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WO 7007128051PCT/AU2007/000582 1 Biological polysiloxanes Field of
the invention The present invention elates to siloxane macromonomers
and polymers formed therefrom suitable for use as biomedical devices. In
parioulansthe siloxane macromcnomers are suitable precussaa defor 000552
forming injectable, in situ curable, accommodating intraocular lenses.
Background of the invention Curregtly known intraocular lenses (10Ls)
include non-deformable, foldable and expansible lenses, which may be

formed from material%sgjg%a%jggﬁgg sﬂ%@{&ﬁ%@ or 10 polysiloxanes.

These 10Ls are implanf n Incision 1n the cornea and
inserting a preformed 10L. To minimise trauma during implantation,

foldable and expansible liQ{IG_!?HhO%\@gebeevn Qgggloped. These lenses may be

rolled up and inserted through a smaflntuebe, which allows a smaller
The IBEISION taepmadeindke ©OMBRaFO! ExaBPIrSlaBIratad hygiagelssead
nerargSaduiin small ngision teenniges. Hydrage! 15 I08E88IE e sioxane
CrERY drAlEd BefSte Msertion and naturally reRydrated Brce inside the
macrsapsulaesacaFo Beabitablecad 10k s, e S HER iR hsds rehlire bl
accolMBtiRRRMRNFIRie RiICahpERperties, but also mechanical properties, such as
structural integrity and elasticity, to permit them to deform during
implantation and then regain their shape in viva. However, such 10Ls are
not capable of accomBadagrgind ef inc2@wandicdue to their rigidity, and
so are not an optimal solution for correction of pr(?g\ll\)%/opia. To further

Currgaihe| BROFOL SR TR cPRE7Gi cEPindlsiBRY TS bR e iR Se dAiARRIR s2Nd
expaitilisin ginjectabien] Slay hevie beshfsuggestedkiinfectalle 40y swoyttdgels or
po&ymﬂ!%gdﬁ%se I0Ls are implanted by making an incision in the cornea and
inserting a preformed IOL. To minimise trauma during implantation, foidable and
expansible 10Ls have been developed. These lenses may be rolled up and inserted
through a small tube, which allows a smaller incision fo be made in the cornea. :For
example, dehydrated h?drogels can be used with small incision techniques. Hydrogel
lenses are dehydrated before inseriion and naturally rehydrated once inside the
capsular sac. To be suitable as 10Ls, these deformable lenses require not just
appropriate optical properties, but also mechanical properties, such as structural
integrity and elasticity, to permit them to deform during implantation and then regain
their shape in vivo. However, such I0Ls are not capable of accommodating when in

vivo, due to their rigidity, and so are not an optimal solution for correction of presbyopia.

To further develop IOLs and reduce surgical incisions to below 1.5 mm, techniques
utilising injectable 10Ls have been suggested. injectable IOLs would be implanted by
lens filling or refilling procedures, such as Phaco-Ersatz. In such a procedure the natural
material of the lens is extracted while the lens capsule-zonule-ciliary body framework is
maintained. The intact lens capsule is then refilled by injecting a low viscosity material
into the empty capsular bag. The material may then be cured in situ. in this process the
capsular bag is used to form the shape of the lens. Provided the elasticity of the refilling
material is sufficiently low, the lens shape can then bé manipulated by the ciliary

muscles and zonules as occurs with the natural lens. Consequently, such injectable
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lens filling or refilling procedures, such as Phaco-Ersatz. In such a
procedure the natural material of the lens is extracted while the lens
capsule-zonule-ciliary body framework is 25 maintained. The intact lens
capsule isdhen refilled by injecting a low viscosity material ip&q/m(%g)@%m
capsular bag. The material may then be cured in situ. In this process the
capsular bag is used to form the shape of the lens. Provided the elasticity
of the refilling material is sufficient@ low, the lens shape can then be
manipulated by the ciliary musties and zonules as occurs with the natural
I0Ls |gis2 U HsBERBIIIV O A iKjétable WO
2007/12803)PCT/AU2007/000582 2 I0Ls are able to accommodate in
Aparivernpraiigros iV Brob RN S Withis i Ui ales 1he someinitiy thicess and
findirfOSSHENg RrespsmRNd:finding ¢linisally acaepiable constitions; theredasop
been a.struggle t I lyorganosil OSHi f :
PO B e 0L g oI s e e
need;ilseGEg far SHjEQR N EeBikaR Birsdive MdvkabifdpiEefi¥enEAR Sultable
meckEhaitactefistissiafteicsuringri.ecumaguliis, gaaditianspaoedcyrbesparency, be
oiocBifsameatiieainciuding having oipimal sxtagiabies. andhsceterilisable.
properties, such as viscosity, modulus and extractables, for an
injectaple, in situ curable. accommodating intr lar lens di .
The IOEERe, M 3 e T 20 oy BR A octay, in s
curaliigforpsaplaadiiea By sianean s Eatane HreR éoa s RAFRICITRR G S.
Con&XqBRls, pelydinetoyisioxasetRBMSIhasbeen emplayedsasbimatetad as
inie ipaé?lclglalse or deformable OLs, In the injectable ICL context though, POMS
1*Hag been found to have a relatively low viscosity and thereby a tendency

to leak out of the injection site (i apsular baq) before curing. To . . .
For B AT RO N poea et A o ot AoTeaets
fold zike RD Mgoremttion Phis. HolhevisiedahawbacRUTaIg RNrsebsitFSifcdrestigen
fourml%EfW&@nésmtr@ﬁﬁib&:}uamﬁ%}gmmbl @}@é&@ﬁ%@frt@}@@ﬂf&c% Qtdlﬁild't)mﬂf thehe
. ._resulting product, Also, t are difficult for the.su ically to inje
oGt BTcte SRSHEED St oot g SIS ae Hra ity e Flgn
viscasitiitionlyHlipsanbe eheisume thaegeforatitsi DRbiTe samabiry Bftighowever, a
draﬁ%@@f%ﬁﬁ#ﬁéb&?ﬂ@é@éﬂ@ﬂ@f& rr:ﬂi@y: higeve aﬁhuemagmaube&iaw?ne@iﬁc can
.__grayity with the undesired result that the injecte maierial wi
o e GRS Lot Gk oo o L o AL W 2 Pl
physligabuliodniitbttie eassyidp'irie SRS EN NI FegrifeseRiirgiafese. In
addmanuallyexpress insiaeapsulasonaieinoideiiosmedniain 25ty chaeen of

b
u y Bgllymerl ation of aromatic- S|ﬁ)xa .
undesired result that the injected lens material will float on any aqueous layer present in

,d;mgg)%g@gg%du“ng t%%gi“wa%sngnwm@ Ia%%e;?- N&efgkgéwﬁcpg%éugyxm&me

the capsular bag. In such a case, it will be difficult to fill the capsular sac completely and
will require the surgeon to manually express intra-capsular water in order to maintain

the correct lens shape during the filling and curing process.

Alternative polysiloxanes, produced by polymerisation of aromafic-based siloxane
macromonomers, for use as deformable 10OLs are disclosed in WO 03/040154.
WO 03/040154 teaches that the polysiloxanes described in that specification have a
relatively high Rl of 1.45 or greater and are biocompatible. However, such polysiloxanes

would not be suitable for use as an injectable, in situ curable, accommodating 10L. The
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macromonomers, for use as deformable lobs are disclosed in WO
031040154. WO 031040154 teaches that the polysiloxames described in
that specification have a relatively high RI of 1.45 or greater and are
bi le. However, such polysiloxanes 30 would not be suitable for
uﬁ@gﬁt‘{%gaame in situ curable, accommodating 10L, ThET{NE 07000582
20(171128(151PCT/A112007/000582 3 described polysiloxanes have a
high modulus, which would prevent?the ciliary muscles and zonules from
modifying the shape of a lens refilled with these materials. US
des@E5/00HOBRE HRisbABe S HETo B soWsinavING 8 RigHeR] irackpsy muscles

and compesedRhnaifigane pehuperoandsnsitsmsainiarcessE hexsilicane
polymer is a polysilaxarie having 5 aryl group substituents. However, this

us Q@}@@U@W@E&'@M;B@é&%%% Q@E@%ﬁﬂ@@%ﬁ@@% '5&§'Té+§lé%%%sed of a
accor%g_gdatm g The methodsfor S ntheS|s %]the pol ﬁ?éy >Lanes .
”C{a’%%(?r ‘gidﬁ’fﬁ%r% requwé fefhat2rls SHed 18 avin
aryl 190an Fh@w@wrﬁﬁehmgm daissenatsripolymidisablégratigdito for use as an
inj e@c@h(@?leﬁsgnﬁnlgﬁgb\%m&@c@ﬁmwéwln@bhefgﬁ@ th%ﬂﬁ'ié@f@rm@ﬁrtl%%ﬁ?& the
o the capsu a rt ethods of synthesis, t t wou
po‘ys' ?kan%sucéa Sscu?ﬁc%en I)!/j E’o?ngégéor%é@s% én%a{eﬁab to be su@a‘gie #:)r %%nr?g‘;"i |%d to
1OOsﬁ}u TrNSaaammnth\éqwat@ﬁaﬁ@s foptheplymstinable PIMSita oAloeasat and so
wow@%slwdrosdm@tiasfdse@m@m@mdara@eﬁf&&@ﬁﬂh@%@@gb@m@n@é@emummr

the %%ogllyl tlogﬁr,gggt ua Imgwn to b exoth m|c yn&i@therefore ma

o & SUTIGE arials
damage urroun |olog|ca t| suel conduc e In Si ugl a {no

to %ét&%@pf@c@w% it 15 dRiioh denfarpprbiscbaleratstiabiador in situ
curimixiRgiphibae aosApaRRtsand thenswaitigdondherseantiomto tekedplas®mer.

