutes at

45C, the WDEM' ened. The concave front curve portion of the |ens

nmol d was pl aced Silitbee hydisyel enséowerelmade Ushgithe oomporantidistetSl) cont ai ni ng
e.conditions (tenperature and anount of Tween)

dei oni zed V\ﬁ@r unger tr .
shown in Tabttle §@nd edollowing pFEESBER 25 time is shown in Table 10. The |enses

vere clggr and qfhe%ﬁngﬁﬁé?ukeﬁ/er%hﬁi%‘d fogemaﬁn%qatta%rd RESRH- miXikd. € 9
6x. 58Ex. 59Ex. 606x. 61 S| GVA3. 053. 23.23. 0 MPDMB1. 71.71. 71. 7 DVA3. 23.03.13. 2

PVPO. 60. 60. B jor eamaining theggadiononistaeDwaspla@dan. j@r millNokesiapdk0. 150. 20. 20. 2 50
%2&02. 18' 10,5704 SveHint| | de1. 51.51.5 2M2P2. 52.52.52. 5 PVP | ow0. 51. 51. 50. 5
The reaction mixture was placed in a vacuum desiccator and the

oxygen removed by applying vacuum for 40 minutes. 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 mold 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 timeis shownin Table 10. The lenses were clear and of the proper shape to

be contact lenses.

Table S
Ex. 58 Ex. 59 Ex. 60 Ex. 61

3.05 32 3.2 3.0
SiGMA
MPDMS 1.7 1.7 1.7 1.7
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 04 0.3 0.2
Norblock 0.15 0.2 0.2 : 0.2
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Ex. #Form [Tween] (ppm Tenp (C)Debl ock tine Ex. #mn.

625885075

10

635810, 0007010- 15 645807520-22 65588502210-15 6659850853 6760850856

20 m nutes.

68618507518 5 _Exanple 69 The | enses of Exanple 59 which were debl ocked in
Exanpl e 66, | #@0e  further Bdrat&d i®-HeionizedOdat er |at d5E for
The | enses WBighdet hen [trandferred intlSbordte buffered salfhe saol ution and

allowed to e2M2Pi bratge foRb5at | east 2bout 24 h@brs. The IZXhses |were cl ear
and of the ppPwPww shape t o050 be|conttagt | gnsesqsThe llensers5had|a water
content of 43% a noduluS of 87 7psi, an elongation of 1I7/5% and a Dk of 61
barriers. The | enses were found to have an advanci ng contact angle of 57
degrees. This indicates the I ensesralR R substantial l'y free of hydrophobic
material. 1 n v HroTTie TR c—hens nold
from Exanpl ﬁ?w 'ngrn‘n acﬁv m Bﬁgrﬁgm caf3 m pdel 75D)
cont ai ni ng pbagt—pY A he | enses
debl ocked f| es- ! Ex-anpl-£ use-of an organic
sol vent) Th anc N : ion of’9 he lens no @r1br o axanpl e 61
was placed iBf h $8nitation Barh (Aquasoni® 75D) | cont 8082ng about 10% of
2- propanol |_af5or pai8c_$ol venB5Q n_deiloni zed2Zat er _at._75¢-15he | énses 25
debl ocked flor 86t hp f89anme in 1850r nut gs. WheBb Tweeniwas uskd as fhe additive
(Exanpl e 68) w®e delgpock tinegsgms 18 jmi nutegs Thus| the @esent |51 exanple
shows that jorggni £ $al vents ngsp al so [be useggto deplock hgnses |conpri sing
| ow nol ecul ar Weir ght _hydrophi i Cc pol yners.
5 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
10 Dbe 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.
15- 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.
20
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
25 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



EXAMPLE 72 (contains no | ow nol ecul ar weight PVP) 5 Silicone hydrogel |enses
wee made using the formulation and procedure of Exanple 58, but w thout any
| ow nol ecul ar wei ght PVP. The follow ng procedure was used to debl ock the
| enses. Theexamplasbows that organic solpents may aisb berused éndebiogkdenags pl aced into a

10" der ont zeHONBw RS SR AR5 SRR 51 el case Tr om t he ol .

The debl ock tine for the formul ati on which cont ai ned | ow nol ecul ar wei ght

hydrophilicg Atas o038y ﬁ@rewatwsi er simlar deblock conditions
(Exanpl e_62 - 850 mTween an Was 10 mnutes. Thus, the present
Exanpl e Shows t I‘%EFCQEI‘GBWQ@BPH@W@&WSH“%’@ %E‘Sé’ﬂﬁ)ﬁW@H'@mﬂ #ndat er onl y, inthis

15 Tor mul at peelink 3 tharhBE LA UihON P IAEHbREuMEN B Byl ARhi i ¢ pol yrer i

the fornulation e concave front curve portion of the |lens
mol d from efallowing pTchdaee wax(uset s-deblockithe lensesi cati on bath (Aquasonic 75D)

cont ai ni ng about,10% ro ani dei oni zed water at
75C. The | enses Trlfeﬁngg\(ngaorﬁgwﬁfpﬁ@orfpf tﬁé%nﬁ r@éﬁg@@%ﬂ lill'L& Thus, | enses
of the pr esecmlcatnon\bammuasdmcqﬁodéww coniiny abduoesminecurvmnmi ght

hydr ophi Lic mer may be | ack si.ng an aqueous sol ution conpri sing
an orgaﬂb Qg'P'\'," eﬁwagamgé . 7he SF%F’MO&@'Q?{%Q fipBt BemAE according to

Exanpl e 49, iR f [ 0.38 or 0.5
.99, curi ;gyg?%énl%@fovhltﬁ%ﬁ | ps’éﬁ%'ég’ coﬁﬁgflggfl mozéggrearﬂ?@'k?% bs (which

cI osely mat bydrophilicspriyners Exaropie 668 fasmuation) gaderisisnilsir deblpefeondiiens t o measur e
gel tine) i t Y | ontact angl es
of the resu ’ﬁ%ﬁ@?ﬁ gﬂ g%&gqrg?gﬁ%\‘/\ﬂnq {215 &é%q%m”@%?@ﬁ%ﬁgﬂ nﬁ\l % Advanci ng
DCA Gel ti mExaraglesRowd thaldétlocking cahibt B8 &dcdmplisiédino@diér/oriby, iRl es 77- 79

15 formulation without including low molecular weight hydrophilic polymer in the

formulation.

