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CONTAI NI NG POLYMERI C COVWPOSI TIONS  Field of the
woOnvewian: The present invention relates to peCymsei0s/027591

conpositions useful in the manufacture of

bi oconpati bl e nedi cal devices. Mre particularly, the

present invention relates to the use of reactive

pol yhedral oligoneric silsesqui oxanes with definite

structures gsol ¢S SESQUICHIRNESCONTAININGONe
conposi tions havin desirabl e B%SI cal

characteri sti csPHIMERIGEOMPOSITIONS f or use in the

manuf act ure of ophthalmc inplants. Background of the

I nvention: Since the 1940's optical devices in the

formof intraocular lens (ICL) inplants have been
Fieldtdftha Bfieptiofiepl acenents for di seased or damaged

natural _ocular |enses. In nost cases, an intraocul ar

lens is inplanted within an eye at the. tinme of .

suTge oFesent inieption geletrs @ %@xé@dw&om@@& Yagfiglig the

| ens, such as for exanple, in the case of cataracts.
manEtacturecafdéecornpatinie eiesticaldiavigas:. | More particalaplyi thetpregent

such intraocul ar |lens inplants was pol y(nethyl _
inveAB&M fslatdsab ehe usbiof readtivedolylgedral digasssriqsilsgsguioxang®with
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definite structures as reinforcing agents for silicone compositions having

desirable physical characteristics and refractive indices for use in the

manufacture of ophthalmic implants.

Background of the Invention:

Since the 1940’s optical devices in the form of intraocular lens (IOL)
implants have been utilized as replacements for diseased or damaged natural
ocular lenses. In most cases, an intraocular lens is implanted within an eye at
the time of surgically removing the diseased or damaged natural lens, such as for
example, in the case of cataracts. For decades, the preferred material for

fabricating such intraocular lens implants was poly(methyl methacrylate), which is

a rigid, glassy polymer.



Softer, nore flexible IOL i nplants have gained in

popul arity in nore recent years due to their ability
woaohameanepr essed, fol ded, rolled or otherw sePCT/US2003/027591

deformed. Such softer ICL inplants may be def or ned

prior to insertion thereof through an incision in the

cornea of an eye. Following insertion of the 1OL in an

eye, the 1OL returns to its original pre-deforned

shape due to the nenory characteristics of the soft

material. Softer, nore flexible IOL inplants as just

deSoftelbmbrﬂdieme |Qmnakenésl havie gakedepoaphiasily i Biere recent

incision that is much smaller, i.e., less than 4.0

yearmﬁuettbathelr ity Rcles eamprésyedmmldem @iled loPogherivisa defonBed.
to 7.0 mm A larger incision is necessary for nore

Such Egﬁgr '&a@ﬁ@h%é}l} %ﬁmﬁné@%rlb?fbsm%ﬁfonﬁﬁerédﬁlﬂbh Han

nci si o n the cornea slightly larger t

th L
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postoperative conplications, such as in

the soft mgterials Bofiar oteiasiiple ik Riants asdhEl ¢Q$%'9P§|VB%Y be
cataract surgery, increased enphasis has been placed

implantedeints apieyg thwugh ahdhdialtrethatisemugh smalier.dis. dess than 4.0
use in artificial I1CL inplants. In general, the

mm, Wﬂbﬁrthé‘ﬂ Sedtissaty fof fiore P IOL g i.d. (3.5 tba.0 mrhntiolacger of

hree categori-es: silicones, hydrophlllc acrylics and
|nC|shé(|'§JI [SORQRRIsEry R MdrbGRyid FOL implants because the lens must be
inserted through an incision in the cornea slightly larger than the diameter of the
inflexible 10OL optic portion. Accordingly, more rigid IOL implants have become
less popular in the market since larger incisions have been found to be
associated with an increased incidence of postoperative complications, such as
induced astigmatism.

With recent advances in small-incision cataract surgery, increased
emphasis has been placed on developing soft, foldable materials suitable for use
in artificial IOL implants. In general, the materials of current commercial IOLs fall

into one of three categories: silicones, hydrophilic acrylics and hydrophobic

acrylics.
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wat er content hydrophilic acrylics, or "hydrogels,"
woave/mel4at i vely | ow refractive indices, maki ngCriusm03/027591

| ess desirable than other materials wth respect to

m nimal incision size. Low refractive index materials

require a thicker ICL optic portion to achieve a

given refractive power. Silicone elastonmers are

usual ly fabricated fromthe hydrosilation of a

vi nyl - cont ai ni ng pol ysi | oxane and

hy df @enessiebigbnvaten pwgtepbhxxyppbshgra@ryleswr disiregels,” have

produced are rather weak nmechanically, unless a
relatigelyflowaiefirgctiyeimdjcesy makilgl thean Ksisidesjrablke thaol aofdedmaterials

the fornulation. Silicone elastoners that include

wittbresPedt fo’s‘rhﬂflﬁfaﬂri&ikl@rgﬁﬂé aArw réfeacipRt inded pesteAsld requwe a
commercially avail abl e through such products as the

R
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acry I|c materi als are ﬂesn rabé ecause t he
andtajbv@rml@n@r&@atamg@ﬁ yeloXans | Gsiamess smBrasiced arastber

slowy and nore controllably than silicone materi al s.
weabrmecgarmaaw yinigsswa geinfoscing egest.ttypinallemséicat isriacluded in the

hydr ophobi ¢ acrylic materials, which contain little or
fornmdatiowt eBilicaond élabtqmemalyatabsludb smmhleetesinfofcimgegent are

vivo causing light reflections or "glistenings.'

cun’éhﬂy ReEARIMR cdrhm@pdialBeaviiilbbicctrbud® sash pbRtRictsI88 khe Silsoft™
folding and wunfol ding characteristies due to the
contdAREHABH R R BbbMhtdrpBiaté8MRoBREM:, NeW KPR the
Chiroflex™ intraocular lens (Bausch & Lomb Incorporated, Rochester, New
York). Low glass transition temperature hydrophobic acrylic materials are
desirable because they typically have a high refractive index and unfold more
slowly and more controllably than silicone materials. Unfortunately, low glass
transition temperature hydrophobic acrylic materials, which contain little or no
water initially, may absorb pockets of water in vivo causing light reflections or
“glistenings.” Furthermore, it may be difficult to achieve ideal folding and

unfolding characteristics due to the temperature sensitivity of some acrylic

polymers.
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noted shortcomngs or difficulties associated with
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manuf act ure of ophthal mc devices, there is a need

for stable, bioconpatible polyneric materials having

desirabl e physical characteristics and refractive

i ndices. Sunmary of the Invention: Soft, foldable,

hi gh el ongati on, polyneric conpositions of the present

invention are synthesized through hydrosilation, e_Foxy

r eBetause ofithe neted ahedcomiagswarn difficuitiascassngiaiad with current

copol yrmeri zati on or other types of reactions.
polyRiardugiatarials praitaisis cfor abe tim¢hemeseuiaciune eftaphthalsindevices,

reacti ve pol yhedral oligoneric silsesqui oxanes (POSS)

therd/ ik?uggﬁbnﬁo? StabIEY BiddoRFHabld PoRfrRéhd MeatapaRt ﬁ?\gng desirable

pro pol ymeri c conpositions "having desira

ey B EPar OB SRRV E RIS | (% onposi 1 ons of ¢ he

present invention are transparent and have relatively
high strength for durability during surgical
mani pul ation, relatively high elongation and
Sumrapet eftBeynYeMiON: ef racti ve i ndex. The subj ect
pol yneric conpositions are particularly well suited
f oSoits foldable} highredengationu pelyoterspermpositiensief ihegyesenth
as intraocular lens (IQL) inplants, keratoprostheses,
invehBibRefé syhthesizedahreaih hydresiktiandepiwey tedotiondurethane/urea

formation, free radical copolymerization or other types of reactions. Production
processes of the present invention using reactive polyhedral oligomeric
silsesquioxanes (POSS) with definite structures as reinforcing agents, produce
polymeric compositions having desirable physical properties for use in the
manufacture of ophthalmic devices. The polymeric compositions of the present
invention are transparent and have relatively high strength for durability during
surgical manipulation, relatively high elongation and relatively high refractive
index. The subject polymeric compositions are particularly well suited for use in
the manufacture of ophthalmic devices such as intraocular lens (I0L) implants,