Hycf‘és %QEOW%% {%ﬁg%%a%\%\kﬂl%%%ggﬁg}%lg WU éPeF‘JrSCMahed“#%‘é‘é%e the

Into the capsular bag and make an ustments to ensure the

surmef i r@ﬁiﬁﬁ%é@%@e&ﬂ Rleved 'ﬂrﬁd%éﬂpiiﬁ@ﬁﬁal mgawar&%v@éss Is not 2
‘curagsociated witfothestanahinigentMéOnD34040 154 end R0/ 20051070626y for

the'?e%‘nﬁoﬁ“?a% E%éé'aﬂg sy ﬁéeﬁﬁlg%ﬁoﬁgssé ’Fé%gl{l?ﬁefg}géqnsxlﬂﬁch to

groups may then react to orm urther crosslin king between t
'“Jeﬁﬁé‘&?dﬁ%HWPsm?tﬁ%péHﬁﬁlB%F’&%E%ﬁ‘ﬁ&ﬁ‘@’|§%“F?55ﬁi'&*ﬁl§ﬂ RoHEBARgrPorTect
levep ietition s aviheren thehiagedsity of the macromonomers and the modulus

of any cured polymers are important. Therefore, it is desirable to formulate

An@ihdnjgctadlel, issituceiugblesaccrrmmadalinglevachintoimngroatesial 54 and
usféﬁ R)%V %”%%%@%ﬁ;éﬁéﬁ%“é‘i%s?‘? %?n'Yga'&dS)%&”dé*t?fPS%&%% These

anlca and optlca Iities so as stitute an Optl
S'%mwéﬁw&eﬂhé&ﬁa&m&m@h@%@ ORI BS R TR BIREREeTSs.
Thigwderiahapcibesithengfsastiverivdex abibermatepisldaiaaitsiadiette viscosity of

e G 250 AR e At S oS R ﬁ?ﬁo?‘aiyy%?.or
T R leag UAEor B TN Lo SUGGREton i I Bt TR alfons
forntieccowiach fen ecly Kivsaied deanhaasralitableanirather jutisdistibihedesired
meﬁ?@htbéﬁ BROTREkGPcIRasanally be @@@&%@9 10 g @seeri@inRdment for the
natur q?c[z%tso qg igqgr{hegraéggxga %%‘%‘éﬁ%@’ te su eras?}?a é(rltlcli?%éntgxgte t%g refractive
index of the material is adjustable or tuneable so that refractive errors, such as myopia
or hyperopia, may be corrected.
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As used herein, the term "comprise" and variations of the term, such as
"comprising”, "comprises" and "comprised", are not intended to exclude
other additives, components, integers or steps. Summary of the invention
1Q,When.canducting experiments to replace the natural lens, |';QU%O%7/000387
gel, it was surprisingly found that in prlmates (rhesus) the re acement
induced a refractive error in all animals (hyperopia), Similar results were
obtained for experiments conducted Wwith ex vivo human eyes. It was
expected that if you replace the contents of the natural lens with a polymer

Ref&f%ﬁ‘é%@n?é%e‘?u%?ét% IndBX ERPPRGTEARGIE B \wharIbecinbRIdaken as, an
ack@owivepticmmalcoptigaiomo dé Bingp ssifjge $tsthias théotext ook’ puerdgeRidfimon

gerfB@INBtHALALIGN fens g bevesn &fﬂQramQ@%%ow RAHLUIAl, apr%frfaé?t' Gutd

index value of 1.407 has been used. Polydimethylsiloxanes having an R
oo PR BHEN Bt RS E AL ol BEAR SRR BT PG EFiGRRer: b =
peropticalipowethefatiens can be maintained by refilling the lens with a

material having an RI of between 1.421 and 1.446. .20 Generally, the RI
As abedpiadysitoxanecan’bemaited endowetetbhy changiagrtheusuhsiitaenisrising”,

"coﬂlB%Eh%ﬂ@‘%ﬁﬁmbg%n&%rﬂe‘?@égﬁc?%%ﬁ&féf A8 R LAk gﬁmnem

polymer can be raised by; increasing phenyl/aroma icontent; increa
Nt SGEFEPE 1, CI) content 25increasing sulphur content; and/or reducing
the fluorinated content of the polymer, WO

2007/118051PCTIM.:20@% Q0058 20arHgpRamatowered by: increasing
the fluorinated content of the polymer; decreasing phenyl/arornatic ring

Whepntengusdete i nEoige P (BrPiacel) benteritraintyos detreasiod susphiir was

sur@ﬂﬁtfgﬂyt fouriemdhe mm@iw@@@lﬂg%&fe%wwﬂb@cﬁésr@%% error in
all S mnp e mcreas?e%tOrldecreﬂsed as ab atter.of course. For ex
Si Bigh

m
Hak dpeion I S S e ra gt o
VIV%BWB@V@@erW% %a(ea@éeﬁlarmf meﬁalscsdﬁermamnéﬁteﬁmoytmai lens

wﬁﬁ@ldmyn%alehftaatwmtewm@mmwa&e(mgiw@rmiieeeﬂ@h/m@%%duced
JEClal n curab

coSREINS SRR I RN e g o
hU@éBéﬁﬂ%@nbﬁ@ggﬂﬂe%ﬁ AskArids Hh@%@ﬁ@@@@ﬁﬁff@ﬁ@f%@@mgwqhéﬂ 407

hascascha:sahiewiRetotdinglyctheseiisalsora sfeetoion PRIVEIXBRRS ced.
suitable for use in injectable, in situ curable, accommodating 10Ls with a
her RI. 15 onse in a first aspect the present invention
DS ABR B B SAGHL ROV, ISR SGEan be maintain by
refilling the lens with a material having an R} of between 1.421 and 1.446.

Generally, the RI of a polysiloxane can be raised or lowered by changing the
substituents along the polymer backbone. As a matter of theory, the Rl of a siloxane
polymer can be raised by:

increasing phenyl/aromatic ring content;

&

o

increasing halogen (Br, I, Cl) content;

. increasing sulphur content; and/or

L

reducing the fluorinated content of the polymer,



2 wherein 20 RIM is a refractive index mothrying group; Z is a free
raoicaily polymerisable group; K is a spacerup; L is optional and is a
spacer group; each R. is independently selected from an RIM, a lower

aligd grAuRsBydrogen or Z;  ais a molar percentage of th% CTIAU007/000582,
macromonomer which is in the range of from 0 to 5 95 mol%t b Is a molar

percentage of the macromonomer which is in the range of from 5 to 99
moi%; c is a molar percentage of the rnacromonomer which is in the
range of from 0 to 2 mol%; and 10 d is a molar percentage of the

and genBEhOISIREMich is in the ange of from 0 to 2 mol%; with the proviso
that c and d are not both 0 mai 'Ye. In different embodiments the

‘rnacrdiRGIFMe MaEHeRaEehiorsest FidT8IRMIMS Gharacter a molecular
weight in the range of from 20,000 to 400,000, preferably in the range of
from 4500046 2D00YR ARG indRs Sreferably in the range of from 50,000
to 100,000; a refractive index at 37C in the range of from 1.33 to 1.60,
preferdistyenshe tangeroffrontl).4dnferlt5nvore preferably in the range of
from 1.421 to 1.444, 20and most preferably in the range of from 1.426 to

5 <.440¢ erreasnggeldhidr grotgnper 300 or more siloxane repeat units, and
more preferably 1 Z group per 550 or more siloxane repeat units; a

Howdsensity at@5Coefdesstkanilbitnd afisfieiembintessithan 80,00:e84d or

decPidpOLe Rrefarably i the range gt Kom 1,000 63410, 80.000: 309 high mol
Amended Sheet IPEAJALT b oBARARE rich moter
percentages of phenyl substitution, which would be required to create high Rl materials,

suffer from a tendency to solidify. Solidification compromises the properties of the

10 polysiloxanes, rendering them unsuitable for use as injectable, in siu curable,
accommodating 10OLs. Therefore, this tendency limits the degree of phenyl substitution
possible on siloxanes and consequently the resulting R} that can be achieved.

Accordingly, there is also a need for polysiloxanes suitable for use in injectable, in situ

curable, accommodating 10Ls with a higher R1.

15 . Consequently, in a first aspect the present invention provides a macromonomer of the

formula 1:

R .
R_gof\%i/oi\/s%/ }b\ésf,i/ Oﬁc‘&‘!ﬂ/o gi/R
) \RIM K\RIM L\.z °R
J
(1)
wherein

20  RIM is a refractive index modifying group;

Z is a free radically polymerisable group;
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7 when cured into an IOL polymer, a modulus at 37"C of less than 50kPa,
preferably less than 10kPa and more preferably less than 5kPa. Each RIM
may independently be any croup capable of modifying the RI of the
macromonomer. For instance, modification may be a change from the RI
of an 5 equivalent polydimethylsiloxdéhe macromonomer. An RIM may
modify the RI of the macromonomer by increasing or decreasing the RI.

K isfothmswitidyigher electron density have a tendency to increase the Rl of

L

the macromonomer, while groups with a lower electron density have a

itemdieney 400 &daicpdbe Rlcaipthe macrornonomer. The RIM may be a

substituted or unsubstituted aromatic group, a fluorinated group, 10 a

eaghoR i CAMaENBEATOIBIBSIOENS, £ RIPTINR ALOM(S), E’;F&JBUW5 en orZ;

containing group, Use of substituted or unsubstituted aromati¢ groups,

2 184 PRI COINRIRING s PRS- AL PEABING I9ding Qr chiqrine containing groups

95

will 1|;e‘sult in a siloxane polymer with an increased re ractve index.
Arllfél/ﬁatively, use of a fluorinated group he refractive index of the siloxane
polymer, 15 The substituted or unsubstituted aromatic group may be a

b 18RRI YRG! IANEREARS AN QA AR O aS erovhatiT it o et oaties plidryh ring

sgmaybe used, such as a fused aromatic derivative, such as naphthalene,

anthracene, 1H-phenalene etc, or clusters of aromatic rings attached to a

¢ isentake 3ol 3iligan-A1m - T 8FIatiG Groun g){"abn%.'g%?%g%t dtoby
o}

one ¢
2 rg?rlui/ﬁea,r?Swer alkyl, lower alkenyl and lower alkoxy. Preferably, the

or more substituents including alcohol, chlorine, bromine, 207 10din€,

substituted or unsubstituted aromatic group is a phenyl ring. Preferably,

d ifr Bl R e thPdtp SR IS Bhitabldrusrigatetifgroup s
2 rimchade ,perfluorinated C-, to 012 alkyl. For example, a partly or wholly

fluorinated 04-Ca-cycloalkyl or a group of the following formula: 25-[(C

witFL@2) 02i\sAmendseaiSheat IBEAIAY WG,

In

2007/128051PCVAL120071000582 R2 is hydrogen or fluorine,Y is
gwgfroup -N(R3)302-, -0S02-, -00(0)- or -N(R3)C(0)-, R. is hydrogen or z is
TitdgefBPoisranta i aimegECRemer thaksoheswnMvegef froen Oltoving

chéreafudigtisan integer from 1 to 20.  Sulphur containing groups include

®

thioester or thioether moieties. For example, groups 5 of the following

formulas; o
a molecutar weight in the range of from 20,000 to 400,000, preferably in the

range of from 40,000 to 200,000, and more preferably in the range of from
50,000 to 100,000;

a refractive index at 37°C in the range of from 1.33 to 1.60, preferably in the
range of from 1.41 to 1.5, more preferably in the fange of from 1.421 to 1.444,
and most preferably in the range of from 1.426 to 1.440:

on average, 1 Z group per 300 or more siloxane repeat units, and more

preferably 1 Z group per 550 or more siloxane repeat units;

a viscosity at 25°C of less than 150,000 cSt, preferably less than 80,000 ¢St
and more preferably in the range of from 1,000 ¢St to 80,000: and

