; e3e*LX6T* TI NJECTABLE | NTRAOCULAR LENS 30 June 2004 FI ELD OF | NVENTI ON The
present invention relates to an accommodating intraocular |lens and to an

i nj ectabl e conmposition of polysiloxanes having suitable characteristics
form an accomodati ng | ens. BACKGROUND OF THE | NVENT10N The human eye is a
hi ghly evol ved and conpl ex sensory organ. It is conposed of a cornea, or
clear outer tissue which refracts |ight rays enroute to the pupil, an iris
whi ch controls the size of t i | ating t he anmount3Oofunt2od
entering the eye, and a Iensﬂﬁﬁggﬁk%o%ﬂgég&%%g ?%%gning l'i ght through the
vitreous fluid to the retina. The retina converts the incomng light into
electrical energy that is transmtted through the brain stemto the
occipital cortex resulting in a visual image. In the perfect eye the |ight
path fromthe cornea, through the lens and vitreous fluid to the retina is
unobst r UEEMD OMYNVIENTIMENI on or loss in clarity within these structures
causes scattering or absorption of light rays resulting in dimnished

vi sual acuity. For exanple, the cornea can beconme danaged resulting in

oedemn, scar {10, 0t ARKATHANRIUNG o GBS ohoBHBETRLIA fr i, i 4okl ve damage,

trauma and in Ion, e vitreous can becone cloudy due to

henor r haigfcrable vtpaeitiahiod polyAsoxdnes lonthg sufeble chhmcefiftestiemofn oxi dat i ve
damage caused by .environnmental exposure and endogenous free radical
productHEHWQE@GWHNéFQ&resuIting in aloss of lens flexibility and denatured
proteins that slowy coagul ate reducing | ens transparency. The natural
flexibility of the lens is essential for focusing |ight onto the retina by
a procesBacitrourenor gHAINYBNHONoNMDdat i on. Acconmpbdati on allows the eye to
automatically adjust the field of vision for objects at different

di stances. A common condition known as presbyopia results when the

cumul ati ve effiolingd eyeXi d AldhvecRdpagad domiblbxsinidty srdaneti bicbinpysedadaci ng
near vision acuity. Presbyoplia usually begins to occur in adults. during
their michoiiess o1 dear ovitgrdisss which refragtsdighbraysperiuly tadieRUSh 28 it WeEh| enses. :
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l'ens dis ' 1Y€ FOMBRHnGRE, thEOmH@ cadfbebbfic amsgdd ol th bdllema,
phakoenﬁﬁgﬁfﬁggﬁﬁ%%§§%%ﬁbmed by irrigatioﬁzang asgirat%on. Fbm%ver, wi t hout

a | ens tderimgeriabrasivakbltee tens fsouseeptible t meidativeddnagies trapna srd infactigg, and
Consequent | an artifici ns. i s used to r@Ftorﬁk%ision. Three types of
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cause vision artifacts such as central image magnification and side vjsion
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the majority of cases to overcone the aforenentiongd %iffk{glti S. .
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Presbyopia usually begins to occur in adults during their mid-forties; mild forms are treated

with glasses or contact lenses. -



cat egori es: non-deformabl e, foldable, expansible hydrogels and injectable.
The earliest 10OLs comng into surgical practice are non-deformable inplants
having rigid structures conposed of acrylates and nethacrylates. This type
of lenses requires a large surgical incision in the capsular bag and is not
accommodative. The large incision results in protracted recovery tines 25
and the |ikelihood of introducing astigmatism In an effort to reduce
recovery tinme and patient disconfort numerous small incision teaohnheges and
| enses have been devel oped. Present |1 OLs designed for snall incision

i mpl ant at i on Leavieulet eataractas & &ens damoadst essiiking deonatie fodherbievalageewfofsi | i cone
materi al s, s type of lenses c be raolled or folded, inserted into the
capsul af’ O%IIQ?%B#%}HFBF a%laf?%ﬁ%%l- ?ﬁ?ﬁr'ﬂ%‘.ﬂ% CREIBHLIPYS O RATRLY SFHE of t he
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effecting the inplant's optical qualities. Foldable |enses neet the
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] pol yi | :
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Once pl iahlin SiiEthed dPalOnhlche fafpRERd along at |east one axis
reducing 1ts size sufricient for easy I nsertion through a small incision.
The | ens is tUnenmentodfedvdre lanedasemsetrbguires dhef suegicdhhapevalnf the lews-hesivizg. The
cooled lens is,ipsert into the capsul.ar .sac and the natural body i
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al so been suggested for small incisions techniques. t 5 Hydrogel |enses are
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20 | QL. gnocR6dk ged refractive index equal or greater than that of the
natural lens (> 1.40) a significantly thicker lens is required; this is
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situ as a part of the surgical procedure. In this process the capsular bag
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ol yorganosi | oxanes, or osi ] icone, conprjsing, hydride groups and a 30
D1 et | AT RSP CHRAl PbopdeBnicer BRI PELS RenkUrpPS. 278, 268
5,391, 590 ang&ent I%ﬂ;d?]c%bg%é%% R4 sﬁvfaﬂ 3néisi§ﬁ§ BnpabanRbS havENSast iR d dhﬁﬁtc%?]{sﬂ&e rs

denmonstrate a reduce cy of discoloration conpared to other platinum
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non-fungti onal pol yner nent of the m xture that h a viscosity at
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acceptabl e conditions, there has been a struggle to perfect the

pol yor ganosi | oxane conpositions, since they need to have a suitable
viscosity for injection, a suitably high refractive index as well as

sui tabl e mechani cal characteristics after crosslinking, i.e. a suitable | o
nodul us. Pol ydi net hyl si | oxane (PDVS) has been enployed as a material in
foldable 1OLs and has refractive index simlar to that of the natural
crystalline lens. This material is also exenplified as a part &0 Juhe2004
injection mxture in the above-nentioned patents to Gerace et al. PDMS has
al so be?&sésolléggtr%d? bg@a\_’rg 18t 5@bahiotalive. | Avresl &CBSHtnantrihereiy faldbkdency
to | eak out of the desired injection site (i.e. the capsular bag). This is
consi ded®ls ke subptibiettd orelanist! §5lRatieniesyligglin dpazafAdhesHe addi ti onal
hi gh viscosjty polysiloxane is added to the injection m xture. However,

hi gh vi§E§§b¢§”§ilicones have the drawback in that they can entrap air
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groups for crosslinkin ernocurabl e system this typically neans
that vi Ryiih 160 dsc0sfplasiclzénsiinydquirap pihing'eveatnal 1y may dedok ado s et¢e pol yner

chain, which can 30 form a cross{ﬁi %ked net d;ité V\,itp.h dri de .QURs on t he
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nodul us I'ess than 10 kPa and preferably | ess than about 5 kPa. The purpose
of the ieBcgsdégamt i nvention is to provide inproved injectable polysiloxane
conposi tions | ' Qesiehiasdikiohd % wEsh bsmad, t@&hhiRpigs ti ng
product, i. e.ﬂ;HﬁP%r?d}g%ﬁgB?gpg Flgé]rséap%l a%lt ed vf,ilt h an injection.nethod.
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invention are to provide an_ injectable conpositign.capabl.e o KL Ng an
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whi ch_an, | apaLLGHs PARHIEHd £15 bBa%ARAT ST RSH thy shETBAEN: oARand thereby
accommdat ng T'ens iI's defihed as |lens having a sufficiently low elasticity
so it capnmwibdergatracicorfractit. Fhergides bechescpmali arempinioslcyelop matea8s nuscl es

normal |y used _ for the. natur | ens. Thi.s ns_.t j ] ]
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Preferably the | i

e I nventive conpositions can provide_|en '%Q | ow val ues
as bl owldukPzoop meted natblsonsed o frrmand P)- ’Wﬁh@ﬁ5§7%ﬁP§g¥aﬂ; %&g@’dgl i ni cal
concei vabl e values to restore the accomodation of the patient. 25 It is
al so an object of the present invention to provide injectable conpositions
that will forman acconmodating lens with a stabilized Young's nodul us.
This means that the lens has a sufficiently constant Young's nodul us, so
the conditions for acconunodation remain substantially stable over tine
after the inplant intraocular lens forned fromthe injected



material. 30 In its nost general formthe present invention relates to a
conposition of polysiloxanes in an injectable ophthal mcally acceptable
form having a specific gravity of greater than about 5 30 June 2004 1.0,
a refractive index suitable for restoring the refractive power of the
natural crystalline lens and a viscosity suitable for injection through a
standard cannul a. The pol ysil oxanes of the conposition have an refractive -
i ndex ranges between |.382 and up to about 1.60g preferably bet3®eame200m

about 1.538] 1t 55 3lpAéntantheeselting pbBhRE JerhdiRedie re@n@e Seddendh @hbistolctatdth t 0
1.43, in order to be suitable as a_material for the groduction of
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differe I ¢ QL o L st : Al I
subst 1 £ Q3! s ShecEiniConh SPR O CBhSlay Bhy), TR PRSI R RERNRRATCS
pol yisi | ®Paasmes,300/H90| shsreimamondditional High visbesityi polRokanefil addedad khel ngnogorR, ) i s
al kyl and, nost _preferab]y.the pol ysil oxanes, conprise i

3,3, 3tr imuxas?-&%%%‘gﬂrn@shyrsg?ﬁifaéw&nw%%dwﬁ?% Bdbat ey PBRE the

pol ysi | ax8pRS, \»mtsg calfl fnpatr fh¥ BPﬁé’éi Lallty 9P trRReGlIfinEp@baM taddittonl & hid Biear r ed
that the anount of fluoroal kyl containing nononers exceed about 4 nol %

Fur t her found thet pdlgorgpnesfilexaiss davihgn highefrasttion o dgn¢thylaihexane noitemsy havean
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greater than. B d.t a refractive index of about
|.41. | r%nf;(;hrqt er f(gggg%%tgﬁ%rﬁ%gﬁea%%fnfgw%)h(ré{réeeém\?\n%?h t he nentioned requirenents
whi ch t Neheilfteaititionsl aste Appliogidn® GHERY/AAT D éioclssek ompabved ipolysidoxaneat er i al
suitable for being.injected into the capsul ar bag of the e, it has been
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catalyst at given temperature. The International Patent Application PCT/EP99/07781discloses



Rz Ra Rs |5 wherein RL and R2 are independently A-C6 allcyl; R is phenyl;
R4 is phenyl or d C6 alkyl; RSis CF3(CH2)x wherein x is 1-~; R6 is Cl1-C6
al kyl or fluoroalkyl;1 is in the nolar fraction range of 0 to 0.95, mis in
the nmolar fraction range of 0 to 0.7; and nis in the nolar fraction range
of 0 to 0.65. It is preferred that R is nethyl, that R2 is nethyl, R4 is
20 phenyl, that x is 2, either independently, or in conbination. Preferably
according to these alternatives R6 is nethyl. According to one 3@nhadroent ,

t he pol ysil oxane is a copol yner of diphenyl or phenyl al kyl sil oxane and
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about 4 nol % of trifluoropropyl.methyl il oxa. ! %
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pol ysi | oxamesy RN S R0k coh inded aDdiftm3daich Hyrtht Faroesopfrtbpyyereinhy |
siloxane, 1 to 50 nol % of di phenyl sil oxane and di net hyl si | oxa]nsghpn]gr}lorrer
units. Qmectisal teab$ dupwpyldimesedha aderspioaned Bntegelistpyycanyans! sppulg have a
conposi tj,on for injectign i , f he
Formati ofoge 5 e liiot B 10iBaniE pRaBRty Hss e Bl S e B
abouty 4 sredede HiveRRIVk tehlooRNRpeIdd dijemtily polykilowan eompositiens which admitn
accordance with the present .inventiaqn itﬁ\laas been .found, that .a_suli ta\%lﬂg-:
Young' s Gastral efshe slaginity madnles of a tesyliae pradach 1-G &1 JuF3nsrlas X dmeBsEs T ons
after a iﬂ?ztﬂi&?meﬂﬂ 10 process with functional forns of the polysil oxanes
and a multifunc |onaF hydri de crosslinking agent, if appropriate
considerations are taken to the relative of anmounts functional

pol ysil oxanes and mul tifuncti o&al h¥dri de crosslinking agent. The

funct i on@PTESISSD BRAYIARY OF IPEANKEYTIENe functionalized to contain vinyl
groups capable of participating in a crosslinking reaction with hydride
groups of the crosslinking agent. Functional _gr oups for crosslinking wll
15 in the coriflextbjadts oftbe pressmnnventior ate to Provideary@irstaiic SURRBSIHOT IR

unsaturated groups suitable for reaction wth Sili kd

(Si - H g‘f‘fgiiﬁ TG 2P RECGITBLARE ’%‘faoé’“@éieﬁfﬂg%‘mi lf'ed?é ?ﬁ%g@%gg%‘?ﬁé‘%%e skilled
person Cghich 48 ithpdidedmabdt@Rnf HiEIRSen Qfirgilially egrantedal Aeayommmidat ing derarisl
different routes of how to_synthesize e.g. vinyl functional ol.%}s‘lr‘lllaj%g nes.