keratoprostheses, corneal rings, corneal inlays and the like.
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pol yhedral oligoneric silsesquioxanes for use as a
woebwfoesaz ng agent in the production of the poPgmIS2@®3/027591

conpositions of present invention have a structure
generally represented by Formula 1 below RR Si O
-S ROOR o/ fS OSS OO OORS OS R OO
S OSi RR Formula 1 5 WD 2004/ 024042
PCT/ US2003/ 027591 wherein the R groups may be the
same or different with at |east one of the R groups
bePrefereed wactive polyhedpal diigoawrici silsesgwaxanemiprbisetased
same or different ‘

reinforcing agent in the production of the polymeric compositions of present

invention have a structure generally represented by Formula 1 below:
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selected fromthe group consisting of hydrogen,
hydr oxy, al koxy, am ne, chlorine, epoxide,
woOgomyamare, methacryl ate, acryl ate, methacryl aaTms2003/027591

acrylamde, nitrile, norbornenyl, vinyl, styrenyl and

thiol; R nonreactive groups nmay be the sane or

different selected fromthe group consisting of Cl1L 30

al kyl and C6_30 aryl. As illustrated by the structure

of Forarula 1, . & [ L =]
wherBip g E glyiesm3) brght Ser of SRR R \AlPat bIhREE TR

the  subject structue wherein the "T" f ta &
groupx heed eRTEve Sfﬁ’%ﬁ FRAGEYE UQURS T13Y; t%:eo{r?%a?e megggﬁff%gﬁt

refers to eight silicone atons formn a, cage. ] f ONer
selectéd froomthesgrokp iconsisting &f hvﬁmﬁ%éyeﬁ@xgt?b% r@ming, chiorine,

| eave an "open position", the open position of the _ |
epoxidiaddvyagaft/ methactylate, darylatp| medacniaming, arniaBIde, Kigrile,

defi ned above. Accordingly, it is an object of the
norbBfrieh NViryN\s@rehgrad@tHsIoRIhréacthvergroaps may be the same or

npat’i bl'e pol yneric conpositions having desirable

: ' L§d EGSsi | 8f dikgll ahchegly aryl.
aiter3lY SafPlagiihiic Shom ORI of S AN shchotb any
invention is to provide polynmeric conpositions having
r eA@iliueehtedibygihestasture affFanmiilg doall eight stligone AtMaer
obj ect of the present invention is to provide

hGUBRIBRSE bi #TFE'Sstitictbles Taris used it deberibe the
togeﬂrrfaé'rr]ﬁ acture of ophthal mc devices. 6 WO 2004/024042

subjgggtlld%ﬁﬁg %%%giﬁgtﬁe “T” refers to three oxygen atoms connecting to

each silicon atom and “8” refers to eight silicone atoms forming a cage. If one
silicone atom is removed from the T8 structure to leave an “open position”, the
open position of the remaining T7 structure is replaced with an R group as
defined above.

Accordingly, it is an object of the present invention to provide transparent,
biocompatible polymeric compositions having desirable physical characteristics
and relatively high refractive indices.

Another object of the present invention is to provide polymeric
compositions having relatively high elasticity and good clarity.

Another object of the present invention is to provide polymeric

compositions suitable for use in the manufacture of ophthalmic devices.



Anot her object of the present invention is to provide
pol ynmeric conpositions suitable for use in the
woamsfaear e of intraocular lens inplants. St PCI/US2003/027591
anot her object of the present invention is to provide
pol yneric conpositions that are economcal to
produce. These and ot her objectives and advant ages of
the present invention, sone of which are specifically
descri bed and others that are not, wll becone
apparent fromthe detail ed descrlptlon and cl ai ns t hat
f oAhotver Bbjeat dfettic Pessantpnventiast istthgrovide polysreric
Silicone elastomers are usually fabricated fromthe

comﬁdﬂf 9% baitde farfuse i ity marigattare ohitrpotyiar lemsaimeplamts.
ydr osi | ane-cont ai ni ng pol ysi | oxane. El astonmers so

prgﬁrgﬁgth@ nge@f ?ﬁﬁeﬁf@&ﬁﬁ@é‘ﬁﬁcﬁﬁis't% proviié pdlyaneric
rePnf orci ng age p

i call lica, is included in

forpulation. Acc the present invention
ComP%‘T"B‘P'%%[&J% arg ﬁ‘éorl‘&rg'(:%‘; @% Ve pol yhedral ol i gomeric

si | sesqui oxanes wWith definite, structures
TP BN g e aRastes Al A amAdTs S BRI RBes
nol ecul e has at | east one reactive %roup The POSS of

some tof witiefs are spevifinally deseriked sbf dthers thateargrmgtcyvillpecome
agents in polyneric conpositions suitable for use in

appdreat frenuihactetaited déscoiptiohaind daides/theéliouch as but not
limted to intraocul ar | enses, corneal inlays and
corneal rings. The preferred reactive 7 WO 2004/ 024042
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Detailed Description of the Invention:

Silicone elastomers are usually fabricated from the hydrosilation of a vinyl-
containing polysiloxane and a hydrosilane-containing polysiloxane. Elastomers
so produced are rather weak mechanically, unless a reinforcing agent, typically a
silica, is included in the formulation. Accordingly, the present invention relates to
the use of reactive polyhedral oligomeric silsesquioxanes (POSS) with definite
structures as reinforcing agents for silicone elastomers. Each POSS molecule
has at least one reactive group. The POSS of the present invention are useful as
reinforcing agents in polymeric compositions suitable for use in the manufacture
of ophthalmic devices such as but not limited to intraocular lenses, corneal inlays

and corneal rings. The preferred reactive



PCSS nol ecul es of the present invention are
represented generally by Formula 1 below RR S O
wWoSdR24O R Si OSI 00 00 R- Si OSi R ecoussio3ae7son
S RRFormula | 8 WD 2004/ 024042 PCT/ US2003/ 027591
wherein the R groups may be the same or different with
at |l east one of the R groups being a reactive group,
R reactive groups may be the sane or different
sel ected fromthe group consisting of hydrogen,
hydr oxy, al koxy, am ne, chlorine, epoxide,
i socyanate, nethacrylate, acrylate, nethacryl am ne
POSScmplemileteof thetpresant investioorarerrgpressntsd gererafikby|Faruia
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1 below:

R /R
\Si o) Si
/] /
R 0] @) R
\/ ol
Si \ Si
0] \ O
0] O
R——Si O \ Si R
/ /
O O
/ /
Si 0] Si
/ N\
R R

Formula 1



different selected fromthe group consisting of ClL_30
al kyl and C6.30 aryl. The subject POSSes with definite
weoenoumeunes are reliably reprodicible, which dctfuse®3/027591
significantly fromthe indefinite structures of
silicone resin. Exanples of suitable POSSes with
definite structures of the present invention include
but are not limted to the foll owi ng nol ecul es, nost
of which are T8 structures with one to eight reactive
sites or T7 structures with three reactive sites.
OCH contai ni ng: An_ OH contai ni ng PCSS for exanple, but
whegegin the F{,groqps,m@g@etthgls@m of different with at least one of the R
oct ahydr oxypr opyl di met hyl si | yl - PCSS.
grouwpkineing @omreaative ggpupiRkieagtice grailps nmpyREsSBessame bodidferent
for exanple but are not limted to

selcdtert ﬁ@mﬁ@tgﬂ plipicombietify bf ﬁy&ﬂo@bﬂxhgdlﬁ@%lkoxy, amine, chlorine,
di et hoxynethyl si |l yl et hyl -i sobut yl

epogl'd%t L% g t%yhﬂltil]é(c}rgr R ld%{c_r)ﬁé ut yfﬂ&é@@ﬂﬁé acrylamide, nitrile,
nor & ho&g{ﬁlg\g @wléﬁé{s}b%@;wp ﬁ%@é/ &834 r2nay be the same or
ditege RS e AT hy' 314 UIoDPoR IS Oeep ntaad Coso an

et hoxyd| nmet hyI SI |yl propyl -i sobutyl - PCSS,

t r| s %ﬁ’% :F}t:) h Wi ?@B‘lnltgrs‘%ll&}k&ﬁé?éla'rg ESRbly reprodicible,
whigt} bRy %@éﬁﬁc\?’bﬁ%ﬁ@ﬁt reEA RIS Srdetigs i ijcone resin.

Exaf?ntptl]ox%gl SL?Fatth]g ‘D%égclase\mx ld_eifiﬁﬁg us ctuli’)gsS gf ﬁ1e present invention

include but are not limited to the following molecules, most of which are T8

structures with one to eight reactive sites or T7 structures with three reactive

sites.

