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Field of invention | G~~~~~~~ The present invention tehs & phot ocur abl e
pol ysi‘l oxanes polyners (silicones) having functi onab—ﬁ-@rf—%ﬁ-mr Ips, useful

id-the preparation of intraocular lenses (10O.s). The invention also rel ates

to nethods for producing elastomers conpyising the said pol ymer $%as wel |
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as to nethods for produci ng accommodating | enses in vivo, whi hat
the lens is forned in the capsul ar bag of the eye. Backgra}m@ﬂ u‘mﬂﬂmw
| nvent | owap@@mmm@mmmmms ens (1Q) follo
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extraction a cataract is I5 20 25 30 now a standard ophthal m c
procedure. The conventional I OL used to replace the natural | I xed
focus le r}uf actured froma rigid plastic such as \l\@m@\w\“\m“\\m\m\

pol y( net WF% A%t e), PMVA, or from an el astonmer, such i cone. The
I npl antation of such a lens usually necessitates the patient US1GH(BOZ

spectacul ar correction for reading. To overcone this limtatign of the

convéntional |The pressatiaxention relates ir phntoqysable pelysiloxanss polymsrs (stligpneghd

mul tizon | . echnie Afdti '
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i nvol ves ihvention aBo eelaies feemeihods fof peoducing elastoosrs gontprizingdhe saidt poighems, smal |

i ncision (=1 _nm di aneter, i nto the capsul ar, bag, f.oll d by it

ol yrer 1 AT B fop PR B ISR I vikk, SR pRps sk e, e

shape, USkRs Féithel @h eapiiler taapPStHeadyebag as the nold. To reproduce the

optical performance of tﬁe natural |lens, the replacenent lens will require

a rdfractive index close to 1.41. To respond to the acconmodati ng forces of

t he eye, ﬁﬁﬁgwm b Aiverndy! es of 1OL should be conparable to that of the
I'C

natural |ens IS in the range of about 1 to 5 kPa. To design materials
whi ch bal ance the conflicting nmaterial's requirenents of the ACL requires

t he desi f ' . tems. T ' t.i have. | nh f
Fesear cher s« ST AbioR B 40 ipoRY Bions (LU EI R R exgrcion Shefapfl e ©
accommDdaiogstitafd dghthefc procatird The toERLoRM IOL ki@ tfleccanprdtial bag

with the precursors of an el astoner, and, ¢ausing, or allow ng, the
el adt onerlensgs 8 dixed foous lens sranniseturedcirom @ gigid PlREESUCAS n-val | ed 24 March

255, ety e g W sy e

whi ch ca the capsul bag and fIi wth the desired
system linplantatior af sucbraslens usually nesessitates thet patientiusing speatanuisd goireotion £ort j | |

ens hav erealfigm?gq To overcome this limitation of the conventional IOL, increasing attention has been

given to bifocal and multizonal lenses.

20 The technique of cataract explantation and lens replacement for an accommodating
I0OL, an accommodating capsular lens, ACL, involves the metered injection of a low
viscosity liquid, through a small incision (*1 mm diameter), into the capsular bag, ]
followed by its polymerization under forming pressure to create a lens of the req.uired
shape, using the form of the capsular bag as the mold. To reproduce the optical

25 performance of the natural lens, the replacement lens will require a refractive index close
to 1.41. To respond to the accommodating forces of the eye, the compression modulus of
IOL should be comparable to that of the natural lens which is in the range of about 1 to 5
kPa. To design materials which balance the conflicting material’s requirements of the ACL
requires the design of unique systems. These considerations have led a number of

30 researchers to propose and to study the development of an ACL. An accommodative re-fill
lens is an IOL formed by filling the capsular bag with the precursors of an elastomer, and

causing, or allowing, the elastomer to set in the form of the natural lens. Thin-walled



silicone-derived systens for filling the capsular bag, either in the form
of silicone oils or LTV (low tenperature vulcanizing! Siliconﬁ el ast oners.
Such systens suffer from di sadvantages in the conte an | | ens
formation. the dinethyl silicones have a restricted refractive index
(1.40), LTVs cure slowy, up to 12 hours, may be needed to conplete their
setting and their slow setting may result in material |oss fromthe
capsul ar bag through the surgical incision, further. the high viscosities
of sone si|jaeRe WlibsnsaBikilicohe rBIRF, MM AESBecRitfelbita whigh barPbiRi el 146
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maki ng an theicapiutazbag gnd hlledhwite tsslgbizad dyslgmof t he hunman eye have been
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conposi ti onsidumla weaght) which is formed at and after the gel point has an elastic memory, and so,

30 regardless of the forming conditions, it will always revert to its original shape with time.
When molding an IOL. or ACL, this recovery process becomes evident as surface defects,
such as ripples or wrinkles. which cause serious impairment of lens quality. When molding

lenses from silicone systems, involving thermally induced polymerization. outside the



~ 5 contenpl ated. EP 0414219 describes an injectable systemin which the

| i quid conposition conprises a difunctional acrylatgégggiaéaﬁﬁihacrylate
ester and a photoinitiator activated by |ight of 40 r el engt h.
Hettlich et al. (Genman J. Ophthal nol. vol. 1, 346349, 1992) was anongst
the first to propose the use of photopolynerization of a nononer system as
an alternative approach to setting the material wthin the capsul ar bag. He
20 pointed to the clinical success of blue |light photocurable resins for

dent al appbddyahis@henciishof XPeasile ebglilacedusedpistifg @it poycetrmBiables bmmysabl e
materials for filling capsular bags fromthe eyes of cadaver s and live
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acrylic nono e eye woul & undesira nce ey are well 25
known t o havhklitd gmpplayse ol togy tahpeasttitey thie ynoldinpiariis themsinmanp compatible

pol ysi | oxanes w th functional lic.end groups ich are le with UV
| i ght havewﬁglﬂﬁ IERUIFRSIRSIgECE I“B?eféy?rﬁ'rg‘Y?@%ﬁﬂﬂ'ﬁ’&ﬁ%@e@m&E?ﬁ"llj%giat ISdfses.
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time in varfous 1 ndustrial applications) as disclosed US Patents No.
4.778, 862 thnophthalaslagist anditheationit Iregsnml tesmgztlaﬂ@mdhdcttrnbmumrsESmpat ent

speci ficatiops bl 159 649
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unsui tabl e for I\/q i ntraocul ar. I ens production directly

i nsi d& t hereAwfidash a%%np WH'éflé? anfae%rhe.pée-selﬁgwﬁmawtaﬁ@ lengthaningdbe G4F| oxanes
must be talgp in order to perfect an injectable lens fornmng material.
Consequently, there is a need for photocurable polyners and injectable
conposi tions t h'ﬁo e@ﬁprﬂhthaﬂe‘ﬁadagﬂthd:omolbeg thechermhelly indueedcompgdi wodd

suitable for ctlo ul ar. ba of t n e
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scription of the_inv is.an opject of t resent invention to
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light. It is a particularly i'nportant object to provide such polysiloxanes

whi ch ar e buikighted 400-509 am wareleogthoHetdlichett al. yGenman Jt Gphtbalpioli vol. Is346-of t he
human eye g %M)Xm{s r&ﬂ%ﬁ@ﬂ?ﬁé ﬁx%{'to H??;;o@@{hetﬂg ﬁggﬁoﬁcﬁfpg &E}S%-}r%aﬁé%gf d {?‘5§+ljﬂ{ﬂﬂ§

| ens has be€en Sur ano | ec
i nvention $ystept m/am&tenmnposmiroamhsm sdttisgihd nmér;a:k withinzthe sapsolgebipelewi t h a

phot oi ni ti at.or .an er co ary addi ves ecessary for. form ng
Phe. 201 o wrinteq gnvhe clblsa Sygert DAL Bet o roruhls Fessda Gnid gHplicgoRs

general asp@fdred iR W3k 668N syﬁé&ﬁﬁéd i ﬁcfaﬁieﬁﬁzﬁ&mﬁ?f& ﬁumg' c\éﬁidlaﬁ Fsafrsﬁmﬁé yner
having functional acryl groups are capabl e of Dbeing photopol yneri zed

into a sol §%¢siohcadasernigyanddive rvhbatﬁ Howeyes, th¢ gystpmsaised byyHewliady forman” about
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25 known to have high physiological activity.
Compositions comprising polysiloxanes with functional acrylic end groups which
are curable with UV light have earlier been disclosed for the manufacture of contact lenses.
Curable acrylic silicones per se have indeed been known for a considerable time in various
industrial applications, as disclosed by US Patents No. 4.778,862 and 4,348,454, US Patent
30 No. 5.321.108 and the Japanese patent specifications published as 3-257420, 4-159319 and
5-164995 disclose compositions of acryl-terminated polysiloxanes suitable for contact lens

production. However, the compositions for making contact lenses are unsuitable for