A sui t ablefinahds leosrhoving a swibicspty 10w elagiqiy soat ¢35 GaEeACEMOKAL ups
of vjnyldi.net hyl. sil oxane 2 i i,nj i b ; | e
cur H” bR e RERAReS By aleps RpER el THRY incliOhRy e i BIRY e
acryl i c ghoupsiisapabl @e aivepavd ingdcpild cugnpositndidst et Yoype's ofodutwss| i nki ng
reaction induced by a photoiniti an(?)r tgt?l i s di %(i]léo%egegi N PCT/ EP9t9107781,

whi chhesrppachisgithtlomperen drbgut akrap Eﬁ_été‘.ra] & 'cf &l s W48 nt s are of
the silo ;%ﬂ)%sﬂf’on? oLy ﬁgkfgﬁ Z‘c‘g}g With & 10& ViMlek bf A6 19N&a or even below about 5 kPa

or ganohy genpol ysi type carrying at |east two, 25 preferably at
| east t hwhieh Sie tdggredipsslindsl dorsehvabledralurs USeParethe scopnmedatirg gighe pafient.

5,444,106 which dac ts are incaorporated,as. ral _refer . he
crosdli nkil%ﬁéop?rb%égcgg?giqﬁs ?Seghlji“t"%}ogl 1 PEadds lﬁlkegg@%acrogl R%gl%]gglﬁagﬁyelg%mﬁ
si | oxaneg, fRBhiRAgEhd RrURitRAlemMiliNa Y AnB% adhus. THE meaing iy tise leanhien f ound

anong platinum group netal containing catal ysts commonly enpl oyed for
cat al yzi sufficibietlyf amstani Yours s hoddas setthendgions fgfrasepumedativn Fyalyr oups as

referred to in 30 at ent 2,218, 2° s i riaselelnki ng
agent i sSLtEbéﬁa%téﬁlg’&t%?%ﬁ‘éert%&er%%ﬁ F]}(l:e{llmc?ﬁaéﬂ%?%{’agéél% lﬁ'ﬁ% %%nggg%ltngf&il.%. “Those

havi ng f@ufer;hlydri de groups. An exanple of a particularly 8

' 30 In its most general form the present invention relates to a composition of polysiloxanes

in an injectable ophthalmically acceptable form having a specific gravity of greater than about



'30 June 2004 suitable crosslinking agent for the present invention is
tetraki s(di nethyl sil oxy)silane. A second type of suitable crosslinking
agents are difunetional crosslinking agents, i.e. those having two hydride
groups. It is to be understood that conpositions including crosslinkers
with different nunbers of functionality (i.e. different anounts of hydride
groups per nolecule) 5 can be included in the inventive conpositions to
control the Young's nodulus of the final product. According to 3 pief2oaed
enbodi ment the crosslinking agent conprises a tetrafunctional crosslinker.
In a first exanple of this enbodi nent the polysiloxanes are in a

conpar at | 0 Efrpgties indss puitablaon starigetibreredipeid e nowar nf thegwiral sysedlinnlgns t he
t ot al amgwqg- i QI QUDS r, Gr inki of the polysil oxanes
exceeds the H%;Sgy@gﬁgﬁgﬁ%fggﬁﬁﬁma%%éggS%%?%?Q%%@ﬁ?ng for the crosslinking

process of thehepolgsildvakeng thgesthposHitntlale ¥in kdftBtinERIAsx Fdhats bdieediunbe?. of
vi nyl groups of poLysiioxanes exceeds the nunber of hydride groups. (Si-H

bonds) ~ at/4l YpaBIaboBh! -bheprelerdly betressirommbayt Lihwucts # mAee replsedly wHpRg
reactd o f t| i i i ed and
ot be. s A58 e [ NE 18BRr o 2 RRE S REARER My he BRGHINERE B0 70
act as anphastardesses., Muktipctferabtiy tlatiescntine pelyaddyaoes yaveadipbdific @favay faithad

i ntraocul ar |en roduct. In nd ex | e qf i.s enbodi nent, .t he

or oser s e FansEas eRoc o6 o 4By 30 G B AaRaEs dhoukd P R it Vit
bonds i sioeQ¥AERAn] LR HiAGh BnidAtiSnASRERla havidd AC18 0Bu&S ndeBR d%Qension or
crosslinking agént” rather acts as a chain extender and thereby contribute

to a | od$ear diroemsitrsgheelfgrably ods Ipphikdekanes shonkl, belablotodess thooughfagd lyGangient ai n a

stabjlized  Younqg' s nodul it een found. necessary to avoi .

oat Sur HRAIC I ucre BRE et gl 5 EEE ot RHE T GRETARYs bRe @t eine ¢ as
gel | at i dRjepaBEE pSlySidexantNacbRlIn@R(hE Sreed @vlealiby hdetnNdsuds g leshidian abo@X60ess
of hydride to vinyl groups 25 are used in the crosslinking process, see X
Quan i n @5 shver Prefigrhldessribprat0ssi Moregagierably; the)viscparboshpalbbe Ipss thiler t o
over COWE‘ab%B?L&‘Ogi ésg,gwhérefnsthé H{%Eﬁ{;{%rd_v?{cﬁéiﬁf ﬁq\gesta.?e %¥Eaﬁ‘8o&>&§&5&a&fre. Hay!
groups over hydride groups In the injectable conposition. I'n accordance

wi t h botdkiltddgreesoaxaitihcethle tohelatotheg raquiretchentssto ahitdbiedegeaas| dfipnlyn@oization.

crossl i nked oduct .can be reduced in a coptralled manpner by addi ng an
anoufit of nontned V%ﬁéﬁmﬁémggﬁb%&ﬁ@sw%@ ¥ PO Sl vt ﬂéﬂamsgu 6y
crossli %‘vﬁ%{tﬁ@ gEﬁ@al%HHQl%‘-RLI@b@%-, UhereRPRIAHAER 200 theNaRrel dt sidronalih i oups

are define ereéin as groups incapable of participating in a crosslinking
react i ornr uliyghstiglted alkyhorarylgrotpsdmahd pothy silicoxaatemi n accouiademeih dict h

present invepiion.nmay, have en rqups of trinethylsiloxane Advantageously,
Phe T undiTSALI R gh Raricrt St orpe Presemete et s e P SV ERERN ot hor
i Nt er mespRfifis gk Gty UirBateStBah MGt Al0e Asétirliing it€ Bhe YspBbtoTithd Bivertion the Xt ur e.
Structural differences of the polysil oxanes of Fhe i nventive conposition

may ¥catpodysilokggies hamdt lapip oae meager, Nihstejn By anshiare threessanerarafTerpatmlkyl or

gcat . P IFRRE, MHSTEY Cheaesran
non- unctTRaTP oo APk aff cHEb BF o 3l ke LR TP LLEPEIBEE . 11

gr oupis beomg Referdbey tHé)ﬁM?si]de?ﬁes d@ﬁ@tisefzrrﬁbngmhm%tgasleeméiha}ﬂIiyﬂlfdasallsﬂrmd
terpol ymer. A conposition Q uncti gnal and non-functional polysil oxanes
Wil i oRtfléP%kﬂ(gﬁlﬁm%‘rﬁ’r%@r@ll&F@é@ﬁXSHR}F%‘Ss sJBPRsCAababl e of reacting with the
functio i i : al yst so
Qﬁhu%@%lrﬁ@th%ﬂﬂo%eﬁéde%ﬂ?ﬁﬁ?r’t‘l@rf‘of rGilb Wi ﬁﬁ}r}%&a&% wanGat al y

as to cure nposition at a suitable tenperatur to a final product.
The 2Sesuppicalty kighsptdihk ethvitpnip ogirtfened thiat the haveneofifbionoalkylfcontasungdy t he

functional polysiloxapes and, rosslinkin ent W thi ich the non
funct i omapndie SR ARG APEvh i RED i e S Rt e Ba g 8 eSagPeci sor f or
t he prodiétomebhes 400y 1sHotdheGhil @BRkiaRP Eb@féﬂr%ﬁ@ﬂoﬂ%&é@a&hﬂp}%ﬁl@%xaﬁé and

swel ling the network and increasing the space between the crosslinks.

Consi dernheaylelsglsilosaneof diffusion of the non-functional polysiloxanes from
an in-situ cuged.ispt L0 MhaEime G fnd S RHE0a0 61 FRASHIBEiBAGsde R fllySHE r oundi ng

eye, these
30  terpolymers derived from three different siloxane monomers of the general formula

(R R;58i0); (R3R4S10), (RsR4Si0), wherein one of the three monomers has a specific gravity



polymers are preferably selected with sufficiently high a nol ecul ar wei ght
so as to substantially prevent fromany such diffusion. Since there is a
rel ati on between nol ecul ar 20 wei ght, pol ysil oxane viscosity and
injectability of the conposition, considerations nust be taken to that an
increase in the non-functional polysiloxane nol ecul ar wei ght does not
conprom se the overall viscosity of the conposition in a way so it no

| onger readily can be injected with a standard cannul a as outl i3oeldnaboye.
In one aspect of this enbodinent, the viscosity of the non-functional

pol ysil S ALl Y %%Qeltﬂﬁqﬁélr $505 Fdihc@ie hBs: @5aHaRt Y il | BXaB&sohavi ng
functiomal groups for crosslinking. In accordance with this aspect, one
fracti omcaimplisd podfsylskinex amdshermeufiaet we@urenenisevingle thedederitersthiare found to

conposi tion can be proyided with functional  vinyl. groups.(e.q. Vvi,nyl

ond! capBay g F bty * pker S P v adc RS kS ab it BaS T i 2o

form ByhCORAYGhLL BEedt BRAP sulifAbM thitR HATED €28 Yhialk oPaigfekdid Sailer substitagd been

found that ‘the non-functional polysil oxanes preferabh%kshall have nol ecul ar
8

wei ght excgstiutgl dbylendahesepesferaltio bpthimre medoddagndol shall daseedat parny

reduce the risk di ffusion.of such.1l 0 : hhoxanes from
e capdlt st siTphr b S nat iR dnd iy eRRE PR TR