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 visible 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.# | Wit% | AdvancingDCA | Geltime (sec) |
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Gel times were neasured for the formulation of Exanple 1 at 45C at 5 1.0,
2.5 and 5.0 nMWcn2. The results are shown in Table 12. Table 12 Ex.
#lntensity gel tine (sec) mWcn) 77152 782.538 79534 10 The results of

Exanpl es 74 thaough o/28 ahd 77 sghigpugh 9 comggred w th Exanples 27-35, show
that as gell ti7ges|ineagafpe, Wehbigpr Tty 1nprgyes. us, gel points can be
used, in cqOTGENaUTOfsW [T CORRHRgy ang| € neaggrenents, to determ ne suitable
cure condi tTonms—for—a grvenpotyner—fornoiationand phot oi niti ator system

15 Exanpl e 80 (Macroner Preparation) To a dry container, which was housed in

a dry box uﬁg@gﬁ%z’%en at anbi ent terrperature was added 30.0 g (0.277
nol ) of 20 B ani no i en a solution
of 13.75 m of GelifReSyers 9¥% ° é"%‘\l%té‘gﬁi@% ﬁt‘%oé@tm dry THF),

61.39 g 60. 3482, m&S@EWcm?Iﬂw;esm%ra%hmﬁihmiemJI) methyl nethacrylate
(1.4 equival ents relative to initiator), 1892.13 (9.352 nol)

2-(trimethyl siloxy)ethyl nethacryl ate $8 5 equivalents relative to
initiator) and 4399.78 g (61.01 m)Tilb'@ﬂ THF. This 25 mixture was charged to
a dry, three-necked, round-bottoned flask equipped wth a thernocouple and
condenser, all connectedExc#a ni Intengityn sogettane (s€be ijnitial m xture was
cooled to 15 C while gtirring afehWomgilhg with nitroden. After the solution
reached 15 C, 191.75 ¢ (17200 pol) 1of 1 52
trimethylsiloxy-1-net hoxXyyg- methylpsopene (1 gguivalgnt) was injected into
30 the reaction vesself~ u?g e Ctign Was arlog@d TO gxothermto

approxi mately 62 C and—then—30 nt—of— —A0—M—sotuotton of 154.4 g TBACB in

ater 18" T enpel MISPOSSTERERER? 53 %ﬂ@ B iR TR B néhﬁegiﬁ“
ZOl uti Ion ?fs with Exampleg 27-353shbwithh) asgel timesriticleak e, wettapjlisiimptovest hacryl ate (2.1
qul val en

r

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)methyisilane (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-(trimethylsiloxy)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 thereaction 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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relative to the initiator), 3636.6. g (3.463 nol) n-butyl 5

nonomnet hacr yl oxypr opyl - pol ydi net hyl si |l oxane (3.2 equivalents relative to the
initiator), 3673.84 g (8.689 m)lzi TRIS (7.9 equivalents relative to the
initiator) Tifavasoneergdin threngheutibe ramaindansf heireagtiane Atethadded. This

I Xt ' - : th | d
o cool to SgmeGEe drfedeoh NEioRRd S RERREHETRUAGG Liballca ol or) ", | O
E)ilsg di met hy:4ﬁh?6|g)(2rlﬁl ?moﬁi:at-(ahmeth)zl_ﬁm_x)a_ett?l r(m&thaﬁrﬁlatlag(gg iq;n\ta}eznésrgté gacr lyl) at2 e

.4 equiva s.rel atjve i.pi tlatar : : nmo -
trimet ﬂyl Si I"’g%&yfé? ﬁ?l'n'h@?ﬂa%gggé&f@ g‘oﬁﬂi%ﬁl@yﬁl ents rel atgi ve to the
initiatoB) wmomefheesloRfistopypolytisiettiyisilogmen(32ldqoivarnisTeRlivs foahen t o

approxi mately 40 C. _ The reaction teg)erat,ure drgpped to approximately 30 C
and 2 gal | offdliatar), 8673-840(B. 689 HWHJRIS & -9 eaviraients elaivgita thedpitiator)a sol uti on of

439.69 g wa ,gjfgnl“ 068 nol) dichl oroacetic acid
was addgd atglé‘é 2?8@%@{:%} re?%(eéwgﬁeﬁégaﬁ%gis to rZam)ve t he

tri met hyl si | oxy Thisomixture wgs atipwedte exotheine to-ifiproxinvatelyt38-4%°Grend t hen renoved
and tol uene added to aid,,.|i e al .of the water  untj vapor tenperature
of 110 C wag’epéie‘ﬁ (o "98' t?t?@ °Pe§¥qa6ﬂmﬂ S ”R'ﬁé'so(?ﬂ'g%brﬂ {edl(?@d"é\]? approxi mately
110 C and abistdirhethylamineiméiyisitane2154026 gpl.541TivbI) methybméthackfat®10 ol )

dibutyltin dilaurate were added.,,Th§ m xture was_reacted until the

i socyanat e pehRayilenisriatiye to the initister) aad (8%« 138.80-8%P8N &t ed under reduced
pressure t o i - Wit ' mer. The
macr oner vvagwp') a@sélg&)%gl ﬁgéc}g%@#gtegghg&hgg%&s\gﬁ?ﬁv%@?gé g‘}‘ﬁgﬁ?ﬁ%ﬁi mately 2:1
acet one to addadandithe mixtere againraliowed teaxotherm do appiodmately#®t.pi t at e out the

macromer an filLte rq j uum oven

bet ween 45 iﬁ%%@%%ﬁ%«@@rwp éb Eqé@?%ﬁrggteg(ﬁoagm&?@g%? |Fon m Xt ures
were nmadé i MHE weré addpdrte detreask the wiseodityx Ausdlutign bhH439.69¢g watexf i ons shown in
Table 12 wi th D3Q, and/ o PL th i,luent. The reaction, mxtures were
ol aced | nt o /6hE eI ol B/ GTBe A HMTGRCets A wAsEGRABEY a1 ng Phi 11 ps
TL 20W 03T tHeUnikfsRAlxdatbES Abussrenicve b dihethfdsiloXy protestingThe nol ds were
opened and | enses were released | PA | eached 54 and transferred into borate

buf f ered sa@foyes onthe HiMpe Volatiles yerq then remonediand tolyengsadded te aidhown i n Tabl e
13. Tabl e 1 removal of the water until a vapor temperature of 110 °C was reached.