25 unsubstituted aryl sil oxanes, aryl al kyl sil oxanes, al kyl (al kyl)sil oxanes
of the general fornmula -RaRbSI O-. In order to acconplish suitably high
refractive indices of the polysiloxane copol ymer, itiiﬁﬁgﬁbﬁﬂﬁéble t hat one
si |l oxane nmononer unit is an arysil oxane or an aryl akyl sil oxane, nore
preferably di phenyl siloxane or phenyl nethylsiloxane. It is also highly
preferréd that said substitutions are fluorosubstitutions, in particular it
is 30 preferred that one siloxane nononer unit incorporates a fluroroal kyl
group, nore preferably one siloxane nmononer is fluoroal kyl (al kyl)sil oxane.
Accor di ng intraécubdrédmipraiiceom directlytihddasio haiao tyd, Mhereabgeyific 2bksrderationoxane
units exceeds about 4 nmol %  Thi s enagles 03 -5 a speci.a

Mar.ch 20
advant age Brthe plysiipxanasinust Be faken froXdsies Psgfe%%waqt%é quéﬁqrwrtgnnﬁpgﬂ
specific gravit t SRR ed phthalnlc
use. Functional @%[E:Srga% g?gﬁgﬂg lg?g@ége@?hlﬁwﬁer el @%@el{g%g?%gt tzt{brl\é; pol ysi | oxane
nmol ecul es brammsftimns:themoﬁwh@impad@tddao bhe thcivded &t @ compdsititinsgitade far yl gr oup
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by spacers. Exarrp es of functional acryl groups include acrylam dopropyl,

met hacr y| afdrdmigatahdy lens matepialsxyhexyl and nmet hacryl oxyhexyl . Preferably, t he
functional acryl groups are attached to the term nal ends of polysiloxane
nol ecul es, as exenplified by |0 acryl am dopropyl -, nethacryl am dopropyl -
acr yl oxyhepyscriptiod ofreicdinventimxyhexyl term nated pol ysil oxanes. Those
skilled in the art can consider nunerous such alternatives which maintain
the b'8sic function of having an acryl group for subsequent

crosslinki ng/ pojt Yy@yY dtgetk bPihe PresehEnRdhivs id Srodide pABoesubIe polyBildkah@r ger
network together with a photoinitiator. In the same manner it is also to be
under st oodcqmbtmqrwhwbann Re peivmerlsedaterlwogvleubneqﬁermm Areseneechs visihle figlsy
substi t ut e%@aﬁf q@h?s met hacryl, noieties attached through a variety
of |inkages udlng anmi de and ur et hane | i nkages, or functional
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phot oi ni ti tor rther as invention.relates to.a cess for
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order to preparkisaneter vaprstaphabisctwf theiinvantian proxidgcompesiiions@hsaidn. The
pol ysi | oxa
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a refractive index bout, .1.41. |t 25.is an inportan ect , of
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application. This further considered in the co-pénding |nternat
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ref er'énce.
formula -R,RpSiO-. In order to accomplish suitably high refractive indices of the

polysiloxane copolymer, it is preferable that one siloxane monomer unit is an arylsiloxane
or an arylakylsiloxane, more preferably diphenyl siloxane or phenylmethylsiloxane. It is
also highly preferred that said substitutions are fluorosubstitutions, in particular it is

30 preferred that one siloxane monomer unit incorporates a fluroroalkyl group, more
preferably one siloxane monomer is fluoroalkyl(alkyl)siloxane. According to a preferred

aspect, the amount of fluoroalkyl(alkyl)siloxane units exceeds about 4 mol%. This enables



24 March 2003 _r, According to preferred aspect of the present invention,
t he poql ysil oxane copol yner having functional acryl Eﬂ;E 28 t)e obt ai ned
froma copol ynmer having the general formula: R~ -OmSi-0"
Rz Ra Rs wherein RI and R2 are independently C - CG alkyl; R3 is phenyl; R 1
is phenyl or C1-C6 alkyl: R is CF3(CH2}%-wherein x is I-5; R6 is C1-C6

al kyl or fluoroalkyl; I is in the nolar fraction range of 0 to 0.95; mis
in the nolar fraction range of O to 0.7, and nis in the nolar fraction
range of 0aspecial advantageioft qwrleveémweaolwmxams bysprendding them with higher specific hy| |

R4 is phenyl .. that X conbi nati on.
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t hrough standard cannula with Gauge needle or finer. For this purpose
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phot ocr ossl i nker should be a 25 pol ysil oxane conpatible with said first
pol ysi | oxanes. The injectable |lens nmateri al




conposition can al so conprise said polysiloxanes having functional acryl
groups, a photoinitiator according to above and a separate crosslinking
agent. Suitable crosslinking agents can be found anﬁﬁb&ﬁ!&JﬁLiri- and

hi gher order acrylates. nethacryl ates, acrylam des, methacryl am des

i ncl udi ng sil oxane ol igonmers and polynerg havi ng 30 functional acryl
groups. Short nol ecul e crosslinkers are exenplified by hexanedi ol acryl ate,
tripropyl enegl yeol diacrylate. Polynmeric crosslinkers. suitable for

injectable 10 j i it I . i der
pol ymers i ncor p%?géﬂdﬁ?t%%epﬁﬁgiﬁﬁéﬁgg{rﬂg 55?“&3%{%"3‘?% l}éggﬁgﬂﬁ’%ﬂys&g&g?% Mar ch
2003 _g_ Fhatihgfunctibealiaonyé ptoupsicandieabésnaddran mebdpudvinef hayingdbcgangrahn

el astomer. preferably an intraocular lens, by preparing polysiloxane

copol ymsrsf WAt unct i onal acryl groups as previously defined, m xing said
copolynmers with a photoinitiator acid optionally a crosslinking agent,
injecting said mxture into a lens formng nold, irradiating the injected
mxture with light gfo as to fRFmthe sokid el astomer. Mst preferably,
according to the prlesent inveption the frixture is injected into the human
eye to forman :L"'Féia-ﬂ-b gpc@.;}g.é_ﬁgu@ Llens, but the nethod is al so
concei vable in on1surgic pfoces Fuch 5 conventional |ens

manuf acturing withg2nj ection | di ng. AR¥rethod of in vivo production of an
intraocular lens. wll conprise the steps of preparing an pol ysil oxane
copol ymer havi ng functional acryl groups according to the invention; m xing
sai d copol yner _anﬁi a %ot oinitiator, preferabl 3/ a nedi }:{gl.l y acceptabl e bl ue
| i ght phocavhetein Rt end Reaqraindepsadentlyi @yrCei atkydicR1 isgpheayldRE drphsayhdr 6i1—Ce
conprising said copolynmer and photoinitiator into the capsular bag of the
eye; and i alkyl:RY in§Fz(GHhyrmhereintiio h-5; &9ds ConCe olkyt erflusrerlkydnlss imthe he

capsul ar bag. t 5 The invention_also relates to an el astoner. manufactured
by the pro&¥ fipstien rangg ohB /@ 95:Pp &% iBthgomglar fragtiongangs of dite A apdn jsnt he

form gf a”t%hﬁﬁfra&tf’dﬁsmn&ﬂf‘b%@f@f erably has a refractive index between

1.39 and 1.46, or, nore preferably, close to 1.41. To obtain optical |enses

havi ng the desi 186 pregérraicthatrel is ek, thiteR 2is aRiiyll] RO S ghehyieda: « R, sigre! ymer
precursors should preferably be close to the proportions denonstrated in
t he Exanpl éndependgniispr i ripbingsiever , as nentioned above it is possible to

btain hi gher | i th hi fractive indi t Q. t 1.60
cocording 1o« nengraalaeoer R sfe pleRiaive RS Bt ABe B 4085 o' cpeci i ¢
refracti on edbdigfent, h&pslydloRar ik BicsFtlymedfdgHeh Ay phénilalka silokune @@l oyi ng

t he pol ysiioxanes with functional acryl groups, the injectable material and
t he mit hoddliadkylsilexape gthierminglacryl grpupe dvsardine tp furthes gmbedigients, Wedul us

suitable t ; g%gm [ : e eye can be

obt ai ned. %9%?@%#ylg‘?%ﬁ% S hagia{xg&gl %@fjeﬁﬁlgfl@éﬁ%ag{)%c? 55 kPa and in the
range of atmilworegkyléalkyl)sipsancaor a terpdlymer behightrardegotymerof Hiphemy andfer
present inventiap ich are.functionally.acc atabl e by, t he.human eye.
Opti onal | y)pgfrf‘?’éag’(l\é\@%%r dlglé(g g?g’l&ﬁ'& atng tﬁﬂ‘é‘“f’ﬂml@ ﬁﬁ% e'd?‘csCSrdd%{é? se an
U\k/_ i’:llbsgr bi Bgecifinprefutrtd@inbotinent, polyeittiane bain aetlditériniBek@pMye of dbnahyl
skilled in

the art..., 30, The inventiqn further relates to a nedicinal kit
consi 8t ng 53?"3;5‘5'(‘{‘1’}_@%‘}"[ E‘E]i‘ﬁﬁ“i %’ié"ﬁ“’ﬁ@l“%l ?‘WW@%SVH&F%@F&WH&WMN i onal
acryl gr ouRfiogme OPrEfeibly,Raid PRy s @Rk Einprizé dt Raft@bdut Udholopsri sing a
clinically acceptable photoinitiator. The conbination gives |iquid
trifluoropropyimethy! siloxane and 1 to 50 mol% of diphenylsiloxane and/or
phenylmethylsiloxane. More preferably said polysiloxanes comprise about 4 to 65 mol%
trifluoropropylmethyl siloxane, 1 to 50 mol% of diphenylsiloxane and dimethylsiloxane
25 monomer units. One suitable acryl-terminated polysiloxane composition comprises about
28 mol% trifluoropropylmethyl siloxane, about 4 mol% dipheny! siloxane and dimethyl
siloxane monomer units.
The invention also relates to an injectable lens material having a suitable viscosity