70000 Mylhe ANAn8 VG s PG R iBdBYIaRL IR calibe gelakiediimd AP Bidogaliyt and alkyl
accordance with a specific exanple of the invention. the cggposition

conpr i sasoupsand prafeiabhdls ipiflporonserin @ad Relsanetbils Algmatively; Biganventive
polysil gxanes, In this. J..ON: i groups and
Phe’rel SR smsheb B Iy sl P e B A o TN Bent i n

t he |gom@sichpsinmess wieh Betsade sucbnichatpenas @ekaidredshi p bet ween hydride groups
to vinyl groups is provided is 0.8 1, or with |arger, excess ,of vinyl.
groups,  Sui PN s sPRFSiallgseaiiile smBOdIBIBLING e LGRS 4 SRR

defi ned i B RVAeY .ues for when using a tetrafunctional
cross|iﬁ%%ﬁgﬁggéﬁﬁ&g?§9§§§??§%3§@§??¥f% non-functional i o polysil oxane and
values wwthin a simlar range. For this type.of conpositions, the resulting
el asticity nodul us can Qe controll ed by nodifying the quantitative
relationshiﬂ?%etmeen f ictional &d non-functi onal pol ysi | oxane and bet ween
the functionial polysilgxane an dhe crosslinker. One conposition found to
provi de i ssi;qb#e%%e&@gLajH%ﬁg+ﬂﬁ—hé+§mﬁ5 kPa shortly i 5 after

crosslin ing[inclu S 4 pol ysi oAane constituent of about 20%

pol y(di met hyR* co di phemyl - co-t ri fR%uor opr opyl net hyl ) si | oxane ter pol yrmer
functionalized with vinyl groups (i.e. end-capped) and about 80%
non-ibuncti onal terpolyner of the sane structure,

t et raki s(di net hyl si l.oxy)sj|ane as crosslinher jn.an anoynt,such that_a

rel ati onship vdxermr,»&rlia@é)l’?cﬁrvmﬁiype%h% Cdafcas%’-eils r@ 18 Pﬁﬂfiylfi 134 Mﬁ'ﬁnﬁgﬁf Ghd a

pl ati num net al gatalyst. zo J Anot her_ ggnposition found to provide a

sui t abl Westlat! B2 YoGRy(GHapoietedn beés byl BBasE 15Ck plyhpr Herrealkskd &uipdhs nel udes
a pol ysil oxane constituent of about 20%

pol y( di mlanjfracgearsissy 01e 8965 mris tioths mhlpyFarsenyangeiof afe: aad pdf Imibe

functionalized with vinyl gr s (i.e. end-gapped) .and apout %4 -

non- f un@?ql%frfé‘?cuf’%ﬁ‘ﬂﬂefﬁérm gfﬁgfﬁés éyg#gegﬁp%&ngﬁe@ﬁ,atﬂat KPR met%?l’(k s

t et raki %ﬁsﬂy{%&w 817 exNer SidepBRicABy Cr QS Sbihbiefior. PréferaBueBbrdsnictd thbat a

rel ati onshi"p of hydride 25 to vinyl bonds of about 0.8 : 1 is obtained and
a pl ati RupmaREaIRCRhatAL Acddrdial teoiedrhbelimannte pofysdbtaiens agopelgmet oDl | ed
reducti on of the Young' npodulus according to the present invention is to
furt her dﬁéuwli%@hanldalgﬁln%k#@wd@%%>§|5ilﬂ e ppeqading “aﬁ’ﬂﬁéﬂ"g’ﬂéﬁm ?‘?ede)
to the . d |4t : At QR e Ff unctional (hydride)
crossli%@é&ﬁ§%%%%%?ﬁ§% qéggﬁd#ﬂ%ﬁgéﬁéggﬁ?io% diéc&gsed above. For exanple,
~a conposiiftiaoalRel(dbylx osamegof aitecpdl pmerd orgoghyes iordsx ankymendf twheril@nétar onal

crosslinker in amounts sych that fupctiona i 1o hydride,.bopnds has
mol @° r EheilgkEhsiloxene: i’."’ﬁ‘y ?‘ECB‘IaB%%“C{]Bldfof‘fah(é'Yﬁ%ﬂf‘)xﬁ%ﬁc%@ng " June 2004
~and hydrsk&% fhRa SaRRiRiRahe %Eiho@ﬁ@i@a@@rp@lﬁﬁ@%‘f@ﬁh&tﬂ“ dlosatp! et e

crosslinking reaction, since subsfantially every polysiloxane and
crossl i righenyioilesateeonphthylinethat sibrhecandsd,d Adrifluemprdpy ImethglLgldxane onposi ti on
t he obtai nabl e Young's nodulus will be at its maxi num or close thereto.

For this type of conposition, a controlled reduction of the Young' s nodul us
is 5 obtained by adding a fraction of difunctional crosslinker to the
conposition of tetrafunctional 7 '



crosslinker. The difunctional crosslinker preferably is a short chain

pol ydi met hyl si | oxane chain with hydride groups in its ends, which wll act
as a chain extender during the crosslinking. The addition of a difunctional
crosslinker is a suitable alternative or conplenent to adding
non-functional polysiloxanes as a neans to obtain a controlled Young's
nmodul us | o reduction of crosslinked articles prepared with the inventive
conpositions, since it reduces the risk of free extractabl e poljsiuhezames
not being a part of network. Wthin the general concept of the present

i nventi ble to nDdlf nd c e -YOoun

changi né’”%fﬁfabavwsg ﬁtpo ‘1°’fa"F%C‘H“H e ‘eaﬁ%aﬁm“{% m"w Of{“H“"qP%'OF@ A unt of

functi Omﬂbxdi@a)ﬂﬁIl|t@>§@ﬁl@)l%)oﬂﬂiblﬁdnfywﬂ@kmmﬁﬂfdﬂ)éHériydﬁetﬁﬂ@H@kdn@kNIﬂga @eaRibly the
concentration of t5 non-functional g si | oxane and addi ng_a_chai n ext ender
A

(i.e. aSHdmohstlpeagr comariserbodt 63307 meing-hiamtuorerserylmgtivhgiernect tockh be
prevent ed, &’ot gllfénh(lsﬂg A" »AY d\’ﬂg&@ 166k G RRRY AREL. @{n% sﬁH{Bgér’ﬁ&ﬁ LiPGine

accordi ng Vention an y ensuring stable m propertles
The ski kbegogpeaos tor boirg a paeasti 4 (}brn]ﬁiﬁlﬂdnffyr mgxfmbm ato dresapfuliftegef did lamat | ves

and when it is applicable. 2o Accordln% al ternative enbodlnent of the
i nvent i GE Tariae fsmption alliecmpitssiaPPy s /?:B fepEeRyAmSthE b LloraRG 2Pewal

pol ysi | 9xaResdiphbsy 3B AGH baRahy PO 5@&@&@@ sel ected among the same
S

pol ysi | oxanes I ne ove W a preference tor the terpolyners. It is
to be under sﬂmecbobdmtcaenmkm pedegenwation Hdas béem fomrbthsi 4 swnbledY eury’ epar ed

of the EriginRPRenGon o bR F bp OF Bhane otte T ARl Wy sl ™ "

undep st eaketh@ith ﬁﬁféﬂ@ﬁéltfbl%ﬁbsoﬁﬁ@ 51?5'111{)&@& Anidra Sk fERNY A hiy@Rdd crosslinking
constituents, such as agents for affecting the crosslinking and agents

commonl 9gq§slé@plapenatwcwsxdﬂﬁ@tlcpﬁ@awk%w tb¢ rqlaiss of pewnsisifiedinaalnat eri al s,

polysi | Subtaiec e A RRiRlR S5r R R oA she Ry fo L PGt e

i nt r aoC pleférabgnne furctionalizbe fecataip @yl pRaps adpabigiof @artioglatng inl?crosdthkingne
2004 DE i Al LED DESCRI PTI ON OF ExXEMPLARY EMBQDI nl ENTS The types, of sil oxane
mononer §eagien withilydgde geoups af thgerqselinking agent. & upstinal erodpsiop suwshipking wil ude

DUt 81 &40 L Sk Bcs RN S BRI LU SR TRI o SELBXARES: OB

si | oxanes an oxanes wth 1 ndivi specl
graviti cﬁxremgmrvgtkbmhmmoﬁd&l?hmbﬂeI(SBH) giblups b thb pepecicfof @ cgradpsitiy. si | i cone

copol yners of the_pres i nven r epar n lurality, of
T ettt MRS SEitd at S e onidl B Rk PR Bt B Pmbidhics il

gravi ty 4andestebhds bf Ny td‘ﬁ%&eséﬁ%@’ Qin@gﬁﬁa@tl&&?p&%(&ﬂaﬁ@snh suitibie@ngi | oxane
nononers are m xed togethér with a ~ sui tabl e énd Mocker and dried in a

reduced camnmbhanplouﬁﬂmutec@ i mbxtok:‘le@b ¢r1deb1ﬁd¢m$ progps ¢lovisyldirnghylsdeoxanen

2t mobpnarE e Saift VR wietn T aE R b6 Tk R2 A B BBt 11 me i1

a pr eci &mcfubﬁﬁlrgad)u;ﬁnwmmmcrym@gto deﬁ@E%ﬁparH@PphmngﬁﬁatﬂﬁéﬁHnt gipepfoduct
i s washed, precipitated and dri ed. e specific gravi refractive index

and ne aﬁrq.ﬁjug@gg ESACHQS igfyced by adgto@mmnﬁ@g as is disclosed in PC¥fEP99/O77 81, which
hereby is incorporated as a reference. The crosslinking agents are of the siloxane or

polysiloxane (i.e. a multifunctional organohydrogenpolysiloxane) type carrying at least two,
25 preferably at least three Si-H groups, as disclosed in US Patents No. 5,278,258 and 5,444,106
which documents are incorporated as general references for the crosslinking process. Other
suitable crosslinkers are the branched siloxanes mentioned in US Patent No. 2,877,255. The
catalysts can be found among platinum group metal containing catalysts commonly employed
for catalyzing the formation of bonds between Si-H groups and vinyl groups as referred to in
30 US patent No. 5,278,258, A first suitable crosslinking agent is selected among tetrafunctional

crosslinking agents, i.e. those having four hydride groups. An example of a particularly



~ 5 I n anot her enbodi nent of the present invention three siloxane nononers
are m xed together with a suitable end bl ocker and dried in a reduced

at nrosphere under controlled thermal conditions as before. The reaction

m xture is then catalyzed to induce copol ynerization in an inert

at nosphere. The reaction is allowed to continue for a predetermned tine in
a precise thermal environnent then term nated. Next, the reaction 20
product is washed, precipitated and dried. The resulting preci psd aire 31084
then re-dissolved in a suitable solvent and filtered to enhance clarity.
The Sp?CEJiiaﬁlegﬂ'ré’éé[ih&'ing%géﬁt@&tthyﬁrés&ﬂ@%veﬂﬁ_@n (R eesthAkilng) ghihe a4
determ ned. Changes I h the reactants, their relative concentrations and

r eact i onsacomdiiype ofisuitbld crpssdinkingiagenss errdibngtiosal eiogsPREWASCEISW- & Khafer f er ent

specific_gravjties and refractive indi : L : L

di ffer enE% ntmcr EX)CH@S 4B llsetﬁ;lbetug d rrs]fé)%g &?JP@@B%%#@ %@Blartl%? ?%Sg%‘etr%e
speci fi cupXAMPres ReIRY AR IHnAGy Y De (difereBt hasimtobf ke dppesabel mekotiedn,
the ratio of siloxane nononer reactants necessary to achieve ﬂe%%red
refratt i ¢an herdehedechin the Bventive epmpestipng Breapgo! thg g sHae “?éﬁt% gl cally.
IfTNis the . desired 10Us refractive index and P is the specific gravity of

t he IenspK%% ol ynmer and where n, 3 are the refractive indices and p,_3 are
the specific Becqiimyiib h@sefofed hrbathnenthe readirkitesagehermivees ol | ow ng

mat hemati cal relationship can be used: N- x W+ xzn2 + x3ns 13 30 June
2004 P=xiepriupgoonalgsddiniiere x, 3 represent the ratio of the individual

si | oxane nono C SO i | QL 1M i ired
optical and pﬁﬁi?%ﬁ?”%@@%gﬁ?ﬁes gn %@tﬁggg?§ﬁ§%&§E%§u$%%?ﬁ%£§%a?%jectable
si | i g@neestcesnsvenirhdund tehe cidssinigngaadeny sgeletibithe tdtalnaniownt w funcypmdigrgups for

sinplify the injection process and.represents si.gni ficant i.nprovepent
over pre¥PEgkipea) gyl Bdloxrss Ereeds ﬁ%ﬁ“ﬂﬁieéei &BF% L FOUREP %rﬂ%agpg i
Prost het 1219 & %ﬁén?@ﬁl’@cs@%f Ttﬂ?:ecr@srsﬁﬁﬁﬁé agﬁﬁ.(gdiﬁﬁg/ RRBEdhs AR LeOPhbaaRE and

retain the refractive I ndex of the natural |ens making themideal as
cor r ect i vieyl gnegsofgelwstbkares exespisbe member ¢idriddderagens andl dansdy axeiapde