20 The reaction flask was maintained at approximately 110 °C and a
solution of 443 g (2.201 mol) TMI and 5.7 g (0.010 mol) dibutyitin 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 ata 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
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Exanpl e8182838485868788 Conponent Macromer 1818131313131311
MPDMS2318292828282628 AcPDMVS 510333555 n=10 TRI S1414151515141314
DVA2727282930303332 HEMA55222222 Nor bl 022222222 PVP K- 9055765555 Bl ue
HEMAO. 020. (g, tonsfered inde borasepbufferedszlings Thegoreriieg ¢fithe resulting

%0 | uent 20 g,;g% in dil.606010010010060100100

9% PLi ndi | . y 4040 %SQWE\%}) %32404039374038 DCA 4846455057 (advanci ng)
Modul us (psi)149268859091107134129 El ongati on 216149294300290251176209 % Dk

barrers8976114100116117 5 Exanpl e[a%f H]e Ienses of Exanple 83 were
Cllnl Cally n\:nLluni-C& Thao l oncao A, rmh; nat i ant o :n a dally wear

N
v (Al AL . LILAYS T ULE™J - P bllﬁ
node (ni gh@ﬂp&m\l—al )8}|f of 3nd 30,85 ﬂy.., JIEQLE;B_B_@&J h patient, the
test | ens MeRMBENEAt i | one eye and Baurh &
Macromer 18 18 |13 13 13 13 13 11

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 27 |28 29 30 30 33 32
HEMA 5 5 2 2 2 2 2 2
Norbloc 2 2 2 2 2 2 2 2

PVP K-S0 5 5 7 6 ) 5 5 ]
Blue HEMA [0.02 [0.02 10.02 10.02 |0.02 [0.02 |0.02 |0.02
CGI 1850 1 1 1 1 1 1 1 1

%Diluent 20 20 (30 - {30 30 30 30 30
% D30 in dil. | 60 60 (100 [100 100 |60 100 | 100
% IPLindil. |40 40 1|0 0 0 40 0 0

EWC (%) 36 32 140 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 | 294 300 |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

worn 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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Lonb Purevision lens was worn in the contral ateral eye. At thirty mnutes
the PLTF-NBUT was 7.5 (1 6) seconds conpared to 8.6 (+1.6) seconds for the

Bausch & Laonb Purevi sion . The front surface discrete deposition was
graded nond&xample shgws thaélenﬁe@%'raﬁd from apalyreefinetwark SOMAUSIAGAt | enses,

conpar ed 1%:! lahl c&rqgnﬁn'gﬁ‘né%?%ém}ﬁh?ﬁbﬁé‘&lar hﬁ’ﬁVcﬁHﬁﬁﬁc piyénapt abl e for

both test a contr I'ense ' enses o resent’ 1 nvention are
conpar abl e a ecompatibilizingreomponeot dlmmdlmblhmwwepastm pl asma coati ng.

Thus, the RL ﬁent 5§| Ef‘ Ite shows that |enses formed froma pol yner network
conpri sing SoIStaRGeIRaRd % Beni ng macroner, high nol ecul ar wei ght

hydr ophisl i ¢ pol ymer and a conpati bilizing conponent display good

wet t abi | it \Exgdiedposi tion resistance without a coating. 5 Examle 90

Trifl uorome e o Lo
bi s( hydr oxybut ym@g{d;n??nr;a?)e%f?glé ae'gé\ne}ném% é’cﬂﬁﬁ% bregt.8

oct anet hyl mewwbwlbtbmmyldfsmaﬂeguﬁ 2044 gsol ut | on was stirred overnight.
10 17.0 g one hour. About
50 mi hexa%éﬁy§§§§ﬂgﬁg’q?ﬁ% ?ﬁ%ﬁ%\%@ﬁ Wrs l’ré%?x%r&ﬁ& one hour, then
fil tergob o @Na@%w&ea&d@d)mﬂhemwﬂﬂavasrsmbhdm opedassnurmboﬂnd CéC| ics were
renove y to 110C.at < 1 or.a t on roduce

yar oxybut 0 TdieRTa e AQUSH A e FTee pas sHEed tosatayt gne bowtr BeB' {1 ack 12.2 o
CH2CH t er nifigre@d THé H@mbwﬂs(év)a cﬁeieurmaer rh/&ﬁhealpaéssweoaﬁ@égbu@n average

equi val ent wei ght of 500 (Ausi rmnt A, _equivalent to Fonblin(r) ZDOL) was

conbi ned wiveke nem%quyaeaﬂmypﬂmcam hwBat @" ahoist ope boyritp ﬁ@P@éﬁ ut | on was
d fill h d N2. 5.0 m
CVaCUT 0 Gl o SRR 11170 V0 oy 125 G

i sophor one Cyanate wa 20 m xture was stirred overnight
under N8 to pr olhacseparatd fesk 12.25g GHOH terthindted Flddrolink® Bélymbee hydr oxybut yl

term nat ed,po) ydinet hyl sil oxane frqm abo onpi n ith 41.3 grans
ey dr ous. MAATERDT0 il ah aysrsar sruraen weiat b (ioffronf dsK!

