Bl OVEDI CAL DEVI CES CONTAI NI NG | NTERNAL WETTI NG AGENTS RELATED PATENT
APPLI CATI ONS Thirs patent application clains priority of a provisional
application, US. 5 Ser. No. 601318, 536 which was filed on Septenber 10,
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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 conmercially to imrmsgpmmhApmeﬂ|@mst t he 1950s. The first
contact | enses were nade of hard materials and as such were sonmewhat
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hydr ogel s i con are vva er-swo ynmer networks that have
hi gh oxygen per meability and surfaces that are nore hydrophobic than

hydrophilic. These | enses praqvyide &b) of confort to many |ens

wear er s, but.there are sone %é%&%o\%ﬂ%g gﬁﬁh@e di sconfort and 20 excessive
This di sconfort A MysaubP A BckichittogiitnatobRT T detingol, | enses:
char act er ofagents, wwébaemeﬂfodbéorﬁiwrma@hcmueammum action of those surfaces

wth thg, protein, lipids and nucin and the hydrophilic surface of the eye.
QO hers have tried to alleviate this problemby coating the surface of 25

silicone hydrogel contact ghAeRSFOIND OFTHE NVENTIONCOat i ngs. For exanple, it
has been disclosed that silicone hydrogel |enses can be nade nore

conpatible wit hC@@@PHPHWr'TGé{@%ETbVSQS‘MQFW%Qa'M tg dMBrove ¥isioAgiNCeo t he | ens
surf ace. é/aesfth Q@t%ﬁ’rh ¢onfiefle #Oseglmégg%fﬁérdbﬁéftb s hfyv | nci dences

of surface ep03| ave not been di'sc ncor porati ng i nternal
hydrophilic asgsmbwe(e)sommhatmgcmgemtse ta users. eModesrt lenses havertieenni ng reacti on
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networks that have high oxygen permeability and surfaces that are more

hydrophobic than hydrophilic. These lenses provide a good level of comfort to

many lens wearers, but there are some users who experience discomfort and

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

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

25 silicone hydrogel contact lenses with hydrophilic coatings. For example, it has
been disclosed that silicone hydrogel lenses can be made more compatible
with ocular surfaces by applying plasma coatings to the 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 polymerizabie
surfactants to a monomer mix used to form the article has also been



1 disclosed. However, lasting in vivo inprovenents in wettability and
reductions in surface deposits are not |ikely. Polyvinylpyrrolidone (PVP) or
pol y- 2- et hyl - 2- oxazol i ne have been added to a hydrogel conposition to form

an interpen ti,ng,net wor,k whi.ch. I of surface friction,
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t he hydr ogedediistioRs! Incdurfage desbsis s liglg conventional hydrogels and there is
no di sclosure on how to incorporate hydrophobic corrrFonents, such as

si | oxane mononeP8lyvigyipyseldone GRYRIPr Relyohethylckexazeling haveypeeAo wiile it may be
possi bl e ta,4 ' | ; ternal wetting
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sol ubi I iZe showsedow idegreei of sunface fridtionha towndehiydration rate@apd a high order to

olubilize these wetfing, agept ilicone macroner r, ot her prepol yner
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a separat e §§@sed e EOR/RnfoHaFR SgEEH Hndﬁhééqs%fd&cfobﬁ'er&mng i ngredients

of the silicone hydrogel fornmulation. This additional step (or steps)
i ncreases tineorperste hydeophebicicomponents, skeks as siloxacgimepompess withashses. Theref ore

it would b dnd a lens formulation that does not require
the use of qgﬁﬁgg@hgﬁgggﬁéﬂpﬁ'w provide on eye wettability and 20 resi stance
to surfé#e deposvhie@aay bébWtoGﬁcoTbﬁaleWb@bbliMeiEhWeri; nvention
relates to a wettable silicone hl)(idro i sing the reaction product of

g el. conpr
at |east orR i8lemalwaRingaqenls inta g sanerttinge! 'egésafuqh&mmgsﬁerem gh nol ecul ar
wel ght  hyAr@imeut toSoRIETRI reallRh dikutEAMIctPEttaif STEGHESD I brflefi@ component . The

present invention furt ates to a et nprising the steps of (a)
m xi ng r eacsdlubilize thgserveatiing agemts; siticamg reacroreerstor other piephlymersecul ar wei ght

hydr ophilic L, ymer | east one siloxane ntai ning,macroner and an 30
ef fective arﬂﬁfc}rp;é %Fd.a?ﬁ?%ea@{cogggagﬁ)%? Swrpﬁ@yrhgrs%ﬁgﬁgﬁqpagﬁ% (b) curing
the pr3luch adepatatPstepland thehubsequehtymikes dlith drepminingie present invention
further conprises a_ method cong)r i Sl n% the steps of (a)

ingredients of the silicone hydrogel formulation. This additional step (or steps)

increases the cost and the time it takes to produce these lenses.

Therefore it would be advantageous to find a lens formulation that does
not require the use of surface treatment to provide on eye wettability and

20 resistance to surface depositions.

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)



m Xi ng reactive conponents conprising a high nolecular wei ght hydrophilic
pol ynmer and an effective anmount of a conpati bilizing conponent and (b) 2
curing the product of step (a) at or above a mininumgel tinme, to forma

wet tabl e bi eirpgite@prod@t bfstep [d)at br st5rBta ininguth geltinegto foantaher relates to an
ophthal mc lens conprising a silicone hydrogel which has, w thout surface

treatment, Wetiahig biomedical geeak up time of at |east about 7 seconds The
present 1 nvent: e Shddeht inlriBf el TGt Folafed 1éad boMAARR: 1BYSIM 0ge! contact [ens
conprising at |east” one oxygen’perneabl e conponent, at |east one

conpat i bi | i eomgrisingrepsilivene hydrdgel whigihthas; witiiouh sgfacedieatmerdya tear ght

hydr ophi Li c_pol r suffjcient to. pgrovide said device, wthout a surface 10
treat man#, &ﬁ\'ﬂgéﬁ%ﬁt'mwﬁﬁt% ﬂb%BtSPﬁ@défter about one day of wear of at

| east about 7 %ﬁ%miﬁ\/éﬂ%h§ﬁ1lfﬁﬂﬁ@rrélﬁie@,goas§ibbﬂnecﬁvﬁ€b gorta@ contact lens

whi ch is substanti free fromsurface deposition wthout surface

nmodi fi cat i olens cEMpdsirERt lRSCMeraygen permedblel equpamenthatigashone onedi cal devi ce

formed fro i ] X1t IS . | SL1 ssentially of, or
consi sti ngn%&éﬁ@\(ﬁ%'f‘@g?@%ﬂ{%‘?ﬁ’ﬂg&@é%%PW@%@{‘?one hi gh nol ecul ar
wei ght hydr bydedghilie ppfymersufiicient ta prvideaiaidaddvice] withouhasurfidceof a

conpat i %I I zing conponent. It has been surprisi ngylnac/{ founggét hat bi onedi cal
devi ces !0 anHeaiment, with fear iim breakoum time @fer-akosy Predaydiweanokatdeasti onal in vivo
or clinical a%?%gédﬂd&y’ wi t hout surface nodification may be nade by

I ncluding an effective anount of a high nolecular weight hydrophilic

pol ymer andAdlevioerpemprisingi azsilinpne hpdnogelcbntact lensiwhich is substantiallyonponent in a

silicone hydrogel farnu]ati.on. . xcepti o wettability we nmean a

decr ease inﬁs“d@%’nél‘ﬁﬁecﬂ?ﬂaﬂﬁ?f‘ W'%gﬁqr?agﬁﬁoﬁgﬁt'% 25 | east about 10% and
preferably at | east TEIXILEZDPESCRIPMONCETHEMNVENTION | east about 50% as
conpared_to a sim lar formulafion gigthout any h?/dro hilic polynmer. Prior to

the preSent inveﬁfl?iP@ﬁdi@ﬂﬁH?Yiﬁﬁ_ fﬂ_r@e‘él W“@é§a-f'£9“rfﬂid_”f? p’@ir\gi-con_e hydr ogel s
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formed fromat |east one’silicone cgnt ali ni ng nacromner havi ng
least one high molecular weight hydrophilic polymer and a compatibilizing
amount 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. Pricr o 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



30 hydroxyl functionality. As used herein, a "bionedical device" is any
article that is designed to be used while either in or on manmalian tissues
or fluid and preferably on or in human tissues or fluid. Exanples of these

devi ces | nclidee uie R afbonbiTirked. e RidHEHichnediElBAkSs arg! €Nt s _and

opht hal m ¢ devices sSu ntraocul ar”l"enses and con enses. The
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| enses, nost $art i@)}ﬁgrl ~contact |enses nmade fromsilicone hydrogels. As
used herei n',ef‘ e msfligone hydropels, pt hal mi ¢ device" refer to 5 devices
that reside in Qs RBAHBRICYRE tehE96n<I A CRARAR deliR¥! ferqpti cal  correction,

wound care, drug delivery, diagnostic functionality or cosnetic enhancenent
or effech odevicesdhdiireside ibroron thevexse These devicasscanTinevideoptidcabns i ncl udes but

| anses,  overditap i Wuba SR, Bl de R Raeotdhts ARGl PPERTIC 10 Wl ised

herei n the émiamcementareffectios azombimatiomer thee! proparties. afhd AR lensone
pol ymeri zab| e group and an average nol ecul ar wei g of about | ess than 2000

d ht
Dal tons, asiNREeLRE is/Net ligifed fesofewantash lepsto hafdsePiashinseS r act i ve i ndex
detection. .; FQH&:Iar'IHH%@Wv?rIa& féﬁééédScLﬂéﬂF{eﬁs?é}% %dﬁcélﬁﬁ&rfs?‘ses ol i gomer s,
P rom nor & t han one’ non

i ncl udi ng ol 1 goner s nade 0 neric unit. 15 As used
her ei n, 1@ he phr d#saisediheteinuthedersuinicnoemer’is atcompoundesntaining at leasthe ext eri or
surfaces of the devic

of the present invention ar ot . separately treated
to inprove ?%Pw?fgﬁgfﬁwu%?ﬁq AFE[BOe q%ra\qq@ﬂ[ogaaﬂqté?;sﬂﬁgp be ~foregone
because of 2000 DaRASHs measRd VidGel primedion direRaBgraplpteielive  graf ting,
coating and the |ike. However, coatings which provide properties 20 other

t han i npr oviddexdetection:.i Thus, mgeemers, inglyde digers and inS@MELa3RS i ni cr obi al

coati ngs ; ' ; | ' Lon., Various

nol ecul ar n&/%l:g%ﬁ}e?éﬁg{%@n&a@gg@}égsgﬁ%%egﬁorﬁgﬁ g?f#%ﬁﬁ@% rﬁcd(g\ép?r%{r}hg@m havi ng di screte
mol ecul 4% st r uctAsrused herein, e plraseaiwitheut@hsisface preatmedt"meearisithatar e cal cul at ed

based M20 bA%beaHotEs LODEHR Ao s R R AR B, o ™ °
chr omat ogr apdyted Bfimpedvietke watisbilitglef the devde. aNdathpG With mayBal t ons
foregone because of the present invention include, plasma treatments,
grafting, coating 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



or are nmeasured via kinematic viscosity neasurenents, as described in

Encycl opedi a of Pol yner Science and Engi neering, N Vinyl Am de Pol yners,
Second edition, Vol 17, pgs. 198-257, John Wley & Sons Inc. and reported in
30 K- val uesl00d0gDaklbhs: cwherein\sdidcgubstancesopon incorparatioreto silicotssed herein, "hi gh
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about 1, 500, ton | ght _ayv e nol ecul ar wei ght).
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i nvention qﬁaeaﬁaﬁ{%t?xpressed by the K-val ue, based on kinematic viscosity
as descCr

measur enent s, ' bed in Encycl opedia of Pol ynmer Science and
Engi neering, N-¥itempbtivaly, the rralesuianweigiof bydtophilia patymeryof the7, pgs. 198- 257,

John W]ey .& Sans | nc. \\Wh xpr.es N, this nmanner ydrophjilic nononers
havi ng -vdﬁf@go%fza'b!?%%%g’%rﬁﬁd}géﬁgKZf)élue?n aiﬁ"&"@?%’ﬁj@&?&ﬂ n 15 about 46
and about Ihéasufdierté, 318 deBdrided irfEnoyeiopbiialoy Folpmiet Stiengkoandmers are present

in the formul ati ons of these devices In an anount sufficient to provide

contact le ,ee&md\ﬁvmvwws Pﬂ)’ﬂ%%ves%ﬁm Wiﬁ%ﬂni\’@h"?»@%i Tﬁss%ﬁ]st antially free
from surfacgudem '8%3?&#&%6’. h@ﬁek‘ﬁr‘éssemﬁ'trﬁé‘ aHAé&, RRlb@iR | ncl ude at | east

about 8 hours, an eferably worn several days In a row, and nore 20
pr ef er abl y momorers having Kevalues obgreaten than aboutAfeand mefesabiynbateeery free from

30% andbr CRRMLE SLTRRE 180 oo Bolic T Heibbl D ofhebvicahMPsauc Tooseof
the | enses present imnthé femoRtioedf tivsseudesicem 4h &bt safcientitd provider at ed as none

or slight, over the wear period. L . .
g contact lenses, which wﬁ)thout surface modification remain substantially free

from surface depositions during use. Typical use periods include at least
about 8 hours, and preferably worn several days in a row, and more

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 hydroxy!
groups of the resulting copolymer with materials containing radical



25 Suitabl e amounts of high nol ecul ar wei ght hydrophilic polymer include
fromabout 1 to about 15 wei ght percent, nore preferably about 3 to about 15
percent, nost preferably about 5 to about 12 percent, all based upon the
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cont ai ni ng mmmewamme&mackﬁdnermgrm@feraw ehnyd:liasmmde coeyeld | bility. The
preferred high nol ecul ar wei ght hydrophilic polynmers are thgose that contain
a cycli® rﬂﬂld@t W'QIhmPI@éI"?fWGIERHHHEOPI\I'IBP@Y@&&?'B‘F'H@R but age BYidimitedani de or
cyclic 10 i I rs include but are
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ol ysacchary (m[g% I random
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hydr ophilic provi
shaped) thereof where pon-N-vmyIpyrrohdone (PVP) is particularly preferred.

20  Copolymers might also be used such as graft copolymers of PVP.
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.



wettability, and particularly inproved in vivo wettability to the nedi cal
devices of the present invention. Wthout being bound by any theory, it is
believed that the high nol ecul ar wei ght hydrophilic polymers are hydrogen
bond 25 recdamdacturidg procéssesghichuse water oowatensalyble dilvengsemapbed to wat er,

thus becom ng effectively. more hydrophilic., The absence of ter

facilitat esprgf%ged Aue & (st ét’?ﬁiﬁﬁb?’}/dtrﬁgu%g&%ﬁom‘ eéeﬁm?{?ﬁ@?e'\t%r\‘,@?}e reaction

m Xt ure. \ i b b Hichard witer | hght

ydlroph |1 o er IO ARARE b AL/ B et o e st Dol ght pol yrrer
wi || be usetmpelaturehare @efernedent i on provi ded that when said pol yner is added

to a si Iécone hydrogel formulation, the hydrophilic polynmer (a) does not
substantially phase separate fromthe reaction m xture and (b) inparts

wet t abi | i t yCérapdtiblizin@ Cdmpomgncured polynmer. I n sone enbodi nents it is
preferred that the hi gﬁ nol ecul ar wei ght  hydrophilic polymer be soluble in
the diluent at HPeeedBesen a SanPathilizngcoMPORRRISASAMRUGd haWEG8ses whi ch use
wat er or ' ; o, eir sinplicit
Umiber fal/d[*ﬁb? H@léd&%’?%gﬁ?& abBut l@%sﬁtfm&ﬁ ng@febcg?lf‘onfs, afd! mp y

and reduced cost se enbodi ments hi ar wei ght hydrophilic
pol ynmer s whpreferabnlydessmthan about 3§08 Dattors; endearitzining Btlepstaneur es are preferred.

= compolihd PRWTHGaEE DI e e B raLblidhe FBTBRISeaBHEY | ece than 5000
Dal t ons, angbmpdnents! Mathout £86mpatidiizing esrperitPthedidtmslecaBEwEigRtt ai ni ng at
| east one 10 pol ymerizabl e group, which is capable of solubilizing the

sel ected r eBHSIQRMMIC Petym6 ABA PXYIENPErRRADIELOMAPPERTS 678 InsUffigleatnponent the high
mol ecul ar Vﬁ|s)9/|BFe atly %ﬁ@?'wﬁ%ﬁe%’rﬁf@?Pro\?\n@%i]@é’&ﬁﬂioﬂgrfwm Gpicgfiponent s are

i nsufficient M ScI cann easonabl e processi'ng conditions,
f orm an opt rarspanent aphairelimicrdaviceobhe barhpatibilidieg icomporiént ot thepedsebf | i zi ng

comOnCt bt TS B8 e AR e b BB o0
bondi ng, di waightsiydRphMe elymer viampdrogér sondirighgispatbivefstcdd)e | i ke. Thus any
functionality which reacts in any _of these ways with the hydrophilic
pol yner maycdhbinaiens terepf @apdqthe liki Thys any functionality which reacts in‘any
of these ways with the hydrophilic polymer may be used as a compatibilizing
component. Macromers (number average molecular weights of between
20 about 5000 and about 15,000 Daitons) may also be used so long as they
have the compatibilizing functionality described herein. If a compatibilizing
macromer is used it may still be necessary to add an additional
compatibilizing component to get the desired level of wettability in.the
resulting ophthalmic device.
25 One suitable class of compatibilizing components of the present
invention comprise at least one active hydrogen and at least one siloxane
group. An active hydrogen has the ability to hydrogen bend 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



conponent. Macroners (nunber average nol ecul ar wei ghts of between 20 about
5000 and about 15,000 Daltons) nay al so be used so long as they have the
conpatibilizing functionality described herein. If a conpatibilizing

macr omer i ssaié eampatibitizipg sompbnédrd, merequeferaplyt moredbiamabaud a0 weightil

conpati bili zi n%gcorrponent to get the desired |evel of wettability in,the
resul ting o ‘F{F Imc device. 25 One suitable class of conpatibilizing

conponents of t ITpeR&RSEISi to on\mwcvmpaqnmzmgeompodewmalmmﬁanédtve hydr ogen
and at | east one sil oxane rou An active hydrogen has the ability to

hydr ogen bowoprmlm ﬁﬁ-@mpﬂ‘M?—%WPWPEH%W@M“&H@VQWMW@BIﬁ‘?grﬁé nMoNoNer s
present . Etutﬂﬁzgdﬂl?ﬁ |fir%arg86¥ffrag:gc§qh§gﬂﬁo5§|omo M&%Hgmﬂ@' ng and are

therefore re erred source rogens In one

enbodi nment , cdrh;mtubﬂupgbompdmmt mgy bequpoatmmtmablbtllzmrgathpmemphmc nventi on
benef| ci al I é‘?' ris rox grou at | east one

ﬁ | east . gm g anf

".Si-0OSi- » TEspiting '"dP‘é?’%Pq Fﬁ ndyiK Fﬁf‘n(f‘cc Wﬂ‘gytg‘%ﬂ'qeacheq oxygen
account forerﬂ%cﬁmémr‘thé@?fbtoﬂ%ﬂﬁb%% trpé?f@mi 194, Jnmeﬂréuwmatl bi I'i zi ng
conponent, nore preferably nore than about wei ght percent. The ratio of

Si to OH : nbetweercabgyd i 18p labeutid: bdnﬁ@n@rﬁmboﬂmrﬁ@pnmwrajmls to pr o;n ding a
t 5
cormsts ' <ha AR SR M SR SRR B2, 0

t he conpat i Thdsezf skill incthip anevilt appgciste ta diie amowd pdselbttionzafng t he hydrophilic
pol ymer, resulti in inconpatible r |on ccordlngly, in sone
enmbodi ment SCOT%'E%F"QGO@PWQ?\”B' JEQeP‘EQ PW&PP%EUE E’Bc ROIYIEHS pr ef er abl y
Pave. pr ovi o B e B B o ol 5. © Those
of skill i ncer@iniag morpmer igpmompiatible wnhat'ne bydsophiisnolymeaid sel ection of

conpati bilizing lic polyner is
needed '? % achi evEg‘gf}ﬁ%gg’em'ﬁ%%"%%@%@ﬁ‘f’?ﬁ%@%@ﬁe ég{egsggﬂto whi ch t he
silicone chotraiag Irgdiiononer is inconpatible with the hydrophilic polymer.

15 Exanpl es of conpatibilizing conponents include nononers of Fornul ae |
and 11

R' R?

I ]
R'—R%-C-R8—§i-R®

R R

20

wherein:
25 nis aninteger between 3 and 35, and preferably between 4 and 25;
R is hydrogen, C1.calkyl,;
R%,R3, and R*, are independently, C1.galkyl, triC1salkylsiloxy, phenyl, naphthyl,
substituted C1.galkyl, substituted phenyl, or substituted naphthyl



Rl RZ R7-

R6- 1 C- 1 RB-SI-RBRRSR 20R R R RS I | I |

RJ-R6-C-R6-Si-[OSI]"-Rs-C-R6-R7 RS i WR Il wherein: 25 n is an integer
between 3 and 35, and preferably between 4 and 25; R is hydrogen,
;. R2, Rihereathe alky/| s@sﬁtutemtbemelsellemeﬁyronmnmwmre,membm. 6al kyl si | oxy,

e TSP S T Yo P SOEE BBBRN, %, S 1

Cl. 6ai kyl ,

nenbers of the a(Brﬂ&éJFha%geﬁlr%rdigl %rb&yLinlekwwao%aud fonﬁ%l,ﬁﬁ’d kyl,

Cl_6al koxy, am de, hal ogen, ué roxyl, carbox
fornmyl, and mermretmeammwm s

6al ky

3/ car bonyl
tﬁutsaﬁuams@ﬂ@tg HP® ONEI0EFIAEE fr om one or nore

o g ! DRl e S CRERIT YL i 021

and

and

fornyl; R5 |s hyGirzatkgity, amideahédygerghmrpxyrt,cmtbnxyll ﬁgﬁahkytcacbonybarm hydr oxyl
R10)yO x}R'" whereiny is 1 to 5, preferably 1 to 3, x is

| east one

groups, or

an i nteger of %é'm?to 100, preferably 2 to 90 and nore preferably 10 to 25;
RO - R' arerP RAfARRAC AN atkyPEo6S EGftaihing BhElor Aloke/ hydiw §@up® dro 10 carbon
atons and al kylchiyH gw ng U yp&b b c'argon at ons s’ﬁb?%"l Hd W th at

pol ar funct (GMACR®R)

car bon %
cationic

15

20

25

30

)R- R‘wvmemwsm i 5 areferablyrida3, &mmmgngofup to 20

S0 g 2058 B 8 SR gl ¢ 201 cal el

independently selected from H, alkyl having up to 10 carbon atoms and alkyls
having up to 10 carbon atoms substituted with at least one polar functional

group;
R® is a divalent group comprising up to 20 carbon atoms;

R is a monovalent group that can undergo free radical and/or cationic
polymerization comprising up to 20 carbon atoms; and
R®is a divalent or trivalent group comprising up to 20 carbon atoms.

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%,R®, and R, are Cy.¢alkyl and triCy.galkylsiloxy,
most preferred methyl and trimethylsiloxy. For multifunctional (difunctional or
higher) R'-R* independently comprise ethylenically unsaturated polymerizable
groups and more preferably comprise an acrylate, a styryl, a Cygalkylacrylate,
acrylamide, Cy.¢alkylacrylamide, N-vinyllactam, N-vinylamide, , C.12alkenyl,
C2.12alkenylphenyl, Cz.12alkenylnaphthyl, or C..salkenylphenylC,.salkyl.

The preferred R is hydroxyl , -CH,OH or CH,CHOHCH,OH, with
hydroxy! being most preferred..