to be injected through standard cannula with an 18 Gauge needle or finer. For this purpose



silicone polyners of controlled photo-reactivity that can be "command set”
by 24 March 2003 photopol yneri zati on, upon exposure to-blue light. The
specification of this photocrosslinkable system deri i nterplay
of the viscosity and the injection density of the initial polyner solution,
as well as the refractive index, nodulus and conpressive characteristics of
t he photocured gel. A special advantage-of the materials of this invention
is that the incorporation of a fluoroalkyl siloxane enables materials of

hi gher specific graw%g( tq be pr oduced th?n has preVI ously been reported in
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reported as a nater or “an’ i njectab wever)
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of direct 1 njection. Copolyners of dinet and heny | 'oxanes have
hi gher speoplithalmplegi¢aily amatﬂbmm%meqary fonemdugne mIﬁnScBm@mpoenom he

copolyners |nc e r c I it Is not
possi bl e t& 1 em%a)$e (Fﬁmﬁe‘fﬁst m&“ﬁ {eugey p‘%)ﬁ&{n@ St&gw%nsgltg%netg |[E§ g% avity
greater thpfotdetéd ol réactieity duringvstoragel e)msaj/pd efdts ohmnltapipntber sairRlgys dith4 .

Material s of the present invention, bein rs, .ter olyners or hi gher
order pol yFE¥ISE CANPBFHGING(RALCRFNGET Wﬁlﬁ’kgq’ ‘b&!‘égéa‘ﬁﬁf Plga B7FBEAS 9 | i cones
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ocg aE he ?)él effiiicnt e plaﬁmhmi)awﬂefoﬁ tIibE‘raﬂxd?:unﬁQ oBthgith:énohs Q-9 mﬁy/qsmm

1 I s(3a tetra | Si.| oxan 41 wer e
caretully EHOIPOUERITS o pRABRh SnedrTing Sambediens A i tB IR w th a
nechagy cal 9814171 884nd iR WKODHedMH Patétt IAppUERion) 9pEI935 3 WhithBsthaxd de (80 ny)
catal yst was added. The reaction m xture was heated to 160 | o C and

stirred 24m¢°rpmete‘éb@raw§fefmgcq-°'h@r theembedimgridissyssed én %Swwéwh Batew. 249 of
36% HC aq%%ﬁc@ bbé’dbs's'b ﬁ!ﬁ@re% IIfé'b beointidt 1§51§5@ng4 d xture

cooled to ear col’o ess Si |cone [ "ul |ned ut ed
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25 polysiloxane compatible with said first polysiloxanes. The injectable lens material
composition can also comprise said polysiloxanes having functional acryl groups, a
photoinitiator according to above and a separate crosslinking agent. Suitable crosslinking
agents can be found among di- or tri- and higher order acrylates. methacrylates,
acrylamides, methacrylamides including siloxane oligomers and polymers having

30 functional acryl groups. Short molecule crosslinkers are exemplified by hexanediol
acrylate, tripropyleneglycol diacrylate. Polymeric crosslinkers. suitable for injectable IOL
applications are exemplified by copolymers or higher order polymers incorporating

(methacryloxypropyl)methylsiloxane units.



the solution was dried with magnesi um sul phate. The product was filtered,
and the solvent 15 evaporated. The clear viscous fluid was heated to 110C
in vacuo (0.2 torr) to renove residual solvent and Qﬂﬂﬂﬁﬂﬂéggﬁbducts. Yield
was 42.05g (95% . Exanple 2 20 Preparation of am nopropyl-term nated

pol y(di met hyl - co-di phenyl -cotrifl uoropropyl net hyl)sil oxane Distilled

oct anet hyl cycl ot etrasi | oxane (83.56g, 0-282npD1))

oct aphenyl cycl otetrasi |l oxane (11.77g, 0.0148npl), and distilled
3,3,3-trifluoro roEyInethquyclotrisiloxane (27.56g, 25 0.0588nmp1) were

wei ghed to a fl &yrhernthe drieatonseintes to adnsihede! moducing-angdastamer: rrsferaphyearf | ask

was purged.w t ' = b - am . vl di sil.oxane
(5 167070 8labBy Bl hE RS rdbfing ool Blokits Al ORI K EOATSLY LALS oo

si | anol at e prgvidushtdefingd).miaing )saidaspaelgthess, witlhe phaoinétiazdrane opasmatdat o 160C,
and m xture heated and stirred for, 36 hours. The cl ealr col ourl ess product
was al | owe&rosglinking agent fiscdine apif mistpsg inth s fUMRGRaldsBragiating the 1pjgeted

times Wmth i : ' . 8 Lol he then the
pr oduct vad IS A ERED A% R (AR ctohed Wb R8N aFRlE R he 00
88ml porti presemanvemnion theSoixtents injected aitathe lemaneye tefornppanplant oegtlaceg at
100C under vacuum r%ss re Ial l. i to <l nmhar). The product obtaji ned was

ol ear and &5 GHRLSES. B3F8F frelifg it D ccnsanaRiE i o ge e reissel Bk 5 <
showed 1 ef ag¥en¥6nd] IR naduf2éfiriag withdajeclidh@elding. 1. 41 7), density: 1.048
g/m (theory: |.059), and nol ecul ar weights by gel perneation

(r:].hr (ﬁmat f)g (rj aphy @arghodiof fr yiva gredyationef an invmagelar lenm Wikcgoprismhersesed 1 (The
bty R omp Pl bt pog Qe LB nidr bai i Ron BB PRl O LR | 02"

a bi san nosnveatiom eniginggaiteopalymrdanbppendinitiaer lirefeobline medically acaeptatde by
H NWR S L dinmethyl./diphenyl /trifluoropropyl were: 0.816 | Q.047 |
0. 137 (st aPbieighBhrunBitaich Boeolzpstion, misSife wibiemibsopegmpiing sid

Ani no- t er McHpdiflelfidihototiBaesintdthe Rassathr Big bfihe ey@ dh@ ini@dtRigsed as
starting material for preparing acryl anm doal kyl - and

met hacr y| apPlyasriegtion iepgtionde engatsia leasindhe capylaitag: 3 Preparation of
am nopy opyi - ter Ff‘h@?lh)%ﬁsi&%l&( Qﬁé@&gé}r}gﬁg&g{epnﬁﬂﬂﬁéﬁﬁd bg t\}lxme Pli?cec:ﬁs fd]gscribed

trifl uoropro-pylne si [ oxane was repeate erent
mononer comrboveaPieferably pnch me tlastbmpcison éterfasn lob aaopticaBléng AdhictOpr2fetatiylhas

henyl . i | 6. 15, 0. 0204 di stilled. .
3035 1 PO By RERNL o go 1o 8 e PRl gl sl ovan
1, 3- bi s( 3- aptieN reeyhavinp! the daiby tedtastivomadas thedprdpdtiondbddlednad capplpad um

2t) silanolate initiator (0,056g). Yield was 88.44g (70.69 . Analysis
showed r ef PERETSPEs shauldpreferablybe closg sostheipreportjons demopstrategoindhg Examplesiy g/ mi
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higher refractive indices up to about 1.60 according to the present invention if this is
necessary to obtain specific refraction values in certain clinical applications. Further, by
employing the polysiloxanes with functional acryl groups, the injectable material and the
methods of the present invention lenses with a compression modulus suitable to undergo

25 accommodation by the forces of the eye can be obtained. Typically, lenses having a
modulus below about 55 kPa and in the range of about 20 to 50 kPa can readily be
obtained by employing the present invention which are functionally accommodatable by
the human eye. Optionally, the elastomer according to the invention can also comprise an
UV absorbing compound or other conventional additives known to those skilled in the art.