Fl uorol i ”k@hhwbléﬁ’tﬁb‘?b%ﬁ\@’z EW@Q@&rﬁmﬁé&mﬁ?tﬁ G'Hb albﬁgﬂlﬁ esul ting m xture was
stirred under nitrogen overni ght he tol uene was vaporated fromthe

product ovd@hlaurateuiThg resylling satutien wasieacuated ¢ gbqut 20 ey twice.@achy |
met hacry!l atg, RRIRARE G RY. 5RFml iSopbrnBYidBhAttE wiB 3addd dddfle
20 mixture was stirred overnight under N to produce a clear viscous product.
47.7 g of the hydroxybutyl terminated polydimethylisiloxane 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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under N2 for four days to produce a slightly opaque viscous |iquid
fluorosilicone macroner. 30 Exanple 91 2.60 g of the fluorosilicone macroner
made in Exanple 90 was conbined with 1.12 ethanol, 1.04 g TRIS, 1.56 ¢

DVA, 32 ng Mmealdscwere ppered, and thedenses r@leasadqdeblgcknd)zlptomtbaml aining 18%
di luent (et | ast
ol ds. ( Té;2%%%%Pw%%ﬁ%“atntﬁﬁéﬁénﬁﬁ%eﬁ PRGBS (et 8Bl 22, Pt oom ©

t enper at ur e room aenh;bférammmehemed 'Htteb&ﬁterﬁdffdfedvﬂme fopebaut 2 loues t he | enses
rel eased (debl ocked) into eth | enses were | eached with CH2O 2 and

then | PA for@nd#sntau lawahi?«ﬂs"céarép '&t"thsoJﬁPtf%?ﬂ‘ﬁié‘Béﬂrl?P‘éwef‘h@ﬁ Yl aced into
borate b%ff%ﬁm@t&fcb'dﬁ@h Qratér%'ﬁf: %Jﬁ@k‘Lose%ﬂ'b%etrhgﬁ? w@%‘nﬁﬁat 121 C for 30

m nutes. The resu enses tac toth ouc d a tendency
to stick toOéﬁehebnmwasrmeasammlagthtablamse | enses was neasured and
I's shown in Table 14. Exanple 92-88 Reaction m xtures were made using the

reactive coEoneptéé éfm)unts 10 based upon reactive corrponents) shown in
Tabl e 14 an di | ade mount of D30 is bais§ on the total
amount of reactlsiacemﬁfg’e’edﬂ Pdv%'rtaeWP'eaqqéeF@amnea ﬁi'S?BGtrse and | enses
vere mad@ Udphsel xEHoﬁQ@&BﬁO@c&ﬁporl%ﬁ&W’@l‘m&vr?n% TableC14 &RDI0 89a iRiengs ver e slippery

to the touch and not stick to0 each other. 15 The advanci ng DCA of these
| enses was ﬁ@agmoguteimq ig baseslwponthe tptal lamount of seactive camponents4a Exanpl e929394

o (Ka0) 0528 SR Biee5 R RIS AR A oo Sk iaag g Pty O 524 7
Example 91. The resulting lenses were slippery to the touch and did not stlck
to each other.
15 The advancing DCA of these lenses was measured and is shown in
Table 14, below.

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 biend 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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Di | uent Et hanol D30D30 % Di l uent in final blend181818 Advancing
DCA132(8)69(7)59(9) 20 Exanples 92 through 94 clearly show that hydrophilic
polymer may be used to inprove wettability. In these Exanpl es contact

angl es are Examples969¥5 up to about 50% (Exanple 93) and up to about 60%
(Exanpl e 94). Cdrgaution mixiureowerei readegudingykeectivacoomposent$ siidwroinosi | i cone

macronmer an hydr ophpb,i ol yner can.al so be e b tignalizing the
fluorosili cg?%exggnﬁgé ﬁ)‘ﬁﬁ?edt%op r?!! |'%ﬂ98V%EQTRPQeﬁ§gﬂnggaQHé’%{p§af"ﬁxanp| es 95-95
Reaction m xtokeas \aRiilGentade 14% PP 2S00 (hased apopsaetescopiponents)) Tabl e 15 and
29% (based upon all reactive conponent s and dil ueatﬁ%} t-amyl alcohol as a

di | uent andAMPyatsndicaterhare basedepan; VR % reactive rempaRe/dse ihe feacipnanpunt s

i ndi cat ed : ' : i on mxtures
were pl acegﬁ’?(rtlttm?ta%g#@rg%dﬁ@?{%&@@ﬁ{a%fwﬁgg@%@& gﬁ%mirare%%i ated using

Philips TL @a<ng OBilips TiL2OWNSTFfuotestint AulbGd 6)°C) 0B mW/cmPfor abowti30ut 30 i nut es
under nitrogen. The nol ds e opened and | ens were released into

dei oni zed mg‘lr?é‘rtesa‘fnd%@t@%}‘wé‘eﬂ_ﬁﬁs%ﬂe'@f0%9992??&@8?5 were relgaseds were 10 then
pl aced int Oinw)@e%rﬁzé&\ﬂét@f 5&@55@51'@% ;%?ibblbf QS‘merﬂes@QTH@lé‘ﬁHe@Sve@é‘d aut ocl ayed

at 122 C for. 30 mn. The gropertles of the resulting |l enses are shown in

Tabl e 180 ThBn®larsd ipto barg egsalisaldiearderHS03nioyes @nd 20Boved\/P01368

S R AR R i 3151512 €3

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
Norbloc 1.5 1.5 1.5 1.5 1.5
CGl 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 mPDMS-OH (used in Examples 3)
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Properties DCA 122(8)112(6)66(13)58(8)54(3) (advancing) Hazell8(4) 111(l)
113(1) 114(212 1 15 Tabl e 15 shows that the addition of PVP dramatically
decreases cont act an le. As little as 1 % decreases the dynam c contact

angl e by about AMCGREI ¢mgmo %‘QW@@@@%P&PMW@ contact angle by

ﬁiﬁ‘r’émi?%baéee@ﬁégedpd(%%e?@a’sﬁéﬁé(%@?ﬂ@E’Z“?-ﬁt e 8 ol ¢ 100

Pr epar at i ontristhytaridhésad-0.02 gé’ddiaquﬁnaemlbasmemylsmeQWe@ apmbigeideand MCR- E11