The preferred R® is a divalent C1.galkyl, Cy.salkyloxy,
CisalkyloxyCi.¢alkyl, phenylene, naphthalene, Cy.1ocycloalkyl,
Cisalkoxycarbonyl, amide, carboxy, Ci.¢alkylcarbonyl, carbonyl, Cs.galkoxy,

substituted C.salkyl, substituted Cy.galkyloxy, substituted Cs.galkyloxyC,.salkyl,



R8 is a divalent or trivalent group conprising up to 20 carbon atons. 20
Reaction m xtures of the present invention may include nore than one
conpati bilizing conponent For nonof uncti onal corrpati bilizing conponents the

preferred R [ rred re Cl. eal kyl
ha tri .. cateisdaieiens, sEBeas oBbEhERET Syl 2GRN Toxy. For

nul tifuncti whére thelsibsttienriae saéct%frbmqmr& nfdre Rémibeeegfang griupy conpri se

et hyl eni cal ly unsaturated polynerizable groups and nore preferably conprise

an acryl at eonaisiieg ot .catkomcagtanyly Casaiil. fisalkory: pidgnnalegen,

Cl1. 5al kyl ac a

C2. 12al kenyﬁ%@%ﬁsmﬁlﬁhﬁdﬁ% F‘})‘ht ﬁy?wl aﬁiﬁﬁﬁg‘ﬁgﬁyl CI 6al kyl . The
preferrel I%dcﬂvdbiﬂmetwumelﬁyléﬁ}) or CHZCHC]—ICHZC]—I with 30 hydroxyl being
nost preferred.._ The ref kred i s, a dival ent. Cl.5al lé'-?/%‘ Cl. sal kyl oxy,

el oxve SbibrerBis B b otoses iR S eaca Oy

Cl1. 6al koxycgég hstyﬂﬂ'\ﬂ |, il BRsY itadohafdrbiip, @AC Q8 iacryﬁfébonw C1. 6al koxy,
substituted Clg e , s'f}‘bs\?%ut ed Cl Gﬁ ﬂ())xy,1l% [l%stltute

Cl. 6al kyl oxmﬂawdek haal'g/@md@mldewﬂwy}&féam%ﬁ@ylamgzu@t@aylnapht hal ene,
bsti tut ed ted f
or "nor o renGerakeIMEdh £ pakell iRl o €L PRV RERIIC Bl P T °C Ga kT

Cl 6al koQy, catishideeadtiaé Qomp, suchaslvmgdxdthemaebm@é grodgs. GEHeh}drmJldrpnyl and

fornyl. The rt| yl.arl ferred R 5 is a divalent nethyl (nethylene).
The preferr%@ EB) e!'?gy}?ree radi cal reactive group, such as an

acrylate, a styr 8y il oup, a
Cl. 6al kyl acryl atﬁehle prégg% R }é%? d&ﬂ‘éggcksdl%@%woﬂ N-vi nyl | act am

N-vi nyl am d&; catiyloxgas da&vywphenxtememapntwgnepﬁmyycloauwl 12a| kenyl napht hyl, or

C2- 6al k | ph h I
et he(ra1 o?ngpgxgc}}gxg‘?a %M%Lﬂ.h%‘r f):grr E)Q%U ﬁé'@%agl?% (r&%ta 7'@%2‘?’?1%?; \z;!t gy The
g r1 eg elr rk elﬁ F@Jbsﬂtﬁt;leldk@l@dlkyﬁ bebtituteld Cadalkyloxy, I@ihbﬁmhtkq' C%alkyloxycmalkyl

. 6a oxX . , eny| ene, al ene yc
C, . 6al kgxycgﬁ%gmd 8“9??)"5@ %ﬁ?‘l&‘b‘%}"a@?h% %?Pw&‘iﬁiél 12°36°X‘?a&8¥yl Cl. 6al koxy,
15 substit UWﬁé’re@ﬁe ﬁﬂis'ﬁtdentsfa‘f@%léété@ ft6mGhe DR hioré Mebhbef it d §relgd

Cl. 6al kyl oxyd . sal 'y
consisting of C1.salkoxycarbonyl, C.salkyl, C1.salkoxy, amide, halogen,

hydroxyl, carboxyl, Csgalkylcarbonyl and formyl. The particularly preferred R®
20 is CygalkyloxyCigalkyl.

Examples of compatibilizing component of Formula | that are
particularly preferred are 2-propenoic acid, 2-methyl-2-hydroxy-3-{3-[1,3,3,3-
tetramethyl-1-[trimethylsilyl)oxyldisiloxanyl]propoxy]propyl ester (which can
also be named (3-methacryloxy-2-

25 hydroxypropyloxy)propyibis(trimethylsiloxy)methylsilane.

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

10



substituted phenyl ene, substituted naphthal ene, substituted Cl.12cycl oal kyl
where the substituents are selected fromone or nore nenbers of the group
consi sting of Cl.6al koxycarbonyl, C1.6al kyl, Cl.6al koxy, am de, hal ogen,

hydr oxyl , cepdxwey\lvhuchwb@bd’fedmmwmuxtmcbfﬂmrmripouidnehwabayelaadl y preferred
R6 20 is Cl.6al kyl oxyCl. 6al ky atl bilizi ,%Ccorrponent of

Formul a 1t FHRCRAYIOBLHTH AN OBy o B Bp YR TS BROPS S
2-met hyl - 2 mfﬁlf Pl’é‘éerﬁ !LV%P{I(JH tﬁ? §oxy txtur? is refe d over p

t et ranet hyl - rimet ISI any prop ﬁgropyl ester (which
can also bmetmamykbxj Bhydltoh)epmgylmyyprap)ﬂﬁs trimethylsiloxy)methylsilane. In

hydroxyp opyl ox | .bi trlrret |SI|OX ilane. 0 O Si(CH3)3
Nxoy O 2 52 ¥ r@-é‘)“quo g“?ﬂ@eg ¥BNtipRd %BB‘V%'Y ROAVHEO™E 3- et hacr yl oxy- 2

hydr oxypr opdmmbmh@wh#arﬁ{yhrd rbyérﬂl é@f&é&@@@xiestﬂaa%ouﬁdwmd froman

10 epoxi de, which produces "an 80: m Xt ur the conpound shown above and

( 2- met hacr yawkgore- m@@@%lﬁ@ﬁ%@@?@%ﬁyl bi s(tri methyl sil oxy) met hyl sil ane.
In the presgp rhﬂ%ﬁ%&ﬂyg %I c‘?’g gl&eﬁ‘sfﬁgl X (%dn%wﬂ{\ﬁn%f\&% rsqx figgPure (3-

met hacr yl oxy- Z- oXY) propy met hyl silane. In
5 sone enbo(dll—memaeryloxy-E-Ihyadrpxmmmxyypremmne(ltnmethylslopy)erlanler ed to have sone

anount of the primary hydr present, coﬁ%ﬁ"ré'f Iy greater than about 10 w %
and more preferably at |ea about 20 wt % 3Bsui t abl e
hydr oxyl - functi onal i zed

rs i ncl ude
(3- net hacryl oxy 2- hydr oxy ropyl )p ropyl r| s et hyl sil oxy)silane = JO
0'Si "'O~~0N ~ -0 S )3 S%%lo Si(GRB)3 11

( i f
bi s- r’ré% hacryl oxy- 2- hydr oxypr opyl oxypropyl di et hyl si | oxane

11



OH OH 5 3-nethacryl oxy-2-(2-

hydr oxyet hoxy) pr opyl oxy) propyl bi s(tri nethyl sil oxy)nethylsilane OS 0 O0-"~
OoSi OOHI n -Si 10

N- 2- met hacr yl oxyet hyl - C}(nethyl bis trinethylsiloxy 3-propyl)silyl carbamate
Me3Si SiMe3 00 O NH

N,N, N, N -tétsr%l'R‘Pg‘@QF-YWEY'R:;{M’SHXMWYL‘QWPEQPMWW\WB@W%| s- 3- ani nopropyl
polydlnethyIS|onane 500 HOV I 1 OH N~~Sil i NOOHjc HO n = 10-50
The reaction products of glycidyl nethacrylate with am no-functional 10

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

Qt her suitable cgnpatibilizing conponents include those disglosed in colums
6,7 and 8 Of\6V9E1994 488, and nonongrs di sclosed in 4 259, 67 4, 260, 725;

4,261, 875; 4%Q4 ﬁ @ g 4,439,513 and
4,139, 692. These and arjy otHher pat9 appllc |on CI ed herein are 15

|ncorporat ed by refereqge.

3-methacryloxy-2-(2-
hydroxyethoxy )propyloxy)propyibis(trimethylsiloxy)methylsilane

0 /Si\
0

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

12



Still additional structures which may be suitabl e conpatibilizing
conponents include those simlar to the conpounds disclosed in Pro. ACS
Div. Polym Mat. Sci. Eng., April 13-17, 1997, p. 42, and having the
following structure: 20 OROR O ROf~~SLI( Si , NOROROROR OROARnNO
OR OR 13 where n = 1-50 and R independently conprise H or a polynerizable
unsat ur at edV.§NbiNrfetralds(Irmethacadexy-2omErqxyewpih-csi-pi§-3amPHOPReY zabl e gr oup,
and at | eas . referably 3-8 R, conprising H 5 A second suitable
cl ass of coéﬁ')@pﬁfgﬁlf'@):}%%eoconponents i nclude those having the structure
given in Formula 111, below. |IWA-HB-[IWA-HB]x IWA Werein xis 1 to 10; 10
VA is di functional hydrophilic polyner as defined below, but having a
nunber erage nol ecul ar wei ght of between about 1000 and about 50, 000
Daltons; and HB is a difunctional noeity conprising at |east one N which is
capabl e of hydrogen bonding with active hydrogens in the hydrophilic
pol ymer and any 15 ot her conponent having active hydrogens. Preferred | WA
groups may be derilved from a, w hydroxyl term nated PVP and a, w hydr oxyl
term nated polyo | k@ ene gl ycol s having nu [ verage nol ecul ar wei ghts
bet ween about 1,000 [and about 50,000 Daltons. Rrefeéerred HB groups include
di functional am desQ._ m des, carbamates 20 a ureas, conbinations thereof
and the |ike. Conpat i:i!i zing conponents of Horrmula Il may be nmade by am ne
I

term nat ed pol yoxyal kyl enegl ycol s (Jef fam ne reacted with isocyanates,
chl orof ormat es or hl oridgsjon anhydri desOH

N\/\/Sl 0 _Si

0 OH n HO 0

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

structure:
20
Or OR O H H OR OR
RO | N\ |
K/\/Sl< ,S|§/\/NM\
0] OR
OR OR
n 0 OR OR

13



Addi ti onal suitable conpatibilizing conmponents are disclosed in U S. 25

Pat ent 4,235,985 which is hereby incorporated by reference. Suitable

conpati bilizing conponents nay al so conprise silicone containing macroners

whi ch have been nodified to include conpatibilizing functionality as

defined above. Such macroners conprise substantial quantities of both S

and HB gr ouphersneef-b0add Rahdspenderntly zotriprise iHyda poymedabieinct i onal i ty, such
ups., One cl ass of suitable nacro cl ude hydr oxyl

as hydroxyl

Funct i onal | YEARUFRIEABFRNR), WIS 1635t it B FOTIPHRGS &PONPIY GHR BI4B: o (GTD) . o
styrene fun L Hf unctional nethacryl ates and
silicone m?ﬁ%@gﬁgﬁgg R;gﬁagi%%b? gg;g&:hwﬂ&G 367,929, which is

i ncor por &t ed herksecdm;i suitdhde dasseof qompatrmhmgecmmonemsumﬁm base t hese

macroners a er abl S conmpati bilizing conponent, such
as a sil oxah%’"f%ﬁfaﬁ"HngeﬁB H\é'uros'mﬁgmgl&’%ﬁ&(:rorrers such as those made by
radi cal polynerizati WVAQHB-PIWHB};&WAOH reaction nmay al so be used

i ndependently or in conbination with other conpatibilizing 5 conponents so
long as the Si to hydrogen nolar ratio (OH) of the macronmer is |ess than
about 15:1, and Wﬁ&ﬁeﬁ]@@ﬂt kgt ween about 1:1 to about 10:1 or the Si to HB

nol ar ratlo s |le an a out 10: 1 and preferably between about 1:1 and
about 8:13. HowevA istadifuactinabiidrophilic polymeaas defirled befmr, but laviegt hat i ncl udi ng

or ovi i ng. S5V EBRRATENA mPpeuiaCeRBIeL rbsten and gRaend RBRRDG, £ ng

conponent s @l’aﬁbﬁ?s@aﬁ@rCI ally available fromCelest, Inc. Mrrisville, PA
Suitabl e multifunctional conmpati bilizing conponent s are comercially
avai | abl e from 2B issa difungtional meeity eapprising apleastonedy whichrimerpablei ng t he

procedur o G 3Rk AR v Sch o s ok hatd o LYpe

monof unct i onal” ¢cO izl ng using the procedures
di scl 0sd8 i ntheP@iMpdr@at mctlmhymbg@sconpatl bilizing nmacroners may be nmade

[ h di din US 5 76 | C us
6. 367, 925, 20 WP IA S Do GOMSE AEm ColB e oy

functi onal i PYP and &,w-hydroxyl terminated polyoxyalkylene glycols having number

average molecular weights between about 1,000 and about 50,000 Daltons.
Preferred HB groups include difunctional amides, imides, carbamates
20  and ureas, combinations thereof and the like.

Compatibilizing components of Formula il may be made by amine
terminated polyoxyalkyleneglycols (Jeffamines) reacted with isocyanates,
chloroformates or acyl chlorides or anhydrides.

Additional suitable compatibilizing components are disclosed in U.S.

25 Patent 4,235,985 which is hereby incorporated by reference.

Suitable compatibilizing components may also comprise silicone
containing macromers which have been modified to include compatibilizing
functionality as defined above. Such macromers comprise substantial
quantities of both Si and HB groups as defined, above, or active hydrogen

30 functionality, such as hydroxyl groups. One class of suitable macromers
include hydroxyl functionalized macromers made by Group Transfer
Polymerization (GTP), or styrene functionalized prepolymers of hydroxyl
functional methacrylates and silicone methacrylates and are disclosed in
US6,367,929, which is incorporated herein by reference. In the present

14



have been found to be particularly suitable for providing conpatible
polynmers for bionedical devices, and particulalrly ophthal mc devices, any
conpati bilizing conponent which, when polynerized and/or fornmed into a final

article 1S SOMRA! holemitbhetd e n@?éf%ﬁbgqﬂsgé!%t RhbthbFedriBRBARg S may be used.

25 Conpati bi T'izi'hg conponent’s ecte usi ng W ng nononer
conpat i bi | i ¢omponsht, such dsta slokmﬁcamltmnlgg mmnonfneea@tmeomacromers, such

nono- 3- net hacr yl oxypropyl .. erm nat d non but nm nat e

pol ydi met hy?%ﬁh?é %& ¥Té§'98 RANBefERal ‘i’b@f(ﬁo"gﬁ%a& h%ﬂm?)ﬁagg tested are
m xed togetﬁ\@ﬂsédﬂndyben@érﬁmopfn c%rrhna@lbﬂmthbin&c@mbamizmgt about 20C. A

m xture of 12 weight parts K-90 PVP and 30 60 wel ght parts DVA i s added

drop-wi g teomppneatpsolinng asdhg Shieriydeogeaimalar, ratiafQHh of thermacigmetint i | t he

solution r I t T ss of the
added bl en?g‘c?#sg&% %&ﬂé’% al%g pé%g%?#ﬁ@ﬁé ﬁf]a%r 5?%113 téa%g&ﬂ 138033?'%?3% t he
nonomer  conidd HBi rolbyratio ikdsss thay aboutypaiti dndl prefergblycowtpesreatiouf b:1havi ng a
conpati bi | I;ﬁf{d i ndex of greater

th : , ; I h
bout 1 gr cARE 4R Brbe HORPUATcaB? o A s or NUiePRISSHS DSUNERAR w11 be
sui tabl e chltl??Zt %tﬂ)gélﬁrﬂb §rohﬂ%’@ﬂtdeer%a d tHeSRolaf ratk islitable Yof vn@fn w1l

appreci ate ar wel of the active conpati bl'li zing
conponelt wédmpaibifityct 5 the results of the above test. Conpatibilizing

conponent s havi | ec ts e r.th ab .dal tons may need
to m x for Iong%%'t%gg? mﬁ%ﬁaﬁ‘m“ﬂ‘%@ 8%% r\\a}%%rggcpr@m@%rgﬁ\%%@& ts. An

"ef fective avaatng fromfGdidwe, InomGtisvild, PAI ISuitabigPRMfictiohalt he i nvention is the
anount needed to conpati bilize or dissolve the hj gh nol ecul ar weight 10

hydr ophi | i COaliRlizing,eRIMARENts i@ FORmeriAK Availadle fM’B Gelesh S for nul at i on.
Thus, the anBiRy)QPAS ws@mhgﬁuaﬁg ﬁ\%’HPéHéglﬁFesVHIicllosgéi?ﬁﬁ@Qh jgpart on the
I C se

anount of hydrophi ymer Is'u nor e corrpatl bilizing
conmponetf tﬁid@%ﬂeﬁﬁecﬁwteblecﬁﬁﬁatybbimqnz&lnhﬁlfy‘rabcommlblbmg ations of high

T3 componeninonetls Maift shode B R prosg0 B kB BTBLY 506 (wei oht percent
based on t HBCT/OPGQIONHMht of the reactive conponents) to about 90 %
preferably SRoble compatiSiiAng Macromers may be Made ushig the ganeral | 2070t about  50%
procedure disclosed in US 5,760,100 (material C) or US 6,367,929.
20 While compatibilizing components comprising hydroxy! 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-methacryloxypropyl
terminated, mono-butyl terminated polydimethylsiloxane (mPDMS MW 800-
1000) and a monomer to be tested are mixed together in one gram of 3,7-
dimethyl-3-octanol at about 20°C. A mixture of 12 weight parts K-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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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 perneability enhancing conponents, crosslinkers, additives, diluents,

pol yneri zat on I ni tat 0 prepare t | i cal devices of
the invent %‘W @30"@%3’5@' ?é?’h‘g er&%@ﬁ@ﬁﬁa}nsrﬂéoqgé?ﬁﬁfggﬁ& ons and devi ces
of the presgrbter theRzbbatM g@bhsfaﬁatnﬁtﬁs't prefep a0y gfe‘ateamntamah Sgpamonent s whi ch
provi de enhanced oxygen perneability conpared to a conventional hydrogel.

Sui t abl e oxyiide Spéab‘@fﬂﬂluée mctbwme@mrs Thvéeaa@l<ll§m|tlaﬁ<aﬂe~ﬂbmenlaw ng NDNONers,
macroners a ;&&tn nomers,

macr oner s aﬂ‘t egrgciléc&gar pr §%§@°}RH{ carg"ﬂle ar o%hwﬁ p e bond cont ai ni ng
rmnf)md%r S hnmrresmts of tgalmboveamst l@cﬂnmmmmhgreompﬂmmtsclmdm’ gmbie]gmisrht hereof, but
exclude the conpatibilizin onent. For e, purposes of ;thjs |nvent|on
the term nﬂ&\gwﬁ@re%rﬁha%abfg@@&ge}w@ém "@895{’ WH&PB‘HQQ%’ RERg ?)Pgepol yners.
Preferred 1%@@/%‘3 ggﬁfélg{,@reggﬁgaonent s conprise siloxane containing
nononers, Nacro and m xtures thereof Suitable siloxane containing

mononer s i ncl udén “aﬁeaﬁee ameungef the compgibilizingeompetentrof thednvention 1, 943,

ronomer . cols ABaS 78R € sBBafilsts HhsoRy welhitrpplesia gt ° 1>

af oremengi Oﬂy'tﬁoﬂth%lyfme’ll%an oteeér o%mpoﬁédl@bf thapeliner formntatiomed in this
specificatign are hereby i ncorgor at ed reference. Mre speC| fically,
i

3- met hacryl aimgﬁpmpamqwgtqqmnaa h%lll‘%FCP@QﬂﬁQW'HHBP?"F’RPQPﬂOH

Bglrlsgﬁrg?ﬁ;? @gﬁ@%p@&rﬂ%%'@%ﬁ%ﬁtﬂ O?éf‘ ng?ﬁﬁ‘!zm | oxy) met hyl si | ane,

nmet hacryl oxy@npmrphtimngamdlag lto cbmpatlb»hwhlghercboocemnanam o!n‘sgh hereof are
particul arl

seful .as siloxane cont nono invention.
Addi ¢ onal - Sléaitatweid BaroRRE BrlEHa ook BASHE heaibratiizhBnt s of about
O to abogt ¢ompdnknt uﬁmeepmyrﬁéﬁbﬁrmlmoaﬁnmmboﬁtm@wagme@&nand nost 15
preferably of about 10 and 40 wei ght% Suitabl e sil oxane contai ning

macr oner s hB3sedonieiatal welght atfBe reactive components) to about 90 %,
preferably about 10% to about 80%, most preferably, about 20% to about

50%.
In addition to the high molecular weight hydrophilic polymers and the
20 compatibilizing components of the invention other hydrophilic monomers,
oxygen permeability enhancing components, crosslinkers, additives, diluents,
polymerization initators may be used to prepare the biomedical devices of the
invention.

25 Oxygen Permeable Component

The compositions and devices of the present invention may further
comprise additional components which provide enhanced oxygen permeability
compared to a conventional hydrogel. Suitable oxygen permeable
components inciude siloxane containing monomers, macromers and reactive

30 prepolymers, fluorine containing monomers, macromers and reactive
prepolymers and carbon-carbon triple bond containing monomers, macromers
and reactive prepolmers and combinations thereof, but exclude the
compatibilizing component. For the purposes of this invention, the term
macromer will be used to cover both macromers and prepolymers. Preferred
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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 gkygeh pbradeibleddtinpdhefts BsmpAsd silorare ntiming fdRomelspxane cont ai ni ng
macronmers may include other conponents such as urethane groups, alkylene or

al kyl ene omaer@mgrs@aag m"ﬁ@)ﬁ?@')@&? kal ene groups, arylene groups, alKkyl

esters, am de , r i socyanat e

groups, conbi n%ulﬂ%!ﬁg S %r eg&\ ﬁmgnWﬁﬁ rfﬁﬁlbhé'%’ pr e?er r %fmgs of sil oxane
cont ai ni ng @éscribext inrk &4, Aty 948 vinglcarmdmatenortdaeboneteyanaidgs secrivedah  one or nore

si | oxane ] one _or re ac |ic or. methacr als. Sil oxane

cont ai ni ig Wé%@&%@r@ ya'E’em? MEd °9"ta'“598ﬂ§3ﬂ°aﬁ§@b%6§|%eri zation ("G Tl
P), free [guhianl tﬁé%bléfmém&ﬂdn@ﬂpaféﬁ&%r\lﬁe?ltds%yroﬁiﬁtpbféﬁ& and the like. The

si |l oxane containing nacroners may be forned in‘one or a series of steps

dependi ng 3mentioned in thisrspenification aee b@rebsdmamomdfy refafencei deteknown in the
art. Specif ds for their

et unt or coPeciiEaly oS AR RN TRefRicn e [RHSSS 100 100" A b

(rreL hacryl am?orﬁethad:rybfmirwyewrmmteldmmtydﬂﬂémﬁslmaﬁwr ur et hanesdandI . s
net hacr ate nctionall ze cone ur.et hanes e | SCI OSe in
0505 630" BeNdimRbyiRoxees et by R B TR nct | onal

met hacr yl at ﬁéthaggldﬁy rbﬁﬂﬁ&tarﬁ@thh%fsﬁl&ﬁb%ﬁ1coHBﬁ1aﬂbr$§th@|%Hfﬂ§ of which are

I ncor porated heréin b}/ reference. Suitable siloxane containing reactive
pr epol yner spartiallarydisefuhgs sittxameeontaining monpoees of fealinpentipni net hyl si | oxane,

which is fu pr epol yners
conpri sing éb@@é@ﬁ%l}%ﬁéﬁéﬁ%}é&rﬂng 3@5@@% S%Qﬁéén%%gﬁtg“m%'ﬁmgg ﬁgn of short
chai ned di o0% abwt%im%pmanetmeferabtwa abodttS' arsgleabwet® afidmostd from arelatively
hi gh m) cul ar is a, w endcapped with two active

hydr ogen @'ﬁ&f;ﬁfgpﬁf’ﬁhwgl‘{%q welgh 4-abl e sil oxane contai ni ng prepol ymers,
and met hods for dfighie sIBKaHE Britdinfg nl&r&ﬁ@rs%ﬁ&bﬂﬁﬁﬁei@e%é 034, 461, which
is incorporated herein by referencCe. 8§I s of the present invention

may conpri sBolgculpeweighiieaveas at@k’h&@‘)@:@mﬂ abcwt ﬂl@,o Baliens: Silgxanesi | oxane
contai ni ng @ﬁél&ﬂ?@ﬂa%é?gmcﬂﬁgména'lsnco?ﬁﬂ?féﬂb%t ResVERLIGRMEt S and about 50

wei ght% pretera
group, and preferably at least one dialky! siloxane group and more preferably

20  atleast one dimethyl siloxane group. The siloxane containing macromers
may include other components such as urethane groups, alkylene or 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 iransfer 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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bet ween about 10 and about 50 wei ght % and nore preferably between about 15
15 and about 45 weight% all based upon the total weight of the reactive
conponents. Suitable fluorine containing monomers include

f 1 uori ne- cdohetionalized p(éﬁ@l&hlbﬁ&éﬁggﬁtoﬂﬂ furiotignaimethaggistes amalsuhgonencl ude, for
exarrpl e, fluorine- containin Cl2 al kyl esters of, (e %acryl Ic acid such
as 2,2, 2- trmﬂhg@'ylg@g)mgne dzs;plqs#gqsfgfa«@fcmaég g'ncorporated herein'by ree ence

2, 2 2 2',2',2" - 1

5.4 4 4 hept af 1 Sl HEfe- gy oIS UBREMBl oG ¢ 4 2 5 g 6.
pent adecaf lozobamate ;zjnc(mahzte)jamigdlraethylsnbxanes w’nian is,ﬁisthar ﬁscﬂoﬁd'ﬁnB 8,9, 9-
hexadecaf | acrylate and the |i ari.ne,.cont ai ni ng
macrome?’ %g;bggﬁqéf@ r% %%PSDFQH? Mmﬁécﬂ%%’ﬂﬂa‘f“ "éﬂ%'ﬂg ol yners 25
whi ch i ncl %‘é@nfeﬁts%rfrﬂédrffbiﬁ A8 reéasibA bNiHet dHaMeERNids ar\ddvi@@@yah@%n found that
wettability of nmcromer containing silicone hydrogels may be inproved by

i ncl udi ng @&nd “é@[ﬁ’tsegmentﬁfnﬂmgérfrpm rejpiivglirbighanelecaransighiPPymer.zi ng conponent .

| mpr oved c contact angle
of at Iea\gﬁlsﬁ@g d%é@aﬁéh%ﬁj‘g@é era P@ﬂgcﬁog%ﬁ as}‘é%}ﬂ&%%ﬁl g%@inand in some
gnbodl ][rent siantdmelsma&g cdntaimng@@o}y&bwtanaﬁ%thodsrfombent mianufectoredi ment s it matyf
e preferred to use m xt i | oxane |nJ NnoMers or mxtures o
or 1 Dxard ccie aabAe RUSHEFE 48] whichds MermeBtedReaigeiEF oner 5 or

prepol ymers. 18 Thyfjdrodeid 6ﬁh%%8ﬁ’iﬁveﬁﬂ6“\ Ha?%@hbﬁse ét‘?@e%ibﬂ@ conponent s of

t he present |nvent|on may al so include any hydrophilic nononers used to
prepar e comﬂemnmatalmngdm@emgr Tmlommntalmmagpmecmwem ng acrylic

groups (CH y s 0 or N or vinyl
groups WW&% . %g{’)gg‘gggﬁégﬁ'ﬁ?@éﬁéwﬂe}?ﬁﬁéphi lic nmonomers
are N, N-dl rwtwheérﬁatroxdt %m%bou?ﬁ@%@bmhemmwormmmybaween Igbquielrol I

nononet acr at e, r.o nmet yl enegl yco

mononet’ acrﬁg %ﬂdeaboHE ‘5@9@% Héé??ﬂ’ upogd Fy\%ta? ?'BO‘ptﬁ? anﬁl}Y pyrrol i done,
N-vinyl - N ridmhponeset am de, N-vinyl-N-ethyl 10 acetami de, N-vinyl-N-ethyl

formam de, N-vinyl formam de and and conbinations thereof.
Suitable fluorine containing monomers inciude ﬂuonne-contalnlng

(meth)acrylates, and more specifically include, for example, fluorine-
containing C,-C+; 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.

