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lmftULZ 8:tLXCQD ~ltOOZL CODOS:IC'T:tOBS 
J\lm mtmODli l'OR BB:tll KUUJrAC':UU 

MCIGIQWD OP nnt,_J;lJDTlmt 

~his application is a ccntinu~tion-in~part 

~pp1~cation of copondi™J npplicRtion AAre No. 07/788,013 

filed Hmrember 5, 1991e 

li~ld. o_f · th~ J:nvention 

Th~ pre$GDt invention rulate~ to improved watt~le 

pol~ic hydrogel composi~ions useful for th~ 

produ~tion of biomedical device~, especially contact 

lensese 

Hydroqeln have been a dAsirMle elfu1s of :xtat.orial. · · "· .. 

for the preparation e'f bimediei!!l.l aevic~s, ancl bavo been · ·· 
.. · 

known sine~ at l.en~t Wicbterl~, et al. u .. s .. Pat.ant Has 

3,220~960 which disclos~d hydrogels eompritd.ng- a 

hydr;JJ:ted. polYJt•r of n hydroxy~lkyl acryJLate or 

methaory1ate crosslinked with a corresponding diestcr 

(poly 2=hydrQXyethyl neth~cry'lmtc, known Qs poly-~) .. 

A b.ydrcgel i9 a hydrate~ croGslinked polymeric 

5ystma. that contains water in ~n equil.ibriu• Gt.ate. ~e 

phy~ieal properties of hydroge1s can VB!:y widely and are 

nostiy determined by their water contentA since 

hydrogel~ exhibit excellent biccompatibility, there bas 
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lboen ext~i,,a int:ere•t ill the use 01; h~ogals fer 

:bJ~6.i~ «mr.t~.m. oiqaocial.lY ~ontact lmnl.i•8 .. 

:tn ~ :fial.d. inf contaat lenses;, various :fact:on 

Ms.t com:Uw to yield ft ma1:erial 'tlmt :mw a:pprop~iate 
~ist:lcs. ~ p~ilit.y11 wt.t~ilit¥,, 

:material strength ml4 &tMi.litJ' ue IN.~ a few of t:ba 

r~ which mst be carotully balmioed to w::hiifW@ n. 

~~le cmd~t omrt:act: 1~~ Siw:@ the. CO:ale& 

~VM its ~ ~:r mml.u•i~ly ~mA eantact with 

Ule 2'bM)~pbere, goad ~- p~~iJ.~:t.y is a eri~l 

~~.istic :t:or any ccmt!Wt l.e~ 3!:!D&te:d.a1 .. 

:It. ~ diS~OVRacl tlm1: ~in CJ:t'O&ljUJ.iftkd 

}1Gl~i.o .a~ cmtld lbe hydm'ted and z-eQ.in their 

~tar ~t. :tt:. WU t'Urthm:" fW.Dd tbat i:he higiler tile 

wa.-tm: ocutent Y.l:tli:bt aontaet lonses ~a.de ~ thee:e 

cxa~slinke4 h~ pol.~, ~ ~tar waB t:be 

~ p~~ilit.y ~ ~ l.mE to the oo:imoa. 

tigh wa~cmtaining ~~ bave at Umu · 

~i~c'l 'm4md.rdJI.e ~udcm1 ~rti~. For 

~1.~, miiah ~g-ol~.lle often not eusi.ly :famed into 

~J.:ytienl.l.y st&bl.• l.msm. ~ uueh l!M.tm:ial11. 

ha'V'ft at ~ .xhibited t.ar!D9 or ~ex ~we •~ ~ 

~:a:Lt o'f pour ttmaUe s~.. What wam needed no a 

highly ~en p~le a'terial thmt was 6m!'able and. 
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bivhJ,y wettable. Wet~ability i~ i~PD~nt in that, if 

the lm7.s is not m:&f~iciently wett~blo, it ~oe~ not 

~i:n l'Uhricnted and t:hero:f o:rft cn.nnet hft vo::n 

c~ortably in th~ eyo~ i;rhe optinlm_contac::t lens would 

have not only mccellent oxygen pemeability, but n.lso 

~cellent tBar fluid WBt~ability. 

Silicon~-containing nm.t~ri~la ware tried as viable 

eantnct. 1enl!I ~~terials •n~ ~i~l~yed very good oxygen 

permen.bil.ity an~ dmr:ability. Eowever, mo~t 11d,liccne~ 

contnining :m.aterialn are larq~y bydrophobie and 

th~efore not sufficiently wettable. Farther, it 1~ 

believed that such hyc'iroph~bicity ~au11H!s enhanced! 

4epo8i~ problen~, 'W.hieh •~Y ~1so r~~u1~ in ~iBcom~ort. 

Whan Wtut1"1ng contact lenses :made fr~ certain Bil.ieo:ne~ 

containing polYJi!era. 

"!'herefo~, an optimal hydrogGl mat.erial for 

bitJ1!Hid.ica.t device:g ¥ such Ul!i ccnt~ct leru~~~, would have 

ideal rigidity, high oxy~en pe~~ility and a high 

d~GQ Cf VB't:tnbility. 

:en ~coordanee with this invention. the surface 

wet'blbility of bydrug-els, such "s &ilicane-eontain:Lnq 

iiiifi~ 



hydrogel~, and •ore specifie&D.1y poi~~~e~~ilicone 

h;rdroq~ rmd etby'l.amicall:y ~11at~d. polysiloxane 

h~~~ ~eh u (po1y)~osllcxa.ne. ~el.~, are 

s~fi,eanUy enhanced. :by inem:porating- hc"th t:t't l~~t 

on~ vinyl.-tmntaining b.YC1rophilic monomer imt! at leut 

ang ~ie-cmtbining hych:opbilic 1m~r into the 

:wmOJ!M\r ~x ttl.cmg w.ith 'the &ilieone.-conitftining- •cmo:mer 

er pi:epal.y.m: .. 

~£', .in alC~ae With the pret1:Hmi: imrm&i:i=, 

a l!!!l!§.'thocl t'or Mld.hg a wet:t.al>l.e s:ll.i.cene-eont~ 

~og-~1 ~tmpos.itton is cliscloRoo omtprisinw 'the &t;9p9 

o:f A) cantbming a.t l.east cme v.inyl-.cout&ining mon.~, 

at l.@Mt ono ~J.ic ... contaW~ :mano.er ~ a't loaeirt one 

sili.oone--eontain!ng ~~ er prepo1p@r inim n. mo~ 

D.ix ~ :b) @IX:d.~.g 'the aancmer lidx rwmlting- :frcm ~a) 

to form Bi. s.ilicone-containiDg hy«'lrcgel. ~usit:i«>n .. 

:m:t 19 bel:LevBd that the. amlbined viny1 ... eontllinmr 
Nld aerylie ... cm1.t&inhg 'IWnml:lm:"S act u wetting agents, 

mlti :tnt.eraet wi:th t1w pred.omimmtly hydrophobic 

~il.i~cmtaining smonm1e:r:s and prepo1~ in 'th(!! 

~onam~ mix to produce highly wattabl~ hydrogel.1!!1 with 

:ta.cm.J. ~.itJitiliey. Sum remll.tant h~ftl.~ are espeoially 

w~l ... ~u:lt:ei!l for wse as ccnt:aet. lrms ~~hl!!t ... 

.. 



Figur~s 1 and 2 4epiat the o~tect on modulus of 

polyurethane fil•s a~ ~hD conposition r~tic at NVP to 

~ is changed. 

Ji'igure 3 .depicts the effect on no4u.11W of 

~~t:ba~l~tee~apped po1ysilcx~ne f il•s •~ th~ 

ec~positicm ratio of KVP to nMA iG ahangede 

~~ pr~~ont invention relates t~ i~rovedl 

wettability of hydrogell'i, e1Specially silieone~cont.aining 
hydrog-f!l.s with ideal rigidity ~uitlilhl~ for biomel!lic~l 

applications 9uch as contact len~esg 

~a sil.icone~eontainin11 hydrcgAl.~ of the p:ro~ent 

.invention display !Apr:mred wettability aa a re~ult of 

the emminod presanae in the •~1um~r ~ix af at lea~t one 

aoeyl.:ic~containing aancmer and at ltn~,~t. one vinyl~ 

eon:taming •ionoxmer. 

Silicone bydroqoln (i.e." hyd.rogelis containing 
~ilieoD®) are usu~lly prepared by polYJierizing ~ mL~ture 

contu,inincJ at leaBt one &iliooheMcontaininq monmcer and 

. "' 
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@.t J.ault one. lWdrapb.il.io lDiWncm.~:r. Either: the ~ilioone~ 

oon'btining ~omer er tile hydra.phille mcnoI®.e may 

~et.ton as a cro,;n;sl~ agrent (a ~ssl.inker .being 

Mfinaa ilW a lll.tm.~ having nul.tiplB pcl.:yzeri1:~le 

~mm.l.:ltie~) or 8. aapa.:a'te. emfilll.inker •Y be 

mi\Pl.CJ"OO: .. 