Amended Sheet
IPEA/AY
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The RIM Is preferably a phenyl group, which may be substituted or
unsubstituted as described above, Each Z may independently be any free
radically polymerisable group capable of cross- 10 linking the
macromonomers to form a polymer in vivo. Preferably, Z isan
ethylenically unsaturated group. Suitable groups include acrylate,
methacrylate, alkyl methacrylate,, acrylamide, methacrylamide, vinyl,

o styrehep aﬁﬁsdapfm@ah&ykﬂﬂepﬁh@ﬁé%@@@i&ﬂi'&%s?@?@‘ﬁ%?ﬂ%@,dthan 50kPa,
met r yitable precursors for free radically
poly%eaééagye@é(%&pg rﬂaﬁ{?be aglacton sufr?sr%c a?r?é;tsoéﬁﬁ/ﬁﬁeﬁacrylate
(IEM), acryloyi 15 chloride, methacrylic: anhydride or methacryloyi

Eaghldtitie mparticutardy vdvely the sim@mmpmaem]enemeb@;mi{@xmgem of the

0] roup, Each
mef%%%ﬂ%? &B?ﬂﬁg@%'& Mdl%&gc%ﬁ 9 chan%%l a%klng L an

endently be any biologically acce e group cap
e%\*%%t W e HIYEIERY &6 e iRsxaie fBH\éKBéhémP@fde@éibof the

maimeanroranchediroreysitic lower atkykivghisk iRoptiopady internipted Bl ciron
a=ADE, AL RQreNBlaatoNns, sieh, A%eQ ﬁ?e%tyeor S e S

as, but not limited to, ester, ami ane
a %6’7‘7%8‘3PPWK@?E%?’/@HG@SQHQ@#HR%@T@@N@%mhemhedower
alkyl may be substituted by a functional group such as, but not limited to,

Thesten ARV, Hrethangcahonris.dioester ol.o
Preferal(:?g/ Whe:}?K is.a linear branchfd% ao(r%cy%l%%t):[;?oa\%!vctc-:'grﬂjalky{&)rga(%‘gﬁij Sl

2 BRIl CIE DR SRS sifosdfie ?j'r(ﬁmo\fl’& HAB6H &lof, S\PPEHEraBIaTISY
gredfovdscalidy lsobtiéufierimata wiGHR2)hs tadereimatis egndn;beg%ruibh&r %ér%;ﬁmg

deEecpreisrahly R an it S
i;hgelpe dent%be? b%}Iﬁgﬁy&ac%%%%%&%%u%gcg@aET%%O Ilnkans%)‘ane

eera P:glrﬁ/ rI?/f‘r? fsh (fi?’&iﬁd&ﬁmfét? %%)&éﬁﬁ?eoﬁécmﬁ@‘f@;dr@é@up
willlowry thdimebachiverictied pdireysilicioveerakybrwhich is optionally
interrupted by at least one heteroatom, such as 0, N or S, or functional

r ted to ester amide, urethane, carbonate,
Thtgh %b&%!%?ri K %‘Eﬁ& L"rl?rtcﬁ S el ﬂ%ﬁé’f Ko HUWitRed ‘Byagdm“
anfHeRsRsEP g%&maé@cafagpb@t et Rhsitad tcestey, amidesdirethanes a2 fused
ar@adﬁ@ﬂatﬁath@&sfeh HickgieahorQramine ke, plrﬁfﬁlfégyselzése@é%%\rusters
r n einnis an | er or ore
of % efera f\%é |ség[%%1?(%% % Ceﬂ?% ?@ Pred d?g%r@fHPLTﬂ%Iﬁf%%ngm”p
maé(l@@rﬁs!b%nyff%mr@%%@@ﬁé@v@@wr&mammgcammammor heviesmine,
iocitlsybhass, lm)\@artmujzarzm&&@wwié\m&k%ﬁﬁ?@&%@h‘é %%E!%%fed

S |ch may_be straight chain or branched. Such Jgroups for
or %bognn}% ﬁam?nc Lde rﬁ}ecﬂ%/f) Lf-:-[ihg 2 BN BU%/%Q??&%%WWIt@i”‘oﬂ&mﬁ&%meﬂyl
gf%lkehwwéfqﬁapartlcular up to 10 carbon atoms, preferably up to 4 carbon
atoms which may be straight chain or branched. Such groups for example,

%%dﬁ)gm)gte% BQ%DBSDYRHS&’ I;%%ugrmated G+ to Cqp alkyl. For example,

partly or wholly fluorinated Cs-Cg-cycioalkyt or a group of the followi ing formula:

H

W CH2)a(Y ) CHF )u-( CF2)o}-Ry

Amended Sheet
PREA/AD
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25 ais preferably in the range of from 10 to 88 mol% and more preferably
in the range of from 50 to 85 mol%, WO
2007/128051PCT/AU20117/000582 10 b is preferably in the range of
fr mol%, more preferably in the range of from 7 to 50 mai% and
m%ygt%égé% yly in the range of from 10 to 30 mol%. c is preterAbiy i eAEs?
range of from 0 to 1.5 mol% and more preferably in the range of from 0 to
1 mol%. 5 d is preferably in the rangg of from 0 to 1.5 mol% and more
referablﬁin the range of from 0 to 1 mol%. In one form of the invention, R

WO EBe iU SaTe SledUPERP RIM'GNE RFREP al¥RaS RsrmiRd e ervis(6p- or

- -N{fReGtakrdtadnbmergemy reaganitcgapableroffierming end growpsimands from

1141960 Thanandgrenps mavdnglyde;ire radical polymerisgble groups to 10

increase the potential degree of cross-linking of the macromonomer when
cured. Suitable reagents for introducing end groups include
SulpBys RSHRYNISIERARE, Idvde thirfisirsxant esthanewivitisil Grareample, groups
of the3iiis(Brarfunaprapyl)-1,173,3- tetramethyldisiloxane,
1,3-bis(3-methacryloxyprobyl)tetramethyldisiloxane, 1,3-bis(3-
chloropropyl1)-1,1,3,3-tetramethyldisiloxane,
1,3-bis(4-hydroxypropyl)-1,1,3,3-
tetramethyldisiloxane,1,1,3, ramethyl-1,3-diphenyldisiloxaneand
divinyltetramethyldisiloxane.~Ag will be;appseciated, in the formula 1, the
RIM, Z, K, L and R groups may vary with the alternatives given in the
above description. For example, as one skilled in the art would appreciate,
the macromonomer may be esiged by substituting two or more 20
different -K-RIM, -K-RIM-Z o groups onto the siloxane backbone.
Accordingly, the invention does not require that every RIM, Z, K, L and R
group be identical in a given macromonorner. The macmmonomer may
optionally be further substitut@ﬁ gFoups fiaving pharmaceutical activity
or being capable of acting as or blue light filters, 25 polymerisation
initiators, such as photoinitiators, thermal initiators or redox initiators or
Th@lQb@%:&%é@%@%@%&f%%,%H%Ht%'é’y” B@tgu%%%pu%@%?sdn%&gg%%’ted as
degol?!ilb%d gbove.

Each Z may independently be any free radically polymerisable group capable of cross-
linking the macromonomers to form a polymer in vivo. Preferably, Z is an ethylenically
unsaturated group. Suitable groups include acrylate, methacrylate, alkyl methacrylate,
acrylamide, methacrylamide, vinyl, styrene, acrylamidoalkyl, methacrylamidoalkyl,
acryloxyalkyl and methacryloxyalkyl. Further, suitable precursors for free radically
polymerisable groups may be azlactones, isocyanatoethylmethacrylate (IEM), acrvioyl
chioride, methacrylic anhydride or methacryloy! chioride, particularly when the siloxane

macromonomer or siloxane reagent has a pendent alcohol, thiol or amino group.

Each K may independently be any biologically acceptable group capable of linking the
refractive index modifying group to the siloxane backbone. K may be a linear, branched,
or cyclic lower alkyl, which is optionally interrupted by one or more heteroatoms, such
as O, N or §, or functional groups such as, but not limited to, ester, amide, urethane,
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groups, would impart these activities to the resultant polymer. The groups
may be WO 2007/1213051P CT/AU200 7/0 W562 incorporated into the
macromonomer by a direct bond tc a silicon atom or by linking through the
-L-Z, K- -Z or -K-RIM groups or via other suitable methods _ In another
aLgvpfgéﬁ zﬁlels\%rlesent invention provides a composition curablBGHtER"07/000582
biomedical device including a macromonomer as described above. The
biomedical 5 device is preferably aff ophthalmic device. The ophthalmic
device may be an 10L, corneal inlay, corneal onlay, contact lens, or an
carbartffieiahcosien oPréféBabiytherdetice iBaalntOL aMprerpreferablysthaed by a
funcBEYISE s aniniestahle. 45: siterrablesacconmeodatingrtoks Aerardinghscie,
. preferred embodiment of the present invention is a composition curable in
thm[sﬁ[ﬁ:% o?W@W%Ccommodating IOL including a rnacromonomer as
described 10 above. A further preferred embodiment is an injectable, in
PrefeiiRPluriBRE 11 S HEESitRIAMBRING BYE M A EIkYmerassribee silicon
atorabbire: dlegscengpositidmnzceariieninfected into the lens capsular bag and
then cured in situ, for example, by visible or ultra violet light. The lens

- Preforgeyfermeddvas alisutiidientyrtowarmodulys-thatstiatnailizrymiusglest, 2, 3, 4 or