30 The invention further relates to a medicinal kit consisting of part (a) comprising
polysiloxane copolymers having functional acryl groups according to the invention; and a
part (b) comprising a clinically acceptable photoinitiator. The combination gives liquid

silicone polymers of controlled photo-reactivity that can be "command set” by



25 30 /trifluoropropyl. were: 0.832 / 0.065 / 0.104 (starting nononer ratios
were: 0.813 | 0.058 I 0.129). Exanple 4 Preparation of

anmi nopr opyl - t er mi nat ed 24 March 2003

pol y(di net hyl - co-di phenvl -cotri fl uoropropyl net hvl ) sil oxane Exanple 2 was
repeated with different nononer conbinatigns: octanethyl cycl otetrasil oxane
(62.66g, 0.211 nol)) octaphenyl cycl otetrasil oxane (34.38g, 0.0433npl) and
distilled 3,3,3-trifluoropropyl methylcyclotrisiloxane (24.87g, 0.0531npl),
24 NMar ch 20fl®topolymerizaBeomiupOB espusnepo duellighe (The spectidatdors of thisphetof 3. 3279)

0.0134np1) pot assi i lanol ate initiat 0559) .. Yield .was.77 07g .
(61 09 - iPOnEat et PellPa EepV ifaday & e aeisiy ¥ iiliERien sendgt
density: 1.@8%higaltpdlymdrieRimsn, o5 va0as. thERIEMVe ikdixt mbaiiu®anddoniiisivei net hyl

/ di phenyl /trifl u_or.oprogg/l were: 0.696 / 0.161 / 0.143 (starting nononer
rati os 5 wesherac@rigdes of toe phyroqurgl @et3 ). Exanpl e 5 Preparation of

hydr oxyhexyl -t er gn ; i -.CcO- d] vl.) Sl . 1 p.stilled
oct ama¥hy| cycl ot&Sp%gﬁgggﬁlﬁég%fﬁéaé‘{er@g 0 g{h%hm'rltg){)?m%ﬁ .l%tﬂﬁgtpg/éncgw aioh of &
recryst al | i fggoslRyiaibrine enysiboinateriakiof hipheespecifib ghalitg to BOprddwset thanias 9n01%)

were carefully charged into a three-necked flask. _The reactor was_equi pped
with a mecheiayieusly besn repprted i sHicqnss fonopnthalmiraise. B?u‘élgltf‘&ﬂﬂ)dﬁ{%ﬁ%ﬂ @m&m um

hydr oxi de. (@RikraahAlijd: PAtiea sHRanE EACH) 0N olF7.qONE BeoiiSpditRbed 1 |

10 Cwith stir ours, becom ng viscous, ours
heating at m&@rial fooamingestabbskOlt. hHowevar awieildh tHeanfnastiveimdey of POM8 cat al yst .

1, 3Bi s( 6- hydr oxyhexyl )tefr t hyl di si | oxane (,0.916q,..2. 74. d- sapper
(cal cdPa o frm gy ehisdR qhing bimacJ5R0 et Rurraot e sravied ol EOMET Sy ot
wer e added d@egtnt Ehstietdbld @ fidulty f8Eh6 sipedrSasHDMO BoatE e aedid dolitinY THEOUS
fluid was diluted with_100 nl 20 tetrahydrofuran and vigorously stirred

with 5% sodhgkaskomplsts fllingof theeapsplayhagwithexglusiop oF aqusothBuid daffigyly/in thed
group. The hifd Cald qeafal ‘ : sanpl es
Bei g wi t s S T ey {oman COpA A AR Al Sy RIS REEL RASIAIY

conpl et e byspeéific @rayitydhan PIXMS: | Haweves Iteediphenybfontdne obthd cgp@yrpersyncaeasess e
cat al ysed ptoc cerm s ] xture transferr a_separ.at,i funnel, the
t wo pHgs es tégﬁegfaﬁﬂé%gmaﬁgh %Fc{rﬁéx\%ﬁlﬁaﬁ?scnqt ggsgqu%\ggﬁ\e%a\%mﬂﬁ%c{f@}en( x 100
m ). The solopblyderwdth dispecidic\wrdvityfgrétér thadi.0mndaltefiaati e inderofifegries um

sul phate, and filtered. After initial evaporation of the solvent, the clear
vi scous f| (APETQwEmalehat-44- Materialpef the presentdnyegtion. bging PopQ)YMErpiFEPolRsTS o5 |

sol vent andy; I3 {v | Wi i, d
ond pr oduct B S bl MR re Al nE Bt e N SE Py

H NVR (400 gvapity geaesthandd) to be pnosiweBoved iapyideryrhngerof refrastive index than has

treat nent, 9 er. Hydroxy-term nated pol ysil oxane, prepared
by thir£§ rouﬁggigé%yégaﬁ%ég adé starting material for preparing acryl oxy- and

met hacryl oxy-term nated silicones. 24 March 2003 --~3

Detailed and exemplifying part of the description

The following examples aim to illustrate methods of preparing polysiloxanes
25 having functional acryl groups and their subsequent photopolymerization. The preparation
of acryl terminated siloxanes in general has been well reported (see Thomas, D.R.: p.610 in
“Siloxane Polymers” (Clarson, S.J. and Semlyen, J.A., eds.) New Jersey, 1993) and the
examples given below are those preferred of the many routes. The preparation of acrylic
terminated terpolymers of dimethylsiloxane/diphenyl-siloxane/methyl,3,3,3-

30 trifluoropropylsiloxane have not been reported.



Exanpl e 6 Preparation of acryl am doprow -term nated

pol y(di net hyl - co-di phenyl ) sil oxnne Am nopropyl -term d

pol y(di net hyl - co- di phenyl ) si | oxane (40g. 4.25neq) asA§L§¥3233Q§n Exampl e 1,
was dissolved in 100 m dry dichl oronmethane and 2g cal ci um hydri de was
added in three portions. The m xture was;fooled to 0C and acryloyl chloride
(640 ng, 570 pl, 7.0 mol) was added. The suspension was stirred over

ni ght) and the cal cium hydride and cal cium chl ori de were renoved by
filtrati onExdimeledi |l trate was washed with water (100nml) then dried with

sodi um sul phate (T ater nagnesium sul phate). Sol vent was evaporated) first
at 20 torr then at 0.2 torr, at roontte -erature Thi s sanple was used for
rheol ogy ndsgnaras I [+ ed : J-cotipheayDglpxangpwever ,
subsequent GPC analysrs shomed cyclrc |npur|t|es to be present, so further

or uend anPibdleiesteoRRuts Slelee 1FTEe S2gmuodl P RRonHIHeRL & 17 cone

was al | owe@ctaghéﬁywy&nmmsmnaq% Mg 40, Lin@eb] VTt Iindiwd) Uede ﬁaﬁ&aprem pitated to
. net hanol eforé. The silicone was transferred to a flas and t he

sol vent r edmieerrepydietrampethildisiiexane (0.&higa )3 wmraol) Q’éfﬁqaéﬁfhlé)a@lafﬁ}drt@raﬂtfmges

end or oups "By EF ol T8 28 AR 1P g g S R s A b gpbare Y

Pr epar ati OIpotaEsmmrrgyldmmdhdrBf)mg)Icatatyermsrmtdedl The reaction mixture was heated to 160

| y(di met - t I I
A noB opy | CrBR FHTEY 2R, i SRl B SR By e e St e 3486 on
theoretic My &G QARonvASmMRIKGRGITIWIR sirridp] /1 the ASure@06leditd 2570 Thd siow
applied. Dried dichloronethane (40nl) was added, followed by cal cium

hydride ( golgprlesssilicane ﬂuglrﬁirtamﬁﬁio‘m lnted vrite 190 ik ety LetbesAnd dransfetresiiongax er
til th t I
on) | L1, SERBIBYIOALARSAIRANNS HOr 6 RIS SRR

for 30 m ntleeshatonOVds drivd withhmagnesiumes:phateo Thelpradakct twas ﬁtﬂevedumel thé Sadvent to

nbi ent 5 h d und
Foduchll pr duathrud eifiche SRPOP St Fias oM Fyaplin g0 el 6 Feitiecac -.
The sol uti mxmssmheddwbmmewucmywmwdguadsgms%)nagnem um sul phate, and

t he sol vent renoved under vacuum 24 March 2003 - (4 initially on a
rotary evaporator then on a bath at 50"C with pressure to <1 nbar. Yield:

13, 289 (87%xamphr& H NVR spectrum showed unattached acrylic reagent to be
present, so‘ta'ﬁé—p'roduct was re-precipitated twice) each tinme with dilution

in 20nml di chl oronet hane and precipitation to 200m. stirred met hanol .

Sol veé wai, hEJ re ved ugrder vacuum EllS 5 Q f.or e,. iv'n_ a cl ear
col ouf! ess ~HHEEHCE MMMZ H NVR showed no

unat t ached thfhiotbhropyiatgien)silexsegave unit rati os di net hyl sil oxane /
di phenyl - [ trifluoropropyl- I acrylam de of 0.817 / 0.0468 / 0.131 /
0. 0102 i npl yi ng

Distilled octamethylcyclotetrasiloxane (83.56g, 0.282mol), octaphenylcyclotetrasiloxane
(11.77g, 0.0148mol), and distilled 3,3,3-trifluoropropylmethylcyclotrisiloxane (27.56g,

25 0.0588mol) were weighed to a flask and dried under vacuum at 80°C for 30 minutes. The
flask was purged with nitrogen and 1,3-bis(3-aminopropyl)tetramethyldisiloxane (3.107g,
0.0125mol) end-capper was injected via a septum. Potassium silanolate initiator (0.055g)
was added, the temperature raised to 160°C, and mixture heated and stirred for 36 hours.
The clear colourless product was allowed to cool, diluted with 57ml chloroform and

30 washed: three times with 88ml portions water; twice with 88ml portions methanol; then the
product was diluted with 44 ml tetrahydrofuran and washed twice more with 88ml portions
methanol. Solvent and volatiles were stripped by heating at 100°C under vacuum (pressure

falling to <Imbar). The product obtained was clear and colourless. Yield: 90.72¢



Mh 17,800 . Conversion of the amino gr oups appeared quantitative. Exanple 8
Prepar ation of methacryl am dopropyl -term nated

pol y(di met hyl - co- di phenvl - cotri f| uor opr opvl net hyl ) si L& March 2083 Exanpl e 6
was repeated using nmethacryloyl chloride as nodification reagent.