!the tm:a •1vinyl.-oant:eJ:nin11° il!!J memi't. to re!!e::t" to 

nan-aw:yJ.ic ~o:nmi.e~• having: the vinyl. grouping- (CB:r<m ... > 

wb.inh are ~m:all:y highly re&ct:i"M.. heh vinyl. ~s 

are JmDWn to pol:piciae retativtily ens.tly.. •Am:ylic:­

conta:lninqM •onmnorg are t:base ~poond.s con~:btlbg- the 

acryl.ic groupiw.J ccs:2~X) whim w:e ~~o 9"@nm-:a.lly 

rQB..fJ°tiY~© 

fti.e vb»;rl-crmta!n;hlg-wm~ usm. in the p~'t 

il1vent1an 11\el.u«e hydrophilic non~ ~ u.s :S"""Vinyl. 

~lidoDe, B-v.inyl-lf-aethyl acetm!il1Gc, n ... viny1-N'-ethy1 

e.eetmd.d~,, H~l.-N"'"mrt.thyl. fomam:i.de, lf-vinyl. 

:fm»rud.de, vi.th R-vin.vl. py.nol.idmAe (1"1') :beinq the most 

prof~rad .. 

~ •e%'Yl.ic-canta:lnbg DOnc::mm:.m usQd in the p:uant 

immntion incl.Ude hytsrophUic •onmirierim suc'h a.~ 2-

hyiir~'thyl. •e.thacxyl.a:te, glycerol xetb.n=:ylata, 2-

'.b,ydx-o~et~l DCtlllli.CJ:yllllmide,. !f 1 H~cUJru:rthyJ. 

(n~'t:b.) ~l.e.mide, 4iace.tonB e.eryl.aicler netha~rylia ~cid 

.. 
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and ~~rylic aoid with N,N~din•thylacxylamide (OKA) ~einq 

th~ mo~t pref•rred. 

Whwi both vinyl- and a.cryli~ccm:t:ainin9' llKihOJ!IS@lt;s 

are pre~mit within mw ~OJ!!Wr mixture, it is preferab1e 

1:.D ~G4 a eronslinking ecaposit~on containing at le~lft 

on~ vinyl-containing polymeri~abl~ vrc:mp and ~t lea~t 

~ GCl."y1ic- o~ ~ty.rane~cont-ininv po1yn~~i*~1Q group 

discloliledl in eopmutiuq nnd e~nly a~aigned u.s .. 

A,PPlieation No. 07/718,071 ~iled Hov_md;ier 5, 1991 and 

lmving tllie 'fcllmd.ng venwal •flh•ntie 

repres•ntaticm CI): 

R3! /~' 
,_<>c, 

lt2# xq.·Y-
0 
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.ta an ~ :aulic~ ~iveci ~ 

mlibstitv.t:d and. u:n11ubstimtmll 

b\Y~c~onu, polyalk;ylcme oxide, 

po1y(parfl.uQJ;g) &lJQrl.mie o:dcts., 

tia:Eltyl""e~d.pol~hyl~ilmamear 

~-aappm poly~lsiloxuc 

:lrilfll4i::f1w1 vi.th nu~l a:r 

~uomat'Zaer F'OUPlj 1 

~ ~Cim4entl.r B, or ~ uf: :t 

't;O 5 ~n l'l~f 

is all o~o group ccmbinin;­

~t:lc lliiOietiae having G m 30 

~ illclepemiwtly o, D or s :r 

:ls 1, or h!g'hm:1 u4 

.indepmu\mstly C'e gno.tftr ~1m 

er olJ'Qal to a, a« a' + &' 2:. 1 ... 

!!le ~t:!.ml of mmsol.inldn9T ag-ent.s of l'o:ciUla :m: 

wim!Bt:s in tbB eopo1;pwrizatioD uf 'tba vinyl~nd 

~~.ia .... mmitain~ng -=~vi.th~~ IW wel.l ao. 

c'th ~ -.m~ and ~ol~s pretPJent in 'the 

~.r ndx,, muttt a.s 'the relatively DOh"""PQlftr rin.g­

cc:mt:n:illi'DO oxazal.ane c~ of t'.h8 ven=n.l. 

~a (J:J:)~ 

·--~---

1i1illim..d. 
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'.R11 and R12 inclcpeMently clenot.e B o::r: cs3 : noo 

R.13 and. R14 independiontl.y dmiot.e aethyl or 

cycl~l radical~. 

!lfh~@ ring-con~ain.1ng monomers Vhi~h •ay be 

incorporated into the silicone-contnininq hydrogela of 

'the ~6ont invention specifically include 2s 

i~opropanyl~t,4~diaetbyl~2~oxazol1n-5~oo~ (XPDMO), 2~ 

vi~yl-~,4~dinethyl82-D:IG'AZolin~Secne CVD?'IO), cy~oh~e 

~piro-4r~c2'~•oi>~UbJ'l~2•-oxa~o1-5•~one) (I.PCO), 

~loh~e-~piro-4'~(2'_,,inylH2'oxazol~s•~ono) (VCO), 

and 2~(-l-propenyl)-4.4-dinethyl-oxazal-S~one {PDMO). 

file pr@f errea oxazolones an prepared by known reaction 

&H1!1'lU«mee~ set forth in emmo:nl.y asaigu~d U,, s.. :P~tont !No 5 

4,110 1 76,. ~e aJWUnt of crossli:nker used ia al)out 0801 

'to about 5% of' tbe vieyl~cantaining ll&onmer weiqht. 

p~~ent in a U8ctul fo:t11.ul.~~icna 

We have observ~~ that oili~o~e-ccntninin9 hydrogela 

~taining KVP a§ a WMtting ag@nt bav~ a i!Umch highar 

' .. 



~4UlUB as ccmpn~ with 1:8Uicu::me ~ 'tb~t 

m~,;ate u=::yl.ie-cantu.bdng ~ml~, ~ -~ 

g.Lyccro1 2ie~~m and. K,,N~:ylae~lmd.de (DHA) .. 

We ob~~a.. Hnd 'this imnmticm eonte:mpla.1:a, tM't 'tha 

inoo~cm.tum of a v:flwl'"'CODt:lllin.ing h~il.ic aoraner 

nth nn ~l:IA~;ing ~ilia m.o~ a~ 

~ •981113 into 1dJ.im:me~cont~:lnV famulati.oM 

~b itt hydragels wi:~le for. biOllMdical 

ia,pplicaticms, ~ially ocmmct J.cms~ .. 

~ lmown &il.~one-cmittainwg prepcl.yaer --.y lb~ 

m;@.cl m :f~ the sil.icin~ h;ftl.mpl.~ of' 'thi9 inventien, 

&~ w:lJ.l. Jbe 81~mtl; to DD@ ~Jd.l.].q :lft t:he m;t,. ~ 

~ added to the ~1c Dixt:ure my he ~onoimars 

mo ~l~ .. A ampmpolyaaer" is a ruction 

.inanaediam palynu: of Mdiua zol.ecular 1ftd.ght ~ving 

pol.~isabl.e ~ps. 'Dam it is ~modi th~t the 

'tin:nli!lt m~illcmw-aontdning- mmmeJ;'S" ~nd. "hJ'drophil:lc 

~n~su inel:w!lo prepaJ.:r-m;s .. ~l.u of &Uch aon~ 

Jm.Y be f'Omld in trm.tntl Stil.'te~ ~atcmt JIOB .. .c.,1:u5,25@1 

~,153,641: '~740,533J 5,034,461J a.n4 5,070,2150 

~, not-a~ nah M lill' (meth)al.%Ylate or 

®t (3Mth) a~~de &re· uafd haroin 'to d.m>Dto cpt:tmm.1. 

~yl. ~~t.imtlcn .. ~WI, :for ~lft, -tbyl 

(~) a=ylate inel.~s hath methyl am::yJ.am mx1 ~yl. 

. iiiiifr 
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~aeryl~ta and :u-alkyl (mcth}aeeylUi!lidc inelUlde• both 

H~alkyl a~rylma14e Bn~ N-alkyl •ethDo~lm!lido. 