5. ,\/ﬁ}ggtpgr F&%&Q%%QQH'F\%@@QP?QJ%& the lens shape in the usual way, thus
enabling the lens to accommodate. The present invention also
ncompasses the use of th ition. as,a biomedical device
Rt by oL a08 Sl CobH A 10 1 &
of liggpacher é%?@gﬁﬁ‘ﬁﬁm@ﬁsﬁ%%a@Biéﬁ?éféi&%?%ﬁk%éf‘ﬁr%?ék&ﬁﬂﬁ L may
be ARCENMegatisg, botgitomaed fepn Wisabeuscomposition 264 by at least one

het Qé’t%ma%%‘t‘g%d“ﬁ%ﬁ)@,oBP%%?E%éhISrB ;g&‘éﬁf_'y&%mél'd% TiIQ«? B! Ofier.

the materia e tallored to the particular application required. éplcafly
amifite KPHANGe FREIERIRINRRIPO ANy Pk Srdd fhith & RdRiral Rikg may be
substhigkdthe Diuistepdhcirgp ThetChsmiayt nepl dicetthietoatistal lemsider arethane,
previously E@&J%F dg, I the gyg. The Rl of the IDL is adjusted or
car “tuned' to %at reqlﬁrec%gr treating the eye by altering the molar
reiSLERNIA0E o RIM gouns ndhe maciomenomer REseB e IOk 5 5 4 or
ormed from t e composition has similar physical characteristics to a
5. Mgty aaklva i6q8, peaRiudty elasticity. The macrornonorners aiso
preferably have a viscosity before curing that permits injection of the
Sultableroraewsaiersintdngeapsildr Paeathalviseodis, irpreferaoheress angdrally!
cycibp@,@08)cSt, more preferably less than 80 000 cSt. WO
2007/128051PCTIA112007100052 12 In another aspect the present
LovRYENipRAroKidesiamethod-of implapiingand QhaRclusling, inradieiag aioms

e TR R Ea AP on RS RAIHEL AT GHER S

ethyefragtivebertyb rimchedipgimplanting an IOL as described above. 5 In one
aspect, the invention includes the use of the composition in the
Lovieaalitasiutesoframeacoammodatiog o fostcars eotiig aefraciiveestobdn apms
' I majntainir fracti 0 0 The inventi rther
By i, A e o B o A e
angpBReNTHEGHRENtioN also extends to a method of forming a medical
device or prosthesis,
a is preferably in the range of from 10 to 88 mol% and more preferably in the range of

from 50 o 85 mol%.
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10 including an IOL, with a refractive index of more than 1,33 by
polymerising macromonomers as described above. Preferably the
polymerisation is conducted in situ. Brief description of the draw  Figure
1\L§Oa2 ‘R}Ioitzog“refractive index at 37C against the concentration of 15 i
tetramethyitetrapropylbenzene cyctotetrasiloxane in mor/o if thé Ve4ieHs2
feed. Figure 2 is a plot of refractive index at 37C against the concentration
of tetramethyltetrapropylbenzene cytfotetrasiloxane in mbl% in the
reaction feed for a greater concentration range than Figure 1, Figure 3 is a
b is plefohtheiniblaraatio of retratiethItetiSpropyiberdersipyicl ttetrasgioxafen 7
to 58 desshanainskihe pelar ratinpfansthylprepylbenzene, siloxane units in

the resulting macromonomer (as determined by NMR analysis) providing
o iseAURIAYON FUrvefor detasmining syninesisRaAMEISISDERIIRd e range of
escription of the embodiments Thers of the present invention offer the
fromy 884t %hat they may not 25 only form high refractive index polymers
~ but also exhibit desired mechanical and chemical characteristics,
d ‘Sﬁé{ﬁﬁ%@%‘w‘\/\iﬁ@ﬁ A TifeCtébleDraelirsars forcan retmHdudtingange of
fronlOlio Funihigrmore, the refractive index of the macromonomers may be
WO 20071128051PCTIA1120071000552 13 controlled during synthesis to
in oRBabIe preRaiaLaniof &Y angd s PRIYMBrshasingMaHoUMIBIERBING alkyl.
indices. The rnacromonomers of the present invention which are
described above may be random or block type macromonomers.
I TRHRERIRT HRE ARSI YT BN SRT S RIA GRMRBIGoThirgning end groups
mawaerostsnothersof tigeaqpreseminivehtitn fresy faliesd mubleculsableeighbbivs to

incri@ sange ofiiiam) 29.000.10,400,000, prefesablyinthe AR AL MMen cured.
5 %g 000 to 20%?0{0, and méjre, referably In the range of from 50,000 to
uiteRts e'm He

'0d629%" acli r&BF th& BHESentTH{Eio AR AY disiloxane,
hexgpfitdisisedis: any suitdisedidvidisthodicnown in the Es(SAemidpantpdous, 3-
tetrEReShOdiRYoMNEh refrackive index MAdihing graups-ana(RIBeldRerisable . o.

ttached Sj|
oA ior FARCTEH 4y SIHEe: using PychERALEH e FRHBEly =
tetrpoimedigibiengroups and Teffastiobanudxyrbdifliriegybigisxarsattached and

divitgitbe-sHexgrpshackhone. 15 using allyl-precursors in methods known to
those skilled in the art. For example, phenyl functionalized allyi-precursor

or the like include allyi benzen‘e, stﬁgne, aICI%I henol, ally' phenoxy and
As wilRn GPRRFRIES riNiba RENReis iofaliz88GTTy RS P Y With
the thigelikatinel uilesally' {(neetivacryiaterpnidrallybisexyandie aSchemElidRd in the art

i es ) : i itahl ‘ ini
oS A RN SO s S AL o v
~K=RIM, ~K~RIM—Z or —-—Z groups onto the siloxane backbone. Accordingly,

the invention does not require that svery RIM, Z, K, L and R group be identical in a

different
given macromonomer.

The macromonomer may oplionally be further substituted with groups having
pharmaceutical aoﬁvity or being capable of acting as UV or blue light filters,

pOEymerisation initiators, such as photoinitiators, thermal initiators or redox initiators or

biologically inert capping groups. Substitution with such groups, or cther suitable

groups, would impart these activities to the resultant polymer. The groups may be



10

15

20

25

Ph. Scheme 1 The addition of refractive index modifying groups and free
radically polymerisable groups using hydrosilylation reactions may be
either to macromonomers, which are 5 silane functionalized, or to silane

functiopalized cyclic siloxane intermediates before they ar%ggggg&gg (1
ring opening polymerisation to form the macromonomer. Suitable cyclic
siloxane intermediates for functionalisation using this approach include
tetramethylcyclotetrasiioxane (Dl), t}imethylcyclotrisiloxane
pentamethylcyclopentasiloxane (D5H) or hexamethyl-cyciohexasiloxane |

incorppIBHey TUCTHE TOMGIAMG URESRTIBiGh ARFSEREMES BedéibedaiiotisPY finking

throuappreaches-ta-suibstinging<iraaradicallypofgmérisabitgoupshand.
refractive index modifying groups, although the examples relate

in asheeHicalleto phenyleantainingrefragivadedex modifyisigogrotpshibraugha

.__hydrosilylation reactions, | S iqure h-as."a= :

o U e B R 8 e o et Sebolers®

devidadic el AP the s PRINEETE, BedsndideeiiRbT vede¥sarilirkeugn 1Ok

cornSANespaRt-atheistegesa, iths andrd-asidefinechéor Farferalslylihe device is

an 1OMOTEAYET, I ING SCheMes, Where 2 ﬁﬁgeﬁmgpiﬁi B L &ISAER accommodating

macromonomer Is reacted, the use of the same letter in the reaction .
IOL. dherigngiacromiGHBImRErdoRd R HetbLa rMeRAply THEDIAR fRdtfsHPosition
curaporested tort08¥mcomptetianng hetefoceidhrpaged@onomer as described

aboveO8 %, %Q%}&&T&M%MM}S‘SQK iptheyisastions divsirated, thergodion

inevitably be some change in the relative proportions of the substituted

inclugifs S IR RBORERBNIS LS 28M& approach is to prepare sane
functionalised macromononne,r with sufficient silane functionality to allow

The ipRrORRFIRI GFOBNTIRSBRASNY GRolehs 784 Hasies & GRoaédsEsy: for

exartfistanseyitssitanatfanctienatisedimadeomanomérris sk gaerdiallyficiently low

modeHerls? H%Q%I‘ig%qi% gﬁ%ﬁ%%%%ﬁ%ﬁ%ézﬁ% !@é%]‘?%ﬁ)hﬁ ﬁ@%ﬂs shape in the

macromonomer’is y modified with ally! benzene, isolated, and then

usug{WeKidHi sBablth tHesEas it 2RIEBRGERre such as allyl alcohol. The
introduced alcohol groups are further used to attach polymerisable groups
Thebyresatiity witiea slseaBreatiBataaee BENtERING By ARENEabREGRSIHT R LRH 2

biorA&dical device, preferably an injectable, in situ curable, accommodating 10L.

in a further aspect, the present invention provides biomedical devices, preferably
éccommodating IOLs, formed from the above composition.

Advantageously, macromonomers of the present invention allow the Rl of the material
to be taillored to the particular application required. Typically the Rl will be higher than
that normally measured for the natural lens which the 10L is replacing. The 1OL may
replace the natural lens, or a previously implanted 10L in the eye. The RI of the I0L is
adjusted or “tuned’ to that required for treating the eye by altering the molar percentage
of RIM groups in the macromonomer. Desirably the 10L formed from the composition
has similar physical characteristics to a healthy natural lens, particularly elasticity. The
macromonormers aiso preferably have a viscosity before curing that permits injection of
the macromonomers into a capsular bag. The viscosity is preferably less than 150 000

¢St, more preferably less than 80 000 cSt.