OH-containing: An OH-containing POSS for example, but not to be

limited thereto, is octahydroxypropyldimethylsilyl-POSS.

Alkoxy-containing: Alkoxy-containing POSSes include for example but

are not limited to diethoxymethylsilylethyl-cyclohexyl-POSS,
diethoxymethylsilylethyl-isobutyl-POSS, diethoxymethylsilylpropyl-cyclohexyl-

POSS, diethoxymethylsilylpropyl-isobutyl-POSS, ethoxydimethylsilylethyl-



et hoxydi net hyl si | yl propyl - isobutyl -POSS as the
preferred. Am ne-containing: Am ne-containing POSSes
wonaei4ode4t or exanple but are not limted to PCT/US2003/027591

am nopropyl cycl ohexyl - PCSS, am nopr opyl

i sobutyl - POSS, am nopropyl isooctyl-PGOSS and

oct aam nophenyl PGCSS, with am nopropyl isobutyl-POSS

as the preferred. Chlorosilane-contai ning:

Chl or osi | ane- cont ai ni ng PCSSes i nclude for exanple

but are not limted to monochi orocycl ohexyl - PGSS,

nmonochl or ocycl opent yl - POSS, nonochl or oi sobutyl PCSS,
cyclad‘rﬂxw-B&Sfatetbosydlmeéwlﬁlll}’|aﬂ3¥iﬂa®wt¥

chl or odi net hyl si | yl propyl isobutyl - P(}SS

ethoﬁid@feﬂWlQmﬂimbyi-d;ydI@i@qnyos&l athexydinfe@Basilylpropyl-isobutyl-
di chi oronet hyl silyl ethyl isobutyl-PGCSS,

Posg ﬁtﬁé%éﬂﬁy}sﬁlyle‘mﬂf%@’dhé §RPOSS; tﬂ@ﬁﬁjxgsnylethyl -isobutyl-

or omet ylpropyl cyclohexy

POS{S{, I‘tricﬂbg{(g fly’éf'%)gw- giﬁ?'ﬁso glethoxylsﬂylpropyl-lsobutyl-
POSS, v 3?%%%}%%»35@'?@@'?&@‘?‘5*%@@%@”d

chl or odi net hyl si |yl prop i sobutyl - POSS as the
ethopydimsthyalylpiopyio ISaniyl 6282 AsHbF RISRIE- 027501

Epoxi de- cont ai ni ng: Epoxi de- contai ni ng PCSSes i ncl ude

f%miﬁ?ﬁ%@gﬂﬁhgé‘%ﬁv@%p A B PED SRR oxampl put

are n oI énﬁ%%%koajlyc;}c%ﬁlexyﬁﬁggé/ arﬁ%%ropﬂ)l |gblgl¥tk/l POSS,

aminopropyl isooctyl-POSS and octaaminophenyl POSS, with aminopropyl

isobutyl-POSS as the preferred.

Chlorosilane-containing: Chlorosilane-containing POSSes include for

example but are not limited to monochlorocyclohexyl-POSS,
monochlorocyclopentyl-POSS, monochloroisobutyl-POSS,
chlorodimethylsilylethyl isobutyl-POSS, chlorodimethylsilylpropyl isobutyl-
POSS, chlorodimethylsilylpropyl cyclohexyl-POSS, dichloromethylsilylethyl
isobutyl-POSS, dichloromethylsilylpropy! isobutyl-POSS,
dichloromethylsilylpropyl cyclohexyl-POSS, trichlorosilylethyl isobutyl-POSS,
trichlorosilylpropyl isobutyl-POSS, trichlorosilylpropyl cyclohexyl-POSS and
octa(chlorodimethysilylethy!l)-POSS with chlorodimethylsilylpropyl isobutyl-

POSS as the preferred.

10



PCSS, gl ycidyl phenyl - PCSS,
oct aepoxycycl ohexyl di net hyl si | yl - PGSS,

woctaghyae dyl di met hyl silyl - POSS, triglycidyl PCT/US2003/027591
cycl ohexyl - PGSS, triglycidyl cyclopentyl-PGCSS,
triglycidyl isobutyl-POSS and triglycidyl ethyl-PGCSS,
W th epoxypropyl isobutyl-PGSS, glycidyl
i sobutyl - PCSS, and triglycidyl isobutyl- PGCSS as

Pr Ep¥ixidélcontainyiig2 EpokRL & Mthitthg POSSes include for example
| sOCY = I ng POSSes I nclude for exanple éut

o A A SRS SR
POSSNEY chdpaent HoSS oNees! b tiPaSE ghedn' Rodoyi

Acryl ate/ met hacryl ate -containing :
POSRrglyeiey/ ﬁb@mﬂd?éﬁ& ecteenpyyeolRhexydivethyisit-RRS$or
exanpl e but are not limted to acryl oxypropyl
octagjycicyktimpithy I SIZES0 881 trighycidyl apgibhexyltROBS, WiglRSGS,
acryl oxypropyl isobutyl-PGOSS, nethacryl oxypropyl

cyclopentphr®Bs, Wﬁ@%id?ﬁkbb@ﬂwm)@@ BAAHglgEiel PeeN-POSE Sth
met hacryl oxypr opyl isobutyl-PGCSS, nethacryl oxypropyl

epoRJt¥byl F‘Q@@u%fﬁ%%‘?%%ﬁglly ES@Q"%‘%??E% 17§ Sdy! isobutyl-

net hacr yl ox

ypropyl -PGCSS,
POén%%Eg)@érféh%éypropyl di met hyl silyl cycl opentyl -POSS and

met hacryl oxypropyl - di methyl silyl cyclopentyl-POSS with
aclspcyanatepphtaingtdu1sdcyBER-cabingty POSSEY PRlide for
i sobut yT'-POSS and net hacryl oxypropy(- di net hyl silyl

exafpie LREE Yot iRedas iddt§aRaIpropRdimethyisiloxy cyclohexyl -POSS

and isocyanatopropyldimethylsiloxy isobutyl -POSS with

isocyanatopropyldimethyisiloxy isobutyl ~POSS as the preferred.

Acrylate/methacrylate -containing : Acrylate/methacrylate-containing

POSSes include for example but are not limited to acryloxypropy! cyclohexyi-
POSS, acryloxypropyl cyclopentyl-POSS, acryloxypropyl isobutyl-POSS,
methacryloxypropyl cyclohexyl-POSS, methacryloxypropyl cyclopentyl-POSS,
methacryloxypropyl isobutyl-POSS, methacryloxypropy! ethyl-POSS,

methacryloxypropyl isooctyl-POSS, methacryloxypropyl phenyl-POSS, octa-

methacryloxypropyl -POSS, methacryloxypropyldimethylsilyl cyclopentyl-POSS
and methacryloxypropyl-dimethyisilyl cyclopentyl-POSS with acryloxypropyl
isobutyl-POSS, methacryloxypropyl isobutyl-POSS and methacryloxypropyl-

dimethyisilyl cyclopentyl-POSS as the preferred.

11
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Acryl am de/ net hacr yl am de- cont ai ni ng:

waéaenosoam4gle/ net hacryl am de cont ai ni ng POSSes i RCTw82003/027591

for exanple but are not |limted to acryl am dopr opyl

cycl ohexyl - PGSS, acryl am dopropyl cycl opentyl - PGCSS,
acryl am dopropyl cycl ohexyl - PCSS,

nmet hacryl am dopr opyl cycl ohexyl - PCSS,

met hacryl am dopr opyl cycl opentyl - PCSS,

met hacryl am dopr opyl cycl ohexyl- POSS, with
acryl am dopropyl cycl ohexyl -POSS as the preferred. .