Ono preferred ~lns~ of 8Uitable silicon~~aon~abliinq 

~ are bulky polysiltJJmnylalkyl ClW!t~)aceylic 

'MOD~§ repreiietecl by 'the fomullll Cl:l'.I) ~ 

(Ill) 

Wherein: 

J: il!li O or&; 

:al 
a 

a1~si-:a1 
t 

R g R1 
m ~ t 

H2~Ac~x-ccu2)£sSi~o~s1-R1 
I m i 
0 0 ~l 

a 
a1-s1-R1 

t 
nl 

ea.ah R is independently hydX"og~ c:t' w.ethyl; amd 

eD.dl 1'1 is iudepenclcmtly a lmir~r &lkyl or phenyl 

group1 and 

such tmlky mmma.~rs include met:h.aceylcxypropyl 

tr1~(triacthylsiloxy)9il~ne, 

p1mt~tbyl4isil~nyl.mathyln@lth.ncry1nto, 

trin(tr~ylsUozy)Bethacrylcxy propylsileme, 

pbmiyltetr~thyldisilo~a.nylothyl acet~te, n~d 

•etbyldi(trinathyl .. iloq)met:haceyl.~thyl t1ilane .. 

. .. 



A ~er ~~ claar; o~ sllico:me-contun.ing­

nmwaGris ~ Ce pol.y(m:g~ilOMm\e) propel~ 

~ent:M lbJ" the r~ (:tV) :i 

•' 1t5 n.3 l I -r 
CI'V) A-Clt7>-s:t~ro-s.tJn~1 ... CR7> -1 

II..., ).., 1,. .... »."' ... 

.I. iD an aativatett immatur&ted group .. su.Ch as 1m 

Ubtr 0%' uidA Of Im lflC't]"1ic Dr a -th~ic &t:id.I 

each R3~a6 is hldepenlllcm.tly selected ~ir:om aie group 

eon~d.st:ing c:f at ~m\t hy&:~rm n.S"*l. OJ;" & 

halcgu. dub~ii:utett ~eut h~o~ rACUcal 

mving 1 'ta 18 ~cm. u.~ whiah ~ hm!r~ ~ 

~~ 'betweon ~= at:mJWJ 

u..7 is a diiwJ.ant hydro~ ~wi1czl. having ~ 1 

ta 22 aa:d>on. a~' 

A :fUrtb~ pref~ clus cf ~ilieone-containing' 

11mnomm-:s ~re th& w.maem !m.Ving the t?ol.lmdng u0b~1::ie 

:a::epre~~tions: 

(V) B (11t?)*A!lll•Jl*QJ a ~D'AA111 *D*E" ~ ar 

(Vl'.) !l(frD*O*D•A111 )a,<lliDflG-ADtc•': 

iiiiff 

.. ... 



D iicm.otea am alkyl diradical, an alkyl cycloaUcyl. 

tlil;'adio~l, n cycloalkyl dir~dic~l, ml nryl dir~die•l or 

11m alkylm:yl. cUradia~.l having- . 6 to 3 o enx-bon a-tons: 

G denotQ& an alkyl dira4isnl, a eyc.1~•1kyl 

tirruticml, an alkyl, cyolaalkyl cU.rad.ical, an aeyl 

d:b:adical er tm alkyluryl d.ir~dieal h!!lVi»g l to 40 

ea.man atmm rma. whie'b uy ccmta1n ~er, thio or md.:ne 

1inbtt~~ in 'the -main chain; 

* d~n~~ a urethane or u:ireido l.:bxkil90 r 

a ~ iilt least l.f 

A001 ®not.es a divalent. pclymQric racUcal of fo:r:mula 

(Vl:I) i: 

(VXX) -(Cllzla< r !: __ l~~(Cllz)a-lls'1 p 11.s' 

Wherein: lt~ atnd :R.81 ind.epM4ently dtmate mt. lllkyl 

0
0:lt' f'luorc~:stitut.m! alkyl gro\llp having l. to 10 carbon 

a:ta~ which may cc:mtnin et.h~r linkages betweeltl ~ar>:>an 

-~~, 

'.Iii!! is at lcmst. :u em<! 

p provide& a moiety w~iqht of 400 ~o 10,ooor 
~ !!Wd E' :!:ndependently denot.e a ~olY1ncrizltble 

un11a.t.urate4 ~ie radieal represented by 

f~a (VIIX)i: 

illifr 



----·=- --- ...... 

aU 
i 

(V.C:C:) :a.13-cz...c-cca2)..,.... (X) x-(Z) a~ C~) y-='n,14 .... 

~ein: a-14 ~ 8. di:viml~t al.kyleM rac.'U.cal 

?M.ving 1 b 10 aar>xm atmas: 

n,U~nar~J 

1t13 &mutes K, a (C1-=C'1) alkyl radical or a 

-m-Y~It'.15 ~ ~ x is -=0-,. -s ... or ~w- anci n15 .i~ 

~ ~:n. ~eal. mving' l. to 12 ~~n -~· 

x itl -co~ or ...oco-a 

z is -o- or -u- ~ 

Ar «hmctes an ~tic radical having G to 30 

v is o ta GJ 

x is o or 1f · 

y i~ a or 11 and. 

z.i~ O or 1 .. 

A pref~ nroth&Z'Le •~ ~ ~pnscmtes. by 

:fcDml.a (lX) : 

iiifiUT 
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~i:n~ 

:,a16 i~ a dirad.ioal. of a d.ii~ocya:nate aft~r :rmiioval 

Df the i~oc;y~nata group, and is mo.!jt pre'feraniy the 

d1radJ.cu.l of isopbmr:gne diisocya~cto, ~~d •, p and a ~e 

th9 s~ as previously dtd!i:ned... Pre:f~bly, the imm& af 

m and a is 3 or 4, and. atu~8 preferably, ll is 1 anol z is 

3 or 4.. Pra'fenbly, p is at leaut JO. 

Tho wett~ble silicone~eontaining hydrogels ot the 

pr~emt; invention, when 'II.med in contact lien~ 

&pp11catians, ean praauce a wide variety af type~ cf 

hyd:loogel. oon:tnct le.n~ee. As is. mlders'tood in the f'ielcl, 

in genm.""al, hydroqal eoote.et lenses shcul4 bav~ oxygen 

"' " 
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pH11e&b1lities with nx "falus greater than about 20 x 

1a"'"l.1 Qtl x catVseo z m.2 x l!1laBq (or 20 DK unit.~) and 

~~l:f' grea-tar 'tblm about. GO DK.. ~.y sht.m.14 hit.~ a 

Ymmg 'ti '!lllctbdus o:f ulmat:icity in the nng~ of about: 5 'to 

4'00 v/Wm.2 • prefm:M~ greater 1:Twm a>Jmit :aog~2 u 

-~by Mm te111it. ~od Dl.938 .. ~ watm: conttmt 

Hh=1d lb~ bei:1mm11 about l.O anti so % , 1md prd~l.r 

Jratwem». 20 tm.d. 60.t~ ~ cont~et. &mg'le,. whiab is ~ 

~·=-mlt or the we'ttabilit:y cf 'the lmw, ~4 b~ 

1Mlln ~..n eoU't ao ~~11 and ~4 pn:ferably be 1Ms 

'than abcut 40 ~. 

~ pref~ nnp Df 'the ~ined 

v.inyl-~ta~ am ~lie-ecntaining hydrophilic 

v~~ing ~ ecm~trati= is frQm. abml't 5 vo~gh~ 

~ of the polperic ~pl. mix to .mout uo .veiVJlt 

p~t, iUl4 •re praf0%'ably ~ Dl)ou,t 20 w~t 

~~t to @out 60 .W.gbt pu-eant.. ~ woight ra-tio o:f 

vinyl.-aon.tainiDJ mrm.mwrr to ~m;ylio~in.ing. nan~r 

~ ~~ u~t 4«>:.l. to altaut 1a4o., 1ma is pJMf~l.y 

hig'hE' than l..:: 1 .. 

ft.o p~9Nlt in'nmt.ion ~ar ~dee art!Cles o:f 

:mmmf'acture 'Whim mm he uMeii far bi~ical devices, 

~ M., ~at lmmu, wrgl.cal dwicePJ, heart vvJ.ves, . 
ve~sel mmst!:t:utes, ~»:term~ &wiaa, mDdnnas and 

ot'h~ :tiJllw., di~~, surqical i~plet~, :blom 

--------·---·-·--·--
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vaftsal~~ artificial ureters, artifici~l bren•t tiss~e 

~ Benbrnnes intenawi to eo11e into cont~ct wi'tb body 

:fl.aid outaide of 'tb6 body, e .. g ~ , ::mmnb:tlm~ for kidn~y 

dialysis mJd heart/lung mchintt~ andl th@ like, 

l:ll'll.thmt.en, nout.b pards, d.cmtur@ 1inera, int~ocular 

4~ico~, cdl especda.l;ty ~out.act len9e9 .. 

tt: is maw that blood, :for ummpln, 1~ raadily and 

rapidly daaaged whan it em11ca into eDn'tAct with 

art.i:ficirr.l surfaOOfll.. '!he design a:f a aynth.Gtic surface 

which is utit.b.rmmoCJtmiC mid. nm\haalytic to J)load is 

neceBBar:Y' for proathe~W!J and! devi~e~ uued with blooa8 

The t~ "shaped! articl@G for u~8 in lbi~dienl 

~ppl.icatioWJn C:t' 1111:bimaeiU.cal d.mrice~w ~H~•n the JIHl't.W!:'i&1s 

diseloued herein have pbysicocbemielll properties 

~4or~n9 thau. suitable for prolonqc~ contact with 

livinig ti•sue, bleed mul tbt! 1r1ucous m~ranes .. 