2, 3- hyl si | 1000
My 41 o Bt RO Wik 2Bl ouBbiegng wilh Ftig B2 BTG s 92" g hyelr oqut none
onbhet 5! ephalciREmAE #F safrbed aRlads NaHé;eQ%mcgnrﬁér bubbl er and

wWith stirrin or 2. ours. The 5 product was extracted with saturated
aqueous NaH@%ClalﬂdeUNM@d oveeNarBOCRK evaperateddts give U efpredught SO4 and

Gt Tt ur o BByt omsRiefiftBbyed SR, 073 °00%55" What S clai mea i

A nmet hod conprising the steps of (a) m xing reactive conponents conpri sing
at least one hdgh nolecul ar weight hydrophilic polymer, at |east one
si | oxane contaijpi ng macroner and an eff c(F]Hye amount of at |east one
conpat i bi | i ffﬁb{feﬁl\ 95; fe” product of step (a) to forma
bi omedi cal dgyice. 2. |The net hod O/S\T odiswherei n sai d bi omedi cal device
conpri ses an 'opht hal nPH devi ce. thod of claim1l wherein said
ophthalmc device is a silicone hydr ogel cont act

10
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| ens. 4. The nethod of claim 1l wherein said reactive conponents are mxed in
the presence of a diluent to forma reaction mxture. 5. The nethod of
claim4 wherein said diluent is selected fromthe group consisting of

ethers, esters, alkanes, alkyl halides, silanes, am des, alcohols and

m Xt ur &hat Reramdd.is 6. The nmethod of claim4 wherein said diluent selected
fromthe group consisting amdes, alcohols and m xtures thereof. 7. The

nmet hod of claim4 wherein said diluent selecting the group consisting of

t ﬁlt r a_h3dr.d r of Arxﬂdlhod%hil)é}isiﬂ%ﬂxb sfefs of_f(fiﬁtnlﬂ)(ihg kaagtyvatcexﬁp?m?trs ewbr_islgagcat ga_ba ,onﬁt Ihyl ene
chloride,  octanet cycl ot etrasi | gxane, . di net or mam de, di net

SCetant de. ORHEDIRFILT g Sa Hepo e i B OO BRGSO her eof
and m xt ur ean @ffeceiyanitunt dfat feast @g¢RPatibiliditly @inpbRss tndABEcuding @RProdudt The

met hod of claim4 mgerein s%id gituent conpri ses at |east one al cohol having
at | east 4°CHPYBHOAHADIomedieldevitet hod of claim 4 wherein said dil uent
conprises at |east one al cohol having at |east 5 carbons atons. 10. The

nmet hod _of aim4 wherein said diluents are inert and easily displaceable
with wat er ?‘lhf methpf 8F lmh  ghsreie Faé‘% bpmedipil lgvics OmPEaAR BRIMEIE IBF S o5 at

| east one al cohol selected fromthe group consisting of tert-butanol,
tert-anyl alcohol, 2-butanal, 2-nethyl-2-pentanol, 2,3 60

di met hyt - 2- Bt BABPd ofslaymil wherem ssudaphthgimic devigers 4 siicqps Rydipesi contact

3, 7-di nmet hylengd- octanol and m xtures thereof. 12. The nethod of daim 4
wherein said diluent is selected fromthe group consisting of hexanol,

hept anol , octanol, nonanol, decanol, tert-butyl alcohol,

3- met hyl - 3- PROMBAG] of cldiHARVIRRANQ relctiREVOmPBhERIRE miek iy ihe bRSdnRE 65 Met hyl

| actate, i-propyl lactate, 3,7- dinethyl-3-octanol, dinethyl forman de,

di met hyl ac&tusaf tedorma weatiey mixtpeopi onami de, N nethyl pyrrolidi none and

m xtures thereof. 13. The nmethod of claim4 wherein said diluent is selected
fromthe group consistin% of 1- ethoxy-2-propanol, 1-nethyl-2-propanol,

t - anyl Sal cofhbs methed efrcdpimpAerherein wmﬂuwtlwﬁwé fram the grewmsonpisting|of ethers,

1- et hyl - 2- Qs)férg,(ahdaﬁiég,nﬁlg/l o 1RbedisTRID MO RO L EmixRE R YherdotCt at €, di propyl ene
gl ycol nmethyl ether and m xtures thereof. 14. The nethod of claim4 wherein
said diluent is present in an anmount |ess than about 40 wei ght % based upon

the regcti ompdinXthd & clalm 4 xﬂﬁéﬁ‘eirﬂﬁ‘iMFﬁeﬁ;s%lgét@d 3. RSB Bt ardlidbient i's

present in an anmount between about 10
alcohols and mixtures thereof.

7. The method of claim 4 wherein said diluent selecting the group consisting of
tetrahydrofuran, ethyl acetate, methyl lactate, i-propyl lactate, ethylene chloride,
octamethylcyclotetrasiloxane, dimethyl formamide, dimethyl acetamide, dimethyl
propionamide, N methyl pyrrolidinone mixtures thereof and mixtures of any of the foregoing

with at least one alcohol.

8 The method of claim 4 wherein said diluent comprises at least one alcohol having at

least 4 carbon atoms.

9. The method of claim 4 wherein said diluent comprises at least one alcohol having at

least 5 carbons atoms.
10. The method of claim 4 wherein said diluents are inert and easily displaceable with water.