18



Asi de the additional hydrophilic nonomers nentioned above, pol yoxyethyl ene
pol yol s having one or nore of the term nal hydroxyl groups replaced with a
functional group containing a polynerizabl e double bond may 15 be used.

Exanpl es i r]qid@méqhmnwgene glycol, as disclosed in US 5,484, 863,

et hoxyl at e ylI _grucosrde, as disclosed in US 5,690,953, US 5,304, 584,

and et hoxyl at edAddlﬂmﬁ'Moﬂeaﬁtlve@QmﬂDB@ltﬁ)ggﬂe presesnBBBOR WY alsteact ed with one
nor e nol i ocyanat oet hyl

et hacryl o drAtReHle arferiseEg B BBl ntResd S0V T Denzoy

chlori dle aF:’Uﬂekilﬁpllelrﬂ’fcﬂ\onllyr?dmmanmglaodyve?)mMge(d@HpGRﬁ)( wheeve R%s Ione or lrmr:a

termi nal_ pol ymerizabl e ol efi ups, bonded t et hyl ene polyo

t hr ough 9 i rINERgERST vyl 80 sg)sogrgﬁ,oégmltggouqﬁ(eﬁ é)'nség‘iyeg e Y§e9ups. Still

furiher exafifd diaddfisnd fﬁgdrwmn@mehém&swwNiaﬁ]mﬂéérgamdev' Nyl carbamate

nmononers di sc 070, 215 ophiTic
oxazol one rﬂ}hmimmyethyl methaseytite, glycers) mBa@meNacrylateQ?myﬁkaet’aWd pol ydext ran.

(D) 2 Ty BrAGae, Rey R EORNeE! fepRASREGYoRL Peetll Bl Y o e O
yl ate
2- hydrOXYEtéWhCGEiHhNWrWI pyﬁdineoné\lwvuﬁwmmeml acsémﬁidéwiv)nyl NRgtyy et hyl enegl ycol

nonomnmet hacryl ate, nmethacrylic acid, acrylic acid and 30 conbi nations

t her eof 10 i 2%stamdR, dpHinyih-etiyiormeamide yinyLipreaMINRaREaAE  particul arly

preferred. rophilic nonomers nay be present in anounts of
about O to ag'%li’{alt'%@{he&/oqmre preferably of about 5 and about 60 and nost

pref erably of aAerde tﬂﬂ)a@dnhbrﬁﬂmydmpjﬁk:%odo&mmjmapmwtwovm al weight of the
reactive co sl.i nkers SU| sl.i nkers are conpounds
W eh two o PRGREEBEgRBOVOISBRUNG o et B EmEnS PRl i Rrier ey be
hydr ophi I i Cregacéwmwam{etn@nagﬂ»up@oném&@@p@ymwambﬁbdnlaenaa,r esent

i nventi on m xtures of ilic and drophobi ¢ crossli nkers have been

found t P pripusgd. Ewpmelﬁwa%rmy@ﬂylwawcoh. ﬁ%ﬁ@@@%ﬁ@ﬁﬁ%al clarity (reduced
T e RO, SRyl ol 5,0 ) ool IS agf oSy et o Y0P
groups, as 804,584s ahg eéthopylated bisphernal Apasdisclosed in US5,565,539,
reacted with one or more molar equivalents of an end-capping group such as
isocyanatoethyl methacrylate, methacrylic anhydride, methacryloyl! chloride,
20  vinylbenzoyl chloride, and the like, produce a polyethylene polyol having one
or more terminal polymerizable olefinic groups bonded to the polyethylene
polyo! through linking moieties such as carbamate, urea or ester groups.
Still further examples include the hydrophilic vinyl carbonate or vinyl
carbamate monomers disclosed in U.S. Pat. Nos. 5,070,215, the hydrophilic
25 oxazolone monomers disclosed in U.S. Pat. No. 4,910,277, and polydextran.
The preferred additional hydrophilic monomers are N,N-
dimethylacrylamide (DMA), 2-hydroxyethy! methacrylate (HEMA), glyceral
methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP),
polyethyleneglycol monomethacrylate, méthacrylic 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 wi%, 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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10 groups such as pol yether, am de or hydroxyl groups. Specific exanples

I ncl ude TEGDVA (tetraethyl eneglycol dinethacrylate), Tr EGDVA
(triethyleneglycol dinmethacrylate), ethyleneglycol dinethacylate (EGM),

et hyl enedi am ne di met hyacryl am de, glycerol dinethacrylate and conbinations
t her eof Exanpl es of suitable hydrophobic crosslinkers include 15

mul ti f unct iGsesslinkefsmat i bi | i zi ng conponent, nultifunctional polyet her-

Dol v et byl | @R 8o BRl RSN AE AL ALY 988 peiGRRSfmand Lhe |1 ke.

Speci fi ¢ hydrophobic Cr oss ers 1'nc ude acryloxypro term nat ed
pol ydi net h)fthr&:tnd)rmtgrwpénihéﬁroeshnkér)méﬁb@%}aphliwmimambhomqam i functionalized

3: Lgi‘ﬂggr %g%\g%enﬁqogmén@ B{éﬁ!%gr%grgt ﬁ\gngit)rgwt&%ts %Phy%rop ihcbaHaaneél ol 20
met hacryl owg?smﬁua &r%%élﬁk?@ havé H@émmhﬁd {ood%\)ldéihlﬁédn%@gé@‘%tﬁ‘ xt ures

t her eof . erred crosslinkers 1nclud acPDMS and
Conbi nat i ormmprovedkeplisal clarity (radused haziness/ehnansned toa GEbERN Lene®). used i s

S el ant” o RPERSY SureBoPEHE b IRARn AL Gl PRI L °0° o about
0 to about obmord glymenizabRsfanctiongdgrodps, sowell asydibshilizffutidienaleact i ve
conponents, which can alternatively be referred tf) I n m)l%of about 0.01 to

about 002 M%Féﬂ@?ﬁs P@%P?W%’“E’Srﬂﬁbﬁ@ﬁt‘ﬂ 9roupss SPeEiG@AWIRS 0. 02 to about 0.1
and nore pg gw{ creasing the | evel of
crossli nkerﬂlmr?éﬁ\é éﬁﬁaétﬁ lrn::r pd@ggnr?%ﬂwr‘:@*gduce t he amount of
haze. I—b\A/e\(tﬂethyasegiymdimemasryhiahethybnaglym dimethacylateeEGIMAR about 0. 15

nmol e/ gm r i ve. t u n a general ly desired

| evel s (gr%ﬁﬁ’kﬂe?ﬁ [']‘Vg‘a‘/"g&'ﬂ 3'¥ gFélﬁﬁﬁ‘%ﬁwg?ep%/'g%ent i nvention the
crossli nkercombiﬁihﬁ@nstthérleoﬁﬁdarﬂmslbtsUItSbleeiy&mbﬁoblt OroEQmRér@‘mdﬂﬁea crosslinker
concentration in the reaction m xture of bet vveen gﬁout and about 10

mol es Or oSYifunctiona) compatipilizingrompongatult ¥ethel-  Addi ti onal
component s galaffihiditsane MLk Bpa el B héﬁbnégﬁae@of'a'adttm,keart may al so be

I ncl uded. tives in re not Timted to ultra-violet 5 absor bi ng
conpounds &pécifio hydrephobicciessiinkers inalude aenyloxypropy keérainateshpounds,  pi gnent s,

phot ochr omi ey o liGASBxSRAL S0 of OTNaBBOMEY Hybtbk)IEH 1af YinktidRallZeliS-
siloxane macromer, methacryloxypropyl terminated PDMS, butanediol

20 dimethacrylate, divinyl benzene, 1,3-bis(3-
methacryloxypropyi)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.G1 to about 0.2 mmole/gm
reactive components, preferably about 0.02 to about 0.1 and more preferably
0.03 to about 0.6 mmole/gm.

30 Increasing the level of crosslinker in the final polymer has been found
to reduce the amount of haze. However, as crosslinker concentration
increases above about 0.15 mmole/gm reactive components modulus
increases above generally desired levels (greater than about 90 psi). Thus, in

the present invention the crosslinker composition and amount is selected to
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Di | uents The reactive conponents (conpatibilizing conmponent, hydrophilic 10
pol ynmer, oxygen perneabl e conponents, hydrophilic nmonomers, crosslinker(s)
and ot her conponents) are m xed and reacted in the absence of water and

optional | y,prbvidé berasslikenecsncentration lirethetreastion thiktuedf betweenraboat 1 r eact i on
m xture. The té{;e and appunt of diluent used,al sp effects the properties of

the resul t A . HHRmgles c&qsltheé:peq- Haze %m?CM‘i%rEﬂanW' of the 15 final
article may be hﬂ&ﬁ&%faﬁf@orﬁpor%kseaﬁddqamvéﬁlmﬁdhéﬁhgsemrgn)pmliﬁ i | uents —and/ or

decreasing the concentratlon of diluent used. ~discussed above,
i ncr easi ng darhmahglido bp inchidedt \dditiveshacldde betrare nellimiled do dltraevivlgtoor | y

conpati il e conponents S asured b he. co tibility test)y to be
processgd t%PSPEW'm%mpeB{’r@%%ﬁﬁ"@%?’y_F%Fﬁv tﬁ%{%ﬁ'@lcéqb" %%5‘98&"}‘9%15 t he dil uent
beconmes nmorggRents hoRRAMIE, relpa S Afentd) dombipatorisanareskdnd the likepl ace the
diluent with water will require the use of solvents other than water. This

may undesirably increase the conplexity and cost of the manufacturing
process. Thus, idilé Si nportant to select a diluent which provides the
desired conpati bT'P'rqiy to the conponents wth the necessary |evel of
processi ng conv@&he esactive tdrhpoments (campatibilizing 26mporerdhydepphiie devi ces of this

I nventi I ncl ude ethers, esters, alkanes, alkyl halides, silanes, am des,
al cohol‘@{]arﬁpﬁ%ﬁ"fb@ﬁ’&?ﬁ‘ Bﬁrg\qaﬁtg,@gfgongﬁﬁ{}ygrﬁ\dlc MANCBKEY's are preferred

di luents , éﬂéliﬁ@&?% Jthafébniineh@ Aredthized 8hd reabRd WP the abBéfdecr r ed al cohol
di l uents. Exanples of ethers useful as diluents for this invention include

t et r ahydr of @frvater andioptianajly.dm thegprosance pkatigast ene dilvensty farpeopyl ene gl ycol
met hyl eth . e . ' | ycol n-butyl
cthor. i orRorENGRRE Heta o ol oFblEht u(HiHoDRRR e VP! 1 2
propyl ene ghrppetieswtitinleseitdnt polymenand artiele gTHie bhzeraridwettabilineof the et at e,

di propy] ene, gl ycol nethyl ether acetate ropyl en | ycol .. n-propyl ether,
di propy1 neﬁ’%I %’@6‘? rq?yaedwrovggIt?g,s,elegtmgﬁplgﬁgﬁcﬁéﬁgﬁ%qe}&pg@&ﬁgwaty| et her,
propyl ene 2Zdndidriiedleading tHeYdoneértRition 6f dluERBIIsRAE AS dikeBésed-ddeye,l et her,
tripropyl ene glycol n-"but et her, propyl ene gl ycol Fhenyl et her

y

di pr opyl eneingfleagiog tMimhgfg@iW@ the gilyentanay alse allay peaslysompatibler opyl ene
21 e or ST REERRMa nFRTBIBSIY 1658 ptsba b 41 | nvent on
compatible polymer and article. However, as the diluent becomes more
20 hydrophobic, processing steps necessary to replace the diluent with water will
require the use of solvents other than water. This may undesirably increase
the complexity and cost of the manufacturing process. Thus, it is important to
select a diluent which provides the desired compatibility to the components
with the necessary level of processing convenience. Diluents useful in
25 preparing the devices of this invention include ethers, esters, alkanes, alkyl
halides, silanes, amides, alcohols and combinations thereof. Amides and
alcohols are preferred diluents , and secondary and tertiary alcchols 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-butyl ether, propylene
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5 acetate, nmethyl lactate, ethyl lactate, i-propyl |actate. Exanples of
al kyl halides useful as diluents for this invention include nethylene
chl ori de. Exanples of silanes useful as diluents for this invention include

Chi o 1 nvont SR M atrer RUB Rt G FBuBh el MiTp a8 51 ' 7 Snerei n
Wiere R, R baticetier, piop IEﬁélglgedlﬁﬁéIlethSEdilpmp?Idné glyooldimetyl étherar, 15 br anched
or cyclic nonoval ent al kyl havin

to 10 ons whi c optionally be
substituted PWQMY'@'F%Q'M‘FO'WEYP@P&%{JQ alyeR!s QB W&F (%’éﬁ%’h %?ﬁ‘@ esters,
aryls, amn cohol S,
al dehydes B S(t)érr*g\s,ggfrm foﬁ{hﬁ‘%f?fe?\ﬂoﬁHﬁbzgrggé%h\xoé’%eﬁmgmdtﬁ arﬁgfgsz mgi R and R' can
t oget her5b0lcbtate methyi lactatepethyidaciateyiepropy! factatet Bxarsples otatkys al kyl having 1

20 tol D carbaons whi 0 .be.subst t ted as just cribed, with the

provi so thaSO'WSS Hﬁ?fﬁpqsﬁme@ﬁi or §iis gave qu&esmpﬁ\y{epe CQ%Ha%T erred that R R

and R' are 'E?Qﬁrﬁléé‘@?ﬁlfahéfs §§§ftﬁ%§%ﬂuérﬂ§mfﬁl§rhvemaﬁ%det uted |inear, branched

or cyclic al t@ &uoups having 1 to 7 carbons. IS nore preferred that R,
mB

R, and R' &¢ Ispclotetrasiloyansel ect ed form 25 unsubstltut ed linear, branched
or oyelic alkyl s daknds boifl) & AREARRS 1k ughis] AJogpgg! ent s, the

preferred diluen nore, nore nore t carbons,
because 10he hinvigibe forubcul ar wei ght  di I uents have | ower volatility, and
| ower flammability. Wien one of the R, R and R" is H, the structure forns
a secondary al cohol. Wen none of the R R and R' are H, 22 the structure
forms a tertiary alcohol. Tertiary alcohols are nore preferred than
secondary al cohols. The diluents are preferably inert and easily
di spl aceabl e by wat er Rwhen the total nunber of carbons is five or |ess.
Exanpl es of useful seg¢ondary al cohols include 2-butanol, 2-propanol, 5
ment hol , cycl ohexanol | cycl opentanol and exonorborneol, 2-pentanol, 3-
pentonal , 2-hexaRot——8&tex@Hol , 3-nethyl -2-butanol, 2-heptanol, 2-octanol,
’ |
R"
wherein Where R, R' and R" are independently selected from H, a linear,
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, atkenes, alkynes, carboxylic acids, alcohals,
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 alky! 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 fammability. 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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nonanol , 2-decanol, 3-octanol, norborneol, and the |ike. Exanples of useful
tertiary al cohols include tert-butanol, tert-anyl, alcohol,
2- met hyl - 2- pent anol 2, 3-di met hyl - 2- but anol , 3-net hyl - 3-pentanol, 1- 10

met hyl cycl o n el . 1-chloro-2
met hzl ) 2- pr {g%ano re f%rnﬁgaé]ﬂ%ﬂaﬁ B:%ﬁglniema@' ZIC%EIE&- gl_(ﬂoocr? 2- 2met hyl - 2-
nonanol , 2- ﬂmhispd:orﬁatymteumls merrﬂublytlsa&wmﬁeaa’mwnemand;eagly 3- hept anol 4-

nmet hyl - 4- hept anol ctanol, 3-nethyl-

nonanol , aﬁglﬁ%ablﬁ Wo‘ﬁ%fﬁ \'vhe %ﬁémmur@%gf%%qns '§P\é§?f PSS3_ hexanol , 3 neht yl
15 3- hept anol ?Fe?ﬁér uééfﬂ%@&é\'%b al ?rRiléjiHMhdé‘? Be@han2propanol,

4-isopro ano di met hyl'- 2- pent anol, 1-nethyl cycl opent anol ,
1- et hyl cgcl npetmohnquhexanmxmlooynﬂaogeamdanmorbcsneq}c&-awamln%t hyl -1 - but ene,

2ot hoxy- 2PRaPHR 2 BoBpBanarant S ety ry BUBHY, 2 5eBaRfcagtanol, 2
3, 7-di met hyhor@an@b?éﬂt@bnol%—@ﬁémln&b&né@mﬁdthahmt hyl -1 20 phenyl - 2-propanol
and 3-ethyl -3-pentanol, and t ke ngl e al cohol or m xtures of two or

nore of the aboxfecamp@s&auwf%ﬁmay @JPéhOES\AbC' e tagbutanok 8ibaYlaccor ding to the
structure aBayg; H\eﬁﬁle ng@@aﬁél ﬁ@edlmﬁmblkﬁﬁeqtaﬁd? fﬁ\%ﬁwggﬂgfﬂgw jmpr of this

i nvention. I'n ce ain I meht’ erred a uents are
secondaf@ amdethyR:"ychhaeMnair& mﬂthymdiexamiw Nginethyl-Secxtandl, deshitiso- The nore

> butanol , - FNEApraBancaRbI 2 Heplanef 2ty Sang 2 a7

3-net hyl - 3- ﬁ@rﬁﬁn%ng-metﬁy@tdécbn& Bmtmthexﬁnd Fmemiyh3heptangica-anol . Presently,
the most preferred diluents are hexanol, heptanol, octanol, 30 nonanol,

decanol , t eMethyb#-eptanedohaiethys-3rastangl, 43n$iby1t4a¢céano|.u3s@9ihmlrfano| t anyl
gl (7:02|O|met ﬁ;ﬁé{ _ngg,?;rﬁ%tﬁyMW blhwﬁ‘%tﬁil%mdaém g?ﬂlr% ﬂﬁal& ace am e di et hyl
propi ona&i da; heblanell; 4—ysthyl~4)-yleptahold4-rmwl-é-hdptanod14jrsepropyl_e¢-beﬁtanokdd| tional
e s ek Rl P h SR BE o 720, 442
:Ng\slﬁgél gﬂt t E?ﬁy{é%ﬂé@hagb%?@ﬁﬁixy%é%ﬂ bﬂéné)m%fiﬁ(yﬂtgmémvm tions and readily
cyclopentanol, 2-phenyl-2-propanol, 2-methoxy-2-methyl-2-propanol 2,3,4-
trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-phenyi-2-butanol, 2-methyl-1-
20  phenyl-2-propanol and 3-ethyi-3-pentanol, and the like.
A single alcohol or mixtures of two or more of the above-listed alcohols or
two or more alcohols according to the structure above can be used as the
diluent to make the polymer of this invention.
In certain embodiments, the preferred alcohol diluents are secondary and
25 tertiary alcohols having at least 4 carbons. The more preferred alcohol
diluents include tert-butanol, tert-amy! alcohol, 2-butanol, 2-methyl-2-pentanol,
2,3-dimethyl-2-butanol, 3-methyl-3-pentanc!, 3-ethyl-3-pentanol, 3,7-dimethyl-
3-octanol.
Presently, the most preferred diluents are hexanol, heptanol, octanol,
30 nonanol, decanol, tert-butyl alcohol, 3-methyi-3-pentanol, isopropanol, t amyl
alcohol, ethyl lactate, methyl lactate, i-propyt lactate, 3,7-dimethyl-3-octanol,
dimethyl formamide, dimethyl acetamide, dimethyl propionamide, N methyl

pyrrolidinone and mixtures thereof. Additional diluents useful for this invention
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5 short period of tine. Suitable water soluble diluents include 1-ethoxy-2-
propanol , 1-nethyl-2-propanol, t-anyl alcohol, tripropylene glycol nethyl
et her, isopropanol, 1-methyl-2-pyrrolidone, N, N-dinethylpropionamn de, ethyl

lactate, di prediscloeed iﬂllJ&FétemEﬂ,m{i,MS; vaich iginsérporated Hezeiedly and the |ike. The
use of a water soluble diluent allows the post nolding process to be 10

conduct ed us’ﬁﬁ%eﬂﬁ&ter only or aqueous sol utions which conprise water as a

substanti al comRaMemldARR of HHERT el 1R BM Riyefblsisl 1o generally

| ess than about e reactron mxture an erably | ess
t han about 44 provessitg €onditidnsrand readihf wastizdyoubef the éansabituwatdrin and about 30

wei ght % _15 based ,upon. the_total wei of the .c onpents of the reaction
m xture.0 hé grred °fr?W-ﬁ@@h@dﬁ?ﬁSg’g‘thg’dmuﬁ‘@r\%‘ﬁ@o{;ﬁ@‘ﬂ@ﬁ_'s such as rel ease
agents. Sui Fp?@;kaﬁof,Q_Lrﬁélﬁﬁ-zaﬂﬁﬂér%l,qfﬁgg’g&glgo ﬁﬂb,@gg@n@@gc@ln{bthw | ens debl ocki ng

|
The pol ymeri'zation initiators includ mpoun such as lauryl peroxide,
benzoyl per @theteisopropanoh dythetbyk2-pyrraidena: N,M«imetbylpwpiongmisde; ethyll e, 20 and

and phot oi nilataonpepuEas B R Bnpr MRS aRE e et o =

al koxyoxybenseidha water bRplRaiesBlioRsthe HURPMBIAINgprocdss &sbe and a tertiary
am ne plus a diketone, m xtures thereof and the like. Illustrative exanples

of phot1c9 ni@ﬂﬁ@@?@“ﬁi’&wi{tﬁh?’d)/QRWP%F%@K‘}H”SMWOWFBH@W asa
2- hydr oxy- 2-&&&@{{?‘ ko,gé?rggh;nyl - propan-1 -one,

bi s( 2, 6-di met hoxybenzo ,4-4-trimethyl pentyl phosphi ne oxi de (DVBAPO),
bi s(2, 4, 6-tri net hhyoriecambmdinent pthe ayiophtad miuend sxgeherdlly lepathancaab®ib) , 2

4,6-trimethylb 1 di | . phosphi ide, .2 4 6-trinethylb |
G phenyl phos MR PHBS reastiof TR Cra el preeebl s an b8 nuc on- o
canphor qui napggdariimore plefédbly batveétintaboly1 GaRdSbdueBa Kalght %Comrer ci al |y

avai l able visible Iiﬂht initiator systens include |Irgacure 819, |rgacure
1700, | rPachased gpen the tajalovgight pthe comapnents ghtheireactiopBiXteiet y Cheni cal s) and

ot b 1 o o . T Plhei 5B8 Sbé R corfRPRRE Sl bhegs 0o,
Chemi cal s) . afeetsi iSuitabdé celedase agerts arewafee soleble andaid iR densideblocking n ef f ecti ve
amounts to initigpe, B0oLRA0Y TRlaGEncReS tonpsundd 36t Saury
peroxide, benzoyl peroxide, isopropy! 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-methyi-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-trimethylbenzyldipheny!
phosphine oxide, 2,4,6-trimethylbenzyoy! diphenyiphosphine 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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m xture, e.g., fromabout 0.1 to about 2 parts by weight per 100 parts of
reactive nononer. Polynerization of the reaction m xture can be initiated
usi ng the appropriate choice of heat or visible or ultraviolet light or

ot her 5 neansxtarefseffectye @amouhie tpnitiatephotegolymmerizatidri ofttioe rezstah fAl t er nat : vely,
initiation can be conducted w thout a photoinitiat usj ng, for exanple,
e-beam  HofXiute, egndromyabaub 0 ditp abou 2Aparts by yeight p?hﬁdop?%'*ségred initiator is

a_combi nati e, lans'ﬁ/lg{ W@L@Wéflthé’ﬁ%w&n Hﬁ&ftﬁé‘%aﬁ‘ﬂ initiated

bi s(2, 6-di rre oxy enzoy - trinmethyl penty hosphi ne oxi de (DVBAPO)
and the prefusing e appropridteréhold@ g beatros visibie ordﬂtrawoletl light @rother vi sible |ight.