Ni Agriylamidefmeitiacrylamide-coataiving:i Achdamaksmethaeyiagude-
for exanple but are not limted to cyanopropyl

contéiMfﬁE‘ﬁ@SSbs R&Rie foran@pimeut aye hopkmitgd to BEGEmidopropy!
cyanopr opyl isobutyl-POSS, cyanoethyl cycl ohexyl -PGCSS,

cycloﬁég{gaf@?_é}:@g@f SRREASM- EfiEn it PR eicibmidopropy!

| : I yanopr opyl 1sobutyl - Pb I
, A ]
cyolbRr g Ay MR P EhERIBRER TR hab  or
o sr ey oSS B S ERHL A s
nor bor nenyl et hyl i sobu%l - PGSS

POSS; inithcachylamigyprepyly CisinbextROBHI ac e igEattsd. - Poss,
tri snorbornenyl et hyl di net hyl silyl cycl ohexyl - POSS and

;ff Ao @g@@%&%g@g&g&e@%emb-fgpé,%a%mut
are é;{th;ﬁﬁn%hggcg}gg%%p@ lcgllc{cg?lteg I|-I§b|§§ clygﬁggrto)()gll' %%%p%ﬁt he

POSS, cyanopropyl isobutyl-POSS, cyanoethyl cyclohexyl-POSS, cyanoethy!

cyclopentyl-POSS and cyanoethyl isobutyl-POSS with cyanopropy!l isobutyl-

POSS and cyanoethyl isobutyl-POSS as preferred.

Noebornenyl- containing: Noebornenyl-containing POSSes include for

example but are not limited to norbornenylethy! cyclohexyl-POSS,

norbornenylethyl cyclopentyl-POSS, norbornenylethyl isobutyl-POSS,

trisnorbornenylethyldimethyisilyl cyclopentyl-POSS,
trisnorbornenylethyldimethylsilyl cyclohexyl- POSS and
trisnorbornenylethyldimethylsilyl isobutyl-POSS with norbornenylethyl isobutyl-

POSS and trisnorbornenylethyldimethyisily! isobutyl-POSS as the preferred.

12



WD 2004/ 024042 PCT/ US2003/ 027591 Vi nyl - cont ai ni ng:

Vi nyl - cont ai ni ng PCSSes i nclude for exanple but are
waabodoeamsted to allyl cycl ohexyl -PGCSS, allyl PCT/US2003/027591

cycl opentyl - PGSS, allyl butyl-PGCSS,

al 'yl di met hyl si |yl cycl opentyl - POSS, cycl ohexenyl et hyl

cycl opentyl - PGSS, vinyl di net hyl si |yl

cycl opentyl - PCSS, vi nyl di phenyl silyl cycl opentyl - PCSS,

vinyl cycl opentyl - PGSS, vinyl cycl ohexyl - PGCSS, vinyl

i sobutyl - PCSS, tris- vinyldinethyl cyclohexyl PCSS,

tris-vinyldinmethyl cyclopentyl-POSS, tri

vi Wirydicontaining:s Nmmlwmm%@S&gﬁale9e &rn@famplemgre

with allyl butyl- PGCSS, vinyl isobutyl-P0OSS and

not IRAit&yioallytlioyelonekgi-POISS GRS agclppeﬁwt- P&BS, allyl butyl-POSS,
dr ogen-cont ai ni ng: Hydr ogen-cont ai ni ng POSSes

|_|y
auyld(ijuméth’ﬂﬁl %r WQSBUE abfie gséthm tgopentyl-POSS,

cyclo exyl - P

o bbb LSRRy ycopart-poss. v
CYCIGHR HRRYy PosﬁrcaEF”°“¥€%é§ °v?#>fd,é"ﬁﬁ€§$§'f’aﬁo$, 5P y1

cycl ohexyl -POSS and _trisdineth h dr SI I
vinyidbeihy IcYFoBSYRRSE, i KMl 19/elares édﬁﬂPSﬁogs@-
monohydro isobutyl -POSS and tri sdi met hyl hydrosi | X)
vinyidtrabtiyy lisdPOBS-ROSShandmoidwdnyldimethgl-ROS0with Gilyb hatyl-
PCT/ US2003/ 027591 Thi ol -cont ai ni ng: Thi ol - cont ai ni ng

POSERRYE iso6ltyIPOSS afd @k vinfidimethgisilyl-POSS as preferred.

Hydrogen-containing: Hydrogen-containing POSSes include for

example but are not limited to dimethylhydrosilyl cyclohexyl-POSS,
dimethylhydrosilyl cyclopentyl-POSS, dimethylhydrosilyl isobutyl-POSS,
monohydro cyclohexyl-POSS, monohydro isobutyl-POSS,
octadimethylhydrosilyl-POSS, trisdimethylhydrosilyl cyclohexyl-POSS and
trisdimethylhydrosilyl isobutyl-POSS with dimethylhydrosilyl isobutyl-POSS,
monohydro isobutyl-POSS and trisdimethylhydrosilyl isobutyl-POSS as the

preferred.
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not limted to mercaptopropyl cycl ohexyl-PGCSS,
mer capt opr opyl cycl opentyl - POSS and ner capt opr opyl
woOoleyl42 POSS. Si | anol - cont ai ni ng: Si | anol - coRC@iUS2008/027591
PCSSes include for exanple but are not limted to
nonohydr oxy cycl ohexyl - POSS, nonohydroxy cycl opentyl -
POSS, nonohydroxy i sobutyl-PGSS, trishydroxy
cycl ohexyl - PCSS, trishydroxy cycl opentyl -PGCSS,
trishydroxy isobutyl-PGOSS, trishydroxy isooctyl-PGCSS,
trishydroxy ethyl-POSS and trishydroxy phenyl - POSS
W t h nonohydroxy isobutyl-PGSS, trishydroxy
i sGhialydortaisdngnd hioliaamjainisgyPOSSsstiptlugeds example but are
preferred. Styrene-containing: Styrene-containing
not A& meedapdepropy! eyciopdgHROS S amercaptopropyk eytlomentyl-
p- Styryl cycl ohexyl - PCSS, p-styryl cycl opentyl - POSS
POSY Hnd méfeHbtebrapyP Rithbiky| BB, Sorre react i ve POSSes
having nultiplereactive sites have different
reactive groups that are not reactive toward each
ot Banobgohtahiibge: sSitanolgontainingdPOSSes indvde dercexaple but
agents in accordance with the present invention. Sone
are gotdimitestorhoadisydrBdpogsloheryl-POSS, monohydroxy cyclopentyl-
nor bor enyl et hyl di met hyl si | yl di hydr oxy i sobutyl - PGSS

S8| tishDyey; loheRULFO S EFsh
Posg%qggg%ﬁ%gg 4%6%%’#892003/ I02 59&%& ysih*dsesqui oxar%lgoxy

cyclbSemtl OIS tARRATSxPhoblf1-PESS MrishYBRY isdb AP BSS,

trishydroxy ethyl-POSS and trishydroxy phenyl-POSS with monohydroxy

isobutyl-POSS, trishydroxy isobutyl-POSS and trishydroxy isooctyl-POSS as the

preferred.

Styrene-containing: Styrene-containing POSSes include for example but

are not limited to p-Styryl cyclohexyl-POSS, p-styryl cyclopentyl-POSS and p-

styryl isobutyl-POSS.

Some reactive POSSes having multiple reactive sites have different
reactive groups that are not reactive toward each other. Such POSSes are also
useful as reinforcing agents in accordance with the present invention. Some
examples of such POSSes are norborenylethyldimethylsilyldihydroxy isobutyl-

POSS and methacryloxypropylsilylihydroxy isobutyl-POSS.
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i ncorporated into known polymeric conpositions,
especially silicone-containing fornulations useful in
woheosrmamdd act ure of intraocul ar | enses. The nerboasefo3/027591
i ncorporation can be different depending on the
reactive groups of the POSS. Also, the polyner
conposition to be reinforced with POSSes shoul d have
functional groups reactive with one or nore reactive
groups of the POSS. For PCSSes having Si - H or vinyl
groups, the POSSes are incorporated into the
po#&ggélc conp03|t|on through a hydrosilation reaction
be IseaeuiprESsitinfoming pgeBispRibaRsesantinvgniipnpay be
or Si-H groups in the fornulation as set forth in
incoBphreted Intbdhown palyretie cempolsiions, e8padialtyosikconeecaniaining
siloxane noieties in a formulation of interest, and

formiligtiondsefll PURe GadhUIECtare 6f hitterURRIdnscen SRHa IMRtiRst of
group such as vinyl, allyl, norbornenyl, fumarate,

mcdﬂé&%ﬁbﬁ A b Rent @ PEﬁG n>é| %ﬁ ?Oe ré%%@/%g%tﬂ% of the POSS.