10

15

20

25

10 azlactone, isocyanatoethylm thacrylate (IEM), acryloyl chloride or
methacryloyl anhydride. Scheme 2 Alternatively,thesilane fu
ctionalisedrnacromonomer undergoesparallel 15 functionalization as
depicted in.scheme 3. A mixture of allyl derivatives may be hydrosilylated
ogﬂ%ﬁ%@l@?\g macromonomer in one step. For example, & %ﬁ%’tﬁf" 0gpooss2
WO 2007/128051 POTIAO2007/000552 16 eugenol (11) and allyl
benzene (4) or eugenol (11) alone id Rydrosilylated onto the silane
macromonomer (5). The alcohol groups of the eugenol are further used to
In apardducesperiniesisubie Gronbyrenttifidewith Beiiitable subdeatioe an 0L
inclGARERAIRRGIDE e tsARISBERL RS Ueh @b 8zl actipnentEMicaer oyl ahloside ang
nerPhRnVacH oY anhydide. Tuo examples of 2 arc gien asZland 22,
nr-%ﬁg() e @L’%}?—ﬂ é:faitaly”sl‘D 55 ome Seheme 3 Tlie reiafive ra%% ofthend @
refragiit® sifipatad sioa paraatiesrrolled 4% trspibeliebeyecontrolling

In one aspect, the invention includes the use of the composition in the manufacture of
an accommodating I0L for correcting refractive error in an eye, or maintaining the
refractive' power of an eye. The invention further extends to an eye having an 10L

formed from a composition as described above.

The invention also extends to a method of forming & medical device or prosthesis,
including an 0L, with a refractive index of more than 1.33 by polymerising
macromonomers as described above. Preferably the polymerisation is conducted in
situ.

Brief description of the drawings

Figure 1 is a plot of refractive index at 37°C against the concentration of

tetramethyltetrapropyibenzene cyclotetrasiloxane in mol% in the reaction feed.

Figure 2 is a plot of refractive index at 37°C against the concentration of
tetramesthyltetrapropylbenzene cyclotetrasiioxane in mol% in the reaction feed for &
greater concentration range than Figure 1.

Figure 3 is a plot of the molar ratio of teframethyltetrapropylbenzene cyclotetrasiioxane
in feed against the molar ratio of methylpropylbenzene siloxane units in the resulting
macromonomer (as determined by NMR analysis) providing a calibration curve for
determining synthesis parameters.

Detailed description of the embodiments

The macromonomers of the present invention offer the advantage that they may not
only form high refractive index polymers but also exhibit desired mechanical and
chemical characteristics, particularly when used as injectable precursors for an

accommodating JOL. Furthermore, the refractive index of the macromonomers may be
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the feed ratio of the starting components. For example, as shown in
Scheme 4, 10 controlling the feed ratio of atlyl benzene to eugenol gives
macromonomers with predictable and controllable molD/c. ratios.  ally;

b%%%zl 2%bjsalsnol feed ratio theoretical composition MW of resultant
macromanomer 100:1 b=19.80 ¢=0.20 55 000 50:1 a=80 bZ{g!aF2007/000552
c--=0.40 55 000 25:1

13

controlled during synthesis to enable preparation of a range of polymers having various

refractive indices.

The macromonomers of the present invention which are described above may be

random or block type macromonomers. Typically, the macromonomers are random
Macromonomers.

Macromonomers of the present invention may have a molecular weight in the range of
from 20,000 to 400,000, preferably in the range of from 40,000 to 200,000, and more
preferably in the range of from 50,000 to 100,000.

The macromonomers of the present invention may be synthesised by any suitable
method known in the art.

An advantageous method by which refractive index modifying groups and/or
polymerisable group may be attached to a siloxane macromonomer is to use a
hydrosilylation reaction. For instance, using hydrosilylation, free radically polymerisable
groups and refractive index modifying groups are attached to the siloxane backbone.
using allyl-precursors in methods known 1o those skilled in the art. For example, phenyl
functionalized allyl-precursor or the like include allyl benzene, styrene, allyl phenol, aliy!
phenoxy and eugenol and free radical polymerisable functionalized allyl-precursors or
the like include allyl (methacrylate and allyl iscoyanate. Scheme 1 illustrates a
hydrosilylation reaction and suitable reagents containing phenyl groups.



10

15

0 b=1 920 =0.80 55 000 Scheme 4 5 Instead of parallel tunctionalization
with mixtures of similar phenyl functionalised allyl derivatives, parallel
functionalization can also take place between dissimilar ally' derivatives,

f X! lyl alcohol and aryl benzene as shown in Scheme 5. The
a?@c?r?ggz%%pi are then modified to introduce polymerisable’§rotip&' (&’ 5>
reacting with azlactone, 1EM, acryloyl chloride or methyacryloyl

anhydride). truncaded Slicet PEAJA@ aea0, b=19.60, c=0.20, MW=58

000 a =00, 6=19.60, c=0.40, MVV=55 (39) Scheme 5 The pendent

alcohetunctionat-groups-may-react witl) & raqsu
poiymerisable gmups as described above. Sl\It atlv %hey cfamtge

capp dW gro@gﬁﬁ ple a§"8ep|c #én ScHemle B Capping
a portio he pende cohol groups with inert groups assists in further
controlling the crosslinking tiénsity of the final cured polyrn y reducing the
number eecfadlcglly polymerigable groups that are| intPodtged.

Furtherriore]in S6mé biological pplications it is adva tagﬁeons to cap any
remaining 10 free hydroxyl groups with inert groups so as to any

potentially disadva eo teractions when in vivo. AIternatlver such
hydraxyl grouﬁgar eful sites for bindin thgr/bmlg |

components, stfelv as drugs, UV filters an @pro% ife %@ieggles
as de . 28051 R i

Scheme 1

The addition of refractive index modifying groups and free radically polymerisable

-groups using hydrosilylation reactions may be either to macromonomers, which are

silane functionalized, or to silane functionalized cyclic siloxane intermediates before
they are subjected to ring opening polymerisation to form the macromonomer. Suitable
cyclic siloxane intermediates for functionalisation using this approach include
tetramethylcyclotetrasiioxane (D4H), _ trimethylcyclotrisiloxane {DBH),
pentamethylcyclopentasiloxane (Ds") or hexamethyl-cyclohexasiloxane (D).

The following description and schemes describe various approaches to substituting free
radically polymerisable groups and refractive index modifying groups, although the
examples relate specifically to phenyl containing refractive index modifying groups,
through hydrosilylation reactions.

In the schemes, where figures such as “a=80, b=20" are provided, these are mol%
values for the various substituents indicated. In the schemes, a, b, ¢ and d etc do not

necessarily direclly correspond fo the integers a, b, ¢ and d as defined for Formuia 1.

. Moreover, in the schemes, where a proportion a, b, ¢ etc of a macromonomer is

reacted, the use of the same letter in the reaction product macromonomer does not

necessarily imply that the reaction proceeded to 100% completion. Therefore, through
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a=a0, bo19.40, c=0.60, MW-e55 rim ae-30, b=19.20, ¢=0.130, MW=55
000 a=80, b19,40, c=0,60, M1/1cs55 000 5=30, b=19.20, c=0.80,
MNItt55 000 Scheme 6 In a further alternative method of introducing

p ) tymerisabis groups to a silane functional:sad B
m%tﬁ%dﬁ?gﬁ?%ﬁer, the introduction of polymerisable groups is™ PéHuiTigs2
in one step along with the introduction of the phenyl groups. Such a
method is depicted in Scheme 7 whéfe a Euoenol-IEM adduct is added to

the hydrosilylatiort mixture to introduce the polymerisable groups, WO
the JeRprPrEgisT piety KEre 00 /000588y beisoragiehange in the refative proportions

of the substituted siloxane backbone components.

One approach is to prepare silane functionalised macromonomer with sufficient silane

functionality to allow introduction of both the phenyl groups and polymerisable groups.

For instance, the silane functionalised macromonomer is sequentially functionalized as
depicted in scheme 2. For example the silane macromonomer is firstly modified with
allyl benzene, isolated, and then functionalized with a second allyl derivative such as
allyl alcohol. The introduced alcohol groups are further used to attach polymerisable
groups by reacting with a suitable substance containing polymerisable group such as

azlactone, isocyanatoethylmethacrylate (IEM), acryloyl chloride or methacryloyl
anhydride,

N g
SO, M SO X
OO @ s Hups msod o [ o
Sos® o TOH A A M
H o AL { A b
)]

@) ®)

W Tusod Z/OL,/\ ! o) }i/ \ 1 )
Ti /a \ 9 ]:\[S\ﬁ OTTMS Pt Catalyst

O @)

Tmsofs\{/oﬁs//oﬁs//o%m e’ TMsofsélo»)js,//oi\és//o)fSé,,o%nm

Pt Catnlyst

{10}
{ HO Q
L
Scheme 2
Alternatively, the silane functionalised macromonomer undergoes paraliel

functionalization as depicted in scheme 3. A mixture of allyl derivatives may be

hydrosilylated on to the silane macromonomer in one step. For example, a mixture of
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OCKa3 ally! bertzene:IEM-eugenol 25)1 Ka rs tedCs catalyst toluene, 40C
.20, ¢=0.80, MVVe-55 000 (36) Scheme 7 In an alternative to
functionalis ng a silane functionalised macromonomer aforementioned, a
cyclic intermediate monomer may be first functionalised with phenyl 5 or
p%f?rﬁ‘@?ﬁ%fﬁi‘é groups and then subjected to ring opening pdiyiteBRaTiomss:
In a preferred method trimethylcyclotrisiloxane or
tetramethylcyclotetrasilo>cane (oftehcalso referred to as D3H or D411) or a
similar silane functionalised cyclosiloxene, (e.g. Dahl and D6H) is firstly
eugdunttiohatine datvitho pheye rigg oardgrpolymedsableigroupssTnaadheto the
siiarfé’nﬁtégmgﬁwg%?'l%%c%ﬁ%f'%gog%n&dﬁ% el '&H?eaqg%ﬂﬁer used to

~ macromonomer 10 containing both Rl modifying and polymerizable o
Introgsisp SONMRAGHRIISET IRR 8% dRERE'S Witk sRbiiRblRe LATiRBSR Sprtaining
polyeugenblfugctipnalised €4 (i 04 E IBvihernihyiopénediin the preisencdoy)
anhgé&gam%mgﬁ%@gﬁﬁ%a@@e@é& Allynfenzene functionalized
etramethylcyclotetrasiloxane (D4AB), and end group
he.xamethyldisiloxane (HMDS) to give the premacromonomer (20).