The nost preferr I.met hyl benzqy hi neoxi de

(1T gacur & 5 75N Sresnsink &1 e gl matieAdR g oSrER ARV AIBH component s
(oxygen pe%ﬁﬁ?ﬁ@b@nﬂﬁ[ﬁd@ﬁ%ﬁﬁa graonﬁma@absuh%lf¢r@xampwm&ﬂt8) is from about
5to 99 weight percent, nore preferabl out 15 to 90 wei ght percent, and

most 15 pr eHoWawery wheo aphoiginitig Lfouﬁedsmemfgmd ipitiatas i a combiBetiaipon t he t ot al
wei ght of f r atibilizing
component s Lt MgBEIERpETRRRFsine ar i il hBRMEnPbUERRR= L 0 ' 10"
about 80, amdnemﬂpent;drpabqrmtd oxide(DMBARDY, (ﬁcndblmjprefd}redenqmd gbrcent A )
referre range of hil i no I S ut .5,to,. about 80 wei ght
Bercent PB'%‘G“@@%@P'E%PQ '%‘ﬂ%{’]g "Stﬁthedﬁwﬁttprg?@"ﬁg ii8(2fScent, and nost
preferably ahqathyiBéhzol-p ﬁ&%ﬁho@&\lmﬁxﬁl@ (Irgsturesio)of the reactive conponent s

in the reaction mxture referred range of high nol ecul ar wei ght
hydr ophi l i ¢ pol yFMprre@rr@dcbangepftaﬂ siligare cont@ining componeite (xygemor e pref erably

chout 5 Lo, SRiMagle b 658 SBknEl AR aRREN 2 10 chov I

wei ght perc romabout 5 to about 50
wei ght % pr®9weajtitpeifcemr,rmkmpmmiéblyabouaib@tdgt’ﬁ@e:gm Erteritpamddnostr e preferably

fromabot 15 .to, ab 5 [ %, ., Al: of the forego ran are based
upon t hé toPéﬂferﬁB'D’@%P bétawﬁ%%b&%% Pe@s%eﬁ%ﬁ%@omﬁ%b&q gofange of

diluent is ftﬁé)r%élh@%nﬁ)oh&t@bﬁ?BFefgr%d’ﬂhgé‘bf db?ﬁp%ﬁﬂlhzmg é&nﬁ@rféﬁtsﬁé eferably
about 0 to about 50 we|§z percent, and still nore gre erably about 0 to
ig

about 40 weidbeut Sperabeut htrﬁe@@ﬁb pesferably ﬁbﬂﬂ!@o tegsoutfilcard @psty bet ween
o o oAy aut Qo RS0l e, WeRRELRR i g o 21
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 O to about 70 weight percent,
30 more preferably about 0 to about 50 weight percent, and still more preferably
about 0 to about 40 weight percent and in some embodiments, most
preferably between about 10 and about 30 weight percent based upon the
weight of all components in the total reaction mixture. The amount of diluent
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25 required varies depending on the nature and rel ative ambunts of the
reactive conponents. The invention further conprises, consists and consists
essentially of a silicone hydrogel, bionedical device, ophthal m c device
and cont act ré(%iré@%mafs de5eﬁdi§ b tHeLHahire @ne relétveraniointsiof th figactigponent s CC
HWWHP ASCM SCM HM 5-90 1-15, 3-15 or 5-12 0 0 O 10-80 1-15, 3-15 or 5-12 O
0 0 15-55 €omMBonentsis or 5-12 0 0 0 5-90 1-15, 3-15 or 5-12 5-50 10-80

1-15, 3-15 or 5- 10 - s -1 = = : -15, 3-15 or
5 15 0-80 5 60 LR fHAE ciesRs, coneisoahd Bonal adentaniita” o o0 1, 2!
3-15 or 5. 13ilieorRhydiogel) bbmizdichldédze, OpMbaimis @¥iceranti@ontact &0ses®f 15- 45 50
15-55 1-15, 3-f15 r. S- 1% 0-80, 5-60 5-50;10-50; 0-70, 5-60 or 10- or 10-40
15- 45 50 CC"?%%’BH%%“FE oW, PeIBWc onponent HMAHP i s hi gh ol ecul ar wei ght
hydrophilic polymer ASCMis additional siloxane containing nonomer 10 HMis

hydr ophi | i ¢g—TroTTOTTET—SCMTS & ST g Bh& i g macromer 1hus, | he p(rjesent
I nvent i on imciudesshiihgoehydh | rcat—deggce—ophtthal m ¢ devi ce
and cont act CC“DSCHMWH ”LC"?,EI‘ ?‘gm& 15 OTU.“""‘%‘ WHLS% eg +A—t he tabl e,
whi ch descridEts 7“1'1 X l -t nges- pach of the ranges |isted
above is prdBH0ad] Ayl 35 @RpI2 ; " 10y range conhj nations are
present ed WilbthSt he 19603i186r 8132t |Ohe |isted conpondMts, and any ladditi onal
conponent s |&eB0 up | 151805webdRt % I n a pridi-B0red enbodi ment, the reactive
conponent s |dO«g0r i $&-18p816 or 5-12 10-50
15-55 1-15, 3-15or 5-12 15-45
5-90 1-15, 3-150r 5-12 | 0-80, 5-60 | 5-50;10-50; | 0-70, 5-60 or 10-
] or 10-40 15-45 50
10-80 1-15, 3-150r 5-12 | 0-80,5-60 | 5-50;10-50; | 0-70, 5-60 or 10-
or 1040 15-45 50
15-65 1-15, 3-150r 5-12 | 0-80, 5-60 | 5-50;10-50; | 0-70, 5-60 or 10-
or 10-40 1545 50

CC is compatibilizing component
HMWHP is high molecular weight hydrophilic polymer
ASCM is additional siloxane containing monomer
10 HM s hydrophilic monomer
SCM is a siloxane containing macromer
Thus, the present invention includes silicone hydrogel,
biomedical device, ophthalmic device and contact lenses having each of the
15 composition listed in the table, which describes 261 possible compositional
ranges. Each of the ranges listed above is prefaced by the word “about”. The
foregoing range combinations are presented with the proviso that the listed
components, and any additional components add up to 100 weight%.
In a preferred embodiment, the reactive components comprise about
20 28 wt.% SiGMA,; about 31 wt.% 800-1000 MW monomethacryloxypropyl
terminated mono-n-butyl terminated polydimethylisiloxane, “mPDMS", about
24 wt.% N,N-dimethylacrylamide, “DMA”", about 6 wt.% 2-hydroxyethyl
methacryate, “HEMA”, about 1.5 wt% tetraethyleneglycoldimethacrylate,
“TEGDMA”", about 7 wt.% polyvinyipyrrolidone, "K-90 PVP"; with the balance
25 comprising minor amounts of additives and photoinitiators. The polymerization
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20 28 wt. % Si GVA; about 31 wt. % 800-1000 MW nononet hacryl oxypr opyl

term nated nono-n-butyl term nated pol ydi net hyl sil oxane, "nPDMS", about 24
wt. % N, N-di net hyl acryl am de, "DVA", about 6 wt.% 2-hydroxyet hyl

met hacr yat ejs r’r‘nbﬁMﬁéferablymohddctéd intthé presermetdi pbeutX3y peight Feofither yl at e,

compr i i hg AYRBRed snATERAdAPR Eod) 34 umRiy G Araraliert T ' 77 oS

pol ynmerization 26 de‘éoﬁ@ﬁr‘efe?fe@fe%b%i’n')én@ﬂié%ﬁétﬁé cbﬁnpbﬁ@\t@é@ﬁﬁ%e of about 23%
(wei ght % of the conbi ned nononers and dil uent bl end

3, 7- di met hy Bbaut3€tvd o SiGMA ehout 23 wt.% rBBBM&SdaWéﬁérwt MAbaizQUh@ﬁt t he

hout 515 BB ' isat pryeBson by, £OOiRIth S ooy ate
"EGDVA", abeyP; Bndvbbdat K-590%PNBM A with tHechalante TowpPisihirvinor wiridintshe bal ance

conpri 5| ng mnor anmounts of additives and photoinjti at ors. The
pol yner i zat Pbadditivesgad pbqateménatm yrhe @Blrﬁlﬂl?&?@tﬂ’"l'ﬁnloﬁborﬁle@é@hce of

tert-am- akgAlialedit 1 SibdolRRlor GEH 31802 ushitoliBhiohy sBsgicent of the

reaction m xture uent ma SO conprise wei ght % | ow
nol ecul ar \Négg\rmgmvacehteﬁmetrmctloabmnmes mllaemt may @$cecarbprisel ess t han about

3,000 M i,rd.preferred odi. reagt i nents corrprlse
about 1110188%?“& @B%EW(TR'EC@ s Evp éf“ ataoub 500080 24 we . 9% HEMA:
about 3wt % Midherablyfayls thaibolit 3200 M,
met hacryl oxypro% tris(trimethylsiloxy égl | ane and about 32wt . % nono-

I

net hacr yl oxypr ophpla thisd ﬁietfﬁiteécﬁmﬁﬂﬁitﬁﬂ%utt reagliva GRAMRANEPIS ICOTPHER hy| si | oxane
functionali t f yl isocyanate);
bout 18- 30 5gubf BN o SRRSREREL ool BECONS JEUAK, | 5 T about
13- 15 w . % HEMA,; abbotBwtZ [AMAL a%dﬂﬁm%and about 5-7 wt.% K 20 90 PVP; wth

t he baI ri.sing m n nt s additiv Ny hotoi nitiators. The
pol ymarlg |"!ﬁih '%8&"’%@?‘ g\?’té'l% %’bd?tﬁ)uﬁ%\% }ir”%‘g‘é’hce of 25-30%

(wei ght , % @ietﬁét@mﬁtvppadrm@moﬁo@um fhinged d@lqucathy@osdadwent conpri sing
3, 7-di rrethyl 3-octanol. In a fourth preferred enbodi nent, the reactive

conponent s~ &ueienalized with Bt Hed-soampeny-isatdimethybenzybisoryanatedicr omer ( f or med
from per {1 uQLEG' 1340 wt.% mPDMS, about 2-10 wt% acPDMS, about 27-33 wt.%
DMA, about 13-15 wt.% TRIS, about 2-5 wt.% HEMA, and about 5-7 wt.% K-
20 90 PVP; with the balance comprising minor amounts of additives and
photoinitiators. The polymerization is most preferably conducted in the
presence of 25-30% (weight % of the combined monomers and diluent blend)
a diluent comprising 3,7-dimethyl-3-octanol.
In a fourth preferred embodiment, the reactive components comprise
25 between about 15 to about 40 wt.% macromer (formed from perfluoroether
having a mean molecular weight of about 1030 g/mol and a, w-hydroxypropyl-
terminated polydimethylisiloxane having a mean molecular weight of about
2000 g/mol, isophorone diisocyanate and isocyanatoethyl methacrylate);
about 40 to about 52% SiGMA, about 0 to about 5 wt% 3-
30 tris(trimethylsiloxy)silylpropyl methacrylate, “TRIS”, about 22 to about 32 wt.%
DMA, about 3 about 8 wt% K-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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havi ng a nean nol ecul ar wei ght of about 1030 gl nol and a, w hydroxypropyl -
term nat ed pol ydi net hyl si |l oxane havi ng a nean nol ecul ar wei ght of about
2000 g/ nol, isophorone diisocyanate and i socyanatoet hyl nethacryl ate);

about 40 to tadMedn st 20 GMPabcieand, (Welght Wasitie SonbiffedmdRomers and
tri s(trl met h I silo n&)m | yl propyl nmethacrylate, "TRI'S', about 22 to about 32

w. % DvA  alvert biendhliuen, which magomsvmemqboﬁm@nb%wr&fmb ¥B%pri si ng ni nor
anount s of ﬁ)&% tiators. The pol ynerization is nost
preferably ?éﬁé l?é;{ﬁ@d I'n t)ﬁg%?degfence of about 15 to about 40, and preferably
27 between about 20 and about 40% (wei ght % of the conbi ned nononers and

di | uent b% g'g) dil uent, which may, in sone enobodi nents preferably be

et hanol , CIQLeRINGy | - 3- octanol . 5 Processing The bi onedi cal devices of the
i nvention are preRabRhddicaldelided o?fh‘ém\mnﬂ&\ gfel prepdrad byvRiighy theydr ophi li c

pol ynmer, the conpatibilizing conponent, plus one or nore of the follow ng:

tgg oxygen pughmalsichiar weighthydephtjc pelymes s eompatibilispa copppnent, nonorers, t he
t 0 t t
Mth a pol yITole HTneRTRHETRIohg, DR bafnebibEihantnd SO0 TNy o For

a product t haimpoasnththesybophilie mohymérs; Mddltmw(“nehetmmmrmn'eras&, shape by

| at hing,,cutting and the |ike. Alterna |ve)y afctlon m xture may be
pl aced i i a 34t ge QW!F“&J‘U%%{[?@NP'F‘&"’%W‘@E 3 Aoy (S"Qrﬁét'orbfﬁfﬁ FANIRUENG t i cl e, 15
vari ous pro fiafe conaiBnd farfor%‘é gﬂﬂjut:hﬁatr @RADe! &Bséq]%hﬂv forhéd t he
production o ntact [enses, inclu spi ncastin Static casting.

Spi ncast i ng lmtth@appraprmteishauedyéaihmg, wt®g grgltthe likes . Altkmmlsehﬂzae and

4113, 224 anbestonarBrs o b Pafe B BoBeh A BBRY Al RIEoni act 1 enses

20 conpri si r@ptrdsmam)émc]er of this invention is by the direct nolding of the
silicone hydrogpls which is econgﬁgcal and enabl es precise control over

the final® shal@riQys RreRESERAATE kBN for suringthe reactionmiiyg inthee reaction mixture
is placed i nproaudﬁeh of &bmcmnsé@ m%ﬂl%ﬁf@ ébfncbaﬁugfana%kan%asﬁr@d silicone

hydrogel, i.e., water- pol ymér, and the reaction”m xture is
subj ect ed t oSpincasting mmodmenegbgclosed in U’S. Pat. Nos 3,408,429 and

3,660,545, and static casting methods are disciosed in U.S. Pat. Nos.
4,113,224 and 4,197,266. The preferred method for producing contact lenses

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 soivent io remove the diluent and ultimately replace it with
water, producing a silicone hydrogel havmg 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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25 the nononers polynerize, to thereby produce a polyner/diluent mxture in
the shape of the final desired product. Then, this polyner/diluent m xture
is treated with a solvent to renove the diluent and ultinmately replace it
with water, cgimgducing a silicone hydrogel having a final size and shape
which are quite simlar to the size and shape of the original nol ded

pol yrmer/ di | uent 6o appthetieaturerpf the prasapldneationis arreeessfor @MRdcont act | enses

and 1S LU ABEond BRI lidls o pRAlge MinseliiRL i1 hs1n330: 4. 889, 664

and 5,039, 4 or ate ere erence Yet anot her
feature of tfaumdphatsengel timedorta silicons h&drpgeimaysbéuseddmsbhgtcsjréi cone hydrogel
f or mul at %ons to prme enhanced found that the

gel ti medf ocoRAIgns WERProNids Bgf@ﬁa ﬁ@alg‘gz‘egevthe é@‘?é&?mf@a% 5 condi tions
whi ch provi @6mact\1ﬁ{st %h@epﬁmé hsathmuﬁ;ecé@%esa mlnmcddiymwemakcont act |ens.

The gel time i1s whi ch a crosslinked pol yner network is formed,
resul ting i s fotreed, resotting inthefvischsitymd thegyring eractionmixture @ppraaphin@achi ng

il o spect DR B Mo Ibhte RSP AR aRRe b oAl 2 Bnai 1 ons. and

10 ther ef or gpédifit degreessfdomeereion,iinddpendent ofreattivh dontitiond, ahbe reaction. It has
been found that, for a given reaction m xture, the gel tine nay be used to

determ A8 ciheselewrraniedised ap b indicalsof t’@éﬁ@&i@'ﬁ‘e’%ﬁ%ﬂﬁ hasiBeenThus, in a
process of tf&ﬁ\d%é?sfspé BRIt mi d&ln@ tﬁ@@éﬁi‘n@m%ﬁé%é‘dfs cured at or above

a gel tine t provi e5| mproved wetta nore preferably
sufficient ﬁEtemaheabneloonghtubmwhlblnalmmnaswameWetta!mlﬁyt6hhmumaed wi t hout a

hyd hi | f bl
O obed neraps fioe presStnyBEhod a5 NeAE xl s Rdior sbq d. o hmn e ot

| east 10% ceepiiefat sroviley imprédddaretiability, m&egﬁf@%@%ﬂf@renw ght pol yner.
Longer gé tines are preferred as they provi roved wettability and
p

i ncreas wektability foy thepresyiting devige tp. be@éf—‘d witheL anYF’TOPMEF $oathg ofli f f er ent
silicone hy@ﬁﬁ%'trefaﬁﬁéﬂf:(%ﬁlﬂﬂﬁ qe(PﬂFn%" @it ably(?@f d%&%eﬂ&% ﬂgﬁeﬁ gel t' e.

For - exanpl e the concentration crosslin

i ncreasi ng decreasd inladvarcimgaiynamict dontast angle efzat msgw%tcpmpared to
formulation with no high molecular weight polymer. Longer gel times are
preferred as they provide improved wettability and increased processing

20 flexibility.

Gel times will vary for different silicone hydrogel formulations. Cure
conditions also effect gef 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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Increasing the intensity of the radiation (for photopol ynerization) or 25
tenperature (for thermal polynerization), the efficiency of initiation
(either by selecting a nore efficient initiator or irradiation source, or
an initiat oran\/ddivaMnlngannﬁscmcé angle ofigbythan abhat MAndqirefdrablyrlesti at i on r ange)
wll also decre tinme. Te tur an nt type and concentration
al so effect ! ati Frgo QF @ Goaast l?ﬁgg'ﬁ@ﬁ 3&9%%@@“2’(93&%%”‘? #%he art. 30
The m ni numy e’?ﬁ] @[t NeRudYhoselof skill fAh&aqiwiien formul ation,
varyi ng one %?'lt%d ove é)@%?grgs egﬂr;ld |ﬁlr“es‘gsuorc'gleng t' he ge? time and contact
angl es. The appracnatmthgenmrnmma gebpainteasiefined béreinenahbecarange, takivgl ting lens is
general Iy wettable., Bel ow the m ni num gel . the |l ens is generally not
wet t abl e% Fdpto oRgIgratgn qt%q%calﬁéggmqt% Vﬁ%ﬂ"ﬁil is a | ens which displays

29 an advanci ng dynarlh%eﬁéiﬁ‘bﬁfbbdlﬁiéﬁis%sﬁfg \Jleﬁf&é ngﬂnaﬂfacﬁémntmlﬁ.ﬂmuarnd preferably
| ess than about 600 or a contact |ens which Bl ays a tear filmbreak up

time equal Qebtimes efeatieast abouh 36, Preferaplymregter @ﬁ@ abquti38, antmee of skill in the
art wll ap ré?&la%h:q %zﬂglttpg?\ Qbéqmp%g%on%g'h%e Béerﬁjﬁhh@f‘tﬁ%ehere' n my be a range,

taking 5 | ron I cal “experi men variability. In
certai n enbedvamtagepussi ng visible |ight i rrad| ation mninmm gel times of at

| east abqut 30, preferab reater than abouyt 35 n, re referably
greater Phan abo ”’lﬂfngié%ﬁ&é‘ﬁ!?@é‘sﬁ‘@ a? %(3&3"' 5%%‘99 9Eous. 10 Curi ng
may be condugh@gickidcidn beadns, Xra, ?UV‘& Mblé%ht“kceléaﬁﬁn@égn@fb for exanpl e

el ectron beans, Xrays, UV or visib ight, ie. electromagnetic radiation

or particl e radiatierdrparticiesadigtion b@wmmwgvehength inrtbe rangg of ffemabewt about 150 to

navi ng o waep S5 BEMTBRO R, FROLE AR F5Boes bBELY e Bkl P LT, (71

sources | nclhadiagld\deetmgth dflabomtﬁowabdmme nm. rBuitable sadtationl anps, nercury

vapor and su nbodl nts wher absor bi ng conpound is
el Lded? n spes R S mps rescen s, prcandesbert tesgos MRy

phot ochr om ghp &Héﬂn?ﬂ and sﬁﬁl ¥/Clni tholimefeawhe@id 19V abS@bing/¥omp 66#1'! ation (such
as by visible l eat In a preferred enbodi nent the radi ati on source

is 20 sel ect'%@cmg@ﬂnnmfe(a&MUmlws (for example, £3@ WYiplockB (about 280- about
315) photochromic) curing is conducting by means other than UV irradiation (such

as by visible light or heat). In a preferred embodiment the radiation source is

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

25  herein the term “low intensity” means those between about 0.1 mW/cm? to
about 6 mW/cm? and preferably between about 1 mW/cm? and 3 mW/cm?.
The cure time is long, 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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or visible light (about 400 -about 450 nm). In another preferred enbodi nent,
the reaction m xture includes a UV absorbing conpound, is cured using
visible light. In many enbodinents it will be useful to cure the reaction

m xture at | ow iIniliatmicblycmtrammm/eﬁ&ctaegai&mr ddcordinglyuimsgaie ti ne. As used 25

herein the term lntensit mean hose ut .01 mMNVcn to
about 6 MNGWOQ'HIF"X)%% ﬁp&%é%aé\‘ﬁgaf)w ”?%@rﬂ! pgﬁt ngidldly cne. The cure
tinme is |On@en&SW{%Hr}és%hGpFé?éYBbl?@%% ollegsnute and preferably between
about 1 and about® 60 m nutes and Il nore E@ef erably between about 1 and

about 30 ninut esThmtempgraiweatwwcthemcﬁqn raifuge ISSURHISAIBP t o 30 provide the
desired g n'uﬂ@cg'lag?lAg h'{éqém @I%td?é ga%;%blsa g%r:@eqf’%'e%%?e p‘f‘ihgh di spl ay good

wettability it oncen | on Accordi ngly,
in some emnipexiitimgpotymer decrepsest élenmératarebeﬁectivetaaltedueé fazeoncladeount s of

hot tiat |1 f % I Th
SR o RN O TR LN
the tenperatpg Jog, “?.ée‘ﬁ&ﬁga‘r?utd"‘ﬁ’féﬁ FIRBIsSRe ctoFHr?J %}uce fie Gbgsecr esul ting

pol yner decreases. res e ectlve to aze I ncl ude

t enper at ur eghas, Mamhcuﬂeeemﬁmt&émntlb@ these! hteateg thamrabous28+€rr eased by at
| east about 20% as conpared to a |l ens of the sane conposition nade at 25C

Thus, su% alpreferablydhasehsbvean about 2376 ande’ Of G @sd W%amrablmawsabout 25C, 10

between aboleRireR SBRlt SBe TR D < TufBieclE el tuohaBhE Ul ons” (tenperature,
intensity ag\@nfpbféh)reV\ﬂn{énsWﬁn d)MaNdéfend LRBR Bieatdhspopbnts @Pfens Mat eri al

sel ected an reference to the teaching herein, are within the skill
of one of omaterial selerted pnd,withjefergncete thedeashinghereitare withip the conduct ed i n

15 one or 2 SEMBY bR bfdriafakid o316 Betchiies Ui fAPEE LhARRIARIAT D

sufficient t orm a rom reaction mxture. The
resul ting pohgoea nnmtlphnltyofwre\mmasen W|th the diluent and has the form of