Am nopropyl -term nated terpol yner of Exanple 3 ( 15.11 g, 1.SOmpl based on
theoretic Mh 10,000) was reacted with di-stil | ed nethacryl oyl chloride
(0.439g, 4.2mml ), other reagents and the nethod being the identical. The
final yield was 10.06g (66% . Analysis by S) H-NMR gave unit ratios

di met hyl si | GX&Ye). /Andilyskieshowed refraciivg mdmgr-éb@ L4y7 (Q@oac?ylﬂ Ahidensitys 1.04827 /

ot oups. appadmtSoda PR R mBoMl: A by cc A Pu BRUKRII ANl (i 1% M

pﬂot ocur eg vgah glbly@ﬂy;ﬁenSﬁtahdﬂgseMx}i)Eﬂp?O eNvasl, &@ﬁ)vlérl'(eﬂixgiTﬂﬂlﬁBS;ﬁrsn?/ shéwBjn wer e
ot ocure e Il t and col our S-Clear gela rs were

Br oducgd a‘ﬁé QHirqsulwgqst %ﬁ&ﬂ@%ﬁ st@m%gﬁf ﬁmpi%%ﬁ%ééﬁiﬁaas this h

el ast oger s 5&8@3?&{;?@%&1@; Ved? Vakteﬁgslse&%gﬁ raﬂ@&ﬁ,omewcfesa&% e nd 30

nmeasur énent's out an additional crossli
Conposi t i onBolfymer urhEquogbzcHI-vaﬁttSDﬁMHmdmlqmln}é@plwdyh /mfh@ngOMdmmasO gireder

subduedlig | ighing to +O A nmg. T i luti.on in.th

si i cone, (i!?)?)woé g?ﬁﬁ%ﬁ%&mﬂf?m@%s&w&ﬁ ]%%% RR-EHPBES et hane
and this S%&%slmams epdréd BitHidfouit Wird whiSas\Wtattihgl R erddl IfbGRBgaringhen 24
March 2003 - t he sol vent renoved by vacuum desiccation to constant wei ght

at room t engs&y t’lﬁ%“%yﬂw#@%ﬂﬂl‘%ﬂﬂﬁn@@al#b’hm@aw shiconesssure to

0. 3rrbar) Di sks for analysis were cast in a Teflon nmould (dianeter 25mm

dept h 0 Omg whlclg was filled with the conposition and then covered with a
m croscope S0 as to give a snmooth contact surface over the entire 5

di aneter of the nDuId and the conposition was then cured using blue |ight.
(Source was a Vi vadent Hel i ol ux DLX dental gun, emtting 400 - 525nm
pl aced 22nmErgharation efaminoprapyiz o6h petky (dimpthai-echdiphenyieod nt ensity was

13- I4anm M P TER e shear (storage) noduius were then

per f or med t)r §ﬁ51f?>§<aﬁ eonetrics RDA 2 rheoneter at 35C. A
photoimgi ti ator active in the blue light region was used: bis(2,4,6 1 o
trimethyl bepzo henyl in xi de (Ci ba Irgacure 819). The

phot oi ni ti a]?’fﬁrxli%ﬁé@ﬁtr? H’s‘ggg’iﬁ/ﬁ‘smﬁ‘(‘%wbﬁ‘aﬁ?q “the exanpl es quot ed
herein. r0ro&&ﬁ&ﬂ9l‘c élBtetrﬁsti!éQhrﬁzs(Su\Bﬂg? 022 8ol detastenployaiBe@asioxARQ 858,1 N
silicones: rret hacr oxw) Eyl t erm nat ed pol ydi net hyl si |l oxane (Cel est-ABCR

DVS- R31 ), WA2¢img 3, bmﬂwrgowémn@alcwlemowa (21.20g,
| oxy- t ef A 768
by VR 2. 2%-%%&&?3;’F%%&F&E?‘%Efﬂse*é%l‘}?g@@%“??%eﬁ%m%O%ﬁs chptesciih o

as a aoossl silanelate iaitiatdriK§.056g) o Y3¢ld mias 88.4t g (T BpY | Anabysis/shoved reftactiveaindex
TPGDA ( Geno,‘ri‘geiSO&:Z PQ%S (tﬁ\eﬂi)%y:all.fz%).ud%rel&y: 1.046 g/ml (theory: 1.051), and molecular weights:

Mn 19,600 Mw 69,400 . Polymer unit ratios by H-NMR, dimethyl /diphenyl
/trifluoropropyl were: 0.832/0.065 / 0.104 (starting monomer ratios were: 0.813 / 0.058 /

0.129).
25
Example 4
Preparation of aminopropyl-terminated poly(dimethyl-co-diphenyl-co-
trifluoropropylmethyl)siloxane
30

Example 2 was repeated with different monomer combinations:
octamethylcyclotetrasiloxane (62.66g, 0.211mol), octaphenyicyclotetrasiloxane (34.38g,
0.0433mol) and distilled 3,3,3-trifluoropropylmethylcyclotrisiloxane (24.87g, 0.0531mol),



24 March 2003 - IG5 ExanmpSilicone pol ynmer Crossl i nker Shear

nodul usl et ypedG / kfa at

350wW9( a) Met hacryl oxypropyl -t er mi nat ed- - 21. Opol ydi net L8

ABCRDIVB- R319( b) " TPGDAO. 5746.19(c)""1.1448.19(d) "Acryl oxy-0. 7645. 3t er m nat ed
pol ydi net hyl si | oxane ABCR

DVB- U229( e) Acr yl am dopr opyl -t er m nat ed-- #6. 5pol y(di net hyl - co- di

henyl ) si | oxane (Exam | e 6) TPGDAL. 05S 1. 69(g" (Exam |l e 6: post

washi ng) - - 52. 79(3h) Acryl am dopr opyl -t er mi nat ed- - 55. 8pol y(di net hyl - co- di pheny
| -co-trifl Jorbipk 1npntqpmb)aﬁél(nzt>baw1ﬂllexam)egé 327.'0. Qléﬁmﬁmetaas)npmsuano@e 3

Exanpl e 10.Pr.epa u Nt

Acryl am do;l)'}lg)'%g ((féeér%ir)]'naieekgwgp?‘}%{m A %?ﬁ %8 ﬁ]:?ra ‘6&%{‘6%""(%%%& e 2)
cont ai ni ng 1ptsSt(thedHyt: il AS6), d(exhsitgacowg/&ﬂmhe@r_ymmw) Pauydmeﬁnmssxhwk)eNMﬁ PGDA,
0.57% was pr eRar ed as io0, per npl e 9((%{6' Afr pi g cadaver eye was
prepar ed, Wmethyl{ginhenydirk PEQPF%? Wewsh 0:6964 G 16/ H(Q 'é@&témag ‘M@mﬁhﬂt‘%mval
of thes cry%\r,eatl lg 4% e/ 0T ysi | 1 cone conposition was injected into the
capsular bag Via a 21 gauge cannula. so as to refill the bag and give
appropriate curvature. The silicone was cured by blue light froma Vivadent
Hel i ol ux Dﬁ eEtSaI gun placed 0.5-1.Ccmin front of the cornea, and the

| ens was e to enabl e exam nation. The clear colourless tack-free

| ens had anterior radius 12. 0+O Snm 24 March 2003 - |7 posterior radius
i . 19+0. 1 mPre¢darationed dydrogghexybDRmminawi poiidimethyd-e@-diphemyDsilozanpower in air
was 1082 diopter, and focal length 9.2+0,2mnm (in water: 27.10.5 diopter,
and focal [Distgied d&?arﬁ)@hy‘/lcrydotet&sﬂmhe(27.54gE92.91m|1mol182 1mpB}) dndepayaillissd of

di met h~I si | / | |, 3, -to'l o 10
e ool ymor Sotppay iR a0t FIoct leoaloa rheby 7. S Bblero 6 aRhil busreed it
oct apheny| Q)b kel ddatdsk ORRNBactdR eqlibped Sith 3 n{EEHJuﬁ&ﬂ stivne}: LFrFéHe\tvﬁH |-

tris(3,3,3-trifluoropropyl)cyclotrisiloxane (23%cis and 77% trans

(7.3 g, 16 nifageasAnditerametidagmosium Bydzoxide (fOpmeysatalyst adsled; Tﬂmmgqtr@nsu | ox ane

0.15,f0 0. +120C
nd bt erisibls paf el G010 WChuph Bl ol BROLTRELRIY sHBE SR £, 05
added, and hohe heatangg atdi6017€ 20 decoimpos£tha tdtraatethyl@4MGomnoh 18/doxade caﬂaﬂiﬁhc 1 BJpon

C I S AR o bR A g o e
The resul tivg 1800009 lah@xa;ﬂ&nha&ome&endaumﬁé adly htalet Wetedbdind/é afikture 10

kDa, a refractive index > 1.40 and a density > 1.10. (b) Introduction of
acrylic gr §tiped & hours at 60°C. The resulting viscous fluid was diluted with 100 ml

i met by S1 1 a@0s/odaR SRy L pblAISAERLAKlsyPulichs hikiebeRreRy sl pxane

t er pol ymer om type pfeparat 1 ons above s) was
di ssol ved idelibaretayhemairaiyd ikhdgiodp. The sppaiification pri@ssaedsghoritosal iyt iRon,  an

R e T S G G R T
i n met hyl erss%l¢atinplotei lYeIR( Aoniger mnﬂddetkaddg@mﬂt}seeendvgrwp Bt d bast ogralyset

cooling to ensure_that the tenpe re of reac id not rise abaove OC.
Aft er g process). The mtxxture was trr;Bst{arre toa separat?ng unne tﬂe two phases separated, and
25 the organic layer washed with water (3 x 100 ml). The solution was dried with first sodium

sulphate then magnesium sulphate, and filtered. After initial evaporation of the solvent, the
clear viscous fluid was heated to 110°C in vacuo (0.2 torr) to remove residual solvent and
some volatile products, affording a colourless viscous fluid end product. Yield: 32.81g
(73.6%). The copolymer unit composition by 1H-NMR (400 MHz, CDCl;) was 17.9mol%
30 diphenyl-units before vacuum treatment, and 19.1mol% after. Hydroxy-terminated
polysiloxane, prepared by this route can be used as starting material for preparing

acryloxy- and methacryloxy-terminated silicones.