S Ig’*l groups aréé’?arﬁ%\@rﬁed torthe oslép@ theo-.
ch ith sui S
I

7,

TMF;(C))I m/ri S| \\T
euderol b g uitapte-polymerisable\mole Ztactone™M®
IEM, acryleyl chldfide or methyacrf/'foyl anhydride). Two eXxamples/of Z are
given as Z1 &hd Z2. Scheme 8 A variety of phenylfeinctiopalised gyclic
silortanes may also be prepared. Scheme 9 shows t ynth of allyl
benzene and alfy'\n’@thylacrylate functionaiised 5 cyclosiloxang;(atg,and

Dem, resp o

n

Pt Catalyst IEM or
Azlacione

Si

™ so~<\ S/{\/of/xjsé//o%ms TMSOfS{/Oﬁ (:O% /f’O”‘>\yMs

{12}

HO OMe /
}

[EM or Azlactone

™ sofsé/cjj {/OZ‘GS{/OfMS 1. T H\/\oﬁ\f

(144 72 )an/\

AN
/
HO OMe ZO  Owue

Scheme 3

The relative ratio of the hydrosilylated groups are controlied in the product by controlling
the feed ratio of the starling components. For example, as shown in Scheme 4,
controlling the feed ratio of aliyl benzene to eugenol gives macromonomers with

predictabie and controllable mol% ratics.



Scheme 9 A combination approach may also be used to prepare the
desired siloxane polymers. In addition to functionalised cyclosiloxane,
04FI is added to the ring opening mixture, such that phenyl groups are
introduced to the macromonomer by ring opening polymerisation and
polymerisable groups are introducedsby functionalization of silane groups
in the macromonomer as shown in Scheme 10. Again similar to the above
routes, the polymerisable groups are introduced in one or myltiple
Two examples of Z are given as 71 and 72, WO 2007/128051F
U2007/0005g2 23 (B) t Catalyst Scheme 10 Alternatively,
introduction of phenyl and polymerisable groups to the , macromonomers

is performed in ne step by ring opening a phenyl functlonallsed 5

nly cte\?%: olymersisablegraypdunctionalised cy siloxane in a
Mmixture |tH a\n n grodp blocker eg dlvmwgeff)zi%eth? aié
(DVTMDS), as shown in Sche rp vantageo s\y, r t|o fthe /q

COTIPORBNYE %P final product are abcie to be controlled by controlling the
feed ratigspf the components in the ring opening polymerisatipn steps;

Scheme 11 Scheme 12 illustrates another example of a step'
synthesis. IEM-eugenol adduct (26) is first prepared the cted with
D411. The IEM-eugenol D4E1 derivative is

allyl benzene: eugenol theoretical composition | MW of resultant

feed ratio mol % macromonomer

100:1 a=80 b=19.80 ¢=0.20 55 000

50:1 a=80 b=18.60 ¢=0.40 56 000

251 a=80 b=19.20 ¢=0.80 55 000
Scheme 4

5 Instead of parallel functionalization with mixtures of similar pheny! functionalisad allyl
derivatives, parallel functionalization can also take place between dissimilar ally!
derivatives, for example allyl alcohol and allyl benzene as shown in Scheme 5. The
alcohol groups are then modified to introduce polymerisable groups (eg by reacting

with  azlactone, IEM, acryloyl chioride or methyacryloyl  anhydride).

Amended Sheet
FPEA/AT
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5 then ring opened with D4AB, D4 and end group blocker DVTMDS to
produce a polymerisable siloxene macromonomer of high refractive index.
WO 2007/128051PCT/A112007/000582 25 0(25) Sn CatfflystONIe Pk
C\g@%@/gg 1 Scheme 12 Scheme 13 shows a ‘two step synthesis.
Another Doll phenyl derivative is first prepared by hydrosilyt5tibf GF &ifyiess
phenol with D4H with ally} phenol. The functionalized 5 cyclosiloxane (31)
is then ring opened with D4AB, D4 Hhd an end group. The phenoiic

hydroxyls are capped with IEM to afford a polymerisable siloxane of high
refractive index. 26 \-\"-OM e (29) H

allyl benzene:allyt ajcohol

od Lo\ ] 10011, 50:1 ot | /o
TMS/ fs\' Oﬁ{/o}\'hﬁs TMS/ \<\§) Oj\L I/O K/O TS
\ a b b Karstedt's catalyst \ a \ /o c

toluene, 40°C

o A

a=B0, b=20, MW=55 000
S

a=80, b=19.80, 6=0.20, MW=55 000
2=80, b=19.60, c=0.40, MW=55 000
OYNH IEM (38)

o toluene

19.80, u=0.20, MW=55 000
19.60, ¢=0.40, MW=55 000

Scheme 5

The pendent alcohol functional groups may react with a substance containing
polymerisable groups as described above. Alternatively they can be capped with inert
groups, for example as depicted in Scheme 6. Capping a portion of the pendent alcohol
groups with inert groups assists in further controliing the crosslinking density of {he final

cured polymer, by reducing the number of free radically polymerisable groups that are

- introduced.

Furthermore, in some biological applications it is advantageous to cap any remaining
free hydroxyl groups with inert’ groups so as to minimise  any potentially
disadvantageous interactions when in vivo. Alternatively, such hydroxyl groups are
useful sites for binding other biologically active components, such as drugs, UV filters

and other appropriate molecules, as described above.



Scheme 13 In an alternative method, a cyclic intermediate monomer
functionalised with only one 5 refractive index modifying group (RIM) or
polymerisable group (Z) (monofunctionalised cyciositoxare) may be
f en subjected to ring opening polymerisation. eferred
n%g?h%%d%%(ﬂromethyisiiane is functionalise.d with a refracl{%g/‘%} gy/000582
modifying group fag phenyl or fluoroalkyl group) or a polymensable group.
The resulting compound is then reacted with a 1,3-10
dihydroxyletrarnethyldisilaxartetoformamonofunctionalised
pentamethylcyclotrioiloxane. Alternatively,-dihydroxyletrame |§ﬂ€)ytane
is mend ed Shett U'E.A/AU 27 reacted with dichloromethylsitang to form
pentamethyicycloane, which is subsequently functionalised wi phenyl
or polymerisable group. Aiternatively
monofu ctionalgyclotetraé‘i'l%?éﬁeégg‘gé%bprepared yuii\rf},S-
ik ltrisiloxatie fhtéad of, . —o~L d—od( /[ o) /03\
TM%,B-d'hy\dro tetra @t%?/ldig;%gtg%aitglytggg%sabo\\fe%en@ibn‘d rkgﬁyon In™e
addition, difunctional derivatiyes may, be prepared by using’dichlorasilane
inStE&d 6t HERt6 N Methylsilane. Then the phenyl and polymerisable,
functionalized cyclosiloxanes are ring opened in the preses
obtain the desired macromenomer containing both Rl m
polymerizable\lzg(r:oups, An example of this is scheme-14d40Sehemevisk O
20071128031PCJ/AU2007/0005N2 28 The reffatiive itz Gf tHe=> °°
macromonomer can be tined to the dest ed;\!e\//%l by adjusting the molar
ratio of refractivé’ind o&ifyin oup/s\ubst“ﬂﬂer}@ in the :
macromonomer. toluene )

N /O () O O>\
™S i i "
5\ | A 5\! s

r.L

a=80, b=19 40, ¢=0.60, MW=55 000
g=80, b=19.20, ¢=0.80, MW=556 000

Scheme 6

In a further alternative method of introducing phehyi and polymerisable groups to a
silane functionalised macromonomer, the introduction of polymerisable groups is
performed in one step along with the infroduction of the phenyl groups. Such a method
is depicted in Scheme 7 where a Eugenol-IEM adduct is added to the hydrosilylation
mixture to introduce the polymerisable groups.
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When functionalising a macromonomer having silane groups the relative
ratio of the 5 refractive index modifying group reagents and the free
radically polymerisable group reagents can be controlled to provide a
level refractive index modifying group substituent in the
%Kggégaﬁgkr?omer Alternatively, when previously functionalised  +U2007/000582
cyclosiloxanes are used in a ring opening polymerization the refractive
index of the macromonomer may be-tuned by adjusting the 10
concentration of the refractive index modifying group substituent in the
ring opening reaction mixture. Figures 1 and 2 sh e relationship
between the 04Are molar ratio in the reaction feed and the refractive
index of the resultant macromonomer at 37C. The existence of this
relationship allows one manufacturing a biomedical devicé)wchca&gin la,
to reliably produce a polymer having a particular desired fefr
This is 15 particularly advantageous in optical applications. Furtier, in

group and thus the refragtivedmdexobdthe macromonomer, effici

0.9 gOQTymerlzatlonsmay be acco d'f ,Qg g/ urg3 shows a
Ca|IlQI%‘tI ie et rgolag rafio Bfthe r f?@ctl dex nigdifyings
group, in tFns case D4AB, in t e feeJ 20 (horizontal aX|s) d the molar

Lien

ratio shihewefractive index MOd

fiying group, D4AE3, in the
macrorﬂ@nomar—(verhtakams)’?he—mvlarratjo of refractive index
modifying groupmd mﬁNthe mﬁgem ynomer @ determined

by NMR analysis The”macr?imbﬁo\rﬁers of the present invention may be
cured via free ra potymefisation to form ¢résslirked pohfmbrs SkKibwn
Gunn processes may be usegd.ig25 form the crosslinked{blymers. The
crossliniting process is preferql;}]y carried out in such a way that the
resuUlting netw ly free of undesired
constituents. A particular undesired constituent is starting
macromonomers that have had #&i&5f their WO |
2007/128051PCT/A132007/000532 29 polymerisable groups incorporated

in a0 thikeretiiverk tnd asdigeialiniegotentidiyextfactibrelissh tHeawsitngner

aforBRRMARRERlY Eiﬁsﬁlﬂf@ﬁ'H{@d idhepareprrioe ﬁF@ﬁﬁJHBﬂkﬂ’r\x@hﬂe@ w1’£h phenyl
expedlenhg 2 d an |n|t rwhlcp> IS c%p:%\ble of initiatin fre

of RYYESH r@Uﬁlsef"’]erre Fatth o m rE

dRifiators ard ac[flvat d tin t%% n =
prefeisilevsteetrirmeithiay grinlvaange é%fmmé@iﬁéaawwe (often also

refeffE9uSREIES TR CIEtBE Polrmer shakaieh B hasadub e dbmeyecordelima™ and

H es thereof are known to t e person kllle(ﬁln the rt sur(ljtﬁabsleThe th
Pe bﬁo{n%ﬁla‘tlg%'c\)/valhc?ﬁ?n\év e Rehtiorn Sd%n ecifitally &re benzoins, such as

fundbienatiad besskesoaemsss, %achnﬁs%ﬁ?@wf%@f?ﬁ]ﬂe%rd%fﬁbm@ onomer

conBiffly BenzeivisapipRYARIheaRskbanzqifbtesphenyl ether, and benzoin
acetate; acetophenones, such as acetophenone, 2,2-