'ﬁgrem\r/rgljdf (r:g\r/nl EK %Flﬁ’e cor(l)é: {( ons% e suﬁ' cnent to Srr%sa g&yr%erl) ne ?worwrroed they nust be

the reaction mixture. The resulting polymer network is swollen with the diluent
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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Unfortunately, the silicone conponents used in the |ens formulation render

the finished |enses "sticky" and difficult to release fromthe | ens nolds.
Lenses can be debl ocked (renmoved fromthe nold half or tool supporting the
| ens) 25 usifrog1ﬁnesm:bI&eﬁhitabiambleaslaaweigintgmweﬁmsedass thewakowdr, in one

enbodi nent o resent inv | ec o wei ght
hydrophilic ‘{9&‘\3’&%’&‘%3"5;8‘@&3@% &qneagega@ 0@?'&?&% ?F c#ec’g ti ongm xture
is formed infetdrewifl @ppretidte tﬂétthelf@e%&w Releandr Wei ht@@k@évdr gsat er or an
aqueous sol ution conprisin consi sting essentia consi sting of a

smal | armuntandfthal;wnnac,ams:rmnfg of rhateda) hawng amcé%qwamqmt Qﬁherhtyam B8ni 1 i c pol yner

b I I
wet gt pol yrdteX TEhrBg Y 58 sufisicsSeitbrt Ang Blerdlp muPy eRRL SR OFC T,
\é\elb ?htkhydr omtm(ijri t:'nespedlf%emangaa(thféra?Ithhe Id)\/eamlml Iafwerghtpm)t/rtrm]erns :Jgders Cab
ebl ocking copdjtions to a n lens rele romthe no ui t abl e
mol ecul ar gwe? &‘ﬁeé’ f"OHbY"ﬁtGésQﬁ'l‘H%@O yaides aﬁa%aug p°|19$‘@5|869 #¥F¥®ns and
preferably | Sm&tﬂﬁ-;@ tﬁéreeﬁan%%&@fbraaﬂabgm-vTWm%on%kbbuyethylené he art will

appreciate that the foregoing nolecul a ht's are averages and that sone
anount of nmls@plsapolhathQZQXMIleeu(avaﬂablefrghtPlymgKBlemlﬁwn the 5 given

averages ui t n e a lar weight is wthin
t he spe éranorvgﬁ ?ﬁcgpé%bp@yﬁﬁ®gfﬁ% %qlg’gﬁﬂeP%?%% pol ymer is

sel ected frcpuyoapreracam pbiy@amabmane (olycaproRtBne dmlcbominymd:ohbene gl ycol s,

and m xtures thereof and nore referablq)( pol y-vi nyp‘F rroI I done, pol yet hyI ene

gl ycol s, polRelyhemarpalyasryic asid) poly(1aixraral msthacryiaien hybReni stry 10
pol yoapr ol sy aziREL poeB iy R HBRYRehjcriEieh Hof2-PRUBTENABEEE ) ol conol
pol thma pcanyiacry!amlde@olymetrmrwqmjdgﬁmmemkerrethacryl ate), pol y(g-ethyl- -
Mo de) T2 " pory bl ARSI S R BPGHL pBer e b bsed R Al r Y o,

rml ecul ar Tpgbhbwcilocvnf% bhd pm&rmwn araduritebetween Aot Bint iabouttldd t o about 20
.% and pre erabI% I n_amounts between about 5 and about 20 w % of the
reactlve co e thesreacliyecampoOnentss act ant s i ncl ude non-ioni c surfactants

i ncl udi ng bet ai nsg.tabué‘éudaetaﬁts'.ﬁaﬁde RSHABHIB 3hiaitantd IPRfuBG baRfhdshe i ke .
Exanpl es of suita

amine oxides, combinations thereof and the like . Examples of suitable
20 surfactants include TWEEN® (ICl), DOE 120 (Amerchol/Union Carbide and

the like. The surfactants may be used in amounts up to about 10,000 ppm,

preferably between about 25 ppm and about 1500 ppm and more preferably
between about 100 and about 1200 ppm.
Suitable release agents are low molecutar 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-hydrexyethyl)-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 isopropy! alcohol, DPMA,
TPM, DPM, methanol, ethanol, propanol and mixtures thereof being suitable
examples.
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20 surfactants include TWEEN(r) (1Cl), DOE 120 (Amerchol/Uni on Carbi de and
the like. The surfactants nay be used in anmounts up to about 10,000 ppm
preferably between about 25 ppm and about 1500 ppm and nore preferably

bet ween about 100Suitablealeblotking @MmpematureStangalftom akdutambieatioraboutar e | ow

mol ecul ar weight, and include 1 2 hyl -4-pi peridone

3- nor phol | nojg&ﬁz Bfegeﬂé?hé glyieen @QQ&;ZH&EP%@ Eéﬁgﬁlﬁﬁ" epIempPeAtyes, o1 £ or nal |

et hyl - 4- oxo- LroRide digl € agitationdi Rt -spnitatorPmalet r ahydro-2(1
H) - pyri m di ngwgidgﬁcﬁu%k?gd%c??@éygﬁﬁyﬁ? 2- Byr roldlgygnemLer_lsés ?rade from

reacti on mni xaleo de used toadecrdasevdellbeking timesneDipet meansknopniin the gsbl yner nay be
debl ocked.i n_an aqueous sol ution coppri Si at 0 .l ea Qne organic
solvent . ui s0t & VAEGUR n g5 keSS BF s Brtefius 8 e ToFLBRbl 6 i h water.
Al cohol s, ethpigs. and the like are suitable, nore specifically primry

al cohol s and nore specifically isopropyl alcohol, DPMA, TPM DPM nethanol,
et hanol , propanol and m xtures thereof being suitable exanples. 32 Suitable

debl ocking t L from about anbient to about 100C, preferably
bet ween abou%@%ﬁhhi gher tenperatures providing quicker

debl ocki ng ti nes.Typigalyafteo ouringuthéd reastidnymixture the resoltingpylymer so be used to
decrease, gdebl ocki,ng ti nes., O her a K i,h the art, 5 such as vacuum
nozzl es flr&y h?%‘ﬁd l’ﬁ@h gSetyeptdo f%ﬂ%‘ﬂ?«gﬁ? H@qngﬁf\sﬂ@&dfﬁamaﬁﬁé CbWBPE@?s'Di | uent

replace ent/ Bylbdidts? Bnd Hel ke lahd h?cfrbt@rthé"bél}u'ﬁ@r folterni #RGYH@gelr Xt ure, the
resul ting pol t{rrer s 10 treated WMth a solvent to remdbve the diluent (if

used), unreadlterpativelpderanding onthgsalehilly sharaetaristies of hr Bydriegelisydr at e t he
pol ymer to f%rﬁb%r{bﬁshhé@%@gg@ggpﬂgﬁé@%@ HEL brgﬂlﬁﬁgﬂgihr}gcl‘??s? he solubility

characteristrcs nents, solvent initially used
can be an or gthand, methanal, isepropams|, TEM) &M, PEGS, PRGS! glycesolpmighares| , TPM DPM

or gani ¢ 15 ufhelsdl & il of oFg o Baksuchipraris lebidRbnitae PRt or (or -
physi ol ogi caby gRtrdchién with| B@e%%ﬁ%bﬁpﬂg&i@%b@aﬂ?gne)a|T$1@ oRfanitSIRflicBRa@ " pre- soak”.

After denol ding, |enses may riefly soa _
also be used as a “pre-soak”. After demolding, lenses may be briefly soaked

(times up to about 30 minutes, preferably between about 5 and about 30
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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(times up to about 30 m nutes, preferably between about 5 and about 30
mnutes) in the organic liquid or a mxture of organic liquid and water.
After 20 the pre-soak, the Il ens nay be further hydrated using aqueous

extraction attisdughiittraay also b6 pessitiid tiddebiotk she lehsesintefthe sarde solotiss uses an
extraction  solvent that is preﬂgm’ nat el y ter, refer%%%,hgreater t han 90%

wat er, ror ein Whigh tiex3re Packaged  hentigatment Bs with this ext ents may

i ncl udes sa ' | [ ntiac acid, DPM
TP et hanoOiner T o BuERA ol Befbb ol 6in 80N H0TSeBRdN I8 RO o the ol ds
into this days, aeférablydetwaentaboutfi anshatduy 3iminutes. i Thei sejeated a cont i nuous fl ow

of the extraction ol vent over the | enses.,This .proc be conducted at
t enper at regy‘%rf”g‘?ﬂ Soj”tl"& r&a!l@,ﬁﬁlgpglfcgmp@§mﬁ%mn95nt?8?§§cﬁ@e%$ﬂgi process can be
conduct ed aks 30rAtAHS bAdloeRA5 615, SDRdbIé SuHadtants inbIBde ingiuae nbenper atures in
excess of 100C, but is nore typically conducted at ambient pressures. It is

possi bl e t oianagusiertantshsughaashetaings andareine exides. opPeCilt§SUBREAME e cont ai ni ng
sone rel eas ' : e [ npl e the
final packi ﬁ’éﬁg% u |%’F‘l)SF)r@%"éﬁ'?ﬂéﬁgﬁm%@ﬁ%mé)g@@ggg%gfr%e 0 debl ock the
| enses i nt o CartsdespPiarenidsymiethyl cellulosd) intiktutesdiyereofeandathé ke dnd ag t r eat ment  of

| enses wi.th thi xXtraction. sol ven b onduct e r a period of from
about S\glosegﬁﬁege‘f'ﬁ a&mnﬁs%etwwgtgouﬁ)pgﬁé\feégg\t"% aﬁ&ﬁ%@%&%@ﬁﬁﬁd O3nd about 30
m nut es.  Theotgeyeight f hydrBtW sdfutieRuséd ut i on may addi tional conprise smal |
anmounts of additives such as surfactants and/or rel ease aids. Suitable

sur f act ant s i ncl ln@aeiemfiodiment the-lensesimayherHydeatechusing 8 (gtep dewmet ai nes and

am ne oxi de Vi 1 ' : | le from

Amer ohol ) - ESEGBp g HOLAR iebRoe) Attty BRp TGRS © i T

cel | ul ose, Buitdble steptdoangrdcesses Have at lekst twodatiieast hbedanditdecei N anount s

bet ween about ,0.01 I,ght % and abouyt 5% based u total., wei ght of
hydratid SSWPF'H}?”E%I _as(?pub p%ﬁ&@Eﬁ Aepiceniage B&Hgéglvﬁ% Sbe hydrated using
a "step dowpepladeBiWihdvatéier e the solvent is replaced in steps over the

hydration process. Suitable step down processes have at | east two, at |east
three and | n sonkheislicons bydragels gfterthydeation of the polymesssprefiably a per cent age of

the sol vent ¢}3orise about 10 to about 60 weight percent water, more preferably about
20 to about 55 weight percent water, and most preferably about 25 to about
20 50 weight percent water of the total weight of the silicone hydrogel. Further
details on the methods of producing silicone hydrogel contact lenses are
disclosed in U.S. Patents 4,495,313, 4,680,336, 4,889,664; and 5,039,459,
which are hereby incorporated by reference.
The cured biomedical device of the present invention displays excellent
25 resistance to fouling in vivo, even without a coating. When the biomedical
device is an ophthalmic device, resistance to biofouling may be measured by
measuring the amount of surface deposits on the lens during the wear period,
often referred to as “lipid deposits”.
Lens surface deposits are measured as follows: Lenses were put on
30 human eyes and evaluated after 30 minutes and one week of wear using a slit
lamp. During the evaluation the patient is asked to blink several times and the
lenses are manually “pushed” in order to differentiate between deposits and
back surface trapped debris. Front and back surface deposits are graded as
being discrete (i.e. jelly bumps) or filmy. Front surface deposits give a bright
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replaced with water. The silicone hydrogels after hydration of the polyners
preferably conprise about 10 to about 60 wei ght percent water, nore
preferably about 20 to about 55 wei ght percent water, and nost preferably
about 25 to rejlmtld)n wmleasamugmte gepositsdo et @epoﬁitstdnedﬂffeteatiatadzfrgm of the

silicone h details t he ne ) roduci ng, silicone
hydr ogel yﬂ’laﬁlg 'faéﬁi'é br@.dyepg,gﬂ?p 9{@‘@ iﬁ ITQQQ eRess 2!‘%!3 4, 680, 336;
4, 889, 664, idle r@é%\e‘*@a%k suwgée o8 dBBARN réM&iATSEP! PriecdbpR¥ity sreer ence. The

cured bi one evi ce of pr sent i nvention displays excellent 25
resi stance tgsadedunto five categories bagedupani thepatceatage af thadens\weace he bi onedi cal

device i & an .0 nmeasured b
measur i n? H@%ﬁﬁ%é@)‘f ngﬁg a%%o%gr{&'sﬁtl g@ﬁ%g&ﬁﬁb ?éﬁ}s{ 5d{}ri [@%’a[bﬁgt wear peri oé,
often refer rae/dtotaboams%) modedm) tns16% tocatus28% parei skvprs(gieaterr € measur ed as
follows: Lenses were Jut on man eyes and evaluated after 30 m nutes and
one week of thakaboys2i)- aﬁ%@ﬁtd'ffqrﬁ’i‘ﬁﬁ belbtﬁq“rfaef’ﬁtég%rﬁl'ﬁﬁ‘?’?séﬁ?r%e patient is

asked to bli imes and the |enses are manually "pushed"” in order
to differ entcpﬁggée@‘égnaigaerﬁ deposits and back surface trapped debris. Front
and back surfaceTlmhammﬁmalmlcadwmgs athbd peesentipventjonialso display(ow bazg,el | y bunps)
orfllrry1 Fron{j H éj@ sits give a bright 34 reflection while back
surface &epcggp wefigp a Whts are differentiated from back surface

trapped debris ddazdig naeabhﬂealby@lacamgnughensastreﬁnne heclegmegiabsven | | move
whil e the back surface trapped debris will remain still. The deposits are

graded i nt o &hlack bagkgrewnd, é@"mléﬂ foW'Q“hW'“péﬂE@rﬁ%@@”&ﬂ ataneangihs surface 5

whi ch ff 59 | d
(about  eos 135" hfa W3BE ens Bl iy choiliing 3 Il dr3R0hs fob@BREL, o0, ¢
(greater t h&maa.bdadcai’r&% The ﬂétﬂ(gﬁbuhﬂenmmdmma Ilgllitemegé wgories is

considered clinical ificant. The ht hal m ¢ deV| ces of the present
i nvent i J%’ alqé'ﬁmﬁ?tﬁ’ﬁb’%‘a‘yé%?l‘?di’étegra!{’ﬁg %6@40 fralptQ mmofthedens@fAus. Haze i s

measur ed by tipdraciniifard 18 -1 Dodigpter CSIAthiEeris®, ﬁrhféh‘?@érbffr‘éhg sebe a bl ack
background, illumnating frombelow wth a fiber optic np at an angle
haze value of 100, with no lens set as a haze value of 0.
Wettability is measured by measuring the contact angle or DCA,
typically with borate buffered saline, using a Wilhelmy balance at 23°C. The
20 wetting force between the lens surface and borate buffered saline is
measured using a Wilheimy microbalance while the sample is being

immersed into or pulled out of the saline. The following equation is used

F = 2ypcosh or  6=cos’(F/2yp)

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 8 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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66 normal to the lens cell, and capturing an inmage of the |l ens from above
with a video canera. The background-subtracted scattered |ight imge was 15
guantitatively analyzed, by integrating over the central 10 mm of the |ens,
and then caongesuabftivvigo ol cliticall lops wettabsility ThhenPLERBIBY T iswheasurdds arbitrarily
set at a haze val ue of 100, no |e a haze.val ue of 0.

t
Wet t abi | ity UsEgfsik lampeansya %H@ﬁﬁ?%@sqeﬁgé@?ﬁ%f’agforHﬂﬁp\éasﬁ’te V¥ typically
wi th borate g Hi)ef f85Rkh Bﬂ}\e’??ea%ébﬂ&’l@s W‘ﬂﬂéﬁirﬁ@’el?ﬁée@%ﬁé@n tRéeye The 20

wetting force between e lens surface and borate buffered saline is
measur ed usmpgnag‘aﬂerrnablm}( anddne:ameameewﬁtheérstlderimepw&msheb'earng i mer sed

into or pull fth sal.ine., The fol |l ow,n S sed F =
2ypcosO§ (f?rnoe ']*FE&?f)e °£§ c\%tgf:ﬂelqs |ssre¢fq{geq?\g§ ﬂ}# N?%ﬁ Thi %/ is the
surface t enpqF-BUTHRasthedxirdd wmmutesraﬂestﬁeflenmrwen@becemén ey sanple at
the neniscus and 0 is the contact angle. Typical two contact angles are

obt ai ned fr@m@f@wmw@eh@ww@ewwémere k%l@h?ﬁ?f‘ﬁ'@‘%‘ﬂ%t angl e and
recedi ng CO{%\ ASer ??énrggedﬁﬂfba&\%'r %ﬂr\%nﬁ?ecﬁ TI@‘R@L‘?T Wﬁiﬁﬁ &‘3 from the

portion of experi men eret e sa elng I mersed into
t he probe | ibgpth e&esﬁbeglmwm the nigbteyefandaicén themsfbesyetl on are neasured and
t he val Uﬁ) reported herein ood predictor of

t

' 10t .
wettability on e vemqrhtés ‘BF@S‘{%@%/%%@[F)C&‘?IWSHQQS ak@%ég@tg%% up tine

(PLTF-NI BUT) & T A€ Primary e HéﬁbrPfTH Uéh t@ét & gemtiecdifital b@gsofnet tabi i ty.
The PLTF- NI IglrJT IS r?grgsﬁ,rdgi %USII ng a e'"p lUb s g a m?cauf’ar ?I uor escent

t ear scope f dhe lepURWards wsing thelpwer |ldofThBH§Sl§téa¢Q fPfI the {ereéa upwardar scope Pl us),

The tine el %&?e?q(etﬁ \A‘?‘%"%H.ﬁﬁaﬁ%‘e’ a?‘gg@hgg? ﬂ{etfglfo“ﬁniédawﬂand t he appearance

of the first da ont surface of a
cont act Iens(excessme:,amdecbp%ld%d’*‘enﬁdrﬂﬂ (motderatePbirachkibblewas neasur ed

30-m nutes after the Iense wer e on an fter on ek. Three
neasurer‘?‘ght Jngyement)o¢ (ptiga @qurﬁh‘gilnﬂf"m%?a%ﬁqa BOVRIENY98d i nto one
readi ng. TheinBLffilieM Ridc¥RabiEnrpvement)on both eyes, beginning with the right
eye and then the left eye. 10 Movenent is measured using the g‘g)ush up" test.

The patient's ey&he lenses QfﬁhQ presentiinventjondisplaymedyli of at |€Pﬁ@h§’u§ up test is a
gentle digi t A4SHLHbetween about 30 and about 90 psi, and more preferably

between about 40 and about 70 psi. Modulus is measured by using the

20 crosshead of a constant rate of movement type tensile testing machine
equipped with a load cell that is lowered to the initial gauge height. A suitable
testing machine includes an Instron model 1122. A dog-bone shaped sample
having a 0.522 inch length, 0.276 inch “ear” width and 0.213 inch “neck” width
is loaded into the grips and elongated at a constant rate of strain of 2 in/min.

25 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 between about 40 and about 300 barrer, determined by the polarographic
method. Lenses are positioned on the sensor then covered on the upper side
with a mesh support. The lens is exposed to an atmosphere of humified 2.1%
O2. The oxygen that diffuses through the lens is measured using a
polarographic oxygen sensor consisting of a 4 mm diameter gold cathode and
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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
novenent), as(lwtrlrigadnod@vﬁié&éfe)encévélues Blertabse rlneasmed:elpt abl e novenent), 5

ff t naccept abl e nove nt l e esent invention
f:l: gzrayl ?ri)ggpm"éfc'ﬂiy a%é&éhle %@Vﬁt t?ﬁ!ﬁr @Pabé)ﬁ’afh '\/é S&bHout 30 and
about 90 ps'avalf’é'B% 9a9§<§\f§[§rﬁ5}jlvst&%8&%ﬁerﬁ\§9% aﬂ&oﬁmﬂb tpert 70 psi.

Modul us is neasure usi ng Cross constant rate of novenent
type tensil Etafmnllagﬁes@melameas&mmgneﬁ%\m% barreja(d haater =t19a% (¢’ | onered to

the initi.al e A,sui tabl e sting machine includes an Instron
m)del 11?2 gQ%%b §Hgmsﬂ%t??éy&"e§é(rﬁ)’f%m"{9§ ving a 0.522 inch length, 0.276 inch
"ear” width and Geldlhfe WBS heaslR6dk Usikg diehondvﬁnd mathod. Thehblae gri ps and

el ongated at a constant rate of strain of In/mn_ 25 until it breaks. The

initial gau@@'ymﬁg@twndﬁafﬂlﬁé“@amﬂ"@f@ﬂwﬂhaﬁ%‘%‘%ﬁﬁﬁﬁﬂe%Q'tqs?meéﬁ’ break (Lf) are
e eport ed ks P 2R Qg Bk CRURARL) bt & GRERHEGR 201 (17, STECROC
the stress/ sontedlledcell with a Goertzlowenpiatel andmhpmmpaburtmebylaéeh asd anve St Lon Eave
02 Dk values .30 b ,vveen bout 40 30 a et erm ne y the
pol ar oga‘]Qphlr?,d'atf?é‘t Yery g %’B?%\'P%e‘ﬁ@f?g %S&ﬁ"ﬁ%i"&éﬂ%ﬁ‘ O% hen covered on
the upper Swhﬁ:hdﬁ Hétééﬁﬂ%vﬁélﬁ@%ércur?aft |bﬁa%qU@psa<Wﬂﬁ%ﬂ ifsCar@n at mosphere of
hum fied 2. 1% 027 The oxygen that ditffuses through the lens is neasured

using a po|camagﬁe&pnntmllg&9@téﬁer yasgistiveret i tbe iquarmplate in then di ameter gol d

cat hode and er I t hose neasured
on commerci a‘%"?(atgH J'Xga%ll"h ﬂ@“ﬁpfaagt %ﬁ@gﬁ%&f%&@ﬂ@d ’@mﬁﬁ) Bal afi |l con A

| enses avalbhadﬂassffnmmebswdulaeiMQm emitted frem<iTldd3euib.oTheappr ox. 79

P 1T, . SR bR, FheSu SN Sl S A R e a0 7

measur ed US'aﬁgLmAfrﬁblbﬂ\é&ngvd%HﬁéiledTbﬁ ORI PY/crA2 WitARiRiiFAt THen reacti on was
nonitored with an ATS StressTech rheoneter equipped with a photo-curing

accessory, \#nrefatusmyps centolledatidSrm@ i 3. uAlter approximately 1 mL of the de-
gassed reactive mixture was placed on the lower plate of the rheometer, the

25 mm diameter upper plate was lowered to 0.500 + 0.001 mm above the

20 lower plate, where it was held until after the reaction reached the gel point.
The sample was allowed to reach thermal equilibrium (~4 minutes, determined
by the leveling-off of the steady shear viscosity) before the lamp shutter was
opened and the reaction begun. During this time while the sample was
reaching thermal equilibrium, the sample chamber was purged with nitrogen

25 gas at a rate of 400 sccm. During the reaction the rheometer continuously
monitored the strain resulting from an applied dynamic stress (fast oscillation
mode), where time segments of less than a 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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controlled cell with a quartz |ower plate and an al um num upper plate, and a
10 radi ation delivery system equi pped with a bandpass filter. The radiation,
whi ch originates at a Novacure nmercury arc |lanmp equipped with an iris and

conput er - confgtg' F@éhéﬂ”‘md@éishﬂﬁ@ et ihegepsbintp, thdsttictor an lealppei N t he
rheonmeter via a liquid ligh uide. The filter was a 420 nm (20 nm FWHM

bandpass f i IPlat wassamayed serihabthesgapretweeihihe sppenasd lewerplales e bul b. The 15
intensity 01}2%@2 Jrsgg‘% gﬁﬁéﬁ&@gﬁfﬂﬁ%ﬁ%ﬁﬁ"#@”ﬁ@%@?e of the quartz w ndow

with an IL was contr ol 02 mMNcn2 with an iris.
The tenper at ur elt willbeapptecidtéd-iiaball gfdhe RstbGpedifieccabovehavearcettainy 1 nl of the

de- gassed reactive m xture was placed on the | ower, plate of the rheoneter,
the 25 %’m MHﬁftfﬁﬂnfﬁfﬁE@FBS&f&Qfe A%&QW’IQ%F%H“? E‘?Pert%%gfetﬂ.%f%% above the 20

| over pl at ©.pe ke asiabslts flbdra Bl AuridricBlrahds 5888 paeeached the gel

point. The sanple was allowed to reach thernal equilibrium (-4 mnutes,
det ermi ned pracisidneof theparlicuprdést. of the steady shear viscosity) before the

| anp shutter was, opene r i n ring thi ime while the
sanpl e was reaclﬂioﬁ rt’%@?%?e @‘gﬁ?‘ﬁ%@&% t‘%]%ltaﬁgﬁbs%?ﬁbééscﬂg?{%@dea}as purged with
ni trogen 25 Thase @antpldsaiocnod limit @ik inoention DFhéygretrieant oMy to Siggesta r heonet er
cont i nuouysl nonitored the strain resulti ni_:; froman applied dynam c stress

(fast osidi| ?/"éﬁ"iQS’rPf prastieing therieventipn nEhasednawledgeable incontackignses@pl et e cycl e

were used t I : i f;gioc;fl' i ; hle stress. The
conput er C2Ye(l:l%Fgft%h@é%gﬁt@?r@%@d%@%ﬁ%@ou uy{c@;c'?,é%&%h'ul us (G'), and
vi scosi ty 3Howevér, thase mefhods Breodeemiedte pewithin the seopesef thisiimveetiont i on pr oceeded
the shear nodulus increased from<1l Pa to >0.1 MPa, and tan S (=G'/G)
dropped from near infinity to less than 1. For neasurenents nmade herein the
gel time is the tinme at which tagxXAMAES s 1. (the crossover point when
G=G"). At the tinme 37 that G  reaches 100 Pa (shortly after the gel point),
the rest¥iction B¢ folpwing,plbreviglions argasedie theaamplestielaw't he gap bet ween t he

upper and | AP At orGRRoic RIS ARN FGITHALS APIMHRGRyK. Shr | ks

during cure. It wll é appreci a all Jof“the"tests speci fied above
have a certain 5 amdtjiinmetiylsilyljoxydisiloxanyfiprepoxyipromptestedi ngly, results

reported hergih are ) taken as absol ute nunbers, but nunerical
ranges baseéﬁhu‘gon t he” dﬁr?ethyt?aecrylgﬁudl

HEMA 2-hydroxyethyl methacrylate
20 mPDMS 800-1000 MW (M,) monomethacryloxypropyl terminated mono-
n-butyl terminated polydimethylsiloxane
Norbloc 2-(2'-hydroxy-5-methacrylyloxyethylpheny!)-2H-benzotriazole
CGI 1850 -~ 1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and
bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine
25 oxide
PVP poly(N-vinyl pyrrolidone) (K value 90)
Blue HEMA the reaction product of Reactive Blue 4 and HEMA, as described
in Example 4 of U.S. Pat. no. 5,944 853
IPA isopropyl alcohol
30 D30 3,7-dimethyl-3-octanol
mPDMS-OH mono-(3-methacryloxy-2-hydroxypropyloxy)propy! terminated,
mono-butyl terminated polydimethylsiloxane (MW 1100)
TEGDMA tetraethyleneglycol dimethacrylate
TrEGDMA triethyleneglycol dimethacrylate
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precision of the particular test. In order to illustrate the invention the
foll ow ng exanples are included. These exanples do not |imt the invention.
They are neant only to suggest a 10 nethod of practicing the invention.
Those know ERifeabl e Bmetmmwproamw&sétrimtwlonasjlaoe her specialties may find

ot her net hogds, of pra t| t he |n t hose net hods are
deened to b@ﬁa\ﬂth %ﬂ YBFOW @BHFF@W I\/PLES 15 The fol |l ow ng
abbrevi ati oggnr e Usg_%étﬁbchh@(\g@ | ﬁmbm 26X sfarfer openoi ¢ aci d,