Al.though 'the uaat mac:m.w~ ere net fully 

~der~'t.ood •t 'i;ho fprasent tbse /j) the wettin(1 U1.qii!Wt!1ll of 

th~ pres~nt invention appear to reduc~ 'the deposition 

prebl~ normally -.~~ocis.~ wit.h» and b~lievea to bQ 

c~usatl by, the high hydrophobici~y of 'the hydrophobic 

=ilicenc~containing mono.ers. 



J'mrt.her, the wet.ting: agontti of' the pres«m.t. 

bwtmti@n a.i~ni:f lcantly reduee the oo:ntact imgl.e of 'th@ 

~~ace ~ a c.l.wu: indicatimt to tha&e lldcill.ed. in tho 

:field: tba't enham:ed wetting-a~ otsmu:red .. !rhe :resnlti:ng 

mnr~ h~ogels a~icing the vett:lng ~~ o'I! t:ho 

~ft'ftt; invention ~ unexpcwtetny hydrolyti~l.y 

nbble, ritld.n an a.ccepi:abl.e :mg-e, WhilA eoUGoting 

ODl.y mi aecaptiib1e J..mrel. of ctepc~its .. 

irewo prefer:red cl.uses of lj1lieona-amrtain~ 

~m COl!lt&mpla~ by 'thg prMftnt; inve.nilm U@ 

~e--ecm:btin.1nc; p%epolJJUt:"t;, &M eth.Mlenical.ly 

· ~inatwt JPal.ynU.oxane contij,hd.~g ~~er& ~B 

praviously de~~ herein, 1mch Ui, ~st preferably 

m,"" :bil!; (Jliletbaa:cyl.~l) polycilmcana .. 

~ resul:t:inft pol.~ mUt eopa1pem diB~osd. . . 
h~ can ba boil.a ~er aut:o~aved in water withwt 

lbdng' d.oaged. Whereby nterilizat.:ton •~Y ~ a®ieveO. .. 

nM 1 an artiol.e :famed fJ':m.u the d.iRcl.oS@d. pol~S and 

tmpOl]')IQm:-s "aa.y be \Wed., for e~le., in surgery W'h~ 11m. 

ani~e. :is needed Whidb. 15 emiapatihle w.it:b :U.ving- t:imone 

or v.lth the mucous n.nblt:UM. 

!fihft. •o~~ id.us mriPlo:re« in th!A imrmition, m 

be rell4.Uy ~ to cast Shapes bl' cmlVeni::ional ml'tbods 

:BtAeh a~ UV polJ'llW,rizat:ion,. ar ~heral pol:ymerizaticm, or 



emobinations thereof, as eom1~nly u~~d in polymerizing 

et:bylonieally unsaturated con~ounih;. ReprQ~entativ9 . 
freo ~dic~l tbarmal pol}'lttcrization init.intorft are 

organic peroxides, such as ncet~l peroxide, lauroyl 
~tnd.di@1 d.ac;;u.ua;rl. p~:t"o:xi.d.@1 nt~a:-~yl. ,Pfill~~~d.(ll.Cl!lr 1.Pot11~uy1 

peroxide. tert;iarybutyl peroxypivalAt~, 

pft-oxytliearbonate, and tbe like, employeei in a 
eonoentr~tion of about 0.01 to l parc~nt by w~iqht of 

tho tot:.a:JL 'Donmaer idxture.. R~prA~ont.ativc W initia:torn 

are those known in tbe f'iold such u, benzoin -~tbyl 

other, be».zDin et:hyJL et:hu, Darocure 1l.7l, l.l.64, 2273 1 

111G, 2959, 3331 (BM Xnd'W!ltri@s) ~n~ Xgr~cure 651 awl 

114 (Ciba~Geigy)e 

Polymerization o~ tha mcnomftr •ix o~ thi~ invention 

1aay lbo perf'omed in the presence ~f ~ diluen't:.e ~ti@ 

polymerization proa.uat will tb~ be in the fom of a 

gel... l:f the dilu.mit iH 11~mu1ummt;;, ~t'\ d:l.l.uf.\nt nlmt be 

r~oved fr~ the pl and :t-apl•ced. vi-th 1N.'t.ar through the 

UBe ef extraction and hydration protocol~ WAll kn~ to 

, t:bCliil$ $ikil.Ji.ftd in the ilrt,. 

zt is also possible to perf orn the pol)'Dlarization 

in the ~scnce of diluent to prcduee ~ xerogel. ~b~se 

xe:rCg"el~ nay tlu~n bm hydrated to :form th@ hydroqels BB 

io; w~ll knew in the art .. 

iliilif 

' .• ; 



In ftd«itlon to the above""lUWtionGMl polymerization 

:bdi:.iatoro, the eopcl~ of tba ~ent invcm;t.ion ~y 

al~~ .inol:ml~ ~ 3ilW:nomers a:; rill. b~ App~ent to one 

§Jd.lle~ in the art.. For exuripl@, the n.oncmer nix xay 

:hwl.Wle a44:lti~na.1 hytirapiuici monomer~, colann-tB, 

ourin.g agm1ts, or UV-absorbing n.na ~ongb.cming- a~s 
suah u 'tho'se lmown in 'the uonbet. l~ art. .. 

~ pol.~ o:f this imrtmtitm ean be ~o~ into 

contn.~ 1.,ruum by spin~Bting proeull!;e5 (swm ikS tilose 

di.sola~e4 in VoS. Pat. Ito~~ 3 1 401,429 nn4 3/i/C9Gw254), 

eut mo1dinq p~smai (Im.eh t.11.s th~a ttisclose4 in 'UoS .. 

Pat9 Bo~® ~,014,459 and 4,19?,266), emlbinatio:w of 

~m:had~ ~a:fli/ or !IQW other bmm ~ethod ~m-: ~ . 
~n'tae:t :tenses.. Po~:lzaation ~y be CDndi.U~ ei.t:b@r 

.in • apbmingr ~J.d, ar a atationary nold aa~~i!ing 

to ~ 4~1red oontae1: lew.u sbape. Die ltms MY b~ 

:fo.rt:h~ mdrj ec:.ted to •aclmnieal tb.ishing, as occasion 

~. Pal.:pmriz~Uon mQ" Ill.so be ~ondud:ecl in an 

ii;\PP~ate aa1d or VO&BiBl m fo~ lbUt.t.e>nSr plft't:ee or 

~~"' which may then ho pr~ce~80d (8.q .. , cm~ or poli.Mhedl 

via 11ll'tho er l.nser) 'to give n cont.ace l.ens having a 

do:=h:ed 6Mp~ .. 

!file hy~s the presflnt invent.ion are oxygfm 

't.n:nsport.ing, ~lytically 11tabl@,. hiolog-ieal.ly inert, 

and t:rmaQpm:ent. ~~ noncaers and ~pol.ymers mplo.yiOO, 

.. 
" 



" . 

~ aaacrdanc~ with this invention, are readily 

polyncriJu'KJi to form thr•H~ dbl~nl!!;ional netwarb which 

p~t 'tbo trilnsport of oxygen and are optically clenrw 

strong and byd.rnphiliee 

ft@ r8l&tive sofbees er hardli!M• of' the contact 

1mmo~ fabricated :fr~ 'the re111ul ting pol:r-er of 'th:hi 

tnvwtion c::an be varied! hy doc~nsi~g ar incnuinu the 

•aileeular woii;ht of t:be polysiloxame prepolyimor end .... 

cappiet! vitb the aet.ivat~ un.~at'Uf:&t8dl ~up o~ :by 

~ing th~ percent of 'the C0111cmmftr.. As thft :r:a:tio of 

polYBiloxane units ta •Nl~p unit~ increa11es., th~ 
0 

11of'bu~Bs cf the ate:r1nl increa.BeB .. 