An &%Mﬁ@@m anghiil %&a@fﬁe@@%@g@@e@awm&m fised De

Ketals, such as benzil dimethyl ketal and benzil diethyl ketal,
(Bs atr%r ﬁuﬂbﬂb”%f?ﬁ%‘&%ﬁ%ﬁ%% pé%%??a%%ﬂ?é?ﬁ“ﬁﬁ?%ﬁ?’&&ﬁﬁﬁ@ﬁ&”a”e (Da), aliy
ber2egihyldmthiiaqaiirane (@rerbutylahtraeriioare, 1{0Hbroaathrageidongroup

hex2REAJRABYIA0HY 2gHiRoss: (riirrmoeLe HiaReRRReSPIRE20). Polymerisable
groups are aftached to the alcohol groups of the eugenol by reacting with suitable
poéymeris'able molecules (eg azlactone, IEM, acryloyl chioride or methyacryloyl
anhydride). Two examples of Z are given as Z" and 7% |



15 benzoylphosphine oxides, for example
2,4,6-trirnethylbenzoyl-diphenylphosphine oxide; Eosin homologues such
as Eosin Y, Phloxine, Rose Bengal and E-rythrosin; benzophenones, such
a%vgez% ]pglﬂepone and 4,4i-bis (N,Ndimethylamino)benzoptienone.; i

~ thioxanthonés and xanthenes; acridine derivatives; phenazihe'deR{tRAEE2
quinoxaiine derivatives and 1-phenyl-1, 2-propanedione 20 benzoyl
oxime; 1-aminophenyl ketones an 1-hydroxypheny| ketones, such as 1-
hydroxycyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketone,
4-isopropylphenyl 1-hydroxylsopropyl 1-hydroxylsoptéayl R&tone,
2-hydroxy-I-[4-2(-hydroxyethoxy)phenyll-methylpropa ne,
I-phenyl-2-hydroxy-2-methylpro Mgn-l-one, and 2, 2-dimethoxy1, e
2-diphenyle3thanone, alm are known compounds. 25 Particula'r/)((O
suitable phstsinifiatorsy h ar€'tisually used with visibgéiﬁggl;it sources H

are IRGAE;UR 0619, Eosinthomologues suc w e Ben al, Eosin B,
and quom’Shegs uch as H-Mu4i70, H-Nu63§rivatives.%rticularly
suitable pho girﬁtiato.rs, which are usually usegwdth U\glamps as light

WO 2007128051PCT/AU2007/000582 30 IRGACURE(C)184 A,
particularly preferred photoinitiatis IRGACURE(r)819. The phstginfti4tors
are added in effective amounts, expediently in amounts from abdtit 205 to
about 2.0% by weight, in particular from 0.1 to 0.5% by weight, based on
the total amount of cross-linkable macrornonomer, i g%fdﬁfb?igghe
photoinitiator can be incorporated/grafted onto the polymer backbone.
Such immobilisation of the polymer has the advantage dft&ducing the
availability of photoinitiator residues from extraction post cure. The

ud8 é}{g@ crogs:Jinkable macromonomer can isl}rgragl.@a/g g}ég 4 mo
using.m S n per/s&¥such '&s.cin particular, ntj
me:[ering?a f\or exabrﬁp e drzf)\w;;/iseﬁé%doem%eﬁvely, the m':ucrhonor ers may
be cured in siu, iﬁ; example in th case ©f an injectable 10L. In this

case _t%@ macromangmer is cure Ncwsgrr‘ﬁﬁevd in the ehs capst
injection. T Cross- Omble macrgmonomers which are suitabfeng, .
accordance with‘the invéntic n.carpbe crosslinked by irrddiation with
ionising or actinic radiation, for examp ctron 15 beams, X-rays. UV or
VIS light, ie electromagneticiradiation or particle iradiation having a
wavelength in the range from about 230 to 750 nm. Also suitable are UV
lamps, He/Dc, argon ion Or nitragemeemetal vapour or NdYAG laser
beams with multiplied frequency. It is known to the person skilled in the art

A vihateachseleciedilightsuisaitanuitasssalastior Apd pipargassary,

sensitisation of the suitable photoinitiator. It has 20 been recognised that

scHihmastrasesibe denthofpenatiation of theradiatiRrinieNge functionalised

cross-linkablg mecromonomer and the rate of curing are in direct

5 cycloshaiaiFwitP it absdiiRsT R6 ficient and concentration of the
photoinitiator. Curing might also be achieved by employing one or more of
these methods, eg, heat and light. If desired, the crosslinking can also be
inftiated thermally. It should be emphasised that 25 the crosslinking can
take place in a very short time in accordance with the invention, for
example, in less than hvelve hours, preferably in less than an hour, more
preferably in less than 30 minutes. In forming the polymer, the
macramonomer is preferably used without the addition of a comonomer
although a comonomer may be included. While generally the polymers of
the present invention do not usually involve the use of other
macromonomers, these 31
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may be optionally included. Preferably the polymers comprise at least
500/u, more preferably at least 80%, by weight of macromonomers of the
present invention. Macromonomers of the present invention may be
u%&g %%71‘ %n biomedical devices, preferably ophthalmic devices. Such
dévices include 10Ls, corneal inlays, corneal 5 onlays, contAEF{&HE/000ss2
and artificial corneas. In a preferred application, macromonomers of.the
present invention are used to form iAfectable, in situ curable,
accommodating 10Ls. In this application, the mechanical and optical
properties of a cured polymer of the macromonomers are preferably
selected to match or restore those properties of the'rdtural biological
material of the lens. 100ne relevant mechanical property for 10Ls is the
flexibility, of such a polymer. Suitable flexibility enablesithe ciliary

muscle/ |Il§ry body apQ;@?s of the accommodative ap aratus e

eye t ;ftbe shape of*afens filled with the m teqﬁgal? , 0
accb%mod on. Flexibilityis measurem\eé}@%g@dulus. The
polyr epsémar modulus s @uelated pro that may he measured also.

Both can be Measured as the 15 force required to deforin a prog@ict, such
as a len€) foxgrd by the polymer by measuring stress against strain, The

shear modulus of the polymer of the invention may be measured by a
Micro Fourier R egmeter. A Bohlij controlled stress rheometer may also
be u injecta fe in situ c rat;lé accomodating lens application
~of this ingentian, the shear modulus measured by a Micro Fourier
Rheometer is preferably less 20 than 10 kPa and more preferably less
than 5 kPa. The modutus is influenced by the number of polymerisable
groups per macromonomer chain,e r8s§lmk den5|ty and also average

spacing (ie the relativ roportlon o the ‘g e group unit) of the
polymerisable gro ener thepumber of palymerisable groups
per macromonomer molecule de re&Ses.or the averafje spacing between

polymerisable 25 groups increases (as,a function of the monomeric
proportions) the elasticity of the cured polymer Gétreases. A relevant
optical property for an IOL is the RI of the polymer. The Rl at 37C may be
in the range of from greater than 1.:33 t@ 1.60, preferably in the range of
from 1.41 to 1.5, more preferably ir%h@%%nge of from 1.421 to 1.444, and
most preferably in 32 the range or from 1.426 to 1.440. The RI may be
hosen depending on the refractivgag,treated by the 10L. When used as
an injectable material the macromonomers should have a viscosity less

A Cmnlaﬁgrpggp@ﬁr}qmrgo%tﬂ@@% 'm%%%@%%ﬁ% hadar G ﬁ a5mers In

Instruments such as the Brookfield rheometer or the in contro
addiipRdlo tHatRBRISTASY BeXBTRiGhtly LREHED Y HC0RNg Ameakis s, sch
thatwiticoe appuesiate driiaduvbd éctiies macromonomeersyofithis peveatianymay sation
andPBotiRad-Rlane 1 dopm the lﬁm@%wﬂppw H%e mgﬁ%ﬂs IBuBNE! the

materials may also be present in composmons us O formt

ma FRRBRIRET 0B8R exXNBIE, 18 diftsis ﬁ{ayabeﬁpr’és%@@awéw:fs% the

polptheisantmgrers, ineludiod.othen masromondimerseps. diseusseshalkeVve: 7 ars
,Qtp_ggadquwes to the magromonomer precursor, which may be free or
grafted onto the polymer backbone, can include ultraviolet absorbers and
pharmaceutically active compounds, such as those that inhibit or kill the
cells associated with POD (Posterior Capsule Opacification), 15 When
used as an injecJable, in situ curable, accommodating 10L, the
composition including macromonomers of the invention may be introduced
into the lens using an operation that is in many respects identical to a
current cataract extraction and IDL implantation technique (e.qg.
extra-capsular extraction procedure) with some minor differences,
Generally, a small corneal incision is made at the para-limbal region to 20
provide access to the anterior segment. Following dilation of the pupil
using a pharmacological agent such as atropine or cyclopentolate, a small
capsulorhexis (around 1 mm or less in diameter) is made manually at the
periphery of the anterior capsule. Through the small corneal incision and

peripheral mini-capsulorhexis, the lens core (including the cortex and
Nniiclarie) are avtracted The compocitinn incliidino



25 macromcnomers of the invention is injected into the intact lens capsule
using a fine gauge (e.g. 29-G or finer) cannula and syringe to reform the
lens. The composition is then cured, such as by exposure of the eye to
visibl ra violet light.  Following such 'techniques and b selectln
aggggﬁgt%giaractenstlcs such as Rl and mod us, 10Ls for é’ﬁ”ff)&zﬁﬂ e
macromonomers of the present invention may be 30
usedtotreatpresbyopia, myoplaorhyp')é"ropla Amended Sheet Ifl AJA WO
2007/128051PCT/AL120071000582 33 Examples Example 1 -