| enses. The present invention j. Qves i Y . ! suggest ed
pol ysi | o¥a q%sﬁrggéﬁg\%fg??%cé%gﬂ; %r%ﬁsg@pg%geggﬁ%:sd fgdl}telg{l gf’lh{?]gﬁ!l)%aér eased
speci{ i Cr@yalixh¥estviillaRAMLeaticd and BothePpacef dresslidkal navabad. Tatlegiolydibxanes
injection into the capsul ar sac's aqueous environment. This characteristic

wi 1 redwdbgpdse tq art et Pawticiegni whichmasglagts haelagimydpeiuiiris iralassur e t hat
the lens. will assume (Qatural position and configuration. In accordance
with the“ﬁ%?ﬁ%ﬁiﬂgﬂ“?lé‘present invention an injectable IOL material is
formed that gmesddcyndémpipié behistdaebddithent theerostimkpasagenoisiingxens s that ag
process. By the nentioned sel ection %g si | oxane €$nonersi? hi gh g%nsity

i nj ect abteesretidwirfe oanydopiniinIRdded. ¢¥rear Ao LRI BERFCS @i AP OF By act i ve

| ndey, COnRAARI dhOuldifib: £s LM Uidldct BUPHUbIUABEIRL AMb&kNBokhe Ot her
i nportant requi Feffents 1ncluding a viscosity suitable for injection. This
w1 grehgltly costinkdideewdi. t hat is possible to adjust the refractive

havi ng.sui t ablrerRhosTshemaRtst | SRaNEed e s BRRFHstE PRGheR Tafy{ Tttt 2°
aving suita g g
refractiye,l Rf;ﬁ%tc%ﬂg%.sﬁds%ﬁﬂg i UNibS RS thRUSdonss dfer ehelthial HeNSdifayion Anot her

advant age o s invention T's that "extrenely conpliant nature fully cured
| enses cpmcdse hebfinishethndlis especighy premoomeed whsindalsreessiof hrdmde tpeaieyliggoups

i dered h | ff f 1 . iRy f
he. fat chF AROR EheopTein sorobet o eRR Rl BB B 89, 998, | f P hess

rangi ng fgony 1g{®145.five. Therefore, 25 | enses nade fromthe materi al
descri bed herein can be acconmpdative and respond nat ur al

In order to overcome postcuring it is therefor preferred to have an excess 0%/ vinyl groups over
hydride groups in the injectable composition.
In accordance with both these examples, the Young’s modulus of the resulting

30 crosslinked product can be reduced in a controlled manner by adding an amount of non-

functional polysiloxanes free from functional groups for crosslinking to the compositions.



to the changes in the eyes' shape as focal length is adjusted. The
accommodative nature of lenses fabricated frommterials of the present

i nvention would nake them particularly suitable for corrective purposes

besi des repl acenents for diseased natural |enses and is considered within
the scope of this invention. An unexpected, and beneficial, advantage of 30
the present invention is the optically snooth surface fornmed after the | ens
has cured in situ. 14 30 June 2004 The foll owi ng exanpl es ar ei®hifner2ed4as

being il]ustrative of the princjiples of the_pre%(lent i nventjon and not by
vay of | NATTEURGHSHAl EORGATR Fe TIalREr A AR BTOHS Papable of partcipating in 3

pol y(di netobyinkeRy BRI pfﬁaaniy-é:f?a&-mnuie&rl %ny@@é&aﬁ?fdﬁ%?ﬁ@%@(@ B prek@n@ dry
50ml flask were added siloxarie nonomers: heXamet hyl cyclotrisi|oxane, 6.0g,
10 3, 3, 3mpentiqrumep prepsndraseupslod yimk iy tsitokdnex Adegntagedggly, the functional and non-
1,3,5-trimethyl-1. 3.5 triphenylcyclotrisil.oxane, 1. 1.55ml), and an
end Mok MEHGR DA IR SHEPRY o Bt T By R Eimey e xt ur e
was o i eelfisideily WAGIBET A mBRureCSiraEuRD dITTReHBS of thB BOIyBUG:GREs ¥ thB idVcdghe The
tenperature was raised to 140 C and potassium silanodlate catal yst, 7 nyg,

was addeEPreResitifin nay ecagel hahe pid appeonhazphmiste aropagne B dprins bedeehsgiadk fyr a

i ndi cate i NCr.ea i gVi sity. ;After about 30 mnutes the m.xture
clarifi e%?tgﬁ ?@rﬂcgt%onﬁst ﬁ%feﬁ%ﬂ ’stﬁg enC%I %@%Pﬁ?’@%gnzgQP@égo’fﬁei%ﬁ@?ﬂ t he
react i onare g saeesbl filoxand aNthhgfouds BOHE defiddtBbvaMit Ghodthee b RBBI ¢QEnt AT
cooled to roomtenperature.- The polynmer was cl eaned using a procedure of

di | ut i onGSURE tEPPIXMFE D EAPRIF MO IBetigrRt and rom-fupctipas hpmipiiloxengsrividly i ed.
T ( e bl ; ive | .1, 4070
20° (201 il SRR AOUAHNE Sodh S35t Sl & RARIDIS QT 207

mol ecul avolysioghnestan efeGiR@SMAMt ofn ostalyisndd a3go ofirettitecapgiogiten anaditsidd a
Preparation, o

o o( d etReRteE T amrEReut. T8 foeh Pa eI e eormpeioRMilbkase netpesct i on

m xture FORfcPb a%rf@ﬂctﬁﬁlﬁpwg{mxh%s%asam @mésngﬁﬁ@ Bbeck Réathid Reichhoxane

nononer s wer e hexanet hyl cycl otri sil oxane,

- . S . - Vg, [
3, 3- t ri flungtwst pplysitaahss asy Histritutddsindoxidlrast asta BlBgicizer for the product. The non-

1,3, 5-trd ; 5-tri.phenyl i sl . 350. (1.23mL). Th
ettt i ruMEl(hEL byt e TR GG O Mo B S int e SR e 1 ndex
was | . 4082wéarathe dtoatlads. CorbldYing IREAEH bCdi BLAYH bYthWasnfurll®BniI Rl &bakRY:

1.056) and the nol ecul ar wei ght b¥ GPC was 26,000 . 15 30 June 2004
Exanpl e fgoxp,agﬁré-lsay cyisd gtraocular lens through the capsular bag into surrounding eve, these

ol y(di =1 L l.):si ] @ o a dry SO
PPk v M S8 ChefAR betEed Mch HRIABE O MTERINLAB n A0S 10070
3, 3, 3-t rsubstaigiadbiyrmrpydnmfbhydngshch diffusiinl Bias eherdis @Gglation between molecular
hexaphenyl.cycl ot ri si | oxane, 1. 6%9,, and._.an egd- Mocker, ) .
1, 3-di vifye %P?laﬁiqu YisSoHB ean el qichaesnposiipheconsiderrionfanstbs ed
under vagkbiYodhardGndese BIBHIGR:cih PRI HIbLA 98n JRE beTPer at ure

was raised to .
compromise the overall viscosity of the composition in a way so it no longer readily can be

injected with a standard cannula as outlined above. In one aspect of this embodiment, the
viscosity of the non-functional polysiloxanes does not exceed the viscosity of the

25 polysiloxanes having functional groups for crosslinking. In accordance with this aspect, one
fraction of the polysiloxanes manufactured to be included in the composition can be provided
with functional vinyl groups (e.g. vinyl end-capped), while the other fraction is included in ifs
non-functionalized form. By conducting tests in vitro human capsular bag tissue, it has been
found that the non-functional polysiloxanes preferably shall have molecular weight exceeding

30 avalue of about M, = 5000 g/mol to substantially reduce the risk of diffusion of such
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~ 0 and potassium silanolate catalyst, circa 7ng, was added to initiate
pol yneri zation. The reaction proceeded quickly as indicated by an increase
in viscosity. After about 30 minutes the solution was al nost clear with
sone residue at the bottom of the reaction vessel. The viscosity of the
reaction m xture was decreasing. After about 2 hours the tenperature was
raised to | 60C and the reaction continued for a further 3 hours, after
which the reaction was t 5 cooled to roomtenperature. The pol 3PEln¥as4
washed with tetrahydrofuran and precipitated in nethanol, then dried. The
dried sigoh@toeRaries Gducthe wassudribgit Rryfehity; theTinel crelaewi it sleed] agicensdVived i n

tetrahydrofuran filtered through a 0,45 mcr ter filter, and again
dried, yio8Peimayand gyeasorgns 35’?‘1 ?X(?B?‘F}én%%li’%ﬁmgmﬁ efractive index was

1.409 (cal Cu'Iﬁta@gordz;ncé%Qh'a %@mcfé)&m l’eadf'tﬁf)/m\()@qﬁloll #H2 oalositionicemhprides094)
and the nol ecul ar wel ght GPC was 18,000 . zo Crosslinking of this
mat eri al nowf&hcdeﬂxahpfﬂyabmamslm cBTes geﬂunctmhmlﬁslwkmfépm thts epmefe the

ol y(di net hyl - co- di phenyl -co-trif h d
o00riL fPa e matG NS EirBy tet B GaR AR eyt E s 2P Bsdele 86 ¢
3,3, 3- trdrcgsjsHB&Q?'é?é?]y rnﬁltel&)zﬂn%%hﬁbl@lsr sieb‘dc{eﬁkaﬁﬁhhaﬂé)ﬂa]zﬂﬁ)@shxp between hydride
oet amet hyl cycl otetrasi | oxane, 368.27g, and an a, o~-divin Z|SI oxane
ol i gonergremrd-tbhwlkerou(wh? pIQ‘Bﬁileﬁ)gﬁ ONWIR vty lepasy exoss gé‘gmyPT/%F@uPslng
equi pped reftux and, t [ 80C
R T e R i A ﬁ“ﬁés 13

si | anol ab&n(thliﬁtetrai%ﬂct-ﬂdiﬁBcr%@ﬂﬂakﬁ&&)gem?aﬁc? Adf;o taﬁﬁ%d(wt]'hm lﬁatchomzérrper ature
was i ncreased to 160C and the mixture heated and stirred.for %‘?urs

yi el @i ngodystprane apd valies BB yb AT aREs Lh éhls INPE &F cgBP§HGS: fhr‘?ere Yuct was

di |l uted 420 t hetd2Qil

_ porti onsewebg%lc\%apogﬂlu? ﬁ&%?éogﬁ%tgg?tﬂ Fo Oﬁgﬁgm\%@ﬁpgﬁﬁl@%{gﬁ r\b}&qﬁ?&%&%m of 0.1N HC
and t he faggindl pErdoncinstidnal ﬁol@mﬁxxﬁnd)aliﬂl‘lbeH@en(thhélthnd pahdilpxagetand gy t i ons
were not acidified). The polynmer was then washed twice with 420mL portions
met hanol€oglitkffed with 180ni tetrahydrof uran,. and washed twice more with
met hanol , s S Qlifoos TG (H01d @ oNiasa LaibIL PEmEEdrsndRE beRoUSITPOMRIR f ew
hour s, with heating on a bath at C, to a pressure of below | nbar. The
pol ysi | afimneropsindtingtinviadescd ey simmanacwinstimpr of abawti2q%s polyeimiethsl-rerdex 1. 428

(cal cul at ed: 432) and d n5|t to 1, cal.c )

25C was Y&?‘" l-ﬁ‘NIWPrO 691’%‘ UW{IY%T ﬂm?{] I?acljléZéd 8'4% Vlw\ﬁﬁﬁgl(ﬁ;enyl

|17 Tl yagQREQRY land aldeuY'SUW ﬁ&ltﬁlﬁﬂﬁrﬁyieqﬂflvlﬁeraif tBe $anfk ﬂﬁibnlreo | 05 / 0.00494

(mononer ratios were: 0.827 1 0.070 / 0.099 | 0.00483), gf I\/g &8 600
RSt i

. GPC gameamdmtsﬁ@lcamslw aecresrtinkeris apRmARnisush Piagp i¢lal
poly(di et b1 1,504 hRBSIM & ©93¢ SicdihPLRPS ARYLIE R kgtal K ane.