~~ £ollawing axiDWlcs serv~ only ~a furtb~r 

ill.ul§trate a~pQctij of the pres~nt invention and libaul.d 

net be cmu~t.::r:ued aifi lmit.inq the i:H.venticn~ 

JWP 

mm 

BE!GVc 

nxs 

is N-.rinyl pyn:olidlon~ 

is N,H""4imethyl a~lamido 

is Jl!Othac:yloxy~t:h::rl vinyl c.rbon&'te 

is :nethacryloxypropyl 

tri•(tr1-ethyl&i1oxy)si1#Ul~ 

is a vre'thmi~ prepolyner clorive6J f:roa 

isophorona d1i3oc:ya.ntew diethylone 

------·--·-·-
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g~l., pol.ysU.oXi'mediol. e.w::appwt with, 2~ 

~'tbyl. 111e'thacey-.le.t:@ 

K2D.x ~ av. a • ., -:bis (met:bacll:yl.mcyalkyl) ... 

pcal.ysllmraiaa 

is 2-Y'inyl-4,,~~t:hyl.-2-oxazolin~~s-=-onB 

UNpl'.tll :t-.i 

Rot~d=hrme=sWq;m• _ Bf'lb;pcmls. . .. 
six polrm:ethaue bfdrogel fi.la containing- the 

:i!Oll~ ~ed.ients, were p3!ep~mb 

il) :WS3B, 30 pm:tap 

b) ~- 30 parts~ 

re] !tVP, Tarim! :frmn o to 40 p~ 1 

4) mm, vari8d. :frca 40 too p~ {RV.l> +mm"" 40 

p~) 

e.) ~~ox.yethyl.vinyl c&rbcmate (DDVc 

m;Qf;l;Sl.:inbr) ia.t 0 .. :H; cf mm DWUhtJ 

f) n ... Jlezuwl 40 parttn 

g) ~cur-1173, (UV initi&tor) , O., 2 part, 

~fl fo:amlailons wn UV cured, followed :by 

~tlmncl. extraction and boiling Ymter hydr.!lt:icm., e.s is 

~~ b il:h~ ~ .. ~ei O"'ivA "JOOSuliant h'Ydrogel :f!UJm wi'th 

th~ fol.l.md.ng prap~iM (vat~ ccntent M4 •ooul.n&) .. 

t'~ 1 O.epict:s the re.ul:bmt fUBl!j of Exuapleg 1 ... 5 

wlth m1e pl.ot:tmt point for each :fihl X"mqH~et:iveJ.y .. 

iiiiU 



.. 
Tablfll l 

EXHmlil - ___ l_ - -;o_ a 3 - f-. - - - IL_-- I 
'NVP/DMA ratio 40/0 31/2 35/5 30/lO 20/20 0/40 

-' water 35 46 44 -41 .f.l. l7 
Ho&u.lus 430 281 150 80 19 63 

ThA ~aul~s/~omition rulatiow;bip i~ ~epiot~d in 

Figure 1~ 

jlolm:n¢hane Byd;;pqel 

A f o~ation wa~ prepared anni:aininq th~ name 

ingre«lients and same weiGht ratio~ as 'those in ZXmmple 

4; exc~t tbllt 3 pilrtG Cf NVl' e.nd 1 pm:t 0£ DUA w.o 

:t"epl~Ced by l pit.rt Of V'DMO. orhe fO:r:D.Ulati@n W86 CalSt 

~ntc :f.il.ms an4 processed as don~ in Ex~les l. .... 6 .. "Rbe 

resulting bydrogel fil11m had the followin~ properties~ 

Wil't:or content, 4D!ir mcd:ulus :uo 9/-.2 .. 

Polyurethane f o:nmlaticnB of t.be ingreditmt~ ftllii in 

EXftli!IPles 1~6 but of diffe~mit relative parts~ as tihO"lln 

in Ti!Wle 2, were prepared. 

-



D-) :mBlK & 'b) Dl:S, 34 p8%'tt1> @~di; 

g) »VP A tl) blm., 3Z parts cmbined F 

e) n-Kexmnol, ~) DFMAVo un4 fl) »a:rotmre-1113., eue 

part:& as in lbcaPplu 1-& .. 

~ :tt~e:tJ.uns ~ cut. 1mill pftll~~ed. in 'the 

o~ ~ &m in ~- 1-1, vi'th 'the vatel': ~t 

an4 :wJ4ul.US data &hmm. in ~Dbl.@ a.. ~ 2 d.Bpicts the 

~Unt fi.lll:w o:f ~- 1-:u., vitJ:l ono pl.otted ·point 

:epi:mHm.ting:. each filz m~cti.vely. 

~1e 2 

~-~Fee. ::z--, p--- ·---~I ----d!Eli"-
_ft} - l.£),,_,,- -- - ___,JJ., 

'1AVP/'DMA ratio 32/0 2.f./8 J.G/16 0/32 

·~m:ter -it 2$ 26 31 25 

Kodul.us Gl.O 275 107 87 

~& aat.\\11.tw/~asit:ion rela:tio:nship ig ~rther 

shown in :Figm:& 2 .. 

~-.D-ll 

~afUMJ .&~el _Wu 

TllA :foUwing sil:lecme hyaropl fm-mv.1atimw were 

;p~ared m14 east p~oc•sed into ~&b:agel :£11-s by the 

pro~~e o~ Exmlp1es 1~11. l'~a 3 depiabl the 

J:ft~ulmnt :fil.M af' ~l.es l ... 1l.1r With one. pl.ottedl 

point.representing each f'il». 2:e~ively" ~­

~i.entt:i :tn thtt\ :f~a'timn. tmrc.u 

------------------



... 

ft) H2Dx, 13 parts 

b) "DUS, 4.7 parta:J 

0) HVP ii d) bMA, 40 pa.rtu ccmbined 

e) n-Bezanal, 40 pillU 

f) mmAVc, o .. 3 put cf &VP ammm.t 

g-) IM~oonr, o s :a );tart 

~~ -.o4ulus-~positi~n relationship 1~ ~epicted in 

Figure 3 .. 

A nonmner 11ix of the fomulation a~ c:'llescril:ie@ .in 

~les 4, 9, 12 was filtered 'tbrcmgh a. cU:sposable :i .. 2 

'ii!de~n mill.ipore :f'il.tor into ~ «:;la1Mfa vial.. Und•r an 

inert n:i trcgen atao~phen, 60-90 ul. of the id.x va~ 

injee'ted on-to a clean pl.!!!.stie DDld half and tben eovered. 

with a second plastic •old half.. ~e. :iIDlt\s wAre tbeh 

emprm1&ell and w:red :for 90 id.nutes in t:.he presence of 

UV light (4200 nim:ontts/c:a2).. The molds were 'then 

opimied mechanically and put into ~ beaker ~ontain1ng 

oqnemw ethanol. Tho lenso11 were rel.ease:! :frm1 'the 

DDldM within 1 b.mir, then oxtrnetad with eth1:mol ~or 48 

bmu;oA!&w 1md .boil.a in t!list.ille'1 w1mt.w:' fo:r: 4 hours. '.l!he 

re~ultant len~cs vere hmpact.oo for ~nm1etic quality, 

e,rtotoxioity an4 dinenGien~. Xien8ft& passing in~ection 

iii UT 



lftU:e ~~Y' disinfected in phospb.at~ bufferecl Baline 

prior to on-eye en.l.uB.ticm ... 

!?he cm.st~ltled pal.ym:ethue le.Mes deaerilHKl h 

~l.e 12 were cvalua.~ on six to tan p~~ienb. %n. 

each test, a poly(JmHA) coni::rol 1on11 'tlm$ vom an one oye 

iWd the 't@Stl.ms on 'the other eye. !flm 1.tm1!Hm Vl9:t"e. 

e..na:tysec:t ~ft~ ~ min.:bm.w. af on~ btmr, e.nd pref~rah1y 5 

h~ or 1onger :far vat.bbiJ.it.y ~ smr:fa.eo 4ep:mition 
0 

~.. ~e ~eo wettabil:l~y ::ating- scale vu o-4 

1dt:h e representing :J./3 c:f i:b.e an.tori.or m:tr:faa@ lmftt'ted 

by 'the ~ fil.m, m>a 4 r\\p:rc~~g t.'lcmtpl.a't• vett.11'.g .. 

':l!:be: depo:s1t:lcm soa:to W&tl also o-.s. Vi.th O :r~~ing no 

~-"r.A ~a:1d.ts aDf1 .f. :represcmting :mul:tiple depusi-t;s o:f 

o .. s ~ d.iaae~ or l1J.:t:ger. ~e renl:ts ltor the leuu 

o:t: i;h,~ ecm:t:ro1 :ro~ticm (according to Eanple 4) was 

3 .. 0 :fer wet:.t:iu.g and CJ .. 4 for deposits a~ :tive ba~ of 

v~r.. For J.emsei;. oospris!ng l. pm:t. of VDHO (Bxaxple 1 

~a~tion),, the ~lm 11h~ a wnttahiU.'ty rating of 

3 .. 3 anc.t a deposit ratinq of o .. 7 a1!ter 5 bmir6 or ~ .. 