hacr am de or styfe bel ow,

A'sooE%w@ﬁ’rﬁ%re@%ﬁp%ﬁaﬁqﬁ”%”%@?%é*wés@ AP0 R e

OSS-Si-H + HRC=CH-Si - (Si | i cone
funggiegel gfoupreasipest 8ne ik SR T fiee groupsitbePQSs. For
HSi-(Silicone) -3 POSS-Si-R CH2-CH2-Si - (Silicone)
POS3ae eving1$i -wo arodayl granps tirePQ3369 sremrsmpratask into the
PCSSes having acrylic and/ or styrene groups attached
polyinoeri combesition through a hydrosilation reaction between the POSS and

other components with Si-vinyl or Si-H groups in the formulation as set forth in
Scheme 1 below. In Scheme 1 below, “silicone” means siloxane moieties in a
formulation of interest, and the vinyl group can be an ethylenically unsaturated
group such as vinyl, allyl, norbornenyl, fumarate, meleate, acrylate, methacrylate,
acrylamide, methacrylamide or styrenyl. Also in Scheme 1 below, “R” represents

an nonreactive connecting spacer between the Si atom and the reactive vinyl

group.
POSS-Si-H + H2C=CH-Si-(Silicone) -> PO0SS-Si-CH2-CH2-Si-(Silicone)

POSS-Si-R-CH=CH2 + H-Si-(Silicone) > POSS-Si-R-CH2-CH2-Si-(Silicone)

Scheme 1
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pol ysi | sesqui oxanes are incorporated into the
pol yneric conposition through a typical free radical
woapalogeaei zati on reaction. For POSSes havi ng aCctaiseio3/027591
am ne, thiol, epoxy and isocyanate groups attached to
Si, the POSSes are incorporated into the polyneric
conposition through the typical epoxy or urethane
resin reactions as set forth in Schenme 2 bel ow
wherein "silicone" neans sil oxane noieties in a
formul ation of interest, "Y' can be O, S or NH and
"M is an epoxy group or an isocyanate group.
POS3rPOBSes-havirg a¢rglic podies)styrene groups attached to Si, the
POSS-Si-Y-MH+Si-(Silicone) POSS-Si-M +
polyshiisesyuidx&@irdscaradncorp&iatsd Hito Whe YoBimdi tomposition Subegh a
2 PCSSes having acid or acid chloride groups can be
typid] SRR absly Mefizalis FRdcHioion of i nterest through
an ester ynthesis reaction with a nol ecul e
having OH, SH or NH groups. 16 WD 2004/ 024042
PCFoUSZI®S¢9 hagiag al@iHol,comimec dniohiepiony andrisadyanatsgroups
reinforced with the reactive POSSes of the present
attathe@ s 8nMhe PO$SEL A iheaqioratediaty tHd polamesic woiriposition
reactive groups capable of reacting with the reactive

throggﬁLt'H?é cél %fﬁ?eécﬁéné ResiRrBESMNS éé@@ﬂbhﬁﬂn Sth¥me 2

clud ut are not limted

belo&? g’é%gé ﬁﬁ%ﬂg%'ﬁé ?a}\/rpsg l%g&h%qﬁf)%tl tul? aFfB Mﬂ‘éﬁbﬁ PlrRerest, “y”

acr

can be O, S or NH and “M” is an epoxy group or an isocyanate group.

POSS-Si-Y-H + M-Si-(Silicone) > POSS-Si-Y-MH-Si-(Silicone)
POSS-Si-M + H-Y-Si-(Silicone) > POSS-Si-MH-Y-Si-(Silicone)

Scheme 2

POSSes having acid or acid chloride groups can be incorporated into a

formulation of interest through an ester/amide synthesis reaction with a molecule

having OH, SH or NH groups.
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acryl am de, nethacryl am de, fumarate, neleate,

nor bornenyl and styrene groups, and pol ysil oxanes
waeizoda/ooul4ei pl e reactive groups such as hydr ogeRCT/US2003/027591

hydr oxy, al koxy, am ne, chlorine, epoxide, isocyanate,

nitrite, vinyl and thiol groups. Sone specific

exanpl es of such pol ysil oxanes i ncl ude

vinyl -termi nated or nethacrylate-term nated

pol ydi met hyl - co- di phenyl sil oxanes and pol ydi net hyl -

co-net hyl hyd ro-sil oxanes. Durable I OLs having thin

optic portions are critical in enabllng a surgeon
m Bilicbne contajnivglfoimgatonmrainfoscekeispithg rea@vsed?@%@rs of
incision size to a mninmmreduces intraoperative

the presgneingatiprdhclpdingtreactiveopplysiteddnasswithrddutine grdlips
optic portion is also critical for accommbdati ng

capaiié *o?l!rébcﬁ i 87 rdaefvd bRitfps bﬂhbfmoss@s%mﬂsb BRedehe

anter| or anber and the ciliary sulcus. IO.s may be

h I

mveﬁ*e@%?rﬁa?ﬂﬁ%ua?% sientle § ?QP&EOL%H%@E@Q%“%@W %

the cili cu i ncrea uity jin
PrenghRS Wil ol nﬁﬂl@@‘ﬁz@r@wém HSnaitshise! e

yneric conpositions with reinforcing agents of the

acry @l@nmetha@w nyde Hamaraiee naeleats. norRoragpykandstyrane vy

required to allow ophthal m ¢ devices nmanufactured
groupspant ipelysiloranes with halliigld reactied graups sush asnsysirogen,

into an eye through the snall est possible surgical
hydroR§] SkeRy, dmide, cRlofinsTesuxiddEkbeyanate, nitrile, vinyl and thiol
groups. Some specific examples of such polysiloxanes include vinyl-terminated
or methacrylate-terminated polydimethyl-co-diphenyl siloxanes and polydimethyl-

co-methylhydro-siloxanes.

Durable 10Ls having thin optic portions are critical in enabling a surgeon
to minimize surgical incision size. Keeping the surgical incision size to a
minimum reduces intraoperative trauma and postoperative complications. A thin
|OL optic portion is also critical for accommodating certain anatomical locations
in the eye such as the anterior chamber and the ciliary sulcus. 10Ls may be
placed in the anterior chamber for increasing visual acuity in both aphakic and
phakic eyes and placed in the ciliary sulcus for increasing visual acuity in phakic

eyes.
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One or nore suitable ultraviolet |ight absorbers nmay

optionally be added in the manufacture of the subject
weoabogroesdse conpositions with pol ysil sesqui oxaneCT/US2003/027591

rei nforcing agents. Such ultraviolet |ight absorbers

include for exanple but are not limted to

R- (4- benzotri azoyl - 3- hydr oxyphenoxy) ethyl acryl ate,

4- (2 acryl oxyet hoxy) - 2- hyd roxybenzophe none,

4- et hacryl oxy-2- hydr oxybenzophenone,

2-(2' - et hacryl oxy-5' - met hyl phenyl ) benzotri azol e,

2-(2'- hyd

r okye polymedritaconpasitioms with eipforcing agernts of e prasent

2-[3 -tert-butyl-2"-hydroxy-

|nve|5t|c5n( ﬁevé@@é@ﬂa}bhw hﬁdﬂ@klbmw ilefdl&md fo-diloshbpinthb iz atevices
zole, 2-[3"-tert-butyl-5"-

manJa0k} FX'fP’drHW\é béﬁﬁ 5 K?edzor @éﬁ@"nﬁém ﬁbﬁﬁh)ébhro'_h 1H’@i aoxye

enzotri azole - hydr oxy-5

throu.%lht%}é I?ngtlﬂo%?l ge Stﬁl;gg:iaw‘gpl%on (lse 3.0 mm or smaller
gentggg?c{réllr]&yelpeém prog tra o?eqﬁlg% ]absorrgétrhoxe}/ybg&lzo%aru{/ ZOI(1eded in
2' -hydroxy-5'-(3"-net hacryl oyl oxypr opoxy phen I%ﬂﬁS chl

the mamhrfanwerqfalze)Isebjeilfhmymﬂp@éﬂ'fdﬂo%ﬂlﬂmsaw |p@ly8|"$ uioxane

absor ber depends on the | evel of UV bl ockage desired

remf@ftﬁlng hgehispeswéh pittayivtetilighb bsarbenp ndudsstonexampie but are
the type of reaction, for curing to occur. 18 WO