20 Another composition found to provide a suitably stable Young’s modulus below about

5 kPa without postcure includes a polysiloxane constituent of about 20% poly(dimethyl-co-
diphenyl-co-trifluoropropylmethyl)siloxane terpolymer functionalized with viny! groups (i.¢.
end-capped) and about 80% non-functional terpolymer of the same structure,
tetrakis(dimethylsiloxy)silane as crosslinker in an amount such that a relationship of hydride
25 to vinyl bonds of about 0.8 : 1 is obtained and a platinum metal catalyst.
An alternative manner of obtaining a controlled reduction of the Young’ modulus
according to the present invention is to further comprise a difunctional crosslinker (1.e. a
difunctional hydride) to the tetrafunctional crosslinker. An addition of difunctional (hydride)
crosslinker is applicable on the composition discussed above. For example, a composition
30  comprising functional polysiloxane and tetrafunctional crosslinker in amounts such that

functional vinyl to hydride bonds has molar relationship of 1:1 or close to 1 (the number vinyl
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The pol ynerization nethod of Exanple 3 was repeated on a 125g reagents
scal e, enploying 20 oct aphenyl cycl ot etrasil oxane, 34.88g,
3,3,3-trifluoropropyl net hyl cyl cl otrisil oxane, 25.25g,

oct anmet hyl cycl ot etrasi | oxane, 56.4g, and an a,wdivi nyl dinethylsil oxane
ol i goner end bl ocker (M1 1287), 8.50g, and potassium silanol ate, 55ng. The
wor k-up differed from Exanple 3, using chloroform 57ml, to dilute the
polymer, followed by three washes with water and two with nethaﬁbmnwéﬂm4
88mi porén'dch@'ﬁrldé befehdi bathl @RerMIN A4 L atﬁlqjﬁtﬁﬂﬁféjfy%ﬁfp‘i’é?e c%@slfnﬁ&rlg?’é@g
nmore washes with 88ml portions ne? hanol , then vacuum stri pping ar on
a bath awncr@@bﬁtamwé yoiverr patyiilowancesd opmsetinﬂmr nivdetutesd ildpt dttaehdddeke 1. 455

| cul at 460 dd | .at ed Vi t t 25C
wme. 3328°CHrk R B BNESCon WSO SRy Bty 1 PRSI
trifl uordgseapstktol Fei ﬂhlisrly & etd s, §EofrIRI rédultidipSF the &obfAF s Im U PE5i£0

(nmononer ratl 0S were: 13 1| 146 | 0.135 / 0. 00549), 30 inplying M
18, 660 .° Cb%mdcmavg &éragfw effifungpfiam] goeslinkerio thaempesiioogctmiangsicsalka

Pr epar at f..n
pol y( di rrdé I)} _eé.o_fg E@’%lkﬂﬁ%k sh et Igegerrex%lgyf [il am;Pol;éle}aetlgileoxgn%ry
500n1 flcaaﬂnmka}nhy&mi@“renbslm n@redar w}@@{ﬁphz&mw@ylﬁzi]@taﬁém&sldhﬂ%g&ﬂﬁ 38. 10g;

3,3,3triflugrapr thylcyclotr|3|loxane
oct anet FFWSét}) gige, efhea%%; &@d}f@ dl&l@@l%ﬂﬂéﬂwkﬁ? s #éﬂ%%hl% ?lltf‘dk@tl‘@mﬁéémplemem

di met hyli§ LKA R6n HiAIRHR ol)Mﬁ]p g s 2he8i%to (;mﬁn TcXidbiR V‘@(ﬁmgr 'rﬁ?

heat i ng under “vacuum at 8 m nut es, en pur ge rogen and

pot agsi ueductios iof arvslatked annciasqmpared)wm g1,e iaveitide cdihpogitidnsEntziatddanesmhat ur e
. then aJlowed to cool. The

was heate bat h a 160 C
reacti o' gPBgSEFX“ﬂqu?P@?@g”ﬁf?%mﬁ ERE SR RER®k 175, and washed with

water, 175ml, witBinWhé bhordcoRedess Be bhbskd inldht DR ik pRRIHIE RS0 4iR bllld Edifrol
washlngs tested just acidic. The product received P hree nore water

washi ngdhe ¥ arene’s e debis ha sbingieg the amoant vinybethydedhgrobes bﬁethdlrd:lanvmmwmh

bt h a O GRRend aoh DRk AP o M R BRI D IreE0yci5Bicn OF
pressurQoﬁ&hﬁdti@ﬂaﬁ;@lﬁml@aﬁwaxﬁ\éﬁﬂu@ adirSextefidet d eWasifidiRliond HydBd2% of a

clear colourless fluid, M1 1 980; Mw 21,250 by GPC. Exanple 6 zo Curing
of prep6&ierEpangaeenti Post éhréngo%ff%ﬁ%bwleéermfb@aa glgitlecbpersar ngslasying

formul a i f or m of
the 1. 30 op R cBfPsof bk SI0E AEMID AL RN Habie il 17 hg
crossli mk;mertefmdl‘ise Mobkahpersmﬂwihll eadily fﬂhlmfp rcefndifad dnscofab&sk attknatiwasand
tetrakis neth%@%llg§y5|lane TKDMSS, but a polyneric silicon hydride

(Gel est M a copol yner of nethyl hydrosil oxane and

di meg hyl si | 0xaRerdieione AMefald eMBodiBRRALOO8: aRdndor BRI iNﬁﬁ@OunitS) i's

here also reported Tor conparison. Optinumratios of cata yst crosslinker,
and i nhp@irlp@ﬂitIQmmYGewrlm ordyl nby-fenatidyalmglysiexangs. ﬂfhg npndhncttmabf silicone
30 mxturleS usin lheoﬁarrgter Rheometi Gs RDA I F det t| on of
the modliP B ST RRE SFISHON AT RE ecamgyelsHEXg P erﬁd’re?‘rﬁ A% Vén‘gf‘m
times ckdrahe tbpolPmeisnut es at 20C. 18 30 June 2004 Tests mere perforned at
35C using 25mm di aneter plates with 1 nm spaci ng. Frequency and strain

sweeps were Fdgin b mydesdeadiiby skibled persqmthar thelcompasiiions s praperaddst i ng wer e
prepar eﬂuﬁ)ﬂ% %ggHﬁlﬁﬁt%ly oiﬁﬁ:’ m'oQ 58 QR E&E@st%ltﬁggérfmﬁh%g%f By &bgghﬂgm];ﬁre 2

m nut es gassi ng er reduced pressure ore transteri ng
m xt ur eagemt,tjhg pploatess usEhE idalsk & ebiraiersasbd thatraotdpesitions can comprise further
conventional constituents, such as agents for affecting the crosslinking and agents commonly
associated with the production of IOLs from silicone materials, e.g. UV light absorbers.
Examples of preferred routes to produce the polysiloxanes of the inventive

30 compositions and how to produce intraccular lenses from these compositions are given below.
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S mxtures were clear and col ourless. The results obtained are illustrated
by the foll ow ng exanpl es: Exanple 6(a). Prepolyner prepared in Exanple 4
was formul ated as Part A, containing circa 8 ng/kg 1 o platinum and Part B
containing 18.2ng TKDMSS /g Part B, plus siloxane inhibitor. The m xture
was anal yzed on the rheoneter in different weight ratios of B/A at 35C,
determ ning shear noduli, G, after 3000 seconds. The results for ratios
B/A were: ratio: 0.86, G 199.2 kPa; ratio: 1.00: G 217.2 kPa;30Rikod04

1.15, G_214.5 kPa. ~s Exanglve G‘gb%.,EPr[\%pol grrer prepared as per Exanple 4
was for REIEEP RESERPTION ORBNEYFH Ry “RBOCM Y hy/ kg pl atinum and Part B
contai ning 8.23%w polyneric silicon hydride, Gelest/ABCR HWS151, plus

sil oxane inhibitor. The m xture was anal yzed on the rheoneter at 35C as
above. 20 Shékr rmdulf silox@ns nafioeer3600U sepsnerend be [Pkt PoduBpriskste: rati o

0.821, G .100.7 kPa;, ratio: 1..00: 16¢.9 kPa; rarioq. 1. [ kPa;
ratio: Frppdingnt 1@3‘?‘:@’ E‘ﬁzf.re @%&%‘Iteéﬁ@(I@fg‘%gareﬁs%%géﬁ%{efig’?}di&%%%plp Fgeﬁﬁga

vi nyk- enggd, ROLYSIRXARFoRN ch@QAsnoamb s Rah inanwduziege gat yeiitesanszihavi ng
stoichionetric excess of hydride crosslinker Here, non-functional,ized

si | i condewesendrgi aeld2&. oThd lskll specéli &ravigasibeengl coRAVIEE of e BTASHY IBWRYSPabl e

with the human |.ens.. Prepol r : A lL,i ghtly
50 1 nor ESBAPGERT PG GAnEAT oA ERIER0GREEE PRI A IS OF
cont ai nidagiréd dpeaifié BraVitk kgd Rifracainglifdaxt B contai ni ng 31. 6my TKDVSS/ g Part B.

Conponents were weighed in 19 30 June 2004 order: Part.ié)égjr 0. %07%'

non- f unct i onalAicserding tpjose Ebefinmraripice SBPHe MapPmgTs &R fiped tospihep¥ih 3y, 4ng
mi xed and. degas My ) ' loNUg eserahl &hdGionand

cur o ot g TEERRE T L D e o R e
6(d) Cormpesiidien nie is ShaagaR0dteditnjduendeulpotrysiiboieareingridtigogphere.
non-functional i zed ~ol ysil oxane havi ng var.i o(gs st.oi chi on&éri C1EXGess e%ft
hydri de ‘dieasastippiielored tqRentiiug JT BPERHeTHPT L BmE e psTSy Hhr R B

6(c), My, 169090, ,08S NeQf T L& ni b dhcPARLCRRE, Pledfataldl AdanbdBTROMeIfM NG

differing concentrations of catalyst and crosslinker. A series of curing
exper i mpmMWtyatefi3bti@ indeeartdrecarpepfeonlmedeight athidelsroingd. each of Parts A and B
were mxed in 1.0:1.0 rati

o Ww.th 1.6g of non- Lopal L Lxangqf!luid
of BXanpl e SQBF“WHSTP} .e“fﬁégkbed?{gseeﬁ{ Pt boﬁs&}ég%m}é;{hl%%@n%%%g%yst \%%re
adj ust eq,,ddhdr BBt 2RGEHIBAnd bociEd @ dHed iRh adduBk& htic@plase apgerapniralial to give
accept ab?e gel tinme, as rates of reaction increased with increasing

cross| i nkemat onclgis as befare. Fohe rgaetioameinture bribehtFaly 78 1RfUFKDVES
crons 0 BB ? s RIS g
1. 58kPa;préRtdrRidkd3Bne # a precifkieimal@hbiodindil the@ teBuidtk®alNerqtlicoreaction
20 product is washed, precipitated and dried. The resulting precipitate is then re-dissolved in a
suitable solvent and filtered to enhance clarity. The specific gravity, refractive index and
mean molecular weight are determined. Changes in the reactants, their relative concentrations
and reaction conditions will result in a variety of end products with different specific gravities
and refractive indices. The benefits of these differences will become apparent to one skilled
25 in the art from the specific examples below.