~ other :1111.odifications and v~~thms o:t 'the 

p:fM!Jent invention are po•sible to the skil.led 

pract.tt.icmar in the fiel.<l in l.~ht of i:he i:.ea.~m 

h~ein.. J:t ii!» tberefore 1.W1etst~oct 'tlmt, wi.tldn th~ 



.. 

DC~@ or 'CU~ ul.cil.w~, t.b.ia jpJ:etiiGD~ i;nv~i!.on u~n bG 

pr~et.io64 othar th~n as herein ~pocifically de9eribed~ 



1H A ~thod ~o~mclking a Bilicone~eontaining hydrogyel 

~ositicm aampris:ln;r the r1t:eps of a> ecmbining at 

1eaBt on~ vin.y.l.-e~ ~, at J.east cma 

a~li~~ccmt:ainhlg :aattOl!ler and at .leu't. on~ 8.U.ieono~ . . 
eont:aini!lg pre,po~ :into a ~ ~ ~ndl :b) curing-

t:be mo~er mx ~u--1ting- :f::com s.tep a) to :fe~ a 

i!iillcoJQe-Mntai.ninq ~el Cmll!PoSition .. 

~.. oae ~~'thod of' Cl~ 1 ~in said. s:Uicmn~­

oontaini».g pre.pol~ h a urethe~-ccm1:.a.ininq 

p:it:~Dlper .. 

3.. ~e :lillat:hod of' Cl.a!• l. Wherein Ui'l.i4 eilieona~ 

containing J>:r:apoJ.ymer a an ethylm1ica.11y t~bMS 

pDlY6iloxane.-ccnta1ning propol~o 

-4.. ~O ~Qthod Of Cl.a~ l. whm:uin -.id vmy1-~aining 

~ :may be sel.~ f'~ 'the. ~ cm&simting o:fr N-. 
v~-H~ethy:l ~n:ta~, 5...Yinyl~JJ .... e~ a~cle, •-

vinyl.->r~l. f'onm.d.d.e, and s-v;Wyl :to1"Jim'f®i4e .. 

5.. ~ ae'thod ;of C1ni'.m l. wher~in Paid vinyl-ao:ntaininq 

aon~~ i~ X~l pyrrolidone. 

6 111 Be •e'thod cf Cl.aim l. wherein ~~id am;yl.i~­

eont:aiuing •oncmer is sel.eobtf fr~ the UJ.'DUP cozmist.ing 

-----------
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O:f a 2-hyd.roxyethyl aethamyl~te, glycerol metlluu:r,yl.ate, 

~-hydroxyethyl mathaaryl1m,i4~, dincetone acrylamide, 

-~~CJ;'Y1ic acid and acJ;Ylie ae14. 

1., 'the method of Clain 1 wherein a~id illt:rylie­

c~in~ng •anm!!lor ~c N,H~di».ftthylncryln:mia@. 

UQ 'rbo i:r.cthad of Clai~ l wber8in oni~ ~ilieone~ 

containin~ prepolYJ®er ifi a p~ly(argano~ilax«Ule) 

prepol~er represented by the folf:imlB: 

ll' 'f-5 . Jf3 . 
A~(R7)~Si~co-Si]n-O-Si~(R7)-A 

~4 j_G i4 

wher•in: 

A J.s an activated. mt:iiiatg:-at:ed igroup, ~;o.eh -s .r&:n 

est~ or a.ide ef ~ aerylie ar ~ methaCJ:Ylic aei~: 

ea&ah R3~Rfi is independently selected from 't.be. group 

ccn5ist.1nq of n 2onovmlent hydreearbcn radical or a 

halo~en substituted. •tmovalmi~ hydrocarbon r~dical 

?!laving 1 ta 18 mu:bon ~'i:mA'!s Whieh nay haiv~ ether 

l:tnbge9 bet.we.en carbon atcms r. 

R7 is ~ divalent bydroc~rbcn radical l'mving ~~ 1 

to 22 ccu:bon at.omsr 

an<! 

iiilfif 
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~.. ~ net:hod af Clain 1 ~ said ailieone ... 

eontahdng pre»olper iii a bulk.Y pDlysilox;mylalkyl 

(laoth)~ery1ie aon~ hilVing the ~o~ula: 

Xi9oormu 

Meb. R .is independently ~cm or ~ethyl; and 

each D.1 is inde.pendentl.;r a 101mr alkyl or phenyl 

~'·and 

f ~ J. or 3 'to 10 .. 

10.. IJ!he ~ a:f Claim. 9 wh~ said bnlky 

;polysi1ozm~l (DAt:h) a.e::jltite nmmae:- is R~leated 

£rem. t:he gP>iJP ccmsating cf metu.~axypropyl 

tris(tr!Det:hy1si1mit,?}s11an~, 

p~~yl.tlisil~lutlw'J.Jwthacr.yl.ateF 

teJ.~(1::d.m.~1si10XJ')~~lm;y propy1td.l!me11 

ph~tetrMDethyltiJ!il~eth.yl ac@t:at.e" ed 

~th:ylti(td:m~lsilozr)•etha~l.oxyme'tbyl ~ilcme .. 



... 

11~ The •athad of Clain l whftr0in sai~ silicone~ 

em'lltaining prepolymer 1~ a uroth~ne~oont~ining 

prepol~er having 'the following schm®atiQ 

~epresont~tions: 

wherein 

E(*D'i'A"*D'*C)a*D*Atl*D*E'• or 
E (*D•G*D*A II> ~ Ofl1111G'1ttlitlX, B 

:0 O.miotes an alkyl 4ir&4ical, an alkyl cyclcalkyl 

diradiea1, a eycloallcy1 diradic~l, an aryl dira~ie&1 or 

ftn al'kylaryl dirnaieal having 6 ~c 30 earban ~toms; 

G denotes an a1ky1 diradieal, a cycloalkyl 

diradical, a.n alkyl eyeloalkyl tU.radlical, ~ ;iryl 

diradieal or an ~lkylaryl diradical having l to 40 

car!llon 14ltoms ftnd Whidb. m~y contain ether, thic or mdne 

link~ges in the ~ain Cbain: 

~ denotes a urethaniill or ureido linkage~ 

a :ls at l.east 1r 

AH denotes a dival.ent polymeric radic11a.l of fo:r:mula: 

wherein: as and r' inttopendently denote.a~ at.lkyl 

er fluoro~substituted 0alkyl gr~up having i to 10 ea~bon 

iliifr 

' .. 
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~ is at 1east :u md 

p pravi~ea a 1moiety weight ct 400 to 10wOOD; 

z 11m4 ~, inflep~dml'tl.y ac~ a pol~!zllhle 

UDn~tw:~'tec! c~e radiMl ~~cmtad by :fomula: 

lll.2 
l 

a13-~(Cl!t2)w-(X)2C'(Z)ze(Ar):Y"ll14~ 

vhm:cm: RlA dencrl:es a cliw.J.cm:t ~len~ ra1U.ca1 

JM'ring' 1 to 10 carbon lfi.~s1 

:a.12 dmlotu B. or CU3; 

it13 ~& B., a (C1-cs) RJl.kp'l :md~ or a 

~co=Y-:a.1!! .gJ;cm.p wh.endn Y is -a-, -Sep ~r "9u... o.na. :al.5 is 
. 

a ~l. rGaJ.cal. having l. tc 12 ~on atmiu~r 

z u ...a- or -tm-r 
~ demotes an ~at.ic :r:~dioal. h~ving- 6 to 30 

w is 0. t:o 61 

X is D or J.• 

yisoar:U6d 

z ilii C or l. .. 

12© ~tA :mBthod cf Cl.oim 11 wh£~ oaU! ura~ 

=~taming prepoljxer is :ap:ms~ by :fo~ulai 



: 

.. 

wherd.n; 

tt16 is e diradical of • dii~ccyanate ~f~~r rmaovn1 

cf the 1saeymuit@ group Md -., p an<l D. ~re th& Bmtie as 

previously ~efined. 

13s '!l'he nethod 0£ Claim l wherein ~aid silicon•­

coutain:lnq hydrog-el ecmpo~it1on eomprioe~ ol,~ 

bis(~thaeryloxynlkyl} poly~iloxana~ K,N-

4:bt.ethy~~~lami~a an~ N-vinyl pyXX"olidonea 

1~. !rbe JWthad of Clai~ 1 wh~ein s~id silicone­

oontain1ng hy4rogel oonprises ft uret.bane-coni:aininq 

iiiilff 



p:r:~pol.ymer, B,H~dmethy1~ldide· ud N-vieyl 

pyrrel.iditme .. 