30 conplete addition of the acryloyl chloride the solution was stirred for
4 h and allowed to warmto anbi ent tenperature. The suspension was filtered
and the filtrate neutralized with NaHCOB, washed wi t BhMarch2083i ed over
anhydrous MyS04, and evaporated in vacuo. The 24 March 2003 _1g_
resulting acrylic-term nated terpol ymer_yas stabilized by the addition of
1-3 ppm of hydroqui none. The resulting pol ysil oxane can be phot opol yneri zed
to formflexible | enses of very | ow nodul us, by exposure to blue Iight

whi | st ret agxlag@d'm a suitable nold, such as a cadaver pig' s eye capsul ar
bag, or a siTicone balloon. or a transparent plastic nold. The
photoinitiation is caused by the inclusion of e.g. 2% TMPO prior to

i sol ati on q;e- X Y. . AhSenc
Exanpl e 11.2-38 ' R i at ed

Hexanet hyl cycl otr| 5| I oxane (D3) (6.4 g, 27 ol es),

hexapheny| ,@mﬁio?idpyﬁtchﬁmm p(olgl?&ﬁ)etl(ylnc(o’-dgaheayﬂsxmmk@()g a3 nieg) ﬁgir&ydred
tris(3,3,3-trifluoropropyl kyclotrisiloxane (cis and traps F3) 3 g 21
mol es) weri Efpmpls| lv s fissotigechip 108 anldsy dichloromethagg japd, 2%%‘%&%@@@5 was
trlrrethyls r o 0.15to
0.2"g). andl e tbflics b mixtre YadtoiioteCath sk iLthiotit bt e
tenperatur@?ﬂmll ‘Mﬂl&uﬁdlmbeicﬁﬁdwmduuspeﬁéwh waImeanﬁv;anmghzahdﬂmoprcmeds by a

non-term nating chain grow h, mechani sm ecul ar wej ght. of the
copol ymer s gﬂ%‘}fb??é‘é\‘l‘f‘cﬂ € WFES TCHYOVE ‘?H%ﬁgﬁ’ﬂ e]ihﬁ e wag Reshedavith on was

term nated Joyed h@orﬂg%énl RRAFitHPIRIRNKE SThakOUREr agnzmsu%a&lﬁfﬁmemtge

resul ting terpo yner sol ution was washed wth dilute HC
wat er (3X) ,evaparatdd diﬁetrataﬁhqrdtlms&t%M)atm teolipertire. s m@ldwas useddon cs

removed by va m di stlll e I te | ymer
had a nunbé%eogg@'rrgﬁasu%? ‘J1 %&l nﬁwoa@g%%a&re ergl?‘?vgg i%/)ﬁeig:él 8‘)((5881 40
?nd ?I densiatngl)yas S;Iéldwed dygﬁé ﬁﬁphrﬁfcs Td\/ﬁTpreielht,fsg ﬂgﬂ‘ﬁﬂwﬁfmﬁeﬁ'ﬁd mfuﬂmfe(li .agi d
triflic aci angd 1t erjpvatives .q. enz triflate, can
be used. (HPTMSERBPICoR) 782l P@dt“éﬁxﬁoﬂﬁﬁ@aeqeéﬁ g‘rw@wogmrmtaéedﬁﬂe

sil angk t ergihBahidthansl, pmexénﬁroneuabﬁm%ttb xépas:af& laRd E%a‘ih HidBd KithleSthidneHd
hexaphenyl cycl otri siloxane (DPh3) and trimethyltris(3,3,3-trifluoropropyl)

cyclotri si |mm@te(dctpsmah@ot,raalbsfom)delmnwas transferred to a flask, and the solvent

o S pavepqTRB G BSR YBler T Wit ROBPREE AOHHRE TSy el 2
Cor por at i on):asﬁxaqplleru’ﬂbest- aahmg, Atryntidapnopyl embgroapsinyeNME (560 MHa)yghivag for
2 h the byR\,I %1%0 (88&%’ 9g)aC| d was renoved by vacuum stri pping.

20
Example 7
Preparation of acrylamidopropyl -terminated poly(dimethyl-co-diphenyl-co-
trifluoropropyvimethyl)siloxane

25

Aminopropyl-terminated terpolymer of Example 2 (15.02g, 1.50mmol based on theoretic
Mn 10,000) was weighed to a dried flask, and nitrogen flow applied. Dried
dichloromethane (40ml) was added, followed by calcium hydride (1g), added in small
portions. The flask was cooled in ice-water until the temperature of the contents was 0°C,
30 then distilled acryloyl chloride (0.380g, 4.2mmol) was added via a septum. The reaction
was stirred for 30 minutes at 0°C then the ice was removed and the mixture allowed to
warm to ambient over 3.5 hours. The turbid mixture was filtered under reduced pressure,
with dichloromethane rinsing, to remove CaH, and CaCl,. The solution was washed with

50ml water. dried over magnesium sulphate, and the solvent removed under vacuum,



Exanple 11.3 A silanol term nated dinethyl di phenyl sil oxane (viscosity
2000- 3000 cSt; nol ecul ar wei ght 35 kDa; nol e% di phenyl -sil oxane 1-2) (4.0
g,. 0.12 nmml es) was di ssol ved in methyl ene chloride lﬁMﬂlﬂh’(_ﬂélS wei ght
solution, and an excess of finely divided CaH was added. The resulting
solution was purged with argon and cooled to 0C, when 1 o

acet oxy(bi sacryl oethyl)nethyl silane (0.4B-g, | .4 mmol es) dissolved in

nmet hyl ene chl oride, together with an addition of 50 ppm of dibutyltin

di l aurate, was added dropwise with stirri n% otirring the reaction was
continued fijHally ena fqiery exappratapithemen p bath atpA¢- svubpaqqmr%w wa%ban Yidded. The

vacuo 1 5 PR R AT e AR NSO R ARl SRSl B e

t er pol yner shebprbdtlidne«ras @é-pxecfpntbﬂeé twicgldaclp tintcovith dhhmbmnxsz()ml dictdoroaletimné ard
initiating the acr ation of the a i c-term nat ed

0B/ DPh3I 3 Pre B his 000 sERS Bl ol sl v DR I RO VBt Ees  such
as bi s{ hs- %ﬁﬁ@%@ﬂﬁ@gbﬁﬁr‘/&&lmﬂléi gudi fhidar 04:'3@ (42%) Analysis by SOOMHz H-

prr-l yl)phenylTtitTanium (Ti 1), and acyl phosphi ne oxides, such as
2,4,6-tri neimmsbewzdm dnqmelnﬁ,dlqmd@pmg@etmdume prik/rOps dmmloyam/ vari ant s

such as Lucirin erjvativ T i et a
(1995) J. ARheny yibg E}W@&Py o Chyldrgide of Tk @6@6'#\2?93? Bholyig, ot o4
D3/ DPh3/ F3 Mg p8by MBonaédiohiof fhe(athihdgronps eppehred duantidativer adi ated wi th |i ght
froma 488 nm A-laser. The conbination gelled rapidly to yield an el astoner
of 30 |l ow nodulus, a refractive index > 1.40 and a density > 1.10. 24
March 2003 - 20 nple 12.2 Acrylic-term nated D3/ DPh3/ F3 terpol ymer and
T™MPO (3. o#&&ﬂgﬁﬁxed and irradiated with light froma blue light gun. The
conbi nation gelled rapidly (Iess than 3 ma) to yleld an el astomer of | ow
nodul us, a Bremarationjof methagrslamidepropylsrminaied pely(dimsthyl-qgydiphenylepr 12, 3
Acrylic-ter erpolyner and Lu0|r|n (299 were m xed and
|rrad|atedthh bffopT lgém&n. The conbi nati on gelled rapidly to yield
an el astomer of |OM/nDdU|US) a refractive index > 1.40 and a density > 1. |
0.