2- met hyl - 2- hydr oxy- 3- [ 3- K)%ylbtsgtamat 4 YinEH

1-[trimet hyAslP!DMS) oxw&@ethamhw—?@wémwpmﬂ@wropdbt er

N, N- di meg hyl acryl am 8@ EMQ ﬁo){%groxyet hyl met hacryl ate 20 r nPDVS 800- 1000
MWV (M) Trononet hacry X r f erm nated nono- n-butyl term nated

pol ydi met hyTRIS- BIEW\E2M11éthy’saloxyethyI methacrylate
2-(2' - hydroxy- 5 met hacr L% | phenyl ) - 2H benzotriazole C3 1850 1:1
(wgt) bl end Aq- hyd?”GQf)/' ging phenyl ketone and

bi s(2, 6-di mthoxybengqgh drefufiind- trinet hyl pentyl phosphine 25 oxide PVP
pol y(N-vinyl pyrrolidone) (K value 90) Blue HEMA t he reaction product of

Reacti ve Bl tiBAGBand Hmwlammmaﬁblorohenz@arrpl e 4 of U.S. Pat. no.

mono. (3 et flLr | oy SEoRGRERS BRIy PEY R BB ot e mono- but vl

term nated (Al ydi net tgyb@p |qmm‘te (MNllOO) TEGDVA t etraet hyl enegl ycol
di met hacrylate TrE | enegl ycol dinethacrylate 38 TRIS

S et hacr 1 Bl 816 o1 L SKimetubepas a0y} RosaGe ORe

3- et hacryl oxypropyl (pent anet hyl di si | oxane) MM
3- et hacryl oxypropyl bi s(tri nmet hyl sil oxy) met hyl si |l ane AcPDVS
bi s- 3- met hacr yl oktyeugthbyidhe BExamplepintensitpisapsdsured 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 N,. The molds were opened
and lenses were extracted into a 50:50 (wt) solution of IPA and H;0, and
soaked in IPA at ambient temperature for about 15 hours to remove residuai
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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5 pol ydi net hyl sil oxane TRI S-HEMA 2-trinet hyl sil oxyethyl nethacrylate MVA
nmet hyl net hacrylate THE tetrahydrofuran TBACB tetrabutyl anmoni um
3-chl orobenzoate 10 TM 3-isopropenyl - ~0-di met hyl benzyl isocyanate |PL
i sopropyl lactate C3@ 819 2,4, 6-triTalé@yl benzyl di phenyl phOSphI ne oxi de
Thr oughout i—he—aa-npl-es—l_n-t-en Hy s measured4si-h L 1400A 15
radi onet er, I.ng an |[XRL 140A sensq Bxanpl es i? 10 aThe 9ea i@m conponent s
and di |l uent 0) ligtled | R T4 e.L“werga ni%ed todethet with s irring or
rolling for Campl.east jabout 3 hoursjat 23C, juntijl 20 all coppongnts were
di ssol ved. [EigMAaeact i\ cOBpOoNasE e | ase r:ﬁporg:zec 29s \v@9i.ghpopesgent of all
reactive COPYP\RADF qnyd (e diTAENT 71 S [Wer gif ey cerg7 0f 3 Téact|on m xt ure.
The reactlchKXIu E VHSS )h?(, 4 81193 & ST WOa 4T [CRTH 87 '2§n> nol ds (nmade
from Topas(t NlP,DM myl |.=.J1$ Jazcti e r§1' R C I A s M B ?5‘ g ftom Ti cona
Pol yners), H-adiated-H5HAgPhitE-ps—H—Z0WHS 25— +Hpreseent  bul bs at
45C for abg §fl moadtbs N THL oplyg \an.e} :Ood ‘pand' ‘;gs—/vere
extracted iHEMA 50- 5B (W6 <difili 4B of 654 D] B R2nkB <hGkell in | PA at
anbi ent temhordletre fidd abdut |1 hodds D rigrove rdsiYual dPlupnt and
mononers, pPICAId850nt g 0188 phi zgd.0R2O1f or] abgut 30 nijdut es] t hén | equili brated
in borate hTEGDMA sdlime|por [a102 east [ab®Ut1 24 1®Uris9 an@ 302aut ocl aved at
122C for 30TrEGPDMAS. (e ppopdrg i espof [tche [reesylgt 1 oy T epsesfgarge shown in
Table 1. 39B\RPUEMA 106X 0F 1 ¥ 3G © @8 | 14 Cdrp . PpGVFgZ8; 30 28.6 28
31 32 29 3.c. ™ gt 07 3:'I1CB ’01 / 07 7 da C.o/ 0/ 0 0

Darocur 0 0 0 0 0 0 |0 0 0 1

1173

D30 % 23 [26 117 (23 |23 |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 110132106 | 140 (64 |76

(edge

corrected)

10

1. Equilibrium water content
2. Dynamic contact angle, measured with physiological borate-buffered saline
using a Wilhelmy balance.
5 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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DVA 23.5 17 24.5 23.5 20 20 24 16.4 37 22 NPDVS 31 32 0 31 31 34 31 29.8 15
0O IRSO0000000150 HEMAG 66.166.53552.980 Norbloc 2 2
0202221900 CG11850 0.98 1 1.02 1111110 TEGMA 1.5 2 1.02
1.51.5 1 1. T i e fatigRl ke SHEMA 0.02 0 0 0 0 0
0000 nP i’&%‘%""éc ?%gg@%”gdgeg%d%aregfgur%@%ﬁ 00001 1173

030% 23 26 IovkR 2EoramatiBR rasctibh raxturePr By hesesexdVPAEISIO® tBat 39 40 36 37 39
25 48 29 My 68 78 112 61 67 .50_68 92.43 173 i )...% El tion 301
250 147 29%‘5%3%8#%59 @ﬁ"ﬂ?@ﬁb'gﬂ?ﬂ P%@é”éf‘agx’]@%s%&g%‘)%@’g‘lg KB 02 72

(advanci ng) AYp 38 3resbat idhsesiith debatie wekaslit) 4Rd Bther MeckAitae corrected) 1.

Equi libriumwater content 2. Dynam c contact angle, nmeasured with

physi ol o§i ca@ropegiestcen bamaseaithout anydormef svifage Modifeatiop. bal ance. 5 3. Oxygen
perneability, edge corrected, in Barrers. The results of Exanples 1-10 show
that the reaction m xture conponents and their amounts nmay be varied

subst anti al IBkampfei4ie still providing uncoated | enses having an excell ent

bal ance of mechanical 1Q properties and wettability. The contact angle (DCA)
of Exanple 9 nayl-¢ses 86"'“&“@@’["3&"@"@?“ gxqrgp}ga‘}twfgg r‘%iBﬁﬂedWBQO‘EI inically

wettabl e,  angnfrdifhg B! ntkhsPYTREmechanical properties are reported in Table 2,

10  below. These lenses were clinically evaluated using ACUVUE® 2 lenses as
controls. The test lenses were worn in one eye and an ACUVUE®2 lens was
worn on the contralateral eye. The lenses were worn by 6 patients in a daily
wear mode (nightly removal) for a period of one week. Atone 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/ecm?®. 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. At one week the PLTF-NIBUT was 8.2 (31.7)
seconds compared to 6.9 {x1.5) seconds for ACUVUE® 2 lenses. The front
surface deposition was graded rione 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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| ower than desired to provide a nechanically robust |lens. Exanple 9

contai ned the | owest concentration of SiGVA (20% . Because the Si GVA 40 had
been reduced, |ess PVP could be added to the formulation and still provide
a conpati bl MM Xt4[+€.  Thus, ese exanphgs sfjow that SIGWA is
effective ijn %@%Pﬁbl | i zi%tgl PVP, and3{1 at_when sutficilent SIGW and PVP are
present |enses DCAh desirabRe weitabiTdty and ot36er ngchanical 5 properties
can be madewi-thout any formof - Exanpl e 11 Lenses
havi ng the {f ormH¥ati on of Wdanplie 1 e remadel%ithdut controlling cure
intensity. TheTecttantcal properties are reported 7m 1able 2, 10 bel ow
These |l enses were clinically eval uated using ACUVWUE(r) 2 |lenses as controls.
The test |enses mneraupthle mecharieaI@]@eaHMfamEMMiEezlﬂaﬂdsmme worn on the
contral ateral .. The | ense re nts in dai, | wear node
(i ahtl v eraawsiiEn Gouls TBLRADHe G Ds.eatte maletioh ameen ¢ SMsal . 1t BT s
3.6 (3.0) Ser‘é?ﬁl@% éh 1 ngbn%oﬂgdcﬁ)re rdof2 (ow, eehidledr ) 2 | enses.
The front surface depo |t|on was graded none to slight for 50% of the test
| enses arid 1o:1me/&nte:nsuty)raee mafmauymfewy Thieonraye aveltability wier erscept abl e f or

both test and trol goSes e 11 was,repeated except
that the cur\ge?(i?ﬂq&’?éf 'Pé%ggsur?%gﬁag-rm W%‘%”ﬁ%&*r?iﬁl al
properties aA@UV@E%uénées (B § 8.8 ahd rhﬁ'tt‘?é/\lenség'r%‘a&nbr%ﬂﬁ@ﬁsligﬁf e clinically
eval uat ed usi | enses as controls. he test | enses were worn

by 15 pat.e@@f%pend@pqsalpw Theakxampie 12 lenges (opntrcvlbﬁowuotens'?x W eye for a
d of tral ateral
bve it one sl oy Srkivbd bh-efe G0 witch WEK Reallrbblf 00T "8 6 017,

seconds f0or Wﬂﬁbmwu@rﬁbsses'l(aew 6@ and susﬁdane diappmsmns Ohusas gr aded
none to slight fo atients for and control |enses.

e rovenent Uas un eontRlied e BrRYSER op LBEoalEg ens BTGP BY RS oe. | 90 Tab) o 2

Ex.# 1 11 12yettability which is as good as, and in some cases better than conventional

hydroge! 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 1.7 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
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%EWC 36 36 36 Modulus (psi) 68 74 87 41 Elongation 301 315 223 DCA 62 77
56 Dk 103 127 102 GCenerally the nechanical properties for Exanples 1, 11
and 12 are consistent results for mJItipIe runs of the same material.

However , t'ﬁﬂil\jlé'iﬁf*f resyrts fgr EX rpl €S gt (un ontroéled cure intensity)

and 12 (IO\'Daq‘édﬁ ﬂcu 5—gutre I Cllhll’ay)W aubf enttarly different. The

O nay r =

on eye wettiad Hy—ater—orne—weEek—oi—¥ —Exafpte—+ (neasured by
PLTF- NI BUT)-was—worse that it he ACUNVLUE .L\ 2 _lenses {36 5.8) and half the
| enses had 0%t han sl ght sugf p}ﬂnmmﬁ ons_2the E2 nple 12 | enses

(controlled, lowintensity cure) displ ayed significantly inproved on- eye

6:9) and o sur 1Rs VR DEMLRR IS oAl ol ARG BRY T o Cir e

provi des ancmrnpmilemglcen@ohw(sigMNomeDmeomamhmdoynpdtiblehandsncas good as,
and in sone cases better than conventi onal @£r096| | enses. 15 Exanpl es

13- 17 React Pytable fer making gerdactienses. Exarapes 1&ang i shaw H'!aﬁl ng low or no
conpat i byl i Eéﬂb@nﬁ%@%?@émédtlﬁlhﬁlh e6m leﬁ rﬁh%t T/{ wi th
or en after

constant stirring at room ture ours 16 hours each
of the reacmsoﬂﬁcuentxtbwomsamwnzalsrgedncarnampuats@fBlghmaiemllanwmhtpreci pitates. 20

A di ngl t t t dt d |
Tabl ¢ 3 B BVba TS SemaainG Gxae 11 B arene dseoa e g Bl Agh koo 12 12 10
8.0 8.0 DVBokRukPwBicht R9P WweFNFcabeifcadearfstifor TRl S 14 14 11.7 17 14

compatible reaction mixture.

(e

&

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-HOEOP2 (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 19 11:2
acPDMS (n=10)"
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HEMA 25 25 37.5 8.0 8.0 Norbloc 0 0 00 0 C31850 0 0 0 0 0O TEGDVA 1.0
1.0 0.83 2.02.0 TrEGDVAM O OO OO Blue HEMAO 0O 0 O O 42 nPDM5-CH O 0O O

O 0 Darocur 1173 1.0 1.0 0.83 1.0 1.0 D30 %23 31 31 27 27 Exanples 13

t hrough 15 ZPOW fat reactionm m XTPRes W thout [aijyp conpati pi l i zi ng
conponent QP = are iinconpatibl e, and not sujtable for naking
contact |enses. anples 16 and 17ishow that 5 lconcentratiops of

conpat i bili|24ng donponent | ess than0dbout 20 weidht % are ipsufficient to
conpati bilijze si gdSiMPnPc&MB amount s |of hi gh nol gcul ar wei ght PVP. However,
conpari ng Esprpta—t+to—Exarmpte—91 g§Ser—anot L3>2 hr-gh | ecul ar wei ght
PVP (3 wel c?? q@sggw ded af 9 gti Il formta corrpatl ble reaction

m xture. 1( Exanmpl solutijon of 1.00 dram of D30, [.00 gram of
nPDVS and 1280 grfam of TRIS was pliggad in a gllagg:vial (Ex| 18). As the

bl end was rapi dl y mPDMS®Hat about 20 to 23 Cwth a magnetic stir bar, a
sol uti on of rts (wt) PVP 15 (K90) and 60 added dropwi se

until the 5&099 réﬁo‘#'éthe'HPDMSJQb‘)ﬁr@fsleérW"@tWﬁh%ﬂ@%efdﬁ'? stirring. The mass of
t he added DVAW PVP bl end was determned in grams and reported as the

"nmononer conpat i $ructurgs fondeRDMS, iBiGMALIMe andhERIS2HHGEOD2 @ase shpv®l GVA (Ex. 19),
MBM ( Ex. 20é | MPD (Ex. 21), acPDvs, where n=10 (Ex. 22), acPDV5 where n=20
(Ex. 23), PeWn- 3Mve 20 (Ex. 24) and TRI S2- HOEOP2 (Ex. 25) as test silicone

nmononer s5i n pl acgPOMS [iveragesbloeor20fx. # Test silicone- Monomer Si:CH

\/lL /\/\o/\/\s1 ﬁ\/\

)

)k/

TRIS2-HOEOP2
10
o

ﬁ/mo/\/\ﬁ{o‘s/\/\o/\/oﬂ
[ 1\ 2

iISIMAA3-NMe

OMe

ﬁ/“\ Lo\/\/ SiOSMes)s

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

15

another silicone containing monomer, a hydrophilic monomer, and an high
20 molecular weight polymer (PVP) than 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.
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cont ai ni ng nononer conpatibility index
20 MBM 0.09 3:0 21 MPD 0.05 2:0 22 1.9 11:2
acPDVs (n=20)* 24 0.15 4:0

-11:2 MPDMSrdadpidPrgs- should we try
or ac :

Structures

10

15

20

25

acPDMs (n=10)"

and norbornene obtained from Ticona Polymers) were stored overnight in
nitrogen (<0.5% O,) before use. Each mold was dosed with 75 pl reaction
mixture. Molds were closed and lenses photocured using the times and cure
intensities indicated in Table 5. Lenses were formed by irradiation of the
monomer mix using visible light fluorescent bulbs, curing at 45°C. The
intensity was varied by using a variable balast or light filters, in two steps of
varied intensity and cure time. The step 2 time was selected to provide the
same total irradiation energy (about 830 mJicm?) for each sample.

The finished lenses were demolded use a 60:40 mixture of isopropy!
alcohol/Dl water. The lenses were transferred to a jar containing 300 g 100%
isopropyl alcohol (IPA). The IPA was replaced every 2 hours for 10 hours. At
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.

Table 5

Ex.# |Step 1 Step 1 Step 2 Step 2 Advancing

intensity | time intensity time Contact

(mWicm?) | (min:sec) | (mW/ecm?) | (min:sec) | Angle
27 1.1 6:55 5.5 1:28 51+1
28 1.1 2:46 5.5 2:21 55+ 2
29 1.1 11:03 5.5 0:35 55 +1
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 55 1:28 54 +2
33 24 2:52 55 1:28 6216
34 24 4:36 5.5 0:35 76+ 9
35 24 1:09 5.5 0:35 7816

The contact angles for Examples 27 through 232 are not significantly
different, indicating that step 1 cure intensities of less than about about 2
mW/cm? provide improved wettability for this lens formulation regardless of

45
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18 SIGVA 1.8 3:1 19 TRIS 0.07 4:0
43 23 1 21:2
| Si MAA-3Me 25 0.11 3:2 TRI S2- HOEOP2 26 0. 64

nPDVS- OH and see what that numnber
I Si GVA-3Me and TRI S2- HOEOP2 are shown bel ow. 5
acPDVS (n aver afensesWeps made using theaeacionapixturgdospulptigrap Exeople OH/

| SIMAAS- VB PMBe SastiR cntdct PensThold&lhad® b 3Bkdl copolymers of ethylene
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The results, shown in Table 4, show that Si GVA, acPDV5 (where n= 10 and 20)
and nPDMS-OH nore readily incorporate into a blend of a diluent, another
silicone containing nononer, a hydrophilic nononer, and an high 20 nol ecul ar

wei ght pol yfﬁ%rstéﬁlﬁ’arettm AR A dsef Skl InQHé‘SrtWHPé;ﬁiré'élél@ thatonomers.  Thus,
conpati bilizing silicone containing nonomers having a conpatibility i ndex

of greater shoter atepuit cLoe Smas suak @s those osediorfxamiplsl 38&andB3 Hiaiow  nol ecul ar

ht hyd I I 4 d
st ng. the. r BRaRosT oﬁ?@?ﬁ@ﬁr orberMeioN’ iR feth e FRE T Cont act
| ens nol ds theadatdct @f@askarhplégwthymsssca‘re meh;sbreb@ highed thaar bor nene
obt ai ned_from Ti cona émers?]gwere stored overnig in 5 nitrogen (<0.5%

02) befoPe G@éeoéﬁ@mm /e @é‘é%ﬁ%ﬁ’ﬁmpgslar@a@?}%?ﬂ' PrRYid® ure. Mol ds were
closed and jg& C%Lg’ie ﬂgﬁl ng the tinmes and cure intensities indicated
I n Tabl e 5. enses d by irradiation of the nonomer m x using
visible light fl uorescent buI bs, curing at 45C. The intensity was varied by
usi ng a var Egdrhpleb36agt or light filters, in tw steps of 10 varied
intensity and curte reh&in cBh@oﬁérﬂ@o@ﬁam”ﬂb Yvagers elepdbe With @itferQelde the sane
total irradiation ener (about 830 mJ/crrz) for each sanple_ The finished

| enses WBr eOttdo méba%%eat 'B@C%d?ﬁcﬁt“ﬂméh%f’m%%?QE)?Kam%lﬁdoﬂ'BP/ DI water. The
| enses were | propyl al cohol
(I'PA). The %k vvaségrcgg ace %@“@f"y %dﬁlg Oﬁ@%ﬂﬁéﬁ%m%ﬁgw t he end of
about 10 ho(made Fﬁ@ﬁ’Tobas@:aonoWAnemef etiylenecahdanurboregrienatitdined fromDI - wat er and
the jar was_rolled for nyt es S,..00%of the IPA was
Femoved and TR BEuEer)aRd Bl & dokh Ot wider iRsER AsmPsAeiepl anot her |20

m nut es. ThﬁbéLﬂQsﬁﬁVW@rhémlé faBélEt%d rﬁlﬁutéélﬁhdﬂﬁtémbé'ﬂahﬁés sﬂoWn'n@d for 20

m nutes and_t hen tested able 5 Ex. # Step 1 Step 1 Step 2 Step 2

Advanci 1§ Tabledsbelgwt iThe |Qfﬁ€%W§fetf9m9V¢ﬁefT%ﬁﬁ9d69|d5rﬂm&ﬁd #ith: sec MW cne

(m n:sec) Aggh8aved 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 25 306) {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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27 1.1 6:55 5.5 1:28 51 1 28 1.1 2:46 5.5 2:21 552 29 1.1 11:03 5.5 0:35
56, 1 30 1.7 6:30 5.50:3550 1 31 1.7 1:37 5.5 2:21 551 32 1.7 4:04 5.5
1:28 54 2 33 2.4 2:52 5.5 1:28 62 6 34 2.4 4:36 5.50:3576 9 35 2.4
1:09 5.5 0: Ezamifles@2M@7e contact angles for Exanples 27 through 232 are not
significantly 25 different, 'ndicafin e jnaensities of |ess

fhat step u
t han about aboutlensesiNetepade omdee OHB&'BWE %Rew%hﬁ“%@%ﬂ & i's |ens
formul ati on rdl 45, : | itthose of skill
i the art ECPauSSFERafie 1 ih ARGhAReluiyife bl 2 RMMRnty o2 % nose
used i n Exawpatmmit2® raWicri?l)Peaxtérd vazé was sleasured and isrraportediin dablgcl es.
Moreover . it should be noted that even though the contact angles for
Exanpl es 933 t hrough 35 are neasurably higher than 5 those of Exanples 27-32,
the | enses of Exanples 33-35 may still provide desirable on eye
wettability. Exanples 36 - 41 The r?ﬁ on conmponents of Exanple 1, were
bl ended with either 25% 10 or 40 % as diluent in accordance with the

pr ocedur e ﬁ;f "“arﬁs'r:4‘. +H &3 oSt ant—rgactio ) xt i ere charged into
pl asti c copBet—-ens—palds—{rade_+emepasts ap6d 51 of et hyl ene and
nor bor nene SHeMAL o[ 288, 128002 %nﬂ%ga\ud-ggnpgd Zﬁ.ha-agl ove box under a
ni trogen atMERMSr e| 3% bl 2] 28.8 cidB.0 nt end8Py | ABALt 30 ninutes and
the tenper ateaPBMSshpOA i n |10 Tab| .06, bed.Bw. Thé.0l ensdd wefe renmoved from
t he nol ds, |Kydi0at ed| and aut ocl ayed as describe in BEtanplej 1. After
hydrati on t/idMAaze yal.6es |d3.5 he| 28.6nses23ere d24.6r mij2éd. [The results shown
in Table 6 |HEMAthatgiphe degipee | 8lp hazj mess wae.oredugsd atp the higher
tenperat ur ¢eFEGOMAT €38/ TS [ §0 Shey thafgas thgocon¢emraji on of dil uent
decreases UMRAIGET FoP0 J9FFSCF2.020 (2.0 2.0 2.0

PVP (K- 7.0 7.0 7.0 7.0 7.0 7.0

90)

CGl 1850 | 1.0 1.0 1.0 1.0 1.0 1.0

D30 25.0 40 25.0 40.0 25.0 40.0

Properties

Haze 30 50 7.3 14 26 25

Modulus |74 56 148 104 74 NT

(psi)

Elongation | 326 395 188 251 312 NT

(%)

EWC(%) |38 41 33 35 38 39

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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Table 6 Ex. # %30 Tenp. 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 t hat haze

may be redusdmblesabopat 20% (Exanple 41 v. Exanple 39) and up to as nuch as
E?a'drrpﬁeaga‘z

about 65% ( n MixturEX VeRd ﬁa@@hsnh%tﬁe%l‘rﬁﬂétioﬂg shb@n FUT#dId 8per at ur e.
Decreasing diluent concentration from40 to 25% decrease haze by between

about 40 andvithspmixtugnof/.59% &apiykaicatwl and Ebﬁ%egvﬁ\,@ﬂ\e =2d0) 23 Bk t he

formul ati on 1, with a 30
m nute cure n&é]ﬁ"“ghé '%gé%r@xg’ﬁégﬁhé}grﬁ';ﬁ%d "Ré ?Stgjq?ﬁﬁmng Percent haze
was measgr edn@d@ah@nrwaamrdtlsdwgi Phnlgﬁbnezow*/oﬁ ﬂTabh@anEmsét@C%.eM 45 46 47
SI GVA 28.0 28. %8028 0 nPDVS 31.0 31.0 28.0 28.0 28.0 28.0

acPDI\/S o 0 any/am @r@beutzBZOﬂwut;s n e ngiggwere opeped andlgnsesowers 24. 0 24.0 HEMA

606050 Sgfldhyflo el F AR gl Gl dda 1 A-nkel, THGY bl 00 2.0 2.0 2.0

lenses were then placed into borate buffered saline solution for 60 minutes
and autoclaved at 122°C and 30 minutes. The properties of the resulting

10 lenses are shown in Table 9.

Table 8

Ex. # 48 49 50 51 52 53 54
Components
SiGMA 30 30 30 33 34 25 20
PVP 6 6 6 6 7 6 6
DMA 31 31 31 30 30 31 31
MPDMS 19 22 23.5 16.5 |19 25 28
AcPDMS 2 0 0 3 0 0 0
(n=10)
HEMA 985 |85 |6.95 9 6 10.5 | 125
Norbloc 1.5 1.5 1.5 2 1.5 1.5 1.5
CGl 819 0.23 10.23 |0.25 048 |0 0.23 (0.23
CGl 1850 0 0 0 0 1 0 0
EGDMA 0.4 0.75 {08 0 0 -40.75 [0.75
TEGDMA 0 0 0 0 1.5 [0 0
Blue HEMA 002 002 |0 0 0 0.02 |0.02
% Diluent 40.0 140.0 |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 alcohol and 27.5 PVP (My = 2500)
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90) Cd 1850 1.0 1.0 1.0 1.0 1.0 1.0 D30 25.0 40 25.0 40.0 25.0 40.0
Properties Haze 30 50 7.3 14 26 25 Modulus 74 56 148 104 74 NT (psi)
El ongation 326 395 188 251 312 NT EWC % 38 41 33 35 38 39 10 A conpari sion
of the resugts-dy alcoRgiul ations having the same amount of diluent and

ei ther TEGQ)MA fy/%gj% F_(/ﬁmm&\mpﬁ@:%dm% and Exanples 43 and 47) shows

that acP i ve crosslinker and provides |enses with properties
whi ch are conparable to those where TEGDMA is used as a crosslinker.