15.. !rhe ~c4 cf Clalim 1 wherein sai4 D.U.itmn(ll ... 

containing hydrogel cm1pm~it:icm fm:t:bm: cm1Pritu~~ a 

reJ.atively n~m.-paln.r ring'-aontad.rd.ng c~ol!md &elect.ad 

~am the uroup ~isthlg of 2~.inyl-4,4 ... d.inct.hyl.,,.aoe 

oxnzo1in~S-ane, 2~J.sop~opClJ'l~4,4""41Be't.byl-2=oXit.zc1iu-5-

on~,, eye1e~e~lq)b:o~4.' ""'(2 1 -isop:rop«myl-2 '""'Dx;u:ol-5 "-· 

on~), cycl.o~e-spi~-t'-(2'-V~-2'-cxa~ol~s 1-ane) 

end 20F>(l."""P1;opcmy:l)~.t. 1 .t-dbetbl'l-oxaaol-S-wefi 

16.. fte net.hod of Cl.am l. Wherein said s:Uicune~ 

cont&ininq hylh:ogQ1 eoaprls~s ml et.hy1m>.it:e.lly 

~bated pol.ysiloxane-aont.nining.J#.onmttm:, H,.N­

dh:lethyJ.acrylmdde and N~yl pyrJ:olidene. 

17.. ~e method of Claim 1. ~ saiG silicone­

e@%li':"-in.b&g ~ fm:thftr compritHW a crossli'nld.ng 

agent having the g.eneral. sehentic :=-epresenbtion 

A"" a' I 

,'lf.'J. II ........... 

Ss' Vv' 

. 
• 
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a1 , is an alkyl radical d8%iv•d from Bu.bstitutea 

Dell un&U))S't'.:i'Ql'CeQ byCroc::H.rt.JQ.11m, ~o1y•l.'kyl.an@ md.Ac, 

poly(perfluora) alkylene oxid0, dialkyl~cnpped 

polydi•ethylsiloxan~, 4i~lky1~eapp~d 

polydillnethylsiloxane modifi:ml with fluorcalkyl tir 

flucroet.her groupsJ 

Q 

am ind~@ndently R, er alkyl. of 1 

to 5 carbon ~:toms J 

i~ a~ organic g-roup eontainblg 

ur~tie noietiea h~ving G.to 30 

are inclopende.ntly o, D or S; 

its :L /1 ar higher-; am'! 

are iru!ependently greater t!um or 

e~al ~o o, and a• + s' ~ l., 

18s ~e ~etbo4 of Cl~ilu 11 wh~rftin •aid ~aid 

ero~slinking agent ie 1u\th1:u~eylaxyetbyl vinyl carbonate .. 



=to~ A ~:ti inon~onbininq bydmgel ccmpos!:ticn fo1"W!!d 

by em:ing a xonomer lldx ~cmprimingr at lea~t on~ aceyl.i~ 

eo:nminiu.g ~, at 1east one vinyl-aontainingo 

~and at lfmst ana Ailiacme ... =nt~ininq pmpolymar .. 

ao.. !.'he ~«rog-el o~osition o~ Cl.abl 19 wherein said. 

silicon~=cont:ainiug pr&»olper is ~ um~e-em\t&i~ 

prepelymm: .. 

:u . ., ~ hFko~~l cc.mpoBi't.ion Df Cla:ht 19 wherein Aid 

1di:teone090c«:m.tainin9 pi:apolymm: is an Gthyl.~tUl'l.ly 

~iuamd pol.ys.U.omtnB-aonbtin~ m~ .. 

22.. ~ft b\fcJrogel c~ositio:n c:! Clain :l.9 Whm:-ein on.id 

~:fl.-c~ 3llmt~ IMt.Y l)s ~@l.ecf:eel :f!~ 'the ~ 

eouistmg Of B...Yin;(.l,~N1etbyl aom:mdde,. B-vin:rl-N­

C'tby1 aee~ide,. lf""'Vinyl~N-methyl. '£~e, a~il N-'V'inyl. 

~aide .. 

230 •~ ~o;ia:i ~0111it:io.Q of ClAb 1D Wh~ ad.a. 

v!nvl.-ccn-taimnw ~mm.er is ll...,,inyl ~l:ldone .. 

24.. irhG hydro;rel eml.PO~lticm of cl.a.bl 19 whereh said 

a~.1ic-lmnta.in!ng :r.'mmmr :b:; se:tecte4 ~~ thg ~ 

ecns:Wttngr of 2-h)'drox;yei:hyl n.etlmcry1ate, glycm:'Ol 

lli!!e~m:yl.ate, 2-hydro~etbyl -~~l~4e11 diaae~ 

~udde, :n.~oq:U.a ac!.4 ~nd ~1ie acid .. 

--- - ---------·--
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~5@ IJ.'b.~ bydrogel o~o~i~icm of elai• 19 w~erein s~id 

aerylic-cont~ining nonml!ler is H,H-dimet:hylao:ryl~idBa 

26.. !he hydrQCJel ccaposition of Clain l.9 Wher~in s~id 

~ilicone-containing prepolymer is a"pcly(organosiloxnne) 

p~cly.m1u~t- repx-esflnted by th~ f~~~ 
R3 R5 it3 

1 m m a 7 A-(R )-Si~[O~Si]n-O~i-(R )~A 
~4 :lt6 •" . 

wm:eln~ 

A is an D.ctivated un~i\turated 9roup, such as nn 

ester or m.tide of e aaylic er a methaceylic aeich 

each R3~R6 is 1.ndepenaently selGcted f~ the group 

eGft!!;isting o~ o p.oncvalent. bydro~arbon r.a41cal. or ~ 

halog.t;m, s'll.'lbstitutect •onova1tmt hydrocarbon rndieal 

bmring- 1 to 18 oamcn •tmm which n.ny h&Ye etb~r 

lir:kagas ~otveen earbm1 nt~G; 

R7 is a divalent hydrocarbon ra~ieal h~ving ~rem 1 

1;o 22 c&rbmt atoms; 

-~ 

27s '!"he hydlragel composition of Clftim 19 Wherein 9aid 

~ilicmne-ccm'taining prepol~er i~ a bulky 

polysiloxanylal]cy'l (•eth)~crylic monomer having th~ 

iiiiUT 
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. 
ea.dl ». ~ .blii~An'tl.y hydrogen or 11ethyl 1 nM! . 
~aeh :a1 is indepemtcmtl.y a l.ower alkyl or phm:iyl. 

g:amp; and 

~is 1 m: 3 to 1.0 .. 

28 a ~'ha h~l eampo~:l;ticm of t?J.a:bl 27 when:tn said 

~ pol.ysil~l (Mth)amylu.ta is select.a from. 

Ule&. ~ eons1sting 01! ll!letbam.yl.oqpropyl 

'tris(tr:iaathyl.s.Uoxy) m:llne. 

penbw.e~d.isil~thy1-~lam, 

~.is (t:rhm:thylslloxy)•~m-yl~ p~~ilane, 

ph~J..'bl~mAtlwldiailmmnylethyl acetate, amt 

llf!!.'th:flt!i (tr.blf!thylrsiloxy)u~aryl.o~thfl Sil.BM .. 

29" 9m ~fill ~Sitiw Of ClaD 19 'Wherein Seid 

silicene. ... ecntaining pmpol~ is a unti1ane-=ntaintnq 

----------------· 

ii ii if 

... .. 
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prepo1ymtler having the following ~ehe'W!ltic 

r@presemtations: 

wh~:i:ein 

B(•D•Ah~D•G)a*D•A~•n•E'; or 

~(*D*G•D•A•)a*D~G*D*E': 

» dia..~otes an al~l dira4ical, an alkyl eyeloalkyl 

4iradieal, a cycloalkyl d.ircu!ic.,.l, an aryl dirac.Uc~l or 

m1 nlk.ylaeyl diradic11l. having G to 30 carbon ntoms1 

G d~notea an alkyl diradicai, a ey~lcalkyl 

dir~d~cal, an alkyl cycloalkyl dira«!ical, an aryl 

dir3dical or an alkylaryl diradieal having l to 40 

carbon a~o~ and which li!H\Y ~c:nitftin eth~r, t.bio ~r Blldne 

l:Lnk~g-ea in the 21\&in ch11iru 

~ d~notes a urethan~ o~ ureido linkage; 

~ is at lea9t lF 

A~m den~tes u. divalent. polym~ric radical of :fo:nnl.1n 

-CCH2>.,f~:-t· .. J:~(CHzla-
i , , , 
Rs p 'Rs 

whe%'tid.n~ Rs ~ n.5 ' inflependcmtly clenct.e an al.kyl. 

or fluoro-sul>stituted Rlkyl group having l to 10 carbon 

at~ which ~ay contain otber 1inkageB betwee?l carbnn 

• is at le~st 1: and 

p provides a soiety weiqbt cf 400 to 10,000; 

iiiiU 

' .. 
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x and E" ind.epew!ent:l.y denote a polyaerisable 

mmat:im::a~ o~ic: ra.Mcal %epruented by fo~~ 

al.2 
l 

·:a.13-ea..c~(CHa)w="(Xlx-CZ>z-C~)y-:a.14~ 

~rtdn:. a14 danatas ~ M.valant D.l.kylene ract!ca.l 

having l. ta 10 ~cm n:tom~H 

:aU demo~ lt m: CH3' 

R13 4f'motes Jr, a (C1~~) alkyl nclical m: a 

-co-Y-a15 qnmp ~em Y is -o ... , -s~ nr -D~ and RU !.s 

a allf,yl ra.uU.ea.:l baving 1 to :a.2 ~tln a.tau: 

x is ~oo- e>r ...oco-1 
~ i~ -0- o~ -NH-; 

Ar 4mwtes an raoailc :radical bavhg · 6 to 30 

cm:ban a~; 

w is o 'to 6'J 

y is o or 11 and 

3 ia O or l.. 