According to the methods of the present invention, the ratio of siloxane monomer
reactants necessary to achieve a desired refractive index and specific gravity can be
approximated mathematically. If N is the desired IOL’s refractive index and P is the specific
gravity of the lens’ copolymer and where n;3 are the refractive indices and pi; are the specific

30  gravities of the monomer reactants then the following mathematical relationship can be used:

N =xynj + %03 + X33
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1.78, G 1.19kPa. It is noted that highest nodul us required stoichionetric
excess of 20 crosslinker in the fluid swollen network. Exanple 6 (e)

Vi nyl - ended prepol yner plus various stoichionetric excesses of hydride
crosslinker 25 The vinyl-ended silicone prepol yner of Exanple 6(c), M
16990, was fornul ated into stock batches of Parts A and B, Part A
containing ca.22 nglkg platinumas its 1, 3divinyltetranethyldisil oxane
conpl ex, and stock Part B containing 56.4 ng/g of 30 June 2004

t et r aki sdi net hyl si | oxysi | ane crosslinker plus 0.74 nglg of 1, 3-

di vi nyl t et r anet hyl di si | oxane as 30~ FﬁhﬁUhPUfXﬂGUrlng formul ations were then

pr epar edwherem Chpr Y| mesfaﬁae bf%b%ﬂﬁv :%g&{ @m&m e gcg DI B@M{Bﬁf ( Mh

16990) were de 'so t hat t ratio o art was 20
30 June @mBWethDL\@ﬂnﬁmeEBanqseal&uMﬂ@ﬁeﬂqnb@mﬁegmxbxhydf*de#wlnyI could

be varied. The ratios, SiHvjinyl, and Lhelr respective nmeasured, storage
modul 1 G, veREne BR gfigctaplc sHipdugdes withsispecife eiay groars . of piDErEdY 6

kPa; 2. Sidpffy the %e&ﬁﬁa prodds AnPebrlent@a sl‘énl‘fl:'c%nt( roddhieht B{r reyJRARHI enent ,

the Part A was dilutedto 33%in 67% base prepolynmer to sl o the reactlon)
5 Exanpl Riggeydd m@onplsdot ingretable lensmaiesialsg Prastiyetic éndedmpdepoihy mcehsaw ng

various stoi,chi.onetric defec hydr i Ccro r The vinyl -.en

si | i cone prepe praI}Vﬁ%? a5t¢ *%ndéela&% Wd‘f‘:t'(‘)%gﬁi%x\ﬂgg‘ef‘@mfﬁll 15?5 akipg egi ock
bat ches igéal RatbgeohivanshsBs asRaém afyepRIDE@ERS ARG damaB&d A dethridds 1BMR S i tS

1, 3di vinyl tetramet hyl di sil oxane conpl ex, and stock Part B containing 19.2

my/ g of tet r akiesRipsAst ﬁwegtiwrompveéwened@gélwmmwmms@gzsewlgsnbxxane 3-

di vi pyl t L oxane; as i.bitor r ons re then
or opsy el r e TRleEHS LTI GERRRI AR A0 B s el BB e (e
16990) vdisptadraesdsd v&dfﬁtafﬁeh Bs friddition Gto B@ddapé\llércbacdlahué(ﬁﬁ eHa;&cBnnBant ViEts

1.0/1.0 in each_case, but the nolar ratio hydride/vinyl could be varied.
The rat |C(’é‘éra‘:@FW‘%/WHi/¥6duaﬁﬂo$ﬁ’éﬂP‘F“qné§?féE‘Elﬁw b Hreerrsandrsidleshse that theg

were: | [etQ.J wilPsumié a @Qtu.lffﬁ sitiof) 2n® onfi %La%oﬁp% é]cop d’i%céam thzrli_’]e\!fgg% /oiQtﬂe

Exampl e 6 (9) Cbnp05|t|on conpri sing A)V|ny |cone

non- f unairésentiny g thnsin ineotable&Li mgteviak iis (ﬁmmedtthnt (gmadmtmplcﬁa#ehcemy desonf

hydrj de crosslinker. .25 The vin ended |cone Iyner of le 6
e Mg T K B pioRe Y AL DEn el p G RS B n e B ai i ng
ca. 66 ghg 1@je@¥a’b[wfﬂh@ﬁa! dad bb.pREkHNEWH th @ hRPBIdasuHASE ha%RNG: GamP! ex, and
Part B containing I 9.2 nglg of tetrakisdinethylsiloxysilane crossli nker

pl us 0. z8mpgyaglegp thatf thij natergl teas Wahemtw?hmcsnismgaheot’msr inpioiriant requirginents

l. f
30 Examit AT Bs5HY BeblelP el P AheRpnr b UE L, Pkt oS, °

0. 389g, aﬁhﬂﬁthglreﬁdwvaoaﬁﬁﬁﬁsdftﬂh@ﬂ ebfbatlemﬂ‘énﬁ&i Wi venayl sdlmgla@a&hdlae?
silicone and 39. 6% non- f uncti onal | zed 21 30 June 2004 silicone
mol 20 hyayinaswitah)s fagtions obpilxane unggcontruting e adiehvsdastivg indsx andfsilpramecur ed

mat eri alyWagolriBailtRd -« ISR IBSy OARSther advantage of this invention is that extremely

compliant nature fully cured lenses can be obtained. If a conventional foldable silicone lens is
considered to have a stiffness of 100, a cured injectable lens made from the material of the
present invention could be designed to have a stiffness ranging from zero to five. Therefore,
25 lenses made from the material described herein can be accommodative and respond naturally
to the changes in the eyes’ shape as focal length is adjusted. The accommodative nature of
lenses fabricated from materials of the present invention would make them particularly
suitable for corrective purposes besides replacements for diseased natural lenses and is
considered within the scope of this invention. An unexpected, and beneficial, advantage of

30 the present invention is the optically smooth surface formed after the lens has cured in situ.
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5 Conpositions conprising 16% vi nyl -ended silicone, 84% non-functionalized
silicone having various stoichionetric defecits of hydride crosslinker and
no postcure. The vinyl-ended silicone prepolynmer of Exanple 6 (c) , M
16990, was fornulated a Parts A 10 containing ca. 89 ng/kg platinumas its
1, 3-divinyl tetranet hyl di si | oxane conpl ex, and Part B containing 0.2680% w w
of tetrakisdinethylsiloxysilane crosslinker plus 0.043% w w of

1, 3divinyl tetranet hyl di sil oxane as inhibitor. A formul ati on was3(prgpanes
from equal amounts of Part A and Part B, 0.389g with nolar hydride/vinyl
ratio of 0.8/ 1.0. The storage nodulus, G, of the cured material was 0.90
kPa. After a 13 weeks followup, period_ of the dul us.no i,. s change was
found andetfhliewing gxeBplas e Hagchreang Uugkathg o ¢ ‘Prh%l'lg?ﬁ%\qtf%%ﬂreﬁ? silicone
mat eri al._i nt.o_pi er A fresh pig cadaver eye was prepared,

W th snﬁPYmgggngpé |nc?%P§%£?ﬁ%%Lthe capsul ar bag and renoval of the
crystalline lens. The silicone conposition was prepared fromthe prepol yner
of Exanple 4, having refractive index 1.428, with Part A containing ca.l?2
ng/ kg plEempled as a di vi nyl t et ramef hyl di si | oxane conpl ex, and Part B
cont ai ni ng tetrakisdi met hyl sil oxysilane z5 crosslinker, 18.9ng/g m xture,
with siloxane inhibitor. CGel tinme was circal6 mnutes at 20C. Silicone for
i nj ect i oBrepaatipn eppsletiiiythyi-od-ngthydpheny hWei-gihwregroPArefivRSHGENe in a Tefl on
pot, taking up in a syringe, vacuum degassing, and then injecting into the
capsul ar bag via a 21 gauge cannula, so as to refill the bag and give

appr opr i@} £4GUWoAL R wefd dRied GllktaRg niot@meAb hbtamttiedcfdansiihanstadd, of

m xi ng) the I'ens was renoved fromthe eye. The transparent tack 30 free

| ensiohads, hbtteflianoprogeinthyloylglegisiiangnep dseet-p Srivgdid - 50, | nm  t hi ckness

5.33+0. 03mm and, di.apeter . 9. | . .n air was 115+2di opter, and
f ocal IéHB?%Wgw?M%ﬁqa%%%Aggifggggﬂéﬂ%%§?@gﬁﬁ3g%br, | ens power was 29.1+0.5
di opt er s, 3. aRGnyiREAHSNGEi b x48e, DHA§00TYmI)T fithemaixuravas dyied ahddr vechuemst of the

pig has higher R than that of the human_ lens. Fromthe.neas g .di nensi ons
of 11 pi%Y Tehudd minugasthempegehyah atgesr A5 BNPIRIUL WE%rangg 10 w%(?r gc?ﬂgsed to

restore natural o Cld Y it RIp Al Feli®on. THEF&IBLE 8
InplantéF? ﬁu%¥m%§%%%3%%ﬂ t$§$§h?h§%$%&gfﬁdn&npcgnger Sye A human cadaver
eye was mo@pa&Pguicklyta iniiedd yper inureese incispoty. iAftar abhet Tapywtearthbag and

removal of the crystalline |lens. The silicone conpo itig mq;tpregqrgd and
a | ens raf&raslagdied edispiriouy 3 bepes T ?ﬁﬁ?ﬁ%ﬁt""aﬁég@‘? tdd Fgﬁ% KEJ°A8r i or
radi us %ogﬁggépf’gn}ﬂa m@@e‘?@i Qlirs! AtlirUshiGr B QAHBh WabbeHB@ESropmlddeRBire) Taad

di anet er s calcul ated focal length, 49.08nm gave a power in
wat er ofpoliindriQasiletinep ising a pldved ewd dilitonatth tetthydrieuray apdhpecIP1BU MR Han

I is 21,8 di . d bt.ai ned t.hi j 1€, - inl | ed
e e S PR TR AL AR Mok hate £ |

20 (calculated: 1.410), specific gravity: 1.116 (calculated: 1.104), and molecular weight by GPC

25,000. Crosslinking of the polymer produced a clear silicone gel.

Example 2

25  Preparation of poly(dimethyl-co-methylphenyl-co-trifluoropropylmethyl)siloxane

A reaction mixture was prepared according to Example 1 except that the siloxane monomers
were hexamethylcyclotrisiloxane, 9.0g, 3,3,3-triflucropropylmethylcylclotrisiloxane, 4.65g,
1,3,5-trimethyl-1,3,5-triphenylcyclotrisiloxane, 1.35g (1.23ml). The resulting silicone

30 polymer product was glass clear, the refractive index was 1.4082 (calculated: 1.410), specific

gravity was 1.066 (calculated; 1.056) and the molecular weight by GPC was 26,000 .
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23 24 CLAIM5S 30 June 2004 |I. .An injectable ophthal mc conposition of
pol ysi | oxanes capabl e of form ng an acconmodati ng intraocular lons after
injection into the capsul ar bag of the eye said conposition is
characterized in that it: has a specific ~ ravity of greater than about

.G ii. has a refractive index suitable for restoring the refractive power
of the natural crystalline lens and a viscosity suitable for injection
t hrough a standard cannula: iii. conprises a mxture of non-fung®naraloos

po(ysil oxanes and functional polysiloxanes having attached groups capabl e
of being crosslinked and. a crosslinking a~ent and optionally an effective
anount o£ a catalyst. ?. A conposition according to claim1 capabl e of
form ng % having a Young's nodul es | ess than about 10 kPa. preferably
| ess than about ~ kPa. 3. A conposition according to claiml having a
refractive index in the range between 1..8 up-to about 1.60. 4. .A

conposi tFmparatmo&nmf@ormgdtmethjflamdmﬁhvﬁm{cmmﬂScabﬁropaﬂnyalhjlmaﬂz&lecorrpos| tion
conpri ses pol ysil oxanes having at | east one siloxane nononmer with a
specific gravity greater than about 1.0. A conposition according to claim
4, wher epdy i aNeS WoVe:| erein Ra
and Ro are ?%‘eﬁéng?é%gﬁ&é( feresﬂ?)(igm%&ioor pﬁgﬁa{?& roud%ﬁgﬁ)%l ‘ch %h | east
one i s substtiiflueregropyirhetbyleylstotsslospia, 6f6l69,ohexv@hatmmlotﬁsﬂo&gam@hﬁ&@mhdam

accordl ein.s i-,0 S,.C

f 1 uor oal b?a‘i%ﬁlgillggsfi V&@Qﬁé %%‘? t{g‘f“é/§ 285&@3‘%‘585?&‘?%%’&8@%%@ ¥5leE | ai m
6, wher exaﬁuﬁﬂlaﬂfim’@ﬂ@ﬂ?@ $ni SR thé&epurbdd WHIPEQBH O MHé f@ﬁﬁk&‘itﬁﬂe' WaBABeRNANR .