not Iﬁ':QPeAt{ | Ve%%h Eéfrr ¢ ?p§fh9aﬁo'§%heﬁ@f<y ) ethgl saplets, 4-(2-

active i ndex of apprOX| rrately 1.45

acwg’ﬁ)‘%g@‘&ﬂa&g@?ﬁl 3 I%@Pﬁ@%% %gﬁ%gﬁgéé@ gl ymeric
hydroernzophanong, 2.3 eme{h%sc?yrloxy-%"emthﬂth‘é“n%be%z%tr%zoV" £
hydroxy-5"-methacryoxyethylphenyl)-2H-benzotriazole, 2-[3-tert-butyl-2’-hydroxy-
5’-(3”-methacryloyloxypropyl)phenyl]—5-chIorobenzotriazole, 2-[3-tert-butyl-5’-(3"-
dimethylvinylsilylpropoxy)-2’-hydroxyphenyl]-5-methoxybenzotriazole, 2-(3’-allyl-
2’-hydroxy-5'-methylphenyl)benzotriazole, 2-[3'-tert-butyl-2"-hydroxy-5'-(3"-
methacryloyloxypropoxy)phenyl]-5-methoxybenzotriazole, and 2-[3"-tert-butyl-
2’-hydroxy—5’-(3”-methacryIoyloxypropoxy)phenyl]—5-chIorobenzotriazole. The
choice of ultraviolet light absorber depends on the level of UV blockage desired

and the type of polymerizable groups present, i.e., the type of reaction, for curing

to occur.
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reinforcing agents are described in still greater
detail in the exanples that follow. EXAMPLE 1 -
weénepanauzon of pol ynmeric conposition with PCT/US2003/027591
nor bor nenyl et hyl isobutyl-POSS: A glass vial is
charged with 2.3 grans (2.45 mlinole of vinyl) of
nor bor nenyl et hyl i sobutyl-POSS (Hybrid Pl astics,
Fountain Valley, CA) and 15 nL of tetrahydrofuran.
The m xture was stirred until all POSS powder is
di ssol ved. Then 0.7 %rarrs (4.45 mllinole of Si %
net3oft, fgldable; relativaly highwefagtive indexef mupxio)jately s or
around 1050 (CGelest Inc., Tullytown, PA) and 7.0
gregtesmelatiVeRFighieldngatioe affappi'aw'm)ateij/ 100mdreert on ettt
di phenyl si | oxane- di nt hyl si| oxane copol ynmer (15-17 %
polﬁﬁeﬁk"ﬂcéﬁp@@i@oﬁ%‘f ﬂﬁé pl‘e'%@nt mvéh’udﬁ QIR o dr mdk€ PSS

m xed. The so vent is then renoved under

re'nﬁﬁgﬁé%ﬁa??@ﬁﬁé;é oS Rl Jrftef Hetal in the examples thet follow.
I nc. Tul | yt own, PA) | s added into the silicone
m xture and m xed wel | prior to degassing. The
m xture is then cast between two silane-treated gl ass
Wﬁﬂmﬂeﬂﬂmn@%mmmawgmtlnﬁ@rberwylethyl
filmis optically clear. 19 WO 2004/ 024042
isol@yl-BEXHH3/ 027591 EXAMPLE 2 - Preparation of
pol ymeric conposition with trisnorbornenyl ethyl
I s @bgibgs vRORSchdiged witlc2wraniss(2.4% niilmeleasf ih@) obf
Exanple 1 except that 1.8 grans

norbornenylethyl isobutyl-POSS (Hybrid Plastics, Fountain Valley, CA) and 15

mL of tetrahydrofuran. The mixture was stirred until all POSS powder is
dissolved. Then 0.7 grams (4.45 millimole of Si-H) of methylhydrosiloxane-
dimethylsiloxane (50/50) of Mn around 1050 (Gelest Inc., Tullytown, PA) and 7.0
grams (0.254 millimole of vinyl) of vinyl-terminated diphenylsiloxane-
dimthylsiloxane copolymer (15-17 %) of Mn 55,000 (Gelest Inc., Tullytown, PA)
are added and well mixed. The solvent is then removed under reduced pressure.
Then 1.0 mg of Platinum(0)-cyclovinylmethysiloxane complex (Gelest Inc.,
Tullytown, PA) is added into the silicone mixture and mixed well prior to
degassing. The mixture is then cast between two silane-treated glass plates and

cured at 100 °C for two hours. The cured film is optically clear.
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(4.07 mlinmole of vinyl) trisnorbornenyl ethyl - POSS

(Hybrid Plastics, Fountain Valley, CA) is used to
woepldiaee4nor bor nenyl et hyl i sobutyl - POSS and 1. PCOmam03/027591

(7.64 mllinmole of Si-H) nethyl hydrosil oxane-d

i met hyl si |l oxane (50/50) copolymer is used. The cured

filmis optically clear. EXAMPLE 3 - Preparation of

t he same as that of Exa Ie I except that 1.8 grans
trisnorhornanyilethys ispbutyliQ

tris(vinyldinmethyl)i sobutyl PCSS (Hybrid Plastics,

FouTtteaprocedutecip, th€Apniesas et of &xaenple Hagxcept that 1.8 grams

nor bor nenyl ethyl isobutyl-POSS and 1.2 gram (7.64

(4.0 miliniale of OfnyE)Itnbhorbornenylethyl POSS (Hybrid Plastics, Fountain
nmet hyl hydr osi | oxane- di net hyl si | oxane (50/50)

VARt e SRR e i
NS S R RS BB

mlinole of viny
is Uﬁ?ﬁs@?rﬁ“ﬁﬁ’ mé"t‘ltﬁlpi?ﬁ'%qybftftfiﬁr POSS- (Hybrid Plastics,
Fountain Valley, CA) is used to repl ace
nor bor nenyl et hyl i sobutyl-POSS and 1.8 gram (11.45
mllinole of Si-H) of
EXAMPLE By @repalatiem ef giolyhkyicscdmpasitidd WithD)
copolynmer 1s used. The cured filmis optically clear.

trisfHnYaigidtHy M oRAdy BED9$:2003/ 027591

The procedure is the same as that of Example 1 except that 1.8 grams

(5.17 milimole of vinyl) of tris(vinyldimethyl)isobutyl-POSS (Hybrid Plastics,
Fountain Valley, CA) is used rather than norbornenylethyl isobutyl-POSS and 1.2
gram (7.64 millimole of Si-H) methylhydrosiloxane-dimethylsiloxane (50/50)

copolymer is used. The cured film is optically clear.

EXAMPLE 4 - Preparation of polymeric composition with

methacryloxylpropyl —-POSS:

The procedure is the same as that of Example 1 except that 1.2 grams
(7.41 milimole of vinyl) of tris(vinyldimethyl)isobutyl-POSS (Hybrid Plastics,
Fountain Valley, CA) is used to replace norbornenylethyl isobutyl-POSS and 1.8
gram (11.45 millimole of Si-H) of methylhydrosiloxane-dimethylsiloxane (50/50)

copolymer is used. The cured film is optically clear.
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EXAMPLE 5 - Preparation of polyneric conposition with
vi nyl - POSS cage m xture: The procedure is the sane as
wohedd/efo4Exanpl e 1 except that vinyl-POSS cageCmiustase27591

(Hybrid Plastics, Fountain Valley, CA) in the anount

of 1.1 grans (7.52 mlinole of vinyl) is used to

repl ace norbornenyl et hyl isobutyl-POSS and 1.9 gram

(12.1 mllinole of Si-H of

met hyl hydr osi | oxane- di net hyl si | oxane (50/50) copol yner

is used. The cured filmis optically clear. Medical
EXAMPLES:- Preparatibnof polymerisot gmpositioowitisvinyb RO SBtaage

reinforcing agents of the present invention nmay be
mixfigeuf actured in accordance wth methods known to

e skilled in the art of the specific ophthalmc

’1‘h8%ro§b% 9 iLiH as"_tﬂét SKELRNBle 1 texéébtltmaf FAGUPEISS
lens i's e produce

e same Iy be manufact ured

. kngwn to f
cag ﬁz'@&ﬁﬁ’@r@ﬁ'@ﬁgcin SRRFSTRlebRrhdn W Rl bt 1o g
as but not limted o | and corne
(7.5 3amilata oy Ypd Waegamqrberw%ey'ﬂ?%wwws and
reinforcin ents of the present invention can be of
1.9 grayn (X1 gnil imﬁ@@w Si-bt) ddenethyirdresiosang-gimetyigipxane
i nplantation through a relatively small surgical
(50/60rtialymef isaused3 Theraured filness optically <mampl e,
i ntraocul ar inplants such as I OLs conprise an optic
portion and one or 21 WD 2004/ 024042 PCT/ US2003/ 027591

Medical devices produced using the polymeric compositions with
reinforcing agents of the present invention may be manufactured in accordance
with methods known to those skilled in the art of the specific ophthalmic device
being produced. For example, if an intraocular lens is to be produced, the same
may be manufactured by methods known to those skilled in the art of intraocular
lens production.