11. The method of claim 4 wherein said diluent comprises at least one alcohol selected from the

group consisting of tert-butanol, tert-amyl alcohol, 2-butanol, 2-methyl-2-pentanol, 2,3-
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about 30 wei ght % based upon the reaction m xture. 16. The nethod of claim4
wherein said diluent is water soluble at processing conditions and said
process further conprises (c) renmoving said lens froma nold in which said

|l ens was cured and (d) hydrating said | ens, wherein both steps (c) and (d)
ar e per f or maghethyl-2¢utanal S3-msthlyL3-péatmolBiethiy] - B-penpaniols 8, Vdiinethylaisodans Uit ant i al
conponent. 17, Th% net hod of claim4 wherein said curing is conducted via
heat, exposPEYEb™f 5% ation or a conbination thereof and said reaction

m xture further conprises at |east one initiator. 18. The nethod of claim 17

wherein,said curing is.conducted via irradiatjon_.conprises. . iopizing and/or
Bt i Q21 aci B PERO SRS § AP e ent e b kSR R S ain Rb o1 ot or
19. The et hedndf heptaadinvcldholheraaolndeand térablutgltal@holc daethysapedtarght havi ng a
wavel ength of abo 150.t o .ah 800n d said injtiatoy,is selected from
the or oup. ¢ ORROBOh B ek Polraii deciie KA i Sy PRI bHEEE KTk oxy oy benzol ne,
acet ophenonéfnettgtgoctaldsimete fomantlds dinféthyt atermidef ditnethyl ary am nes and

di ket ones, and.nixiu&fs égfreo{. 61 2%..The &thpd of claim 18 wherein said
initiator i 8oROPUPEE QY PR RYARIGPYIGATE BRLTEY PHE: of 1- hydr oxycycl ohexyl
phenyl ketone, 2-hydroxy-2-nethyl-I -phenyl-propan-I -one,

bi s(2, 6-di hoxybenzoyl ) -2, 4- 4t r| et hyl pent yl. phosphi ne oxi.de, bis(2,4,6-
trimet ﬁ% bgﬁ%w%@%ﬁtiﬁ%w&hvﬁym ??éfi)‘grua‘ét,ls %?C&E%-fﬁoﬁ'i the YR (REsisVAEA Pheny |

phosphi ne  exbsle2-pidgandl, 4 hethyl i20p26gayd1PeRdY el bhollitbrepyiéne e BhéiRy @Hkde,
benzoi n nethyl ester, cogginatkgﬁs of caqggorquinone and eth

. ) yl.
4- (N, N- di metshpreeaReh &y idhzovEclidone NivdimrRErrepiapasye, chyyl lagtpfe; Aﬁk‘:‘f’Wéﬂ‘eof clai m
18 wherei n ggtél neftiyl etBérQhd SxteeGeRbf. i N the reaction mxture in anounts
fromabout 0.1 to about 2 wei ght percent based upon said reactive

conmponents. 22. The nethod of claim 18 wherein said curing is conducted via

Vi si bl g4l i githe mbthadlbfdi@n. widdbin BiEdinBhtioptestht 6 laAbMbigd 1000@hShvdub4 d i nitiator
conprises 1-hydroxycycl ohexyl = phenyl ketone, '
bis(2,6-dinﬁFﬁB&@H@ﬁiW?P}mﬁFﬁﬂﬁﬁP?ﬁ%?hylpentyl phosphi ne oxi de and mi xtures
thereof. 24. The nethod of claim 22 wherein said initiator conprises

bis(2,4,6-trjnethyl benzoyl) .- phgﬁ{LPho,sphineoxide. 25. The nethod of clains
18 whefei n dh methedefdlaim othepromsaint diluerrs Presenin Ap pewY befveqneabent 199ad Ly

absorbi ng CapRONeigtt®; baldieupdR tHQhcRén Gix@irdN 22 wherein said curing step is
conducted at a cure intensity between about 0.1 and about 6 mMWcnR. 27. The

nmet hod of claim 22 wherein said curing step is conducted at a cure intensity
of DbetWgen The method of claim 4 wherein said diluent is water soluble at processing conditions and

said process further comprises (c) removing said lens from a mold in which said lens was
cured and (d) hydrating said lens, wherein both steps (c) and (d) are performed in aqueous

solutions which comprise water as a substantial component.

17. The method of claim 4 wherein said curing is conducted via heat, exposure to radiation or a

combination thereof and said reaction mixture further comprises at least one initiator.

18. The method of claim 17 wherein said curing is conducted via irradiation comprises

ionizing and/or actinic radiation and said initiator comprises at least one photoinitiator.

19. The method of claim 18 wherein said radiation comprises light having a wavelength of
about 150 to about 800nm and said initiator is selected from the group consisting of
aromatic alpha-hydroxy ketones, alkoxydoxybenzoins, acetophenones, acyl phosphine

oxides, mixtures of tertiary amines and diketones, and mixtures thereof.
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about 0.2mMNcn¥Z to about 3 mWcnR. 28. The nethod of clains 26 wherein said
curing step further conprises a cure tine of at |least about I mnute. 29.
The nethod of clainms 26 wherein said curing step further conprises a cure
time of between about | and about 60 m nutes. 30. The nethod of claim 26
wher ei @0.sai dfhe:methorgofsﬂaerp lﬁmhefsatddmi):iatbsiesﬂecm:dlfrcmﬂwiergmupi:ortséstimgen 62 about 1
and about 30fgh(yo e I 811 Q%Rdrx 1%@ in %qumcurlng step is
conducted af" a™ rnﬁﬁ 18 PFRAFAYS H I TOX KD 5¢ pﬁ% nethod of claim
26 wherei n b@&a{2b- dnmmhmgrbsmz@pl)asl @nmdhylbenlylahos@hmenpée ats(ﬁ%-bet ween about 25C
and 70C. 33 T | ai,m 26. .wher e IS conduct at a
t enperature Bnc[ enzo @&meyl hmea)“?égg gkmeﬁﬂliben ?({1 g%lfpth EF PAI'M 4 wherein

said reacti ondmndtz,nr @trnﬁetlw]llreadydyhdlﬁhenmbhbsalmle cadegberedinaatthyl ur t her conpri ses

the step debl ocki ai d .opht.hal m ¢ 5. The met hod of
cl'ai m 54 wh&rE) TrORRo e ST e 8 5T ¢ H N BRI e EE N rAisact “one | ow
nol ecul ar wendyhixtungsdhiedgdii | i ¢ pol yner. 36. The net hod of claim 35 wherein
sai d | ow nol ecul ar wei ght hydrophilic polymer has a nunber average