Exanpl es, 44, .and 4? %nt ain both 15 crosslinkers. Haze for these Exanples
decr ease 'ﬁ‘lﬁé‘t'}frtu sfﬂ ly conpared to the | enses made from either crosslinker

al one. However, _nodul us and el ongation were negatively ippacted (likely
because the anoURiScFXapIPRSAS, ﬁkéhgwm??'w'%P%gympﬂSf"@%fH& es 48-52

Reaction m ; ' ' ' able 8 with a
m xt ure of %%5@? F‘_’(’g%ﬁ a co%%q)mg%é@’#@%@b&ﬁwgﬁgg%&)mysﬁt he diluent.

The react i oprovide silicere hydragebtampasitions which displaplaasexcellend balange afens 5 nol ds,
di i at ed ' Phi | i TL 20W Q3T f1 | t 45C, 0.8
i on 10r brege s D% Ea cBT wfes feal.mefp HBEE Hitanl. PBadls “ver e Fei cased

I nt o dei oni FRPelvrdationat 95C over a period of 20 mnutes. The |enses were
then placed into borate buffered saline solution for 60 mnutes and

autocl aved at 122C and 30 m nutes. The properties of the resulting 10 | enses
are shown iExaraple 859. Table 8 Ex.# 48 49 50 51 52 53 54 Conponents

The lenses of Example 48 were clinically evaluated. The lenses were
15  worn by 18 patients in a daily wear mode (nightly removal) for a period of one
week. At one week the PLTF-NIBUT was 8.4 (12.9) seconds compared to 7.0
(x1.3) seconds for ACUVUE® 2 lenses. The front surface discrete deposition
was graded none to slight for 7% 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 remaval) 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. Atone week the PLTF-NIBUT was 4.3 (£1.9) seconds compared to 9.6

35 (22.1) 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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SiGVA 30 30 30 33 34 25 20 PW 6 6 6 6 766 DVA31 31 31 30 30 31 31
MPDMS 19 22 23.5 16.5 19 25 28 AcPDMs 2 0 0 3 0 0 O n=10 HEMA 9.85 8.5
6.95 9 6 10.5 12.5 Norbloc 1.5 1.51.52 1.51.51.5 Cd 819 0.23 0.23

0.25 0.48 Ob&h?e%t Qn@@ontr@ﬁbﬁs‘%@ ThuS, there |sls&n@cormt@tv¢ee®| cohtddt8 0 0 0.75
0.75 TEGDOMVA O 0 0 Blue HEMA 0.02 0.02 0 0 0 0.02 0.02 %Dil uent

40.0 40.0 2ange mamrmermﬂm&(ﬁor Exemplerht vessts 5R° foriExempled8l apdoperti es  EWC %

(advanci n)cHisaYeBRIpES e e B EENETT B bpR I b ARRS 235" 67 o7

254 110 124yerbks 8 Dasécmbs Jor B4ah@ledB)44 87 59 60 Diluents (weight parts): A =
72.5%t-anyl al cohol and 27.5 PVP 2MN = 2500) 48 8 = t-anyl alcohol C =

15138/ 38% TMP/ 2M2P1 PVP (Mv = 2500) D= 57/43 2MeP/ TMP 5 NT - not tested
Thus, Exanples 48, 51 show that fornulations conprising both hydrophilic
(EGDIVA or T@m_sjﬁ_l_hydrophobi c crosslinkers (acPDMS) provide silicone

hydrogel conpos i§' I#cgrr\]eS h)\llg?é)gcerll Iense? ng% r%andee&s‘i:n%l thg rc}(t)mBgJ\e%'tquI%té) in
Table 9 and the following procedure:

10 The components were mixed together in a jar to for a reaction mixture.
The jar containing the reaction mixture was placed on a jar mill roller and
rolled overnight.

The reaction mixture was placed in a vacuum desiccator and the
oxygen removed by applying vacuum for 40 minutes. The desiccator was

15  Dback 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® moid 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 shown in 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 3.2 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 0.4 0.3 0.2
Norblock 0.15 0.2 0.2 - 0.2




10 properties including good water content, noderate Dk, wettabiltiy,

nodul us and el ongati on. Exanple 55 The | enses of Exanple 48 were clinically
eval uated. The lenses were_ _15 rn by 18 patients in a daily wear node
(nightly rep®8&l ) for [a pelitod of| onel.lweek| At bhe week t88 PLTF- NIl BUT was
8.4 (2.9) seThgide conpared1t®H 7.0 (113) seconds for ACUVUEEr) 2j|enses. The
front surfacgmdpscrete depqs;;tlor wag sgr aded ngng to sl ighs for| 97% of the
patients w Ipyplig, TeST[ Tengds, cqnpargg Wth 89%gn cd"frob_5l eénses. The
novenent was—acceptabte—for—20bottr test—and —contTol—tenses. Exanpl e 56 The
| enses of Exanple 49 were clini cal | y evaluated. The | enses were worn by 18

patients in a daily wear node (ni gL]II i@m)val) for a period of one 25
week. At on week the PLTE=N-BUT Abé (29 secands r\nmﬁarer‘l o7 (13)

seconds for A@U#Uﬂ:(ﬁo}'mz EFwean] tpraf { ontTemp I"Rde di SPPRIPEK HBSos| tion  was
graded nonelto slight-#dr 95%of the patients with|the HBd8.)| ensks,

conpared wi th 89%i nS&:ortroI 188Ases. The novénent vas accHbtabl el for both
test and contrgd |l ensBs.! 30 HRADOPl e 57 The |7@nses qgf Exadpi®e 51 were
clinically evagquatedsg THe |l ens@s were| worn7gy 13 patierggsa n a daily wear
mode (night 'y geempvagg flor a [ggp! od ol one peeek. Al onqomgk The PLTF-NI BUT
was 4.3 (1. d) 6‘6ec ”05’9 TYMpar €@sh0 96 55T485) secqnds fog ACOVUE(r) 2

-

| enses. Theff t—TS e O Sg-gt e UeposT t1 % wasgradedsnorme—t slight for
70% of the “&* ch...s i +H—the 8 ct—-enpes; fpat-e w’—l—h—%%%—i—n—control
| enses. The Wae —aeeerascb'fe {649 b8t-h—test—and——control | enses.
Thus, there is sone correlation between contact angle neasurenents (108 for
Exanpl e 51 versus 52 for Exanple 48) and clinical wettability as neasure by

PLTF- NI BOT (ExamplediOonds for Exanple 51 versus 8.4 seconds for Exanple 48).
5 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 be contactlenses. 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 hydrophaobic 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
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Exanpl es 58-68 Silicone hydrogel |enses were made using the conponents
listed in Table 9 and the follow ng procedure: 10 The conponents were m xed
together in ajar to for a reaction mxture. The jar containing the
reaction m é&%ﬁe‘%éw?k%‘f@%aﬁi@ sBiverds nidlylaisodl dsed tedebloéioleh® overni ght. The
reaction m xture was placed in a vacuum desiccator and the oxygen renoved
by appl yi ngcompising foa/rmalecw!arrwmgtﬁhydrnehltu@mlmmsor was 15 back filled with
nitrogen. Contact |enses were forned by adding approximately 0.10 g of the
degassed | en ve side of TOPAS(r) nold
cavities in e nolds were closed with

pol ypr opgl ene cosu@heb@a Héﬂéésfm'ednétﬁluéﬁ@thé’fﬁrmmﬁéhdon was carried out
under a nitrogen was photoinitiated 20 with 5 mWcnR of visible
light gener amedwg.qﬁ%xammpfﬂfiumt@stb@wtanwﬂ@hm@laﬁwl@hwalghtrEVB?,Tmﬁosphor Af t er
curing for pened. The concave front
curve port|ﬁog}nrétﬁgéﬂdme\ﬁg’sqfs&mgdm+(g§2%\ﬂn§?% a sonication bath (Agquasonic
nmodel 75D) cont aTmadstg\cdeefmmtz:erdepamenoﬂthdéenstdﬂd&mscﬂ:laaedmﬂoa(terrperature and

Table 10, THOVIREERIAetiEmodkl 58 v oo Sofems of Eea cont act

| enses. qp a@bﬁn@e&h@?a?&bo‘iﬁﬁ?& Gﬁxeﬁéns@% du&’h&?enéas% f?or@tr%rﬁold5| GVA MPDMS 1.7
1.7 1.7 1.7 3.2 3.0 3.1 3.2 HEMA 1.0 0.8 0.8 1.0

TEGDMVA 0.2 @ ha debiaclotirne fcmtneafpcmuiatmnmlm @r\@auzedjow m@emlaw«ﬁlght 10.10.30.3
hydrophilic polymer (Example 58 formuation) under similar deblock conditions

(Example 62 - 850 ppm Tween and 75°C) was 10 minutes. Thus, the present
Example shows that deblocking cannot be accomplished in water only, in this
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 agueous 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/em?.
The advancing contact angles of the resulting lenses are shown in Table 11.

Table 11

| Ex.# | Wt% [ AdvancingDCA | Geltime (sec) |
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Triglide 1.5 1.5 1.5 2MP 2.5 2.5 2.52.5 PVWIlow0.51.51.50.5 Table
10 Ex. # Form [Tween] (ppm Tenp (C) Deblock tine Ex. # mn. 62 58 850 75
10 63 58 10,000 70 10-15 64 58 0 75 20-22 65 58 850 22 10-15 66 59 850
85 3 67 60 874 85 @.2%8|61 8FY(4p 18 |5 Exarfid e 69 The | enses of Exanple 59
whi ch wer e |delfisockedy 3¢ Exanplg2 (86, were furg7her hydrated in deionized
water at 63T T/gr 40 pisNUTes. g7l enses Were gqfhen Tiansferred into borate
buf f ered satimesotutTom amd—attowed to equitibrate  for at | east about 24
hours. The | enses were clear and of the proper shape to 10 be contact

| enses. The enses a water content of 43% a nodulus of 87 psi, an

el ongati on & a Dk of rriers,. The | ense found to have
an advanci ng con%ﬁ@t’"%’%”ﬁasgr?gé%raﬁ%@ I%Hq)%o%nﬁq ig\'\?fh"g fenses were
subst antisal I4yg, f2r§§1005§0hw&ﬁ\@h¢ﬁé?es”ﬁ§ Sfe'sﬁbwnWTEMél"ﬂ?' e 70 The concave front
curve portion of the Iens nold fromExanple 61 was placed into a sonication
bath (Aquasoni ¢ nodel 75D) containing about 5% DOE-120 in deionized water
at about 75C. The | enses debl ocked Tabtel2 he frane in 18 minutes. 20 Exanple
71 (use of an organic solvent) The concave front curve portion of the |lens

mol d from exanple 61 was Expfaced inteisitya| s ayel fimei(set) bat h (Aquasoni ¢ 75D)
cont ai ni ng about 10% af 2- proyja(rm/cﬁﬁ) br gani ¢ sol vent in deionized water at
75C. The | enses 77 52
78 2.5 38
79 S 34
10 The results of Examples 74 through 76 and 77 through 79 compared

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

15 '

Example 80 (Macromer Preparation)

To a dry container, which was housed in a dry box under nitrogen at
ambient temperature was added 30.0 g (0.277 moi) of
20  bis(dimethylamino)methylsilane (a water scavenger) , a solution of 13.75 ml of
a 1M solution of TBACB (386.0 g TBACB in 1000 ml dry THF), 61.39 g (0.578
mol) of p-xylene, 154.28 g (1.541 mol) methyl methacrylate (1.4 equivalents
relative to initiator), 1892.13 (9.352 mol) 2-(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 the reaction vessel. The reaction was allowed to exotherm to approximately
62 °C and then 30 ml of a 0.40 M solution of 154.4 g TBACB in 11 ml of dry
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25 debl ocked formthe frane in 15 mnutes. Wien Tween was used as the
additive (Exanple 68) the deblock tine was 18 m nutes. Thus, the present 51
exanpl e shows that organic solvents nay al so be used to debl ock | enses
conpri si ng |Thll was reeteten in Wrougttouhthe rerpaintércof i reaetion. AfenVRLE 72 (cont ai ns

no | ow nol equl ar wei ght PVP) 5 Siljgcane dr | |ense e using the
fornul ati oﬁ%{'ﬂ%’“ﬂ%@éﬁ?ﬁ“@"gﬁ“@ﬁg%?@ ang! %’H?gﬁﬁ'q h%q_ﬁ"' aﬁ\éﬁ’ﬁSWW ecul gr
vei ght PVP. 48hgg gf(@!3k w%m-aﬁﬁémgwmym@l Hﬁﬁ@c%t@lfﬂ?i @glmyéubmsl enses. The
concave front curve portion of the |lens nold was plac into a sonication

bat h ( Aquasdelgveripiha initigioy), 3636:6ia(B314§3 ambLA-besloppm of eTween in 10 deioni zed
t t zab ' : . he debl ock
tire tor 5 natgftetec b RPN etk (F e R iRt by ° 0L PT

pol yrer ( Exanitidter), 3878 .84 (81680 mol LTRISI(7 9i equivalentiablativektocthe thittatarh s (Erarrplh e
62 - 850 ppm Tween and, 75C) was 10 miputes. Thus, the present Exanple shows
t hat debl oc@"ﬂ%@&ﬂﬂ&%“ﬁ%’@@ﬁﬂ?@ﬂ%@"?H"a\ﬁk'i‘pa? ‘only, in this 15 fornul ati on

i thout 1 nclud! Nenis RitkFeIRRHIBhed B Gidineifd6 apbtbliratdhPsga=Clafia ! ne

formul ati on. Exanp concave front cur portion of the lens nold
f rom exanpl dhercallwwed teabtasEC. | Altthatdimen aisolutiomef 150 g (¢.8umOHNi ¢ 75D)

75¢. et o edimeduiiomg AR a7 gk ST my e Beidtofife " rhis, “Tencee.
of the presqny equivaientsirelativeto etie idmamgtarﬂqrmeaha gl(0\852Whatr24 ar wei ght

hydr ophi lic pol@térre,r ma¥ be debl ocked usi ng an aqueous sol ution conprising
an organi c d@neiByisiloxpsthyl methreriate(8iseqtivalgntsielaive tapbednitialeRd Wascor ding to

9, cur R e AR D Gl bl R 40 G i o

Ww.%, curing at I pS orescenht bul bs (which
cl osel y nat dhetréaction tempesaturedrpppeddé apprexisttaly 80 AT end 2gationssd t o neasure

06! 1™, bt RSP bl ifron 5o YRR contact anal es
740.6 g methanol and 8.8 g (0.068 mol) dichloroacetic acid was added and
the mixture refluxed for 4.5 hours to remove the trimethylsiloxy protecting
groups on the HEMA. Volatiles were then removed and toluene added to aid
in 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) TMl 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 at a weight basis of approximately 2:1 acetone to macromer. After 24 hrs,
water was added to precipitate out the macromer and the macromer was
filtered and dried using a vacuum cven 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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Table 11 Ex. # W % Advanci ng DCA Cel

62(6) 57 51 76 0.5 80(7) Exanples 77-79 Cel

formul ati on of Exanple 1 at 45C at

are shown iand trahkferrd@intolbdrate bLuffefed.satind. nTlesopertigedf the nesu(tingc)

time sec

52 74 0.23 59 4 65 75 0.38

times were neasured for the

51.0, 2.5 and 5.0 nWcnR. The results

mNcnR) 77

152 78 2.538 795 34_10 The results of Exanples 74 through 76 and 77

t hrough 79 %ﬁﬁéf‘-’eﬂ’ov‘ﬂﬂﬁ"ﬁ Rakle dap
Thus,
measur enent s,

wettabilit

contact angle

y i nproves.

g

el

| es 27- 35,

show t hat as gel
poi nts can be used,

ti mes increase,
in coordination with
to determ ne suitable cure conditions for a

gi ven polynmer formul ation and phdiable3 i ator system 15 Exanple 80
(Macr oner |Mxappteat i onB1To |82dr y8F ont{ddner| 85whi |[B6 was8hous88 ip a dry box
under nitrq_'gﬁipomm ambi ent] tenperatdre wals added 30{0 g (0.277 nol) of 20
bi s(di met hyjiheMmey met rmr3| gne| {7 Wai@r Scavenory ). [ e solwiion of 13.75 m
of alM ,ﬁu 'SU” Off Laﬁ 1 0 BI:S/—\LJ:?BI 5500 Thg drjzgl-n— , 61.39 g
(0.578 }\ylngE 64.2 e SEt-yot)aethyE e ﬁgau‘late (1.4
equi val entiE tive“to i :‘]I ti a?or) J31 3 (|97 352 Yol )
2_(tri nmet h nV\l\ et VA - v l-atte _ R% u' val-bnts elative to
initiator) ﬁ AQQQ 'bﬂ %(44 ﬂﬂ1$rnl % T Th1{ 2 1311 ?Mn s charged to
a dry, thrid@MAecked. [P8und-2Bot | Bred A% sk Bqui|@d |1 hl 32t her mocoupl e and
condenser ,| HEMAconneg¢bed t|® a p2trodeh squdce.|2 2 2
Norbloc 2 2 2 2 2 2 2 2
PVP K-90 5 5 7 6 5 5 5 5
Blue HEMA [0.02 }0.02 /{0.02 002 ]002 1002 }0.02 !0.02
CGl 1850 1 1 1 1 1 1 1 1
%Diluent 20 20 (30 30 30 30 30 30
% D30 in dil. | 60 60 {100 100 {100 |60 100 1100
% IPL in dil. | 40 40 |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 1300 [290 (251 |176 |209
(%)
Dk (barrers) | 89 76 (114 1100 (116 {117
5
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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The initial mxture was cooled to 15 C while stirring and purging with
nitrogen. After the solution reached 15 C, 191.75 g (1.100 nol) of 1-
trimet hyl sil oxy-1-met hoxy-2-net hyl propene (1 equivalent) was injected into
30 the reacExampleahews thalleasesfarnediromaspohinieswetivark cemplising @ t o

i ly 62 C and then 30 0 CB i
TP of " sloxaae Saraning Matraipelihiof mefbcdisg st Bratbp iR et g Do '
reaction. Ahtgm bmlzu{gedmﬁfo%mr 2“”3 g'dbé%dtt@ﬂlh\?%@f&ﬂoﬁﬁbrﬁ and the metering

began, a sol utlon of 11 nmol) 2-(trinethylsiloxy)ethyl
met hacryl at éesmarme@qthpmaa@ﬁtlag reI ative to the initiator), 3636.6. g (3.463
nmol ) n-bygtyl 5 nononet hacryl oxypropyl - pol ydi net hyl si | oxane (3.2 equival ents

relative tothe  ijitiator), 3673.84 g (8.689 nol) TRIS (7.9 equivalents
relative to tiat d .20. bis( di | api,no t hyl si | ane was
added. This nixt ilﬁ@%&? nreawﬁam?ac'@%% %ﬁgﬁﬁq?ﬂ? i 1y 38-42 C and
then all 0We(Bls(tﬁfdfdi%ut?lﬂet?é?n&h?'ldfslldxaﬁé aﬁdﬁ@M? sol ution of 10.0 g (0.076 nol)
10 bi s(di net hyl"am no) et h ane 1.541 nol) net h%/ nmet hacryl ate
35

(1.4 equi vap@hawthybvdotetr@sﬂpesammeTherrawl%n ut@ncwaﬁs&ggquvejmgb 2 mol) 2-
trimet hypsi lioxy) ﬁ%zg: d@%ﬁ@ﬁé&’érﬂf eﬁxt&re%é's‘ﬁﬁjﬁg\%gméﬂoap tﬁ)utto the

initiator) was ure agaln a exothermto
appr oxi nmat els59 mibekane Wascadded @nd dhve mixtupe was stireedfionatprd onehamrpthem mately 30 C

and 2 gallo of %5 THE wer e added to gecr t he vi sc . A solution of
439. 69 g wa?g‘? ed. Thghexage wasieyapgratgd 4n efée@‘iﬂg RuSicadtini) <a/F | oroacetic acid
was added al0.‘§:re fehfovEd 6% HE fingb 1yoredhatior méaﬁfohﬁbk'hﬁoh@ hb&i 8 produce

trimethylsiloxy protecting “groups on the HEMA. Vol atiles were then renoved
and t ol uene hydraxybutybtesminateidrpalysiroethylsilokanene wat er until a vapor tenperature

of 110 C.was reached. 2 f t approximately
10 Cali e oA @}gﬁe@bg%&%{ﬁwﬁé{ﬁ@" @bgﬁ%ﬁmo ol )

di butyl tin diddier Y€ withan eve:dgedqmm@ntrwgm bESOB@AUSRARML BEAUNt i |t he

| socyanat e peak one ﬂ&‘%z IR The tol uene was evalgor ated under reduced

pressure to egwéalantéﬁ%@mbh L) was pgrabiped withd 1§ medibutyllie nacroner. The
racroner WA ARS b N AGSU Gos laclal o 38 i BBRRE T o 2
macr omer andimelrefillingowitmdry Nga§.0 ml isophorone diisocyanate was added and the
20 mixture was stirred overnight under N, to produce a clear viscous product.
47.7 g of the hydroxybutyl terminated polydimethylsiloxane from above
was combined with 41.3 grams anhydrous toluene. This solution was
combined with the Fluorolink®-Isophorone diisocyanate product and the
resuiting 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 N2 atmosphere. The
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filtered and dried using a vacuum oven between 45 and 60 C for 20-30 hrs.

Exanpl es 81- 881 30 Reaction m xtures were made in a nitrogen-filled glove
box using the fornulations shown in Table 12 with a D30 and/or IPL as the
di | uent. Themoldsaxere opened xandrtbe Iexveeserqlﬂaseééddbiucbed)hﬁo eth@naktThe cont act | ens

nol ds, and rradi at ores nt _bul bs at 50C
for about 60f ensHsYRe achj?dewﬂbggéé'ﬁg?qe{[@ﬁigév 5;58 gy g%&agﬁ) Pbl eased | PA,
| eached 54 ﬁﬁﬁh fempBteE rteéh plaééa ||Qférb’ﬁrﬁelwffér€6%dhrfé&bﬂébbutf*h@url@rOpertleS of
the resulting |enses are shown in Table Table 13 Examle 81 82 83 84 85

86 87 88 Coand tbaeautonave atri1°Q fr B8 migutes Ibe nesultiag lensesvweresacky 18 29 28 28

20 20 20 5 Sl lol ol igtale 3l B o e AT, 3 34 8

2 2 PVW

K-90 5 5 7 60ﬁh55e5er&es'3ia!d¢nd£M‘éde@25§hcﬂ@1 iA.T@Ble0402 0. 02 0.02 0.02 0.02 CH
1850 1 1111111 %biluent 20 20 30 30 30 30 30 30 %D30 in dil. 60 60

100 100 100 60 100 100 % IPL in dil. 40 40 0 0 0 40 0 0 EW % 36 32 40 40
39 37 40 38 Exampla82-88 45 50 57 advancin Mdul us si 149 268 85 90 91 107
134 129 E ongat iReactidomixeesofere 30:0ie2@0gABe resrve2@inponents (amounts

10 based upon reactive components) shown in Table 14 and D30 as a diluent.
The amount of D30 is based upon the total amount of reactive components
and diluent. The reaction mixture and lenses were made using procedure of
Example 91. The resulting lenses were slippery to the touch and did not stick
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 blend 18 18 18
Advancing DCA 132 (8) 69(7) 59 (9)
20 Examples 92 through 94 clearly show that hydrophilic polymer may be

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

25 macromer to include active hydrogens.
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Dk barrers) 89 76 114 100 116 117 5 Exanple 89 The | enses of Exanple 83 were
clinically evaluated. The |l enses were worn by 10 patients in a daily wear
node (nightly renmoval) for a period of 30 10 minutes. For each patient, the
test | ens waxampiesi9h-3ne eye and an Bauch & Lonb Purevision |l ens was worn in
t he contr al at er aReanfien mixtureb wete/mate usieg redotive danTfonehBishowain 7.5 (1. 6)

seconds conpayed. .to 8 +1. segonds. for the Bau onb, Purevi sion

| ens. . Th[erlil ?ﬁ'&_crjhs @Gé@gté’aa?‘g@o@t@ NS F?WB?P%&”@&E‘&SB*‘HB‘M% to slight for
100% of  t he apahbleRISdiNkAtBNdNE % PFP 2',5ﬂoqs§sedqmaneémvéﬁompédknﬂs?.0% in control

| enses. The novenent was acceptable for both test and _control |enses. The

| enses of t ABguntssrdicatpdarerhasedh upere1practiva comppneptsy fibeeartient o t he B&L

| ens, which_} I (" I : e shows that

| enses for rrerr@?@ ?egrﬁéggg&ym?o thé’?"v&?ﬁ%ug8%%$(ﬁée%ﬁgﬁ§8§’saﬁﬁ6@§l%%ont ai ni ng
nacr omer, h'ughlg Phliips TL 20Wie3 TOffordticantailti 4tie0°0.ad.8 mw/canidor aboarspat i bi | i zi ng
component display good wettability and deposition resistance w thout a

coating. 5 Mtayips andgp nitiogen.ubheomelds aeee epaned and lenses wee released was added to
27.8 g 1, 3-.: Bi S(: | diigil e g
oct anet hyl cil‘cé g%@%‘?é@?’%@iéﬁée&&%é%é@t?r% njg@?ig%‘l gﬁ@\%ggé%\f’é? red overni ght.