Ophthalmic devices such as but not limited to IOLs and corneal inlays
manufactured using the polymeric compositions with reinforcing agents of the
present invention can be of any design capable of being rolled or folded for
implantation through a relatively small surgical incision, i.e., 3.0 mm or less. For

example, intraocular implants such as |OLs comprise an optic portion and one or
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nore haptic portions. The optic portion reflects |ight
onto the retina and the permanently attached haptic
weoandioass2hol d the optic portion in proper ali gam@iseoo3/027591
within an eye. The haptic portions may be integrally
formed with the optic portion in a one-piece design
or attached by staking, adhesives or other nethods
known to those skilled in the art in a nmultipiece
desi gn. The subj ect ophthal mi c devices, such as for
exanpl e 1OLs, _may be manufactured to have an op
morsdiantlérpoaﬁwaq éﬁ!sxei eptisorertion sefiests light enfe the rating brd fhe
differing materials. Preferably, in accordance with
permaeaepthesttachednivaptid porfiobshbld the optjst partipoin prperalignhent
haptic portions of the 10O.s are made of the sane

withi® bl B9ei CTheé RAPRG pbiHhsWha} beriateyraliyoformediwitiothe distic
agent S of the present inventi on Al'ternatively

VPbn gib%e' &-ds gﬁb\r %gleg;aéa By st e%“x&rcsﬁ SR&r ARY¥hods

manut act ur eret rrat r|a s and/ or

dlf rent f. tions of t eric conpositions
knownttﬂ? ﬂyl?quupeﬁpeqﬂ*%?gntﬂﬁplgggéeélg& t he present

|nvent|on such as described in d tail in

TBerssbRct SphhaTiGHaYces St cxemAn gy 5§

herein in their entirety by reference. Once the
manufaeitired fos)aver an optie podion ane hgptie pagipnsenade of the same or

nol ds of the desired shape or cast in the form of
differindsmatetialsat Pede @blyrde icoed ance ovith thiesprebénttiasention, thoéh the

formof rods and |athed or machined into disks, the

A8 of the? DI aZORAdR FAHS l
optlé thSZOOB/ 0275%1% p&tibag same polymeric

composition with one or more reinforcing agents of the present invention.
Alternatively however, the |OL optic portion and haptic portions may be
manufactured from different materials and/or different formulations of the
polymeric compositions with one or more reinforcing agents of the present
invention, such as described in detail in U.S. Patent Numbers 5, 217,491 and
5,326,506, each incorporated herein in their entirety by reference. Once the
material(s) are selected, the same may be cast in molds of the desired shape or
cast in the form of rods and lathed or machined into disks. If cast in the form of

rods and lathed or machined into disks, the disks may then be lathed or
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machi ned at a relatively |ow tenperature bel ow that of
the glass transition tenperature of the material (5s)
woaog@roadueze | OLs. The |1 OLs whet her nol ded or rachise®ad/ 027591
are then cl eaned, polished, packaged and sterilized by
customary nethods known to those skilled in the art.
In addition to I OLs, the polyneric conpositions with
one or nore reinforcing agents of the present
invention are also suitable for use in the production
of other ophthal m c devices such as contact |enses,
maghined gpa seletivelydow damperaitre) hglovk that of the glargéransition
corneal inlays, corneal rings and |ike devices.
temPehathed of thedeateciak s onprioaate i ©d.susihed Qlizewbeatihad enolded or
pol ymeric conpositions with one or nore reinforcing

macifsed %r@fhéiﬂﬂe@rﬁétﬁ?ﬁﬂis?@d,ﬁéﬁé@@eﬂreﬁﬁd StEARZRPDY YH LRI

in the field of ophthal nology. For exanple, In a

metiﬁﬁﬂgikﬁebvn tﬁgifg(?sr@QﬁilléH gﬁ_ﬁ@gr@, an incision is placed in

e cornea an eye. rough the corneal incision
t he_cat.ar act natural lens of the eye is renoved
( apnaRrHiondn 107 safie SV mRHC SomRaSHOS WLk PEST RS ¢ he
_anterior chamber, posterior chanber or |ens capsule

reinfgreingeagapés gt ingrpresert ipyeniipn AEe alseissitable fapweedn the he

subj ect ophthal mic devices may |ikew se be used in
productiond¥othenvphihalmie devigegist@h aseandactdersedknown t o

those skilled in the field of ophthal nol ogy. 23 WO
kers20prbslliebed 2 cafsUaISza) 8kiehéhlrings, comeal inlays, corneal rings and
like devices.

Ophthalmic devices manufactured using the unique polymeric
compositions with one or more reinforcing agents of the present invention are
used as customary in the field of ophthalmology. For example, in a surgical
cataract procedure, an incision is placed in the cornea of an eye. Through the
corneal incision the cataractous natural lens of the eye is removed (aphakic
application) and an IOL is inserted into the anterior chamber, posterior chamber
or lens capsule of the eye prior to closing the incision. However, the subject

ophthalmic devices may likewise be used in accordance with other surgical

procedures known to those skilled in the field of ophthalmology.
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Whi | e shown and descri bed herein certain reinforcing
agents, polyneric conpositions with one or nore
woebwifoesaz ng agents, net hods of produci ng the PCT/US2003/027591
rei nforcing agents and pol yneric conpositions with one
or nore reinforcing agents and ophthal m c devices
made from the subject polyneric conpositions mﬁth one
or re reinforcin s.in ccord nce with t
o ARl AT GRacHRSH firain Seniamieiaarong ayae Polymeric
skilled in the art that various nodifications may be
compaditiongiwithoane aepare reigfareiog agents,phethodad pg@@p@n@fche
the underlying inventive concept and that the sanme is
reinfopting iagehtdand pplgnidricudampssitions witksorfeesranors reimforeing
descri bed except insofar as indicated by the scope of

I
B R e L X P or o g gier "

with Coi],?p% @Pﬁeg F&%o@ﬂ@%ﬁ%hg if CB?WH%% H%s%m %vsntlon it
will be manifest to those skilled in the art that various modifications may be made
without departing from the spirit and scope of the underlying inventive concept

and that the same is not limited to particular structures herein shown and

described except insofar as indicated by the scope of the appended claims.
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R- S OSi ROO S 0S RRwerein the R groups
may be the sane or different with at | east one of the
We20@roeupEs being a reactive group, R reactive gCoOmS003/027591
may be the sanme or different selected fromthe group
consi sting of hydrogen, hydroxy, alkoxy, am ne,
chlorine, epoxide, isocyanate, nethacryl ate,
Welghy\-ate, met hacryl am ne, acrylam de, nitrile,
norbornenyl, vinyl, styrenyl and thiol; R nonreactive
gr oups - be the sae, or different selected fromthe
1. gr dhfPIeBidng BoRgt wseTehindbemipuiashire ok ogbihaipic immane
2004/ 024042 PCT/ US2003/ 027591 2. A polyneric
corgedprsingi useful in the manufacture of ophthal mc
i npl ants polynerized with one or nore reinforcing
agents, said reRnforcing agents conprisipg: RR S O

S ROORSI O§i (0N
Si O-——-—Si/
/ /
R\ O 0 /R
Si/ O——-—Si/y
O O
O O
R Si @) Si ——R
/ /
0] 0