nol ecul ar wei ght of |ess than about 40,000 Daltons. 37. The nethod of claim
35 wheeei n Fa¢ siethodwfoddid 8 lwdierewwesagiihitibtgolis @retént ircth@mlagtrmrmihtaﬁ: iAa amoundb er
average nol ecul h t han about 20, 000. Dal tons.. 38. The net hod
of “crar m 35 amapey T faberS et Rl bosi e LIRS SRS S e ed from t he
group consisting of water soluble polyanldes Iactans and pol yet hyl ene

gl ycol met.hod, o 5 wherein the | ow
ol ecuPlr - waheEsbT (i 5 s euring HTERG Gr SRR et RA

pol y-vi nyl pyrrolidone, polyethylene glycols, poly 2 ethyl-2-oxazoline and

m xt ur t her eof Th t hod of c¢laim 35 inth nmol ecul ar

e ght TRy dr Sprrred Hsigher e e ldnEe P oz S4BTt | 20° vei ght %
based upon phayrieant, w2, bidkhdficybehioyl) @4 tiRictigthenfyl sHosphmexidsher ei n the | ow
nmol ecul ar wei ght h¥¢£%§£I|IC polymer is present in anmpunts between about 5

and about 28"WBH* ed upon the reaction mxture. 63 42. The method of
cl ai m 35 wherein said debl ocking is conducted using an aqueous sol ution.

24, The method of claim 22 wherein said initiator comprises bis(2,4,6-trimethylbenzoyl)-

phenylphosphineoxide.

25. The method of claims 18 wherein said reactive components further comprises at least one
UV absorbing compound.

26. The method of claim 22 wherein said curing step is conducted at a cure intensity between

about 0.1 and about 6 mW/cm?.

27. The method of claim 22 wherein said curing step is conducted at a cure intensity of between

about 0.2mW/cm? to about 3 mW/cm’.

28. The method of claims 26 wherein said curing step further comprises a cure time of at least

about 1 minute.

29. The method of claims 26 wherein said curing step further comprises a cure time of between

about 1 and about 60 minutes.

30. The method of claim 26 wherein said curing step further comprises a cure time of between
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43. The nethod of claim 35 wherein said aqueous solution further conprises
at | east one surfactant. 44. The nethod of claim43 wherein said surfactant
conprises at |east one non-ionic surfactant. 45. The nethod of claim43
wherein said surfactant conprises TWEEN(r), or DOE120. 46. The met hod of

cl ai m 43 whebsoat haslabdutSOmiiagtsant i s present in anmounts up to about 10, 000
ppm 47. The nethod of claim43 wherein said surfactant is present in
anount s between about 100 and about 1200 ppm 48. The method of claim 34
wher ei Al.sai dhametbedief chaoh 26 imdiarepadroutegssten is tandedtednt @ tampgeatiire grestol themt . 49.
The net hod ggoupiﬁgm 34 wherein said deblocking is conducted at a tenperature
bet ween about i ent and about 100C. 50. The nethod of claim 34 wherein
sai d debl ocking is conducted at a tenperature between about 70C and about
95C. 51, Th clai ' ' [ ' t ed using
agitat %%n. ggﬁgﬁgﬁﬁg%ﬁéag@e %ﬁgﬁ%gﬁﬁ%ﬁ%ﬁée?oﬁqgg%%qggt;%?l?paetal%tgg%(}g?r%ri ses

soni cat i on. a8t 28Crped ASE. conpri sing the steps of (a) mxing reactive
conponents conprising a high nolecular weight hydrophilic polynmer and an
effective anmount of a conpatibilizing conponent and (b) curing the product
of step3.(a) The methoddfaleem 26 miheiememdgeting stepas canduftat aiemperaird v een bbamredi cal
devi ce. 54. 46I;§ean?%(}&0d of claimb53 wherein said device is a ophthalmc |ens.
55. The nethod of claimb54 wherein said device is a contact lens. 64 56. The
met hod of claim54 wherein said | ens conprises an advanci ng dynam ¢ cont act
ang| € 9£ al?ﬁ)eu § etﬁ(())d il clalie§SWher5e?ri sa-1r(¥| r(:'e"acrtriertl pn?xq rgfis Clre%lima 5%1 a's5ia eﬁa%!id | ens
conpri §€s an advanci ng I(T:]ynamc cont act ang‘l’e of - about or 'ess. 58. The
met hod of chaihen dhprikes ithel stepsiabldcKigysaidophialnsedevve fiearsafdithetd.br eak up tinme of
at |least about 7 seconds. 59. The nmethod of claim54 wherein said reactive
conponents further conprises at |east one initiator. 60. The method of

cl ai m 32 wh&hemethehofdlaimi3é whsretosaidiuredcaoh mixaure furthel @inpeises atidass anedoeondi t i ons

conprise an_initiator concentration and cure intensity effective to provide
said mni rrufﬂogg‘flar Yﬁ‘%%yc{}oﬁﬂl‘c potymer.

36. The method of claim 35 wherein said low molecular weight hydrophilic polymer has a

number average molecular weight of less than about 40,000 Daltons.

37. The method of claim 35 wherein said low molecular weight hydrophilic polymer has a

number average molecular weight of less than about 20,000 Daltons.

38. The method of claim 35 wherein the low molecular weight polymer is selected from the
group consisting of water soluble polyamides, lactams and polyethylene glycols, and

mixtures thereof.
39. The method of claim 35 wherein the low molecular weight polymer is selected from the
group consisting poly-vinylpyrrolidone, polyethylene glycols, poly 2 ethyl-2-oxazoline and

mixtures thereof.

40. The method of claim 35 wherein the low molecular weight hydrophilic polymer is present in

amounts up to about 20 weight% based upon the reaction mixture.