24 NarE%(amp e g’ was relpeated using methacryloyl chloride as modification reagent.
Aminopropyl-terminated terpolymer of Example 3 (15.11g, 1.50mmol based on theoretic
Mn 10,000) was reacted with distilled methacryloy! chloride (0.439g, 4.2mmol), other
reagents and the method being the identical. The final yield was 10.06g (66%). Analysis
by SO0OMHz H-NMR gave unit ratios dimethylsiloxane / diphenyl- / trifluoropropy!- /

20 acrylamide of 0.827/0.064 /0.099/ 0.0105 implying Mn 17,200 . Again conversion of

the amino groups appeared quantitative.

Example 9

25 Rheological measurements of photocured materials

Silicones prepared as above (Examples 6, 7, & 8) were photocured by blue light and
colourless glass-clear elastomers were produced, and their moduli measured. Comparison
has been made with elastomers from commercially available photocurable silicones, and
30 measurements made both with and without an additional crosslinker. Compositions for
rheological testing were prepared in ca.3g batches under subdued light, with weighing to
+0.01mg. To ensure dissolution in the silicone, the photoinitiator was first dissolved in 1-

1.5ml dichloromethane and this solution was stirred for 3 minutes with the silicone, then



1. A polysiloxane copol yner having functional acryl groups capable of being
phot opol yneri zed into a solid intraocular |ens, having a specific gravity
greater than about 1.0, a refractive index suitable.lgkhﬂﬁgﬁﬁﬁing t he
refractive power of the natural crystalline |ens, wherein said polysiloxane
has sil oxane nononer units sel ected anong substituted or unsubstituted
aryl sil oxanes, aryl al kyl sil oxanes and al kyl (al kyl )si | oxanes and at | east
one the aryl sil oxanes, arylal kyl sil oxanes and al kyl (al kyl ) si | oxanes nonormer
units i s stiesdolvent thosed by oneuuar devizestidnl to @bhgtant aletuds at rdomAefipdrytaiel oxane
copol ymer according_to . claim1 having functignal .acryl groups in its
ternmnal ef@gically ca3(,pyiguiey ‘&E]éH@S%"pEg?I Q/}I@Parégb%ﬁ éﬁrrﬂjglﬁ’ﬂg ¥eL Gastan afgllpmg a
refractive : u ) 1 ] ding to
ol m 1, nHECERGC AR erth Emnfh P Qi Bl N e CORRONTRL wiES 1
copol yner aowsmedivtl atmicemsyopprsidedong tcgise asmobthrcastaetrsudect dvar thhahtirsai d

pol ysi | oxane i s a .copol r of diphenyl or phenyl al kyl .sil.oxane and
Pri 1T vbr oadegerioe i metosdhe Cefpsiinn Vi feaiel s inust dscurt e o
any pr ecediigadehfi18Bol6h DL ICA&AI 288, dnfltlpaf00S 2528 nROpMEd 225N EbdvE te mould,
terpol ymer or higher order copolynmer of di phenyl andlor phenyl al kyl

si | oxane, @t whieh|distance dheihs Hiensity Wag dpd4miyicrna). KYIpgsuesieis pi ghe shear

L vai] . . : . ¢ said
Por bol yor GoEPinddlies AEEAH MehfeE bl s UBhaE Ritoféllo) ROl oo
phenyl net hyheosidtenaa B8 Cadptdt@nidiatar inétivedn dhr iy lighteddiod wad dsediabig2 4%- A

pol ysi | oxane ¢ | yme ccor.di to.cl al. char ized in.that said

t er pofSmer tﬁl@@@@ﬁvﬁ%@#’ﬁ?wﬁ*@a&g@ %8‘?\&@?’1?‘5%‘? 27 ‘eé!ep_ ORENYEPT oxane

copol yner apg@hfthiich dsed day 020oalRinall ﬂre%xﬁh?;wawéd R@éin] ForicBAbargdhd

copol yner conprises at |east about 4 nol %o trlfluoroproPyInethyI si | oxane

and 1 to 56tudissoyest alsp prade f cammercishehaipeiriog siicensst metagrylosyprordne. 10. A
pol ysi | oxa G : ol ] i 6 t\@alxhzed in that
Cai 4 copol EnAe] KTRLASHAIAR, [ BEKRER BRLEFNM FIROAHHIRICS 101 vg of
di phenyl si 10c08d meqandettiacreloRy; snidlaowydoxy -tammaated polydinsethylsiloxane (Gelest-ABCR
15 DMS-U22), Mn 768 by NMR. 2.60meq/g acryloxy. which because of its low Mn was here
employed as a crosslinker. An alkyl crosslinker, tripropyleneglycol diacrylate, TPGDA

(Genomer 1230), was also used.



11. A polysiloxane copol ynmer according to any of clains 6-8 characterized
in that said is a terpolyner of dinethyl

trifluoropropyl

nmet hyl

si | oxane.

12. A polysil oxane

si | oxane)

Bj | s

i | oxane and

claim 11l characterized in that said copol ymer conprises about 28 nol %

trifluoropropyl net hyl

si | oxane nonomer

characterized in that said copol ynmer
14. An injectable Iens naterial

si | oxane) about 4
units.

igel % Bi phenyl

ccording to

si | oxane and di net hyl
13. A gol ysil oxane copol yner according to claim12
is an acryl-term nated pol ysil oxane

havi ng SU|tabIe V|sc03|ty for belng

i nj ected t I’i’GUgh st-andar canhtta bUII}JI"I St HTI re—xture of Y-St oxanes
accor di ng t|Exammp o‘:flhﬁqf%ilﬂ%y“iert o 13) a phot oi ni @Toailﬁ'lkerand opti ré51%535“‘ qrlufyis
crosslinkindeagent. 15. An injectable lgns material accordihg to cIa|n114,
wherein the photdinitiator is activated [by bl ugpdight. |3fy m;np%gpgp@ e
| ens materilal accgordi ng claim14, whereijn the ponS|Io anes| have a
vi scosity aqf—essithanr—about—60-000—StH—1F+——AR .n,bULzbﬁé ehs ”ni°r+ﬂl
according dqlaim 16. wherein the polysiladxanes have a viscosity of |ess |t han
about 8 00Q %&t . mﬁa&@mpp@w&eﬁﬁa&a A process for|the panufzicoure [of
an el astomgr, conpji habepe! Xgeri zgtion of a copolymer jaccording tjo
any one of clalngqg i ; 9 ﬁﬂhe presence of a photoifitiator 19. The
process ac ordin pB J:IYL‘LQ wherei-n—the--sai-d—phot oifit+atof—i-s—a
medi cal | y céﬁébtabhe bl ue | ight_phot oi nilti at JPGA The | ®Fcbss adfsbrding to
claim 19 whig# i sl a non-surgical procesg 21. An elastowqmmnmuﬁew&yred by
t he procesg cor[ding to any one of cl al[is 4 eras 7
accordi ng téﬁc aiim’21 in the formof an |op tlca&Rﬁg S “ford A3
terminate
polydimethylsiloxa
ne ABCR DMS-
. U22
9(e) Acrylamidopropyl-terminated - - 46.5
poly(dimethyl-co-
diphenyl)siloxane (Example 6)
EA¢Y) » TPGDA 1.05 51.6
9(g) .. (Example 6: post washing) - - 52.7
9(h) Acrylamidopropyl-terminated - - 55.8
poly(dimethyl-co-diphenyl-co-
trifluoropropyl)siloxane
(Example 7)
9(i) .. (Example 8) - - 65.3
Example 10
5
Preparation of a photocured intraocular lens
Acrylamidopropyl-terminated poly(dimethyl-co-diphenyl)siloxane (Example 2) containing
photoinitiator (Irgacure 819, 0.20%ww) and crosslinker (TPGDA, 0.57%) was prepared as
10 per Example 9(b). 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

injected into the capsular bag via a 21 gauge cannula. so as to refill the bag and give

appropriate curvature. The silicone was cured by blue light from a Vivadent Heliolux

DLX dental gun placed 0.5-1.0cm in front of the cornea, and the lens was extracted to

15

enable examination. The clear colourless tack-free lens had anterior radius 12.0+0.5mm,



23. An el astoner according to claim 22, wherein the said optical |lens has a
refractive index close to 1.41 24. An el astonmer according to any one of
clainms 21-23, wherein the said optical lens has a c dul us bel ow
about 55 kPa. 25. An el astonmer according to any one of clainms 21-24, in
addi tion conprising a UV absorbing conpound. 26. A nmethod of producing an
el astoner conprising the steps of (i) pr€paring polysil oxane copol yners
according to any of claims 1-13 (ii) mxing said copolyners with a
photoi ni tiator and optian ent, (Jii). injecting said
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copol yner dength 37.040.¥mmany one of clains 1 to 13; 24 March 2003 -24 (ii)
m xi ng sai d copolyner and a photoinitiator to a conposition; (iii)

I njecting said conposition conprising said copolynmer and photoinitiator
into the cegaéylgy“bag of the eye; and (iv) initiating a polynerization
reaction to create an accommodating lens filling up the capsular bag. 28. A
nmet hod according to any of clainms 26-27) wherein the said photoinitiator is
a nedi cal | )E)g[&ﬁeo;lapl e blue light photoinitiator. 29. A nedicinal kit

characteri it conprises (a) a copolynmer according to any one of
claims 1 to 13; and (b) a nedically acceptabl e photoinitiator.