25 30 June 2004 8. A corrp03|t| on according to any of clains 4 to 7. wherein

sai d%poladpdirrissanasilanaiecapysyriics 7o, whytdsed oinjtinse p@ﬁ’rrlehz@@no fTheor e

si | oxan L G rding. to .an lains 4 to

o onar drAOR BRI Eet Bl as MARATB) & iR0AEIOL LAY A BMAL Rl sfpihiTes

conposi tthosplat@owa algmts@cledramm Shmeanesicied it thabettd by SielrOachde SeHoNIHeS e
met hyl and subjéktuted met hyl si | oxanes, phenyl sil oxanes and

trifl uorvd)sﬁpﬁﬁw \ Eﬁ?&ﬂ%‘émlﬂfe ‘ﬂascfé?ﬁff@§lpgl Hchahoyt gllhﬁﬁrstt%e EMPENIC Waher ei n
sai d polygid @430 188 8RNE @ hYof %ﬁﬁleHQB!]pPMQIEj flo % %f@ wik TR OYdashd oxane,

(b) met hyl phenyl si | oxane or di phenyl si'l oxane an
15 cooled to room temperature. The polymer was washed with tetrahydrofuran and precipitated

in methanol, then dried. The dried silicone product was slightly hazy. The material was
dissolved in tetrahydrofuran, filtered through a 0.45 micrometer filter, and again dried,
yielding a glass clear silicone polymer. The refractive index was 1.4095 (calculated: 1.424),
specific gravity was 1.10 (calculated: 1.094) and the molecular weight by GPC was 18,000 .

Crosslinking of this material yielded a clear silicone gel.

Example 4

Preparation of poly(dimethyl-co-diphenyl-co-trifluoropropylmethyl)siloxane

To a dry 1000m] flask were weighed in order: octaphenylcyclotetrasiloxane, 90.61g,
3,3,3-trifluoropropylmethyleylclotrisiloxane, 101.88g, octamethylcyclotetrasiloxane, 368.27g,
and an o,0-divinyl dimethylsiloxane oligomer end-blocker (Mn 1287 by NMR analysis),
40.93g. The flask was equipped for reflux and the reagents dried under vacuum on a bath at

80°C for 30 minutes. The system was purged with nitrogen, and potassium sitanolate (Mn
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trifluoropropyl nethyl sil oxane nononers. 12. A conposition according to
clains 7. 10 or 1 |I; wherein said polysiloxanes conprise at |east about 4
nmol % trifluoropropyl methyl sil oxane. 13. A conposition according to any of
claims | to 12 having a specific gravity of within the range of about 1.03
to 1.20 and a refractive index above about 138. 14. A conposition according
to claiml, wherein said functional polysiloxanes have vinyl groups, the
crosslinki ng agent conprises at | east one multifunctional hydri gerardoos

acoor i gy Vo OaTHs AR A SPRGUT AT SURCCL GL B IRbHIe Ry de Fedege! 1 on

pol ysi | 0&?@%@%&@'@@' ) IITIEHIr§ 'VIIél(ﬂ‘iﬁE lanh%I c&lMQﬂés@@o@h&S&Ilk’dﬂlI@ ngfiagedling shsel ect ed
so the anount vinyl to hydri de &@oups is larger than 1:1. 16. A conposition

accor di ngodust slaailpnted. v V]dbliﬁﬂnidgh orgquang,@ﬁgtqumde@Uf HmEs pvéthélﬁ()ml portions
I l o dy d
Co Ve ot Gy TR RGRt TR sICLORERL0 SRANCTAN JASRA bRt O

accorgdi NP6k eNaa dde ttﬂﬂd@{nﬁlf@uﬁﬁpdﬁ@dﬁm&bm@kw@f ade rifhel 1%l @men wauthen of a
di functional hydride and a hydride with a higher functionality than %wg

26 30 Jutishabbwica 8itha 20erpesions Wt@éebuddv% “ﬂB] Icﬁoaifﬁ?t&a@}’dwﬁlré%lém
crosslinking, i g»{ﬁ% If}m% W&f&é ﬁéf&%ﬁ]‘gg @QiIve[II'ty\gﬁs th@n rehBveuf@IRAS It 80er a

accordi ng érein said crosslinking agent 1s a difunctional
crossl i nkiviguagesth. hedfing én & dathas i 60°Anteecpesdirngt tabore laibar.| Themelysiloxanee

- non-functional pol]ysiloxanes ha sufficientl j gh I I i ght.
o br ovalpot PRESIESaR LG ISt NUTaaec i g 4 D SR Blsp bdoe) B SREHY o ng
to cjqai Iﬁ'@@};{c;;%gtgﬁnl 6{!2 TRy  Af25P0RE 4RGeS EenalNRat mohmzﬂ@@% iusit Wiotdi

t he range 0 ut 30 Ht) of the total polysiloxané amount. 22. A
conposi trages: docahyl/miipheaykd taﬂnv@jzmp%édleuwlttm@hﬂuﬂ 0&1 94 S H Ut Gohal

bol yei | duana: sunver wdos Keenac/ Dioaf Bloar Bk Torubiing 9o 18aer OPRC: ne

anount ol 00N fHI568 iapRdkwBelepsi | oxanes is within the range of about 20 to
50 % ( of the’total polysiloxane anbunt. 24. A conposition according to
claim1, conprising vinyl substituted functional

15 Example 5

Preparation of poly(dimethyl-co-diphenyl-co-trifluoropropyimethyl}siloxane.

The polymerization method of Example 3 was repeated on a 125g reagents scale, employing

20 octaphenylcyclotetrasiloxane, 34.88g, 3,3,3-trifluoropropylmethylcylclotrisiloxane, 25.25g,
octamethyleyclotetrasiloxane, 56.4g, and an a,o-divinyl dimethylsiloxane oligomer end-
blocker (Mn 1287), 8.50g, and potassium silanolate, 55mg. The work-up differed from
Example 3, using chloroform, 57ml, to dilute the polymer, followed by three washes with
water and two with methanol, all 88ml portions, then dilution with 44ml tetrahydrofuran,

25 followed by two more washes with 88ml portions methanol, then vacuum stripping to <lmbar
on a bath at 100°C. The clear colourless product had refractive index 1.455 (calculated:
1.460) and density 1.08 (calculated: 1.080). Viscosity at 25°C was 3324 ¢cP. H-NMR,
500MHz, gave unit mole ratios: dimethyl / diphenyl / trifluoropropyl / divinyltetramethyl of
0.697 /0.158/0.140 / 0.00570 (monomer ratios were: 0.713/0.146 / 0.135 / 0.00549),

30  implying Mn 18,600 . GPC gave Mn 16,900 and Mw 33,400 .

17




pol ysi | oxanes and a nultifunctional hydride crosslinking agent is selected
so the anount vinyl to hydride groups is larder than 1:1. 25. A conposition

according to claiml, conprising vinyl substituted functional polysiloxanes
and a multifunctional hydride crosslinking agent is selected so the anpbunt
vinyl to hydride groups is less than | :I . 26. A conposition according to

claim1, conprising vinyl substituted functional polysiloxanes,
non-functional polysiloxanes, a nultifunctional hydride crossl i3Kiung2agent
and an effective anount of a catal yst, wherein the amount of vinyl to

hydri de é,r ougs is about 1:0,8 or higher. 27. A conposition according to

cl ai m 2&=2 n the anmount of non-functional polysiloxanes is in excess
to the functional polysiloxanes. 27 30 June 2004 28. A conposition
according to claim®6, wherein the non-functional polysiloxanes are about 20
% or | edsemtationefnon-dimcgiwpalmtol wilimeshylsia-dipbered-co29{luciopmpplosithylsnosaeor di ng
to cLaiml having a viscosity |ess than about 60 000 eSt at rooom
tenperature. 30. An accommodating intraocul ar |ens having a value of

Young' s Ty US0me Siask Wl Aheitda iﬁ%_r&??q&i}ﬁ%nyﬂ@%é]bt_ﬁﬂr@éﬂ%kéfné; epROAS; shabl e

over tinme, said lens is nmade by injecting a polysiloxane conposition

accor di #gflewornpylaretaileiohtisileene s Weooemeebalsyelpwtragknant, 1BA82eyand 31. A
| ens ac h0g- i;m:. 30 Vi - Youngq's u l.ess _than about /5 kPa.
35" at ERLEOR b bR T i IR B R ST AP 0 80 PRGI B ge
bet weenby he@thpwmdeovaout at 80D for 38.mifulesnberag@gédivith nitebgeh ahdp3@ssiwher ei n

t he pol ysil oxane conposition is crosslinked in the capsul ar bag of the eye
at Afrbi noGe N et Pdear ldeds Thapplymeriaiicsriginige s brarii s 20 hnerai 4 a

‘; ;ggt : ggaﬂfat 156 CPRY SIIbRER LS o1 Of fe RALLHARSLAG RAL Qillfad Wit GEABTIm Y

/ NK(/ NBA REhNaBd MbBieN vBH Webet, NB) o (WINcIBwANRIdNd O/ 1N HONEBSthiNY poriohd LI / NB/ N
KEB/ Ny B/,NKyB/ NB/ NK_/,NBer / Ng/ N,/ NE") $() <uE . BU | .

Vo ViHL vl RO CSFEAP O AP Ea SXF S %a%gﬂ aecnpEay e el e a) ca) ca
1 ca] ca] srhgabl addkcalicabaaksa], tafealibaichl wilr#HiB/ PAMPAFER fink) h¥hadomwrRe " Y1 ] ¢
a] caj ca&ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ¢a] cdhe alashbicedsciape heated on 4 bathag 4002 gater Y2 2@y RBBMOY CHOAIFGOmponents,

=eee N cal c al cal.cal,cal cal cal cal-cal cal calc C al] ca) ca] ca
Foa] oa LE] CRp e Tk L B R NS B P S R P T G T oo
_Zr 77\ \ ¥sihivleskfmid, 81} ] pe@] aa] Ziad stelycaebca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca!l \ " aa, bbcddWeffffkk2q8qEqq
grs}tt&uu<vvvwwx| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] cakeahplaleca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] cal xUxxy3zzz6{<{I{c{m{z{:}i

}} ~o#&~- ?Ezupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca}tal] caU] ¢ aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Eogv! #- x} y5B

_~xsni dogkh bW deflRkerdl cal ca] ca] ca] cha] ca] c*a] ca] ca] ca] c*a] cha] ca] ca] ca] ca
] caV] caie—c—a'ilga'fi\éa‘pcg}[gcai caj] ca] ca] ca] ca] ca] ca

_anBZEq*4G vql f a[ V] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] cha]l cthal ca] cal ca] cal cal cal,cal calc alca!", x/,.H2Vzupke' zZU f a[.V] ca] c”
o] Cn L S R SR e Bpat S8 SR ok ST e AR Ch ] CRCH o oo
ca] ca] cahAkA tahkb/ABINGAE E#m of the 1,3-divinyltetramethyldisiloxane complex, and a Part B

WV 2<JUdN\ ! { Ry| wr mhe” Yl f a ca] cal ca] ca] ca] ca]ca] ca] ca] c”a] cra] ca] ca]ca]calc
a] c¥| cajwmaihieg]ceosalinier ;gqma}'l‘d@}iM-] dh} pre wajsbokaravast

tetrakisdimethylsiloxysilane, TKDMSS, but a polymeric silicon hydride (Gelest! ABCR HMS-

151, a copolymer of methylhydrosiloxane and dimethylsiloxane having nominal Mn 1900-

2000 and 15-18mol% MeHSIO units) is here also reported for comparison. Optimum ratios of

catalyst, crosslinker, and inhibitor were determined by studying the curing profiles of silicone
30  mixtures using a rhecometer (Rheometrics RDA 11, with determination of the moduli of the

cured materials. Mixtures were formulated to give gel times circa 15-75 minutes at 20°C.
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

h™ nCf gk} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cakeajmalopa] ca
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Example 6(a).

Prepolymer prepared in Example 4 was formulated as Part A, containing circa 8 mg/kg

10 platinum, and Part B containing 18.2mg TKDMSS /g Part B, plus siloxane inhibitor. The
mixture was analyzed on the theometer in different weight ratios of B/A at 35°C, determining
shear moduli, (°, after 3000 seconds. The results for ratios B/A were: ratio: 0.86, G’ 199.2
kPa; ratio: 1.00: G’ 217.2 kPa; ratio: 1.15, G* 214.5 kPa.