Preparati ﬁ?}f functional cyclic siloxanes by hydrosilylation of
1,3,5,7-tetrafnethyicyclotetraslioxane (D4H) The product obtained by

hydrosilylation reactioniloxane compound re rgse te lowing
scheme:._ I%xgmple 1A Pﬁga aJ,l%n o a cy o\t/?r f ;%;0%
C&p@n@hzedl &
tramethicy IotetraS| oxaneTﬁff") Was dlssolved in 40m1 gf,dry toluene
in a 10 round bottom flask equipped with a reflux comtenser. To this
solutiomswas added 10 drops (0.1809g) of Karstedt's eatalyst ([Pt] e-
3.4x10-5m 1). The flask was shrouded in aluminiym.foikto exclude
light, 4.62g ofdistilled allyl methacrylate was added dyopwise from the top

of the condenser. The solution was then heated up to| 60¢..{Qx18 hours.
Analysis by NMR showed the reaction to be complete. The solvent and

re5|dual aIIy 5 methacrylate werigwggrrggvggeunder reguced gressu at
Sl

uct was-takermup s e and s
store a ctro OpIC data for D4AIA is h °
Example 1 repar tion of a cyclotetrasiloxane monomer unctlo allzed

by aIIyI<t§én e (D4ALE) WO 20071128051Pell/AM 7/
OH

T
¢
o]

7om )Vﬁ\[/\

]

Scheme 10

Alternatively, the introduction of phenyl and polymerisable groups to the,
macromonomers is performed in one step by ring opening a phenyl functionalised
cyclosiloxane and a polymerisable group functionalised cyclosiloxane in a mixture with
an end group blocker, eg divinyltetramethyldisiloxane (DVTMDS), as shown in Scheme
11. Advantageously, the ratios of the components in the final product are able to be
controlled by controlling the feed ratio of the components in the ring opening

polymerisation step.



34 9.7469g of D4K was dissolved in 10m1 of dry toluene in a round
bottomequipped with an air condenser and a drying tube. To this solution
was added 0.202g of Karstedt's catalyst ([Pt]= 3.4x105 mol/m1). The
sqlytion. was heated while stirring to 50C, A solution of 24.643 )
allylbenzene in 45 ml of dry toluene was added at such a 5 Fat& & 187000382
maintain an internal temperature of 58-60C. After the addition, the
reaction was stirred for an additionak4h and then cooled to room
temperature. 2.0g of activated carbon was added and the mixture was
allowed to stir fori{d5 minutes, The suspension was filtered through Celite
and the solv as removed under reduced pressure to o@
product that wasghen re-dissolved in 10m1 of dry toluene ayfd
precipitated by pouring into 250m1 of methanol with stirringy, Then the
precipitate was-allowed to setde and the supernatant was decanted. The
precipitate died to constant mass to obtain the produgt-as &
less 0jl5(15. $HLAH N ectroscopi¢’ daja-for-D4Showrt

\]]. Examples*g tg°1J 15 Additional functionaliséd cycIiC/f%‘o dmers are
shown in Table {. Those of ordinary skill in the art would knaw that these
products could he prepared using a variety of catalysts and jn a rasage of
different temperatures. '@@ically the functionalised cyclic mgnomers were

prepared in tque@e using a small excess of the allyl deriva(usually 4.5

molar equiva 1 mole of D4lI-1) at rg\grm{)tgmperature to-70C with a
suitable catalyst 20 (usually a Pt catalyst sulias Pt016.H20 or Karstedt's
catalyst), Reagents for examples 1H and”1.1 were prepared as follows:
Synthesis of allyi phenol for use in the synthesis of example 1H solution of
Boron tribromide (3,3ml, 0.035mo1) in dichloromethane (40m1) was
added dropwise to the solution of 4-allylanisole (4.00g, 0.0269mol) in

dichIoromethane;é&m@ﬁ%?ﬂﬁg%h%%ﬁdge;ﬁol@ +76C jn an
acetone/dry ice bath. %‘Ige reai’iﬂon biure wasSloweld  warm to room
4

temperature and stirred for 24 hours. The mixturg was diluted with
dichlornmethane (20m1) then cooled to -76C befpre adding saturated
sodium carbonate soiution antadjus he pHdo 7-8, water (30m1) was
added to aid mixing. WO 2007/12g0 CT/AU20971000562 35

Scheme 11

Scheme 12 lllustrates another example of a ‘one step’ synthesis. IEM-eugenol
adduct (26) is first prepared then reacted with D4 The IEM-eugenol D derivative is

5 then ring opened with D%, D, and end group blocker DVTMDS fo produce a
polymerisable siloxane macromonomer of high refractive index.



The mixture was extracted with dichloromethene and solids removed by
filtration. The organic fraction was washed with saturated sodium chloride
solution, dried over magnesium sulfate, filtered and solvent removed to
ove Aark.hsown oil, 3.09g, 83%. The crude mixture containg&%&r&%gg?m
and no purification was attempted, 5 Synthesis of o
isocyanatoethylmethacrylate derivative of eugenol for use in the synthesis
of example 1J Dibutyl tindilurate (100).L1, 23mg/m1 in toluene) was
added to a solution of eugenol 0.0305mo1) and

isocyanatoethylmethacg}laéﬂm(é«lﬁg;\\o.OBOqul) in toluerbe (5 ied

om The reaction fixture was stirred roem temper w/ré for 9 10
¢ avhich itwas added dropwise into 6001 of n%erﬁangmand the

. Sny Gatalyst . . . OMe
precipitate was collected under vacuum filtration to obtain a white powder,
8.65¢ (89%). Table 1: Examples 1A to 1.1 showing-tionailsed cyclic
siloxane monomers Example R= 1234 1A5 0.0950 (m) | Pt Catalyst

y o

%\S/“O%S{fom //O -/JC">\E§1/Q§ D4AB (15) \\LSK//O%\\*
c § 4

3 j TSI Si
\ Ja\ b\ DVTMDS \
s MeO o~ Df‘ MeOw_xy
= P ! o
} Ji @
@8) 4 M o7 TNH

Scheme 12

Scheme 13 shows a “two step’ synthesis. Another D, phenyl derivative is first prepared
by hydrosilylation of allyl phenol with D, with allyl phenol. The functionalized
cyclosiloxane (31) is then ring opened with D4*°, D4 and an end group. The phenolic
hydroxyls are capped with |EM 1o afford a polymerisable siloxane of high refractive
index.
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0.5631.688 7(m)1 2(m) 1! 4.070 1(m) 1.914a: 0(s)5.5163(s). : b703(s)
1B 555 0.091 0 (m) 4(rn) 1.708 2(m) 2.553 2(m) 7.09

26
=N\
— BB e
=/~Q—0Me Sl _/ \Q_J/?“OH
(30)
(29
I PtCamlyxt
D4
OH
AP RIFRITIry N ;
\\/TK) S\‘\Q . j!\o//‘g{( (& ci\/ DAB (15) Kﬁ W OH
T L./
S0
. Ny DVTMDS, Dy oo Vg
6| ) [ /LOH \Si&sfé\
Wy
an [
IEM
OH

§£%%>%’”if%j?ﬂ”*

L i)\’/
O™ NH
(33) H
0.0
A

Scheme 13

In an alternative method, a cyclic intermediate monomer functionalised with only one
refractive  index modifying group (RIM) or polymerisable  group (Z)
{monofunctionalised cyclosiloxane) may be formed and then subjscted to ring
opening polymerisation. In a preferred method dichloromethyisilane is functionalised
with a refractive index modifying group (eg phenyl or flucroalkyl group) or a
polymerisable group. The resulting compound is then reacted with a 1,3-
dihydroxytetramethyidisiloxane {6 form a “monofunctionalised
pentamethylcyclotrisiioxane.  Alternatively, 1,3-dihydroxytetramethyldisiioxane is

Amended Shest
FEAAU
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reacted with dichloromethyisilane to form pentamethyloyclotrisiloxane, which is
subsequently functionalised with a phenyl or polymerisable group. Alternatively
monofunctional  cyclotetrasiloxanes may be prepared by using 1,5-
dihydroxyhexamethyltrisiioxane instead of 1,S-dihydroxytetramefhyldisi]oxane in the
5 above-mentioned reaction. In addition, difunctional derivatives may be prepared by
using dichiorosilane instead of dichioromethylsilane. Then the phenyl and
polymerisable functionalized cyclosiloxanes are ring opened in the presence of Dy fo
obtain the desired macromonomer containing both Ri modifying and polymerizable

groups. An example of this is scheme 14.

Ve /
| | orsra a—o .
4 H N o/
HO— Si——0~—8i~~0OH =t Si
| \ RN 2
80 T

R = refractive index
modifing group or

polymerizable group

| | L
— Me HO=SIm0=S=OH  ~_ /

W , /

e &——\—‘R CI-Si-Cl ! | Si—0

Ci=gi=C| - ' - O/ \ TN
H R =phenyl or ether/Et;N \ /S'\
polymerizable group R .t 3h 8

10

Scheme 14

Amended Sheet
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55 1C5 -OH 0.042 0484 (m) 1.536 7(m) 3.466

WO 2007/128051 PCT/AU2007/000582
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The refractive index of the macromonomer can be tuned fo the desired level by

adjusting the molar ratio of refractive index modifying group substituents in the
rmacromonomer,

When functionalising a macromonomer having silane groups the relative ratio of the
refractive index modifying group reagents and the free radically polymerisable group
reagents can be controlied to provide a predictable level of refractive index modifying
group substituent in the macromonomer,

Alternatively, when previously functionalised cyclosiloxanes are used in a ring opening
polymerization the refractive index of the macromonomer may be tuned by adjusting the
concentration of the refractive index medifying group substituent in the ring opening

reaction mixture. Figures 1 and 2 show the relationship between the D4*® molar ratio in

‘the reaction feed and the refractive index of the resultant macromonomer at 37°C. The

existence of this relationship allows one manufacturing a biomedical device, such as an
I0L, to reliably produce a polymer having a particular desired refractive index. This is
particularly advantageous in optical applications.

Further, in order fo finely control the molar ratio of the refractive index modifying group
and thus the refractive index of the macromonomer, efficiency of the ring opening
polymerization may be accounted for. Figure 3 shows a calibration curve between the
molar ratio of the refractive index modifying group, in this case D%, in the feed
(horizontal axis) and the molar ratio of the refractive index madifying group, D42, in the
macromonomer (vertical axis). The molar ratio of refractive index modifying group
incorporated In the macromonomer may be determined by NMR analysis.

The macromonomers of the present invention may be cured via free radical

polymerisation to form crosslinked polymers. Known curing processes may be