10 17. 010 N#G(Bacedristo ddrtelbafeted Salingisalutiorefon@S miriutes amti dudoclaved hour . About

50 ml hexane S gge and_the m xture was stirred for about one hour, then

filtered. Tﬁb){\ﬁ%é 3Qaun.e Thgproperdies pithe resulting &nges AESOW8 Mind cyclics were
renoved by kggiifg to 110C at < 1 nBar for about one hour to produce

hydr oxybut yl "term nat ed pol ydi net hyl sil oxane. 15 In a separate flask 12.2 g

CH2OH term nated Fluorolink(r) Polymer Mdifier DI0 with an average

equi val ent wei ght of 500 (Ausinont USA .. equivalent to Fonblin(r) zZDOL) was

conbined with 11.8 ng dibutyltin JF urate. The resulting solution was

evacuat ed td about 20 nBar tw ce, eac
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 15 1.5 1.5
CGl819 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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time refilling with dry N2. 5.0 m isophorone diisocyanate was added and the
20 m xture was stirred overni ght under N2 to produce a clear viscous
product. 47.7 g of the hydroxybutyl term nated pol ydi nethyl sil oxane from
above was conbi nggigwef GbledtIMGRE tinfenonok{g dreposygrapyljepropyl €thes sol uti on was

Coul 11 ng s pdvipehyisiolnaa ion D cure s emRe S8 T8l Lone vas 25
evapor at ed ftmnynérhrﬁerahe@t&t RREquiAE monohReHyleter vferécafﬁahed ané 9 2-

i socyanat oet hyl” net hacry ate was added and the resulting m xture was stirred
under N2 forheabdrto W@ wntin 3 aidbiahbler a@ﬂumg;htsllylng;ﬁxcatéhwrSCEhe | iquid
quorOS|I|cone le 91 silicone macroner
made in Exami a&?racteﬁmﬁs@@?ateeﬁqae%q@@aﬁc o TRIS, 1,56 g
DMVA, 32 ng @-lz LléyeHvE§drléd)oWrNB}<S©4%n§'eVéﬁUrbt‘éd bogive bl g prefitRi Ni ng 18%

di | uent (ethanol Contact |enses were fromthis blend in plastic

mol ds ( TopadjPL& Siwasonsistant with %lfaﬁéﬁﬁcmf?uor escent UV | anps at room
tenperature in a N2 atnosphere. The 56 nolds were opened, and the | enses
rel eased (debl ogked) into ethanol. The Ienses were | eached with CH2CI 2 and
then |1 PA for abgqut 30 nlnutes each at onttenperature then placed into
borate buffege al i #H then autoclave at 121C for 30
m nut es. The esuﬁ%lng Ied@es mere the touch and had a tendency
to stick to edch othergy The advanc these | enses was neasured and
is shown in Table 14. Exanple 92-88 Reactlon m xtures were nmade using the
reactlvqoconponents (amounts 10 based upon reactive conponents) shown in
Tabl e 14 and 030 as a diluent. The anount of D30 is based upon the total
anount of reactive conponents and diluent. The reaction m xture and | enses
were made using procedure of Exanple 91. The resulting | enses were slippery
to the touch and did not stick to each other. 15 The advanci ng DCA of these
| enses was nmeasured and is shown in Table 14, bel ow
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Tabl e 14 Exanple 92 93 94 Conponent (W % Fluorosilicone macroner 49.7
28.5 19 TRIS 19.9 0 0 DVA 29.8 24.8 24.7 PVP (K90) 05 4.9 SIGVA 0 40.7
50.1 EGDVA 0 0.4 0.6 Darocur 1173 0.6 0.6 0.6 Diluent Ethanol D30 D30 %
Diluent in final blend 18 18 18 Advancing DCA 132(8) 69(7) 59(9) 20
Exanpl es 92 through 94 clearly show that hydrophilic polyner nmay be wused to
i nprove wettability. In these Exanples contact angles are reduced by up to
about 50% ( Exanple 93) and up to about 60% (Exanple 94). Conpositons
conpri si ng Whghwedaimedbisnt s of fluorosilicone macronmer and hydrophilic

pol ynmer can al so be made by functionalizing the fluorosilicone 25 macroner
to include active hydrogens. 57 Exanples 95-95 Reaction m xtures were nade
usi ng reacti.ve obnpmméﬂm@ﬂ$hgﬁnSkMNﬁﬁabﬁénﬂ@wﬁmdum@W@ﬁbﬂge@ﬁﬂmbﬁk@$Dne
reactive c o 1% PVP
2,500 (base dﬁ@%aﬁﬁggg g&%@nhéﬁ%ﬁﬁ£¥ﬁM§Qh§§ﬂ§%§@?%] %Mﬁﬂgregghéed upon
100% r eact i affctiv apovre af & leaftipae eampatibilining monfnwd\ﬁwrcerlr}xlth%@@ldqcmf@tep (a)

t her nopl ast | | ds, and irradiated wusing Philips TL 20W 03T
quorescenfb%ﬁ atfgggég%cgnnVVcnﬂ for about 30 mnutes under nitrogen.
The nmol ds were opened and | enses were rel eased into deionized water at 95C

over a peri ? d OfTh%%emoH UF 88im lT\n%rélr?ﬁﬁne&omrcgl Ot gb?rﬂ)rlpe!s%ﬁ @ﬂ]tlﬁaﬂﬁlg dm&at e

buffered saline solution for m nutes and autoclaved at for 30 mn.
The properties of the resultlng | enses are shown in Table 15.

3. The method of claim 1 wherein said ophthalmic device is a silicone hydrogel contact

lens.

4. The method of claim 1 wherein said reactive components are mixed in the presence of a

diluent to form a reaction mixture.

5. The method of claim 4 wherein said diluent is selected from the group consisting of

ethers, esters, alkanes, alkyl halides, silanes, amides, alcohols and mixtures thereof,

6. The method of claim 4 wherein said diluent selected from the group consisting amides,

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

S carbons atoms.

10. The method of claim 4 wherein said diluents are inert and easily displaceable with water.
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Table 15 Ex. # 95 96 97 98 99 Conponents SIGVA 30 30 30 30 30 PVW 01 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 Cd619 0.25 0.25 0.25 0.25 0.25 EGDVA 0.75
0.75 0.75 0.75 0.75 Properties DCA 122(8) 112(6) 66(13) 58(8) 54(3)
(advanci ng) Haze 18(4) 11(1) 13(l) 14(2) 12(l) 15 Table 15 shows that the
addition of PVP dramatically decreases contact angle. As little as 1 %
decreases the dynam c contact angle by about 10%and as little as 3%
decreases dynam c contact angle by about 50% These inprovenents are

consistent W th 55@8&%(028”%%‘{&%{ ?%Er&fn sﬁﬁﬁﬁ&ﬂ?&m@?&ﬁ%ﬁ%& %%'a Qf?oﬁgelecékf mas those

i n Exanpl es 92- reparation used In anpl es 3)
58 96 g of ti@sraptcomniBRndditer{-busanol, (2t-Bnyé plochph 2 dpiphdl - omethylt2-rentanel, 2,3-er i nat ed
pol ydi met h .l D ) ). 2k N I €7 &G R
triethylan&h%mgﬁg%gégégggﬁgg%%%ﬂ%ﬁgg%gﬁgﬁg ?ﬁ%?é?%gﬁkﬂ%¥g°%%” ?ﬁed and

heat ed t o mg@epsheiqofan air bubbler and with stirring for 2.5 hours. The 5
product was extracted with saturated aqueous NaHCO3 and CH2Cl 2. The CHz2Cl 2
| ayer was dried over Nat S04 and evaporated to give 94 g of product.

HPLC/ M5 wad2condhemethed eficlaim dadprieiagaid dileeat ig patected from the group consisting of

hexanol, heptanol, octanol, nonanol, decanol, tert-butyl alcohol, 3-methyl-3-pentanol,
isopropanol, t amyl alcohol, ethyl lactate, methyl lactate, i-propyl lactate, 3,7dimethyl-3-octanol,
dimethyl formamide, dimethyl acetamide, dimethy! propionamide, N methyl pyrrolidinone and

mixtures thereof.

13. The method of claim 4 wherein said diluent is selected from the group consisting of 1-
ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl alcohol, tripropylene glycol methyl ether,
isopropanol, 1-methyl-2-pyrrolidone, N,N-dimethylpropionamide, ethyl lactate, dipropylene

glycol methyl ether and mixtures thereof.

14, The method of claim 4 wherein said diluent is present in an amount less than 40 weight%

based upon the reaction mixture.

15. The method of claim 4 wherein said diluent is present in an amount between 10 and 30

weight% based upon the reaction mixture.

16. 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 (¢) 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.
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00-- /~Si" Si 10-15 10-15 OH 10 59 What is clainmed is: 1. A nethod

conprising the steps of (a) m xing reactive conponents conprising at |east

one high nol ecul ar wei ght hydrophilic polyner, at |east one sil oxane

contai ning macroner and an effective anount of at |east one conpatibilizing

conponent and (b) curing the product of step (a) to forma bionedical

device. 2. The nethod of claiml wherein said bionedical device conprises an

ophthal m c device. 3. The nethod of claim1l wherein said ophthal m c device

is a silicdae hyde mgedbd dehirads whéreinsaid ddialldnecomptises gty havidgaa \mavilemmfei n said

reactive c th r e

reacti on mq)g?%% nr%an%.lsﬁld 1me(a$%r1s sele tegrrgrlngl% S ézgnesllsﬁn acf)‘r'ngﬂ% alél?a lIyQIrO ol ect ed

fromthe gﬂcetu@smdiwsy@kybtgzqnfs acetlobienenes estl ehesphisd d«adwesmxtallekyﬂ telha'b'lamesS,

si | anes, gextures thereof. 6. The nethod of claim4

wherein sa%éjg}ﬁitﬂngrit%@gl qué%q romthe gr oup consisting ani des, alcohols

and m xtures thereof. 7. The method of claim4 wherein said di I uent

sel ecting tQBe gﬁ'ﬁyﬁetﬁgy&{cf‘aﬁ& rllﬁw x:‘;reingaei‘{!‘I nﬁﬂ%ﬁjfs‘%&b&@brhonﬁth% ou@g 1?6 of BT hyl

| actate, i-prop actate t hyl ene chl oride oct anet rasHoxane

di nmet hyl fdwdmmcmohewl mhqnhwetcag@tlafmww -mepthykt- mehylmr@@mwambdé? 6- N met hyl

pyrroliding HEE R NG R0k At MRSL eS8, bRV RfimERAbdi08@E0I Ng Wi th at
e R Ry e il SR bl PHER

| east one The net I'm 4 wherern sal uent conprises
at | east orpéeralpbesbinedxidei a6-trimdthydbenzyldipheryl blasphincorride anZTﬁe met hod of claim

4 wherein %%Qhﬂﬁénk&%ﬁfdlﬁféﬁﬁﬁﬂ §a§neao&1dkeo@gomqn&hﬁksqawnbnﬁmnegf at least 5
carbons atons c? claim4 wheréin said diluents are inert and
easi |y di sphaphestyirenggndsthykd- @\‘N dlfﬁ@hxlﬁm”m&e“ﬁ@twr?@é mpftures @preef4 wherein said

di l uent conprises at |east one al cohol selected from

21. The method of claim 18 wherein said initiator is present in the reaction mixture in

amounts from 0.1 to 2 weight percent based upon said reactive components.

22 . The method of claim 18 wherein said curing is conducted via visible light irradiation.

23. The method of claim 22 wherein said initiator comprises 1-hydroxycyclohexyl phenyl

ketone, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide and mixtures thereof.

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

0.1 and 6 mW/cm?.

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

between 0.2mW/cm® to 3 mW/cm?’.

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

least 1 minute.
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the group consisting oftert-butanol, tert-anyl alcohol, 2-butanol,

2- et hyl - 2- pentanol, 2,3- dinethyl-2-butanol, 3-nethyl-3-pentanol, 3 -ethyl
-3 -pentanol, 3,7-dinmethyl-3-octanol and m xtures thereof. 12. The net hod
of claim4 wherein said diluent is selected fromthe group consisting of
hexanol , heptanol, octanol, nonanol, decanol, tert-butyl alcohol,

3-net hyl - 3-pentanol, isopropanol, t anyl alcohol, ethyl |actate, nethyl

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

di mret hyl acetam de, dinethyl propionam de, N nethyl pyrrolidi none and

m xtures thereof, 13, T Tet f claim4 rein j ' t is selected
fromthe gp g'up gg?]?letg?ﬁi (r)quflag% ® %?&gfe}ﬁ%&ai/d?cfmp%%%)an%qef an-?p?ffé%ﬁ%:u{egﬁ%rogpanol ,
t-amyl al cdaoleen t andpdapypltene gl ycol methyl ether, isopropanol

1- met hyl - 2- pyrrol i done, N, N-di met hyl propi onam de, ethyl |actate, dipropylene
gl ycol methyl ether and m xtures thereof. 14. The nethod of claim4 wherein
sai d di |l uerd0. i s Tpe mstbod ofichrim A6 avhoeintaill esmg stpfurthd camprges d6urbdased upon t he
reaction nn% L€ .30 Tmﬁﬁnethod of claim4 wherein said diluent is present
in an amount between 10 &and 30 wei ght % based upon the reaction m xture. 16.
The met hod of claim4 wherein said diluent is water soluble at processing
condi ti ons gand I er. . i I i ns froma
rold i n whith sararpiBl AEEEA 2 WhibE 6 AFRLAEER oo b PIRRRAR BB, | Dot
steps (c) a2} are perforned in aqueous solutions which conprise water
as a substantial conponent. 17. The nethod of claim4 wherein said curing is
conducted via heat, exposure to radiation or a conbination thereof and said
reaction mi3kt ur @h¢ methplef cleompe vbersingaid Fwmg stepissonduited dtagempenagire weefet hod of
claim17 whgsejjy-satd curing is conducted via irradiation conprises

ionizing and/or actinic radiation and said initiator conprises at |east one
photoinitiator. 61 19. The nmethod of claim 18 wherein said radiation

conpri ses ljxzght hawiMed & 1Y 06 SAGER sQl curihy ep B BRABM: ARGpSAIL deflictd ator i's
selected fromthe group consisting of aromatic al pha-hydroxy ketones,

al koxydoxy#8Hz#1d78C.acet ophenones, acyl phosphi ne oxi des, m xtures of
tertiary am nes and di ketones, and m xtures thereof. 20. The nethod of
claim 18 wherein said initiator is selected fromthe group consisting of 1-
hydr oxycycl3hexyihe prided of dedn drderein spig dgaghiap-mixtyeetingired in pﬁ@ﬁ%ﬂnd pridpethed - one,
bis(2, 6- difmihQxyae 1R%tehdeblbekthiplshill BRYhiR a0\l @RI pEe oxi de,

bi s(2, 4, 6trimethyl benzoyl) -

35. The method of claim 34 wherein said reaction mixture further comprises at least one low

molecular weight hydrophilic polymer.

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

number average molecular weight of less than 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 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
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phenyl phosphi neoxi de, 2, 4, 6-tri net hyl benzyl di phenyl phosphi ne oxi de and
2,4,6- trinmethyl benzyoyl di phenyl phosphi ne oxi de, benzoin nethyl ester,

conbi nati ons of canphorqui none and ethyl 4-(N, N-di net hyl am no) benzoat e and
m xtures thereof. 21. The nethod of claim 18 wherein said initiator is
present in the reaction mxture in anounts fromO.1 to 2 wei ght percent
based upon said reactive conponents. 22. The nmethod of claim 18 wherein said
curing is conducted via visible light irradiation. 23. The nmethod of claim
22 wher ei nm&aures thevedfi at or conpri ses 1- hydroxycycl ohexyl phenyl ket one,

bi s( 2, 6-di met hoxybenzoyl ) -2, 4-4-trimet hyl pentyl phosphi ne oxi de and m xtures
thereof. 24. The nethod of claim?22 wherein said initiator conprises

bi s( 2, 4, 6- #0.i meThehdskadodylkim 3Meengin i bspholerabx veight hpgrophitigepotstehsd of cl ai s
18 wherein o ' f -l.5es at | east one WV

absor bi ng 8%%%@6ﬁ§3$%%¥ﬂ%ﬁgw%§?ﬁ§%§§ﬁM@f@?ﬁ?ggnﬁﬁﬁﬁgin said curing step is
conducted at a cure intensity between 0.1 and 6 nWcnR2. 27. The net hod of
claim 22 rei i i 1 ; ¥ ity of
betvieen 0. 2w ol T 4 AL RRVERA B KRR By FRRUGRRSE KT o
curing st eprefantinfampuntoleprdes & andi2bowright¥oibased afonghe regcigmixureyi nute. 62 29. The
nmet hod of clains 26 wherein said curing step further conprises a cure tine
of between 1 and 60 minutes. 30. The nethod of claim26 wherein said curing
step furthé? comprmaieas of cleim & whemgin gfd debleekirgap cqndugied WBDE AR pYe@s solgtion. The

met hod of claim 26 wherein said curing step is conducted at a tenperature
greater than 25C. 32. The nethod of claim26 wherein said curing step is
conduct ed 4% a Tesmpahaestafielainhdh vsssn sajisaguepngisopgion fusther cpmarisepetiesdt B¢ cl ai m 26
wher ei n saiggnedki Ng step is conduct at a tenperature between 40C and 70C.
34. The nethod of claim4 wherein said reaction m xture is cured in a nold
and said nethod further conprises the step debl ocking said ophthal mc

devi ce from sai dhdWRdifbd of Shaiml MEWRERS N QSH RffaGdndddRpidesWhREL LA dAlidhid eact i on

m xture further conprises at |east one | ow
surfactant.

45, The method of claim 43 wherein said surfactant comprises TWEEN®, or DOE 120.

46. The method of claim 43 wherein said surfactant is present in amounts up to 10,000 ppm.
47. The method of claim 43 wherein said surfactant is present in amounts between 100 and
1200 ppm.

48. The method of claim 34 wherein said aqueous solution comprises at least one organic
solvent.

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

ambient and 100°C.

50. The method of claim 34 wherein said deblocking is conducted at a temperature between
70°C and 95°C.

51, The method of claim 34 wherein said deblocking is conducted using agitation.
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nol ecul ar wei ght hydrophilic polyner. 36. The nethod of claim 35 wherein
sai d | ow nol ecul ar wei ght hydrophilic polynmer has a nunber average

nol ecul ar wei ght of |ess than 40,000 Daltons. 37. The nmethod of claim 35
wherein said | ow nol ecul ar wei ght hydrophilic polyner has a nunber average
nol ecul ar wei ght of |ess than 20,000 Daltons. 38. The nethod of claim 35
wherein the | ow nol ecul ar wei ght polynmer is selected fromthe group

consi sting of water soluble polyam des, |actans and pol yet hyl ene gl ycol s,
and m xturézs t fikereakad oB8lainTivewnsedihait agftatoh aomprdbs sehieatenn t he | ow nol ecul ar
wei ght polyner is selected fromthe group consisting poly-vinylpyrrolidone,
pol yet hyl ene glycols, poly 2 ethyl-2-oxazoline and 63 m xtures thereof. 40.
The met hods5af cAanathodSomprisingitire stdpeofl (@\ninink exctivacomgingits campdisiophhigh ¢ pol yner
is present [n.a n Q 20 wei ght % . i 1 xture. 41.
The et hoa "SIt URaTL S ket el P Yl ASRESRo R O ARORREN Al O, s
i s presentnd(h) @nogitht srodet wixtap (&) aaorkb2@ aneinighirgebame do fopon wetiable eact i on
mxture. 42 The ggihod of claim 35 wherein said debl ocking is conducted

usi ng an aqueous solution. 43. The nmethod of claim 35 wherein said aqueous
solution further conprises at |east one surfactant. 44. The nethod of claim
43 whereincgaid t . i . | t -ionic surfactant. 45.
The ot hod Bt ol oy ks Ry e ey R e ARSI rVEEN ¢) - or | DCE
120. 46. The nethod of claim43 wherein said surfactant is present in
anmounts upsto 1 ALy T f kM43 wherein said
surfactantsﬁs p?ggg%?gﬁﬁkgﬁ%%%¥% %%ﬁggggigé°§ﬁﬂkﬂ%%oo ppm 48. The net hod
of claim 34 wherein said aqueous sol ution conprises at |east one organic

sol vent. 49 Th‘f’hem?étm%fglfain%@évﬁgre’?nd'sayggﬁs%%@pﬁs@. gﬁeﬁcaglamm({ SnGanggct ed at

a tenperature between anbient and 1 The nethod of claim 34" wherein

sai d debl 0€k3¥igr - conducted at a tenperature between 70C and 95C. 51. The
met hod of cl aim 34 wherein said debl ocking is conducted using agitation.

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

of 70° or less.

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

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 1% based

upon all reactive components.

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

based upon all reactive components.

63. The method of claim 60 wherein said cure is conducted via irradiation at an intensity of
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64 52. The nethod of claim 34 wherein said agitation conprises sonication.
53. A nethod conprising the steps of (a) m xing reactive conponents
conprising a high nolecular weight hydrophilic polynmer and an effective
anount of a conpatibilizing conponent and (b) curing the product of step
(a) at or above a mnimumgel tine, to forma wettable bionedical device.
54. The nethod of claimb53 wherein said device is a ophthalmc |lens. 55.
The met hod of claim54 wherein said device is a contact |lens. 56. The net hod
of cl ai m 5&swharenW/sei d | ens conprises an advanci ng dynam ¢ contact angl e
of 80 or less. 57. The nethod of claim54 wherein said | ens conprises an
advanci ng dynam c contact angle of 70 or less. 58. The nethod of claim54
wher ei n saibl | efibe meshqsrdf sieisn 60 wesagin $4id gel hinekkt lagst 30 sgeonds. at | east 7
seconds. 59. The nethod of claimb54 wherein said reactive conponents further
conprises at least one initiator. 60. The method of claim59 wherein said
cure i s cofdluct &tk wethod af cladh 6 Werneimsrdd gehiie is@blasst 13 spdsonpri se an initiator
concentration and cure intensity effective to provide said mninmm ge

time. 61. The nmethod of claim60 wherein said initiator is present in an
amount up 96 190 hegebod Qiplein & Whareineaid spmpatiifFoigeangonesds norpdydigtvhod of claim
60 wher ei n gl dhali 2l taabRkr maﬁe%géep&anuarmmmh |l ess than 0.5% based upon
all reactive conponents. € nmet hod of” claim 60 wherein said cure is
conducted via irradiation at an intensity of 65 less than 5 mMNcne. 64. The
met hod of ghai MrBOMWES RlcRind 3 Fhd&h sdid @&tnbéeﬂpoh&%&&ﬂl@@c&rﬁ»@n@@&$east ofe. The
nmet hod of claim 60 wherein said gel tinme is at |east 35 seconds. 66. The

met hod of EREPHFH3 wherein said conpatibilizing conponent is not a hydroxyl
functionalized macronmer made by group transfer polynerization. 67. The

met hod of claim53 wherein said reactive conponents further conprlse at
| east one OPracr ohgpethod of claim 1 wherein said compatibilizing component is not a hydroxy!

functionalized macromer made by group transfer polymerization.

69. 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.

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

index of greater than 0.5.

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

index of greater than 1.

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

siloxane group.

73. The method of claim 72 wherein said compatibilizing component further comprises

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

74. The method of claim 72 wherein said compatibilizing component has a Si to OH ratio of
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68. The nethod of claim 1l wherein said conpatibilizing conponent is not a
hydr oxyl functionalized macroner made by group transfer polynerization. 69.
A nmethod for inproving the wettability of an ophthal m c device fornmed froma
reaction mxture conprising adding at | east one high nol ecul ar hydrophilic
wei ght polynmer and a conpatibilizing effective anount of at |east one
conpati bilizing conponent to said reaction mxture, wherein said

conpati bilizing conponent is not a styrene functionalized prepolyner nade
from hydr oxpmlediinciional nmet hacryl ates. 70. The nethod of claim 69 wherein
said conpatibilizing conponent has a conpatibility index of greater than
0.5. 71. The nethod of claim 69 wherein said conpatibilizing conponent has a
conpati bi | h§y IAHd%h%m%’n@@&ﬁﬂnsh@@@xhhomE?dro hehisRhROoditRt GH@leMefifemher ei n
sai d conpati bilizing conponent conprises at |east one siloxane group. 73.
The met hod &R Umgreak #p L &f dilsstdar P donpat i bi | i zi ng conponent furt her
conprises hydroxyl functionality and has a Si to OHratio of |ess than 15:

1. 74. The_nethod _of claim 72 wherein said conpatibilizing conponent has a
Si to OH rdtio 6filicew hdértog\féé‘i’f"af‘ lpng qomppising a“faBSt ORHOXYBHL ATEANIPIE SPBRAESREGHpr i si ng

a sili cone 1ayho@Rpati¥iliLity DdABonchd atrﬂ@ﬁlimcﬁlﬂfcff%i-‘gﬂ nol@albrRatht hyc&o;thﬂ@r filmbreak
up tinme of at Iea t. 7 seconds .7 A silicon drogel .contact
We e o ol

conpri si ng PAYMFSY ?wﬁﬁ%mﬁx Nichredispw as @WPm“dTﬁ”Fﬁgg?

conpatibiIMmk@@x%ﬂﬁ&@@ea%manah@&?&&&ﬂﬂ& of high nol ecul ar wei ght hydrophilic
pol ymer sufficient to provide said device, without a surface treatnent, with
tear filmbreak up tinme after one day of wear of at |east 7 seconds. 67
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