¥

15 Exampie 6(b).

Prepolymer prepared as per Example 4 was formulated as Part A, containing circa 12 mg/kg
platinum, and Part B containing 8.23%ww polymeric silicon hydride, Gelestt ABCR HMS-
151, plus siloxane inhibitor. The mixture was analyzed on the rheometer at 35°C as above.

20 Shear moduli, G, after 3000 seconds for ratios B/A were: ratio: 0.821, G* 100.7 kPa; ratio:
1.00: G’ 167.9 kPa; ratio: 1.22, G’ 193.2 kPa; ratio: 1.52, G’ 184.0 kPa.

Example 6(c)

25 Composition comprising 20% vinyl-ended polysiloxane and 80% non-functionalized

polysiloxane having stoichiometric excess of hydride crosslinker

Here, non-functionalized silicone was emploved to vield a cured material having a modulus
comparable with the human lens. Prepolymer prepared as per Example 4 but with slightly
30 increased vinyl end-capper, having Mn 16990, was formulated as Part A containing circa 18

mg/kg Pt, and Part B containing 31.6mg TKDMSS/g Part B. Components were weighed in

1%
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Composition comprising 20% vinyl-ended polysiloxane and 80% non-functionalized

polysiloxane having various stoichiometric excess of hydride crosslinker

10 The vinyl-ended silicone prepolymer of Example 6(c), Mn 16990, was formulated into
batches of Parts A and B containing differing concentrations of catalyst and crosslinker. A
series of curing experiments at 35 C were then performed in which 0.2g each of Parts A and B
were mixed in 1.0:1.0 ratio with 1.6g of non-functional polysiloxane fluid of Example 5(b)
Mn 11,980. The concentrations of platinum catalyst were adjusted in the range 39-146 mg/kg

15 total mixture as appropriate to give acceptable gel time, as rates of reaction increased with
increasing crosslinker concentration. For different concentrations of TKDMSS crosslinker
giving different ratios of the functionalities SiH/vinyl (mole/mole) the storage moduli, G’,
were as follows: ratio 1.01, G* 1.58kPa; ratio 1.25, G* 7.58kPa; ratio 1.51, G’ 3.47kPa; ratio
1.78, G’ 1.19kPa. It is noted that highest modulus required stoichiometric excess of

20 crosslinker in the fluid swollen netwaork.

Exampie 6 (¢)

Vinyl-ended prepolymer plus various stoichiometric excesses of hydride crosslinker
25 |
The vinyl-ended silicone prepolymer of Example 6(c), Mn 16990, was formulated into stock

batches of Parts A and B; Part A containing ca.22 mg/kg platinum as its 1,3-

divinyltetramethyldisiloxane complex, and stock Part B containing 56.4 mg/g of

tetrakisdimethylsiloxysilane crosslinker plus 0.74 mg/g of 1,3- divinyltetramethyldisiloxane as
30 inhibitor. Curing formulations were then prepared in which various dilutions of Part B in the

base prepolymer (Mn 16990) were made so that the ratio of Part A to ‘diluted Part B” was

20
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The vinyl-ended silicone prepolymer of Example 6 (¢}, Mn 16990, was formulated into stock

batches of Parts A and B; Part A containing ca.66 mg/kg platinum as its 1,3-
divinyltetramethyldisiloxane complex, and stock Part B containing 19.2 mg/g of
tetrakisdimethylsiloxysilane crosslinker plus 0.25 mg/g of 1,3- divinyltetramethyidisiloxane as
inhibitor. Curing formulations were then prepared in which various dilutions of Part B in the
15 base prepolymer (Mn 16990) were made so that the ratio of Part A to *diluted Part B’ was
1.0/1.0 in each case, but the molar ratio hydride/vinyl could be varied. The ratios, SiH/vinyl,

and their respective measured storage moduli, G’, were: 1.0/1.54, 34.60 kPa; 1.02.09,5.19
kPa; 1.0/2.56, 0.25 kPa.

20 Example 6 (g)

Compositions comprising 60% vinyl-ended silicone, 40% non-functionalized silicone having

various stoichiometric defecits of hydride crosslinker.

25  The vinyl-ended silicone prepolymer of Example 6 (c) , Mn 16990, was formulated as per
Example 6 (f) into Parts A containing ca. 66 mg/kg platinum as its 1,3-
divinyltetramethyldisiloxane complex, and Part B containing 19.2 mg/g of
tetrakisdimethylsiloxysilane crosslinker plus 0.25 mg/g of 1,3- divinyltetramethyldisiloxane as
inhibitor. A formulation was prepared from Part A, 0.761g, non-functional silicone of

30  Example A, 1.007g, base vinyl-ended prepolymer, 0.383¢, and Part B, 0.389g, thus giving a

composition that was 60.4% vinyl functionalized silicone and 39.6% non-functionalized
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The vinyl-ended stlicone prepolymer of Example 6 (c) , Mn 16990, was formulated a Parts A

10 containing ca. 89 mg/kg platinum as its 1,3-divinyltetramethyldisiloxane complex, and Part B
containing 0.2680% w/w of tetrakisdimethylsiloxysilane crosslinker plus 0.043% w/w of 1,3-
divinyltetramethyldisiloxane as inhibitor. A formulation was prepared from equal amounts of
Part A and Part B, 0.389g with molar hydride/vinyl ratio of 0.8/1.0. The storage modulus, G,
of the cured material was 0.90 kPa. After a 13 weeks follow-up period of the mudulus no

15 change was found and thus no postcure was present,

Example 7

Implantation of silicone material into pig cadaver eyes

A fresh pig cadaver eye was prepared, with small aperture incision into the capsular bag and
removal of the crystalline lens. The silicone composition was prepared from the prepolymer
of Example 4, having refractive index 1.428, with Part A containing ca.12 mg/kg platinum as
a divinyltetramethyldisiloxane complex, and Part B containing tetrakisdimethylsiloxysilane

25  crosslinker, 18.9mg/g mixture, with siloxane inhibitor. Gel time was circal6 minutes at 20°C.

- Silicone for injection was prepared by mixing equal weights of Parts A and B in a Teflon pot,

taking up in a syringe, vacuum degassing, and then injecting into the capsular bag via a 21
gauge cannula, so as to refill the bag and give appropriate curvature. After curing (ca. 45
minutes from the start of mixing) the lens was removed from the eye. The transparent tack-

30 free lens had anterior radius 10.1+0.4mm, posterior radius 5+0.1mm, thickness 5.33+0.03mm,

and diameter 9.2+0.1mm. Its power in air was 115+2diopter, and focal length 8.7+0.1mm (in
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10 A human cadaver eye was prepared, with small aperture incisicn into the capsular bag and
removal of the crystalline lens. The silicone composition was prepared and a lens made as per
Example 7. The transparent tack-free lens had anterior radius 8.7+0.5mm, posterior radius
6.2+0.1mm, thickness 4.11+0.06mm, and diameter 8.2+0.1mm. Its calculated focal length,
49 08mm gave a power in water of 27.1+0.7 diopters. The power in water of the average

15 human lens is 21.8 diopters, and to have obtained this power in the lens refilled herein would

have required filling material of RT1 1.41 .
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i.  has a specific gravity of greater than about 1.0:

fi.  has a refractive index suitable for restoring the refractive power of the natural

crystalline lens and a viscosity suitable for injection through a standard cannula;

iii. comprises a mixture of non-functional polysiloxanes and functional polysiloxanes
having attached groups capable of being crosslinked and, a crosslinking agent and

optionally an effective amount of a catalyst.

2. A composition according to claim 1 capable of forming a lens having a Young's modulus

less than about 10 kPa, preferably less than about 3 kPa.

3. A composition according to claim 1 having a refractive index in the range between 1.38

up to about 1.60.

4, A composition according to claim 1| wherein said polysiloxane composition comprises
polysiloxanes having at least one siloxane monomer with a specific gravity greater than about

1.0.

3. A composition according to claim 4, wherein said polysiloxanes have a siloxane monomer
-R.R:Si0O-, wherein R, and Ry, are the same or different alkvl or phenyl groups of which at least

one is substituted with one or several fluorine atoms.

6. A composition according to claim 3, wherein said polysiloxanes comprise

fluoroalkyl(alkyl)siloxane monomer(s).

1. A composition according to claim 6, wherein said monomers comprise

trifluoropropylmethylsiloxane monomer.
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9. A composition according to any of claims 4 to 8, wherein said polysiloxanes comprise

arylsiloxane monomers.

10. A composition according to claim 9, wherein said polysiloxanes comprise methyl and

substituted methylsiloxanes, phenylsiloxanes and trifluoropropylsiloxanes.

11. A composition according to claim10, wherein said polysiloxanes essentially are
terpolymers of (a) dimethylsiloxane, (b) methylphenylisiloxane or diphenylsiloxane and (c)

trifluoropropylmethylsiloxane monomers.

12. A composition according to claims 7, 10 or 11, wherein said polysiloxanes comprise at

least about 4 mol % trifluoropropylmethylsiloxane.

13. A composition according to any of claims 1 to 12 having a specific gravity of within the

range of about 1.03 to 1.20 and a refractive index above about 1.38.

14, A composition according to claim 1, wherein said functional polysiloxanes have vinyl
groups. the crosslinking agent comprises at least one multifunctional hydride and including an

effective amount of platinum metal catalyst.

15. A composition according to claim 14, comprising vinyl substituted functional
polysiloxanes and a multifunctional hydride crosslinking agent is selected so the amount viny] to

hydride groups is larger than 1:1.

16. A composition according to claim 14, comprising vinyl substituted functional
polysiloxanes and a multifunctional hydride crosslinking agent is selected so the amount vinyl to

hydride groups is less than 1:1.

17. A composition according to claim 14, wherein said crosslinking agent is a mixture of a

difunctional hydride and a hydride with a higher functionality than two.
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NC hydride.

19. A composition according to claim 14, wherein said crosslinking agent is a difunctional

crosslinking agent.

20. A composition according to claim I, wherein the non-functional polysiloxanes have

sufficiently high molecular weight, so as to prevent diffusion through the capsular bag.

21. A composition according to claim 20, wherein the amount of non-functional

polysiloxanes is within the range of about 30 to 93 % (wt) of the total polysiloxane amount.

22. A composition according to claim 21, wherein the amount of non-functional

polysiloxanes is within the range of about 50 to 93% (wt) of the total polysiloxane amount.

23. A composition according to claim 20, wherein the amount of non-functional

polysiloxanes is within the range of about 20 to 50 % (wt) of the total polysiloxane amount.

24. A composition according to claim 1, comprising vinyl substituted functional
polysiloxanes and a multifunctional hydride crosslinking agent is selected so the amount vinyl to

hydride groups is larger than 1:1.

25. A composition according to claim 1, comprising vinyl substituted functional
polysiloxanes and a multifunctional hydride crosslinking agent is selected so the amount vinyl to

hydride groups is less than 1:1.

26. A composition according to claim 1, comprising viny} substituted functional
polysiloxanes, non-functional polysiloxanes, a multifunctional hydride crosslinking agent and an
effective amount of a catalyst, wherein the amount of vinyl to hydride groups is about 1:0,8 or

higher.

27. A composition according to claim 26, wherein the amount of non-functional

polysiloxanes is in excess to the functional polysiloxanes.
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29. A composition according to claim | having a viscosity less than about 60 000 ¢St at

rooom temperature.

30.  An accommodating intraocular lens having a value of Young’s modulus less than about
10 kPa that sufficiently remains stable over time, said lens is made by injecting a polysiloxane

composition according to any of claims 1 to 29 into the capsular bag of the evye.

31.  Alens according to claim 30, having a Young’s modulus less than about 5 kPa.

~

32.  Alens according to claim 30, having a refractive index in the range between 1.38 up to

about 1.60.

33.  Alens according to claim 30, wherein the polysiloxane composition is crosslinked in the

capsular bag of the eye at ambient eye temperature.

34. A lens according to claim 33, wherein a fraction of the polysiloxanes does not participate

in the crosslinking reaction.