AAALA él)ﬁ;r'eéa%aﬁopﬁ (Yf d?‘égthf/‘lsiloxane/di@enylsiloxane/ methyl,3,3,3-trifluoropropylsiloxane
10 terpolymers

Octamethylcyclotetrasiloxane (D4) (6.0 g, 20 mmoles), octaphenyl-cyclotetrasiloxane
(DPh4) (1.7 g, 2 mmoles) and trimethyl- tris(3,3,3-trifluoropropyl)cyclotrisiloxane (23%
cis and 77% trans, F3) (7.3 g, 16 mmoles) were added to bis(3-aminopropyl)

15 dimethyldisiloxane (0.15 to 0.3 g), and purged with argon. The temperature was raised to
+120°C and bis(tetramethylammonium) - polydimethylsiloxanolate catalyst (0.01 g)
added, and the reaction heated for 2-3 h at +120°C and 3 h at +160°C. Upon cooling to
ambient temperature the polymer was dissolved in tetrahydrofuran and precipitated and
washed with methanol, centrifuged, and dried in vacuo. The resulting polysiloxane had a

20 number average molecular weight >10 kDa, a refractive index >1.40 and a density >1.10.

(b) Introduction of acrylic groups

A dimethylsiloxane/diphenylsiloxane/methyl,3,3,3-trifluoropropylsiloxane terpolymer,

25 from type (a) preparations above, (4.0 g, 0.04 mmoles) was dissolved in methylene
dichloride to yield a 10-20 weight% solution, an excess of finely divided CaH added and
the resulting suspension cooled to 0°C and purged with argon. Acryloy!l chloride (0.15 g,
0.14 mmoles) dissolve in methylene dichloride (3 ml) was added dropwise, with stirring
and cooling to ensure that the temperature of reaction did not rise above 0°C. After

30 complete addition of the acryloyl chloride the solution was stirred for 4 h and allowed to
warm to ambient temperature. The suspension was filtered and the filtrate neutralized with

NaHCO3, washed with water, dried over anhydrous MgSOy4, and evaporated in vacuo. The
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(b) Preparation of acrylic terminated terpolymer silanols

The silanol terminated terpolymer of hexamethyl-cyclotrisiloxane (D3),

30 hexaphenylcyclotrisiloxane (DPh3) and trimethyltris(3,3,3-trifluoropropyl)
cyclotrisiloxane (cis and trans F3) was mixed with acryloxymethyldimethyl-acryloxysilane
(prepared as described by Chu et al. in U.S. patent No. 5,179,134, 1993, to Loctite
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10%&’ () - Fﬁlanoﬁérmm}élé@n%ethyldxpheny151loxanc (viscosity 2000-3000 cSt; molecular weight
35 kDa; mole% diphenyl-siloxane 1-2) (4.0 g, 0.12 mmoles) was dissolved in methylene
chloride to yield a 15 weight solution, and an excess of finely divided CaH was added. The
resulting solution was purged with argon and cooled to 0°C, when

10 acetoxy(bisacryloethyl)methyisilane (0.15 g, 1.4 mmoles) dissolved in methylene chloride,

together with an addition of 50 ppm of dibutyitin dilaurate, was added dropwise with
stirring. Stirring the reaction was continued for a further 4 h and the resulting suspension
was filtered. The filtrate was dried over anhydrous MgySO4 and evaporated to dryness in

vacuo.

15 Example 12

Photopolymerization of acryl-terminated polysiloxane terpolymers

A number of visible light photoinitiators is available for initiating the acrylic

20 photopolymerization of the acrylic-terminated D3/DPh3/F3 terpolymers described above,

and these include titanocenes, such as bis(h?-cyclopentadienyl)-bis{2,6-difluoro-3-(1H-
pyr-1-yh)phenylititanium (Til), and acylphosphine oxides, such as 2,4,6-trimethylbenzoyl-
diphenylphosphine oxide (TMPO), and polymer variants such as Lucirin (a polymeric
derivative of TMPO; see Angiolini, L. et al. (1995) J. Appl. Polym. Sci. 57, 519).

25

Example 12.1

Acrylic-terminated D3/DPh3/F3 terpolymer and Til (0.5%) were mixed and irradiated
with light from a 488 nm A-laser. The combination gelled rapidly to yield an elastomer of

30 low modulus, a refractive index >1.40 and a density >1.10.



10m 10m 10nf;
10%8: () - 91098’ () - @: ! 10%& () - ! 5! 10%rNmN&’ () - 3le%r&Ni) HHHH: KK9LdBVK@ 1
| @109%°PP& ()-1 109Z& ()-1 !10%&Z& ()- | 24 March 2003
t 109&Z& ()-910%Z& ()- MLO%Z& ()-9LLLM MNIOJEVK@1 !' "10%Z& ()- ! 109%Z& ()-
#109Z& () - 109Z& () - 109Z& ()-yl09Z& ()- LORPFRRRNSAEVK@1 ! 9T
109Z& ()-S8" ! 10%&Z& () - 6g#10%Z& () -s0! 109%Z& () -
"109@8& () - (! 109Z& () - NSSSSSSTOUVDCLL ! & 10% U8 ()- f 10% U& ()-!10%
u& () - mowmg;ngpe-lzq;pz 10Z 10Zy; - 109%&Z& () - W2XXZZQZdEbCL1 ! S) mL0%
, & 10%

u&' () - =110% U& ()-L "10% U& ()-& 10% U& () -1 #10%
Acrylic-terminated D3/DPh3/F3 terpolymer and TMPO (3.0%) were mixed and irradiated
with light from a blue light gun. The combination gelled rapidly (less than 3 min) to yield

5 an elastomer of low modulus, a refractive index >1.40 and a density >1.10.

Example 12.3

Acrylic-terminated D3/DPh3/F3 terpolymer and Lucirin (2%) were mixed and irradiated
10 with a blue light gun. The combination gelled rapidly to yield an elastomer of low

modulus, a refractive index >1.40 and a density >1.10.
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1. A polysiloxane copolymer having functional acryl groups capable of being
photopolymerized into a solid intraocular lens, having a specific gravity greater than about
1.0, a refractive index suitable for restoring the refractive power of the natural crystalline
lens, wherein said polysiloxane has siloxane monomer units selected among substituted or
unsubstituted arylsiloxanes, arylalkylsiloxanes and alkyl(alkyl)siloxanes and at least one the

arylsiloxanes, arylalkylsiloxanes and alkyl(alkyl)siloxanes monomer units is substituted

with one or more fluorine atoms.

2. A polysiloxane copolymer according to claim 1 having functional acryl groups in its
terminal ends.

3. A polysiloxane copolymer according to claim 1, having a refractive index above about 1.39.
4. A polysiloxane copolymer according to claim 1, having a refractive index up to about 1.60.

5. A polysiloxane copolymer according to any preceding claims characterized in that said

polysiloxane is a copolymer of diphenyl or phenylalkyl siloxane and trifluoroalkyl(alkyl)
siloxane.

6. A polysiloxane copolymer according to any preceding claims characterized in that said
polysiloxane is a terpolymer or higher order copolymer of diphenyl and/or phenylalkyl
siloxane, dialkyl siloxane and trifluoroalkyl(alkyl) siloxane.

7. A polysiloxane copolymer according to claim 6 characterized in that said terpolymer
comprises dimethyl siloxane and diphenyl siloxane or phenylmethyl siloxane and 3,3,3-
trifluoropropyl methyl siloxane.

8. A polysiloxane copolymer according to claim 7 characterized in that said terpolymer is
acryl-terminated.
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copolymer 4 to 65 mol% trifluoropropylmethyl siloxane, 1 to 50 mol% of diphenylsiloxane

and dimethylsiloxane monomer units.
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I

11. A polysiloxane copolymer according to any of claims 6-8 characterized in that said is a

terpolymer of dimethyl siloxane, diphenyl siloxane and trifluoropropyl methyl siloxane.

12. A polysiloxane copolymer according to claim 11 characterized in that said copolymer
comprises about 28 mol% trifluoropropylmethyl siloxane, about 4 mol% diphenyl siloxane

and dimethyl siloxane monomer units.

13. A polysiloxane copolymer according to claim 12 characterized in that said copolymer is an

acryl-terminated polysiloxane

14. An injectable lens material having suitable viscosity for being injected through standard
cannula comprising the mixture of polysiloxanes according to any of claims 1 to 13, a

photoinitiator and optionally a crosslinking agent.

15. Aninjectable lens material according to claim 14, wherein the photoinitiator is activated by
blue light.

16. An injectable lens material according claim 14, wherein the polysiloxanes have a viscosity
of less than about 60 000 cSt.

17. Aninjectable lens material according claim 16, wherein the polysiloxanes have a viscosity
of less than about 8 000 cSt.
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the capsular bag of the eye; and
(iv) initiating a polymerization reaction to create an accommodating lens filling

up the capsular bag.

28. A method according to any of claims 26-27, wherein the said photoinitiator is a medically

acceptable blue light photoinitiator.

29. A medicinal kit characterized in that it comprises (a) a copolymer according to any one of
claims 1 to 13; and (b) a medically acceptable photoinitiator.