30o Uw hydrcgel ac:m.position o:f Cl.ah! 29 wherein sld4 

~.u:otmuu~-coni:;dn:Wg p.repol~ iB represun.ted by 'the 

f!m.'illm1a t 

ililif 
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wherain:: 

1\16 ~s • dira4ir:m.1 of a diisocyanate a~ter r~l 

cf the isocyanate vrwp l!lnd :., p rwd a are 'thA BIDLe as 

previan~ly defined.. 

31.. ~ hydroge1 compositio~ of Clab 22 Wherein a&id 

td.liec:meeeont:aining prepol~er io - c~ 

billi(Mthuceyloxyalkyl) polysiloxn.ne,, std.di aceylie­

Cmli:lli~ing hydrophilic vet.tlng monmmer i~ N,,N­

cli.methylaar,Ylmd.de and said vinyl-containing hydrophilic 

wtd~t.ing mononer is H~vinyl pymli4cme. 
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32.. ~e hyib:agal cm:aposition of m.a:bti 19 •ertd.n saitl 

silieane-~on.taininq prepolJll.ler is a urethana~conta:btiing 

pr~@l.~~, 11;aid am:yl.ic-i:=ont:a:tnim;J aoncmer i!i U, N­

~ethylac~luida and and said vinyl-c=:taining' lliono•~ 

is N-vil\v1 py.rrolidones 

33.. ~c ~gel ~osit:lon Cl.d.m 19 Wherein sd.d 

silicone-eontainmg ~gel eompo~d.tien :f'm.'ther 

c~.r-?-ses a relativel.y ~n-polm: rinc;:r-containing 

eMllpmmd ~ fiiel.ecte4 :frrm. the ~ eomu.•c.ng oJ: .a­

viny:t-4., 4-.... ~thyl-2~DX8%olin-s~cne., 2~isapropenyl-4, 4-

dbmthy1-2=mr:uol.in-5-mae, cyclohu:ane-sp:lro-4'-(2 1 -

iPopr~1-2'~cxazo1-S'-one), cyeloheXIU1e-~1ro-4'-(2'-
~ 

vinyl-2'-ox~zal-5'-one) and 2~c1...P~~yl)s=4,~-41Jlc~1-

on~ol-S-mie .. 

34.. ~e. hydrogel c~ition of Cl.am 19 Whend.n said 

silieone ... cmi~aininsr hyttrogel. amlpo~;t.1:.:ton :lR an 

~l.enioa'll.y t.e:mirud:ed polyAJiloXJme-conta.ining ~caer 

mdd u.ery11a~ecntaird.ng hydrcphil.ie wett:lni:J mrmmmer iR 

llt,N-dimethylaer;yla10.@ and r.id4 vinyl ..... ecmtdn:tng 

hlrdrophU.ic wattbg moncmer if; D'-Vieyl. pyrrol14ane .. 

~s. arhe hydragel compcsitioo cf eiah!ll l.9 whm:Ain said 

siliae)ne-containinq ~d.rogel further comprises a 

eros~l:hiking ·agent having the general emhemat:ic 

~~entation: 

. ... 
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A'a" 

1 
R.:u,1 , -...... 

SB' Vv' 
whllrei:n 

v denotes lt~p 1\.4, 
'esic/ 

,,,. ' R21 x ... c ... y~ 
g ; 

A' 4~notes :its, ltc;1 

'o..c'" 
,,,,. ' -z~~ R71 

b 

8 denot~ R91 R91 

'c.>c"" 
/ ' •101 Q~ . 

II 

R11 is an alkyl 2:."a4ical derived :from ~stituted 

and m>Jimbstituted hydrc:>ea:rbonn, polyalkylene oxitte, 

pal.y (J;»c~~l.u.o~o) al.kyl.an~ oxi«e, d.La:ll.kyl.-~-t'tl'.V~,ij 

polydhiethyluiluxane, 4ialkyl-capped 

polyd~ethylsiloxane nodified wit'b fluoro&lky1 or 

~luoroether groups: 

are ind.epan4~ntly H., or alkyl n~ 1. 

to 5 carbon at~r 

is an or91nic group eont~ining 

nromatie mo!oties having & to 30 

e~bon atm:wr 

are indcpandcmtly o, !m er Sr 

i• 1, or hi9ber: and 

iiilfr 

i 



\ \11\11\ \\\I\\ 1\1 \il\I \\ \II\ 
* c ~ M s * 

are :ln4epcmdently @rel.'ter than or 

equal. to o, and a' + s' ~ 1.~ 

3ts.. '!the hydroge.l composition of Cl.ab 35 wherein said 

m;-Ggs1:i.nking agent is methi!.m'Ylox;rethyl vinyl carbonate .. 

37.. A .bit00.ecU.cal dcv.ice t::m&Ja frmn the -Cirogel 

eomposition of Claim 1.9 .. 

31.. A contatet: J.ens ~~ ~al!!& 'tbs h~ogo1 compasit.ion 

o'l: claim 19 .. 

39.. ~ contact lens cf Cl.ailim 31 Wbtarain said hydrcgel 

~o~i'ti.en camprises A,1\11 bi~(i11u~tham-yl.mi:ylmtyl) 

p~l.ysil.o::mne, N',X-dimeth:rJ.ac...,.Ylmd.de and H...Yinyl 

pp!J!ol.!clono. .. 

-10., ~he Cim'tact J.e,m; of Cl.ab 38 Wherein sait\ h~~l 

~ru;ition fm:t.he>': omiprhes a :elatively ncn ... palar 

:d.ng~n'taining ~oun« is seleoblM'1 ~- 'the grcmp 

eonsistin~ of.2""Y'inyl-4,«-dinethyl-2-oxaaolin-s-one, 2~ 

isoprapeny1-4,4-0.het.hyl.~2~1:cl.in-s-ono, oy~lohlUGme~ 

s;piro-4;-(2'-1sopropen]"l.-2'~axasal-S'~one), cyc1ohexane­

spiro-4t-C2'-=Vin.Yl-2'-~xazol-5'-one) and 2-(l-propenyl)-

4,4-di:aetb.yl~cxazol-5-one. 

.. 

~ ...... _ 



"-ls The contact lens of Clai'!nU :us wher•lii saia hydt"ogel 

co~osition further QOlilllprise~ a erosslinking ~qent 

having thn general sehen~tic representation 

A"a*' 
'R1, 

,,,,.,,.. ' 8 8 1 Vy1 

.. , 

R11 i~ an alkyl radical derived frc>m sUb§titu.ted 

m!dmmub11t.ituted hydro"arl'.Dau, polyalkylene oxide, 

poly(per.fl.uoro) B-lk.Yl.eno oxiti~, di1111lkyl~capped. 

polydimethylsiloxane, di~lkyl-c~pped 

polydinethylsiloxana •edified with fluoroa1ky1 or 

~luo~o~ther groups1 

R2.r-'R10/j' are 1D69)Jendently H, or alkyl af 1 t.., 5 

~ban 1d~om~1 

Q is an orqanic group containing wr:o•a.tic 

moit!t.ieti having- G to 30 carbtui a:tmwr 

-------·-·---
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X,, Xm Bnd I are in4Qp~tl.y o, Im or BJ 

v$ .1m 1, or bigher1 MCl 

a",, s' ~ indepent!entJ.y ~~ 'thaw or equal w 

42., ~ conta~ lens of Cl.ab 41 ~in 11aid 

~cssl.1D1d.ng agcm:t is 2U1t!mmyl.cxyat.byi vinyl camonate. 

----·--- --