41. The method of claim 35 wherein the low molecular weight hydrophilic polymer is present in

amounts between about 5 and about 20 weight% based upon the reaction mixture,
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61. The nethod of claim60 wherein said initiator is present in an amunt up
to about 1% based wupon all reactive conponents. 62. The nethod of claim®60
wherein said initiator is present in an anount |ess than about 0.5% based
upon all reactive conponents. 63. The nethod of claim 60 wherein said cure
i s condict e@hamethod sfathimBt ohemin said debibekigy it yondfictédsing anhguecaphlittiob. MV cne.
64. The nethod of claim®60 wherein said gel tine is at | east about 30
second 6 ' ' ' ' [ | east about
35 seconds. hs T o bt R e eI 1 ng
conponent i surfagtanta hydroxyl functional i zed macromer made by group transfer
pol yneri zation. 67. The nmethod of claim53 wherein said reactive conponents
furthens conprd SEthed of BRs U3 WhereIBGIIRIELctanb&mpR& ARLEQRHe Aén-Bhiisthdctanhier ei n
sai d conpati bilizing component is not a hydroxyl functionalized macromer
made by group transfer polynerization. 65 69. A method for inproving the
wet t abigh ity TRE meRoPHHHdNR 4T Iwhe BV RIQUIRARBEbni 1 RED PWEER®L bIOBOE Moxt ur e
conprising adding at | east one high nol ecul ar hydrophlflc wei ght pol yner and
a conpatibilizing effective anmobunt of at |east one conpati bilizing
conpongnt t ehS@AbiHod &R AB whbfext didQur¥iRk RiphesdftinfarkRabit®hdduz i 0l@oconponent
is not a styrene functionalized prepol ymer made from hydroxyl functional
nmet hacryl at B&" 70. The nmethod of claim69 wherein said conpatibilizing
conponent has a conpatibility index of greater than about 0.5. 71. The

met hod of claim69 wherein said conpatibilizing conmponent has a

conpat #bi | i The methedofsfaimyp adersin seidghrfeghptits pesent jn anqyatshetyeeriabopt K0ai m 69
wher ei n_sai ghicRBRALOPHH.2i Ng conponent conprises at |east one siloxane
group. 73. The nethod of claim 72 wherein said compatibilizing conponent
further conprises hydroxyl functionality and has a Si to OH ratio of |ess
than ahgut Ihe mdihod 6 clali184 WRERAS afdfaqGdotd B1Adn WRF R aIsCore QFRRAL1 DI | 1 Zi ng
conponent has a Si to CHratio of between about 1:1 to about 10:1. 75. An
opht hal ni ¢ P@¥ft.conprising a silicone hydrogel which has, without surface
treatment, a tear filmbreak up tine of at |east about 7 seconds 76. A
silicone hydrogel contact |ens conprising at |east one oxygen perneable
conponéht , ahe mpthedef i 3¢ ohprgin seid|debloeldnecis pendneted atarnemperatarbefiveerof  hi gh

mol ecul ar - WeighmiiR RPIHold ooc.

50. The method of claim 34 wherein said deblocking is conducted at a temperature between

about 70°C and about 95°C.

51. The method of claim 34 wherein said deblocking is conducted using agitation.
52. The method of claim 34 wherein said agitation comprises sonication.
53, 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) curing the product of step (a) at or above a minimum gel time, to form a
wettable biomedical device.

54, The method of claim 53 wherein said device is a ophthalmic lens.

55. The method of claim 54 wherein said device is a contact lens.
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pol ymer sufficient to provide said device, without a surface treatnent, with
tear filmbreak up tinme after about one day of wear of at |east about 7
seconds. 77. A device conprising a silicone hydrogel contact lens which is

substantially free fromsurface deposition w thout surface nodification. 66
56. The method of claim 54 wherein said lens comprises an advancing dynamic contact angle of

about 80° or less.

57. The method of claim 54 wherein said lens comprises an advancing dynamic contact angle of

about 70° or less.

58. The method of claim 54 wherein said lens comprises a tear film break up time of at least

about 7 seconds.

59. The method of claim 54 wherein said reactive components further comprises at least one
initiator,
60. The method of claim 59 wherein said cure is conducted via irradiation and said conditions

comprise an initiator concentration and cure intensity effective to provide said minimum gel

time.

61. The method of claim 60 wherein said initiator is present in an amount up to about 1% based

upon all reactive components.

62. The method of claim 60 wherein said initiator is present in an amount less than about 0.5%

based upon all reactive components.

63. The method of claim 60 wherein said cure is conducted via irradiation at an intensity of less

than about 5 mW/cm?.

64. The method of claim 60 wherein said gel time is at least about 30 seconds.
65. The method of claim 60 wherein said gel time is at least about 35 seconds.
66. The method of claim 53 wherein said compatibilizing component is not a hydroxyl

functionalized macromer made by group transfer polymerization.

67. The method of claim 53 wherein said reactive components further comprise at least one
macromer.
68. The method of claim 1 wherein said compatibilizing component is not a hydroxyl

functionalized macromer made by group transfer polymerization.
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69.

70.

71.

72.

73.

74.

75.

76.

77.

A method for improving the wettability of an ophthalmic device formed from a reaction
mixture comprising adding at least one high molecular hydrophilic weight polymer and a
compatibilizing effective amount of at least one compatibilizing component to said reaction
mixture, wherein said compatibilizing component is not a styrene functionalized prepolymer

made from hydroxyl functional methacrylates.

The method of claim 69 wherein said compatibilizing component has a compatibility index

of greater than about 0.5.

The method of claim 69 wherein said compatibilizing component has a compatibility index of

greater than about 1.

The method of claim 69 wherein said compatibilizing component comprises at least one

siloxane group.

The method of claim 72 wherein said compatibilizing component further comprises hydroxyl

functionality and has a Si to OH ratio of less than about 15:1.

The method of claim 72 wherein said compatibilizing component has a Si to OH ratio of

between about 1:1 to about 10:1.

An ophthalmic lens comprising a silicone hydrogel which has, without surface treatment, a

tear film break up time of at least about 7 seconds

A silicone hydrogel contact lens comprising at least one oxygen permeable component, at
least one compatibilizing component and an amount of high molecular weight hydrophilic
polymer sufficient to provide said device, without a surface treatment, with tear film break up

time after about one day of wear of at least about 7 seconds.

A device comprising a silicone hydrogel contact lens which is substantially free from surface

deposition without surface modification.
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