R \
wherein the R groups may be the same or different with at least one of the R
groups being a reactive group, R reactive groups may be the same or different
selected from the group consisting of hydrogen, hydroxy, alkoxy, amine, chlorine,
epoxide, isocyanate, methacrylate, acrylate, methacrylamine, acrylamide, nitrile,

norbornenyl, vinyl, styrenyl and thiol; R nonreactive groups may be the same or

different selected from the group consisting of C+.30 alkyl and Cg._s0 aryi.
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R wherein the R groups may be the sane or different
woi20da/0at04k east one of the R groups being a relCrivgen3/027591

group, R reactive groups nay be the sane or different

sel ected fromthe group consisting of hydrogen,

hydr oxy, al koxy, am ne, chlorine, epoxide,

i socyanate, nethacrylate, acrylate, nethacryl am ne,

2. acr XlpoNréeric bbibbbition usefllon fiesyanwadtiite ofsdpHtRaMic and
thiol; R nonreactive groups may be the sane or

di f; : P SLi 0 1 30
al PR PREEgAR AP G0b o R RIRTS b8 Salt
PCT/ US2003/ 027591 . Ihe reinforcing agent of claiml
or ' OF&BT%%‘?%CB BU%i on of claim 2 wherein at

| east one of said R groups is a vinyl group. 4. The
rei nf or cRng agent of claim1 or the Bol ymeric

conposi ti on\e.km(ilggi m2 wherein at |dast one of said R
groups is a hy ef} group. §._The regpforcing agent
of claim1 or the pplyneric conposition of claim?2
wherein at | east /ng of said R groupé?i s a hydroxy
group. &R The r@®i nf prci ng agent of Ol a/i/rrRl or the

pol yneri c,\coyeﬂ)si ti pn of /
Si O — Si L

0O 0
0 o)
R — Si 0 Si — R
/
/ ° / °
Si 0 Si
/ AN
R R

wherein the R groups may be the same or different with at least one of the R
groups being a reactive group, R reactive groups may be the same or different
selected from the group consisting of hydrogen, hydroxy, alkoxy, amine, chlorine,
epoxide, isocyanate, methacrylate, acrylate, methacrylamine, acrylamide, nitrile,
norbornenyl, vinyl, styreny! and thiol; R nonreactive groups may be the same or

different selected from the group consisting of C1.30 élkyl and Ceg.30 aryl.
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claim2 wherein at |east one of said R groups is an

amne group. 7. The reinforcing agent of claim1 or
woheo4pabogereri ¢ conposition of claim2 wherei n aCT/US288/027591

one of said R groups is an al koxy group. 8. The

reinforcing agent of claim1 or the polyneric

conposition of claim2 wherein at | east one of said R

groups is an isocyanate group. 9. The reinforcing

agemg redfifortiag mgénbof dlbien pairithepotymerig osmbpbsitionfof claim 2

claim2 wherein at |east one of said R groups is a

Sgy\NﬁBbém af RiERt ord oF QuidIRYrOLIPR% DYl §iegP03/ 027591

The reinforcing agent "of claim]l “or the polynmneric
conposition of claim2 wherein at | east one of said R
groups is an epoxide or a nitrile group. 11. The

or.c ent of claim he pol yneri. .
ol ittoBngRoskt g st Wi tf popRS iRy g ot glaime2
grougs IS a norbornenyl group 12. The reinforcing
agewnewsin gf kgast ene of said I%@rw iSc2 BYARESNIArewP-of clai m
2 wherein at | east one of said R groups is an acid
group. 13. The reinforcing agent of claim1l or the
pol yneric conposition of claim2 wherein at |east one

of Thair8infor@iry agert®f alamt haethd poignariewompusitist yf dbien 2
group, a nethacrylam de group or an acrylam de group.

wherein at least one of said R groups is a hydroxy group.

The reinforcing agent of claim 1 or the polymeric composition of

claim 2 wherein at least one of said R groups is an amine group.

The reinforcing agent of claim 1 or the polymeric composition of

claim 2 wherein at least one of said R groups is an alkoxy group.

The reinforcing agent of claim 1 or the polymeric composition of

claim 2 wherein at least one of said R groups is an isocyanate group.

The reinforcing agent of claim 1 or the polymeric composition of

claim 2 wherein at least one of said R groups is a styrenyl group.
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10.

11.

12.

13.

14.

14. The reinforcing agent of claimor the polyneric
conposition of claim3, 4, 5 6, 7, 8 9, 10, 11, 12

aryl group. 28 WD 2004/ 024042 PCT/ US2003/ 027591 15.
The reinforcing agent of claim1 or the polyneric
conposition of claim2 wherein at | east one of said R
groups is a chlorosilane group. 16. A nethod of

manuf acturing the polyneric conposition of claim?2
conprising: incorporating one or nore reinforcin
agEime seinfargingiaganbef dainy 1 orgheysdymatio camposifioaraic
conmposition through a hydrosilation reaction. 17. A

metlaid 20f/heribblebst dmgof SaidiRIgyomps is arpepoddé opa of
claim2 conprising: incorporating one or nore

fehmfnefg%g agents with acrylic or styrene groups
into apo erreri c conposition through a free radical
copol yneri zation reaction. 18. A method of

manuf acturing the polyneric conposition of claim2
o el Giving SR L 87 hoffRidhd SR SiamSs

claim 2 wherein at least one of said R groups is a norbornenyl group.

The reinforcing agent of claim 1 or the polymeric composition of

claim 2 wherein at least one of said R groups is an acid group.

The reinforcing agent of claim 1 or the polymeric composition of
claim 2 wherein at least one of said R groups is
a methacrylate group, an acrylate group, a methacrylamide group or an

acrylamide group.
The reinforcing agent of claim or the polymeric composition of

claim 3, 4, 5,6, 7, 8, 9, 10, 11, 12 or 13 wherein at least one

of said R groups is an aryl group.
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thiol, epoxy or isocyanate groups into a polyneric
conposition through an epoxy or urethane resin
woeamined2 29 WO 2004/ 024042 PCT/ US2003/ 027591 PCTAIS2043/027591

met hod of manufacturing the polyneric conposition of
claim2 conprising: incorporating one or nore
reinforcing agents with acid or acid chloride groups
into a polyneric conmposition with OH SH or NH groups
t hrough an ester/am de synthesis reaction. 20. A
met hod of producing an ophthal m c device using the

15. poTheresinforciogragest of dainpi cafuibedalghnadc compasitinddf of
claim116, 17, 18 or 19 conprising: casting said

PQIAAED | Wheiwasliehsioone of shid Rogroupt isiarchibrosilaxehdgroap.
or machining said rod into disks; and |athing or

machi ni ng said disks into an ophthal mc device. 21. A
met hod of using the ophthal m c device produced through

16 e e e e B e PRI Cal o

opht hal mi ¢ devi ce.
comprising:

incorporating one or more reinforcing agents with Si-H or vinyl

groups into a polymeric composition through a hydrosilation

reaction.

17. A method of manufacturing the polymeric composition of claim 2
comprising:
incorporating one or more reinforcing agents with acrylic or styrene
groups into a polymeric composition through a free radical

copolymerization reaction.

18. A method of manufacturing the polymeric composition of claim 2
comprising:
incorporating one or more reinforcing agents with alcohol, amine,
thiol, epoxy or isocyanate groups into a polymeric composition

through an epoxy or urethane resin reaction.
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WO 2004/ 024042 PCT/ US2003/ 027591 22. A nethod of

produci ng an ophthal m ¢ device using the polyneric
woanp@ag#tez on produced using the nethod of cl ai RCLAS23/027591

18 or 19 conprising: pouring said polyneric

conmposition prior to curing into a nold; curing said

pol ynmeric conposition; and renoving said polyneric

conmposition fromsaid nold following curing thereof.

23. A nethod of using the ophthal mc device produced

of claim20 r 22 conprising

t hr e met hod
19. Rﬁﬁ mén%}%ﬁcwﬁng s pafyiBerFoaRogyen of EB\A ng
the natural lens; and inplanting said ophthalmc
dewiareprisiag: A reactive pol yhedral oligoneric
si | sesqui oxane useful as a reinforcing agent in the
manuf acinooeparbting bhbarmord raphfartisg agénts with acid or acid
chloride groups into a polymeric composition with OH, SH or NH

groups through an ester/amide synthesis reaction.

20. A method of producing an ophthalmic device using the polymeric
composition produced using the method of claim 16, 17, 18 or 19
comprising:

casting said polymeric composition in the form of a rod;
lathing or machining said rod into disks; and

lathing or machining said disks into an ophthalmic device.

21. A method of using the ophthalmic device produced through the method
of claim 20 or 22 comprising:
making an incision in the cornea of an eye; and

implanting said ophthalmic device.
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22. A method of producing an ophthalmic device using the polymeric
composition produced using the method of claim 16, 17, 18 or 19
comprising:

pouring said polymeric composition prior to curing into a mold:
curing said polymeric composition; and
removing said polymeric composition from said mold following

curing thereof.

23. A method of using the ophthalmic device produced through the method
of claim 20 or 22 comprising:
making an incision in the cornea of an eye;
removing the natural lens; and

implanting said ophthalmic device.

24. A reactive polyhedral oligomeric silsesquioxane useful as a reinforcing

agent in the manufacture of ophthalmic implants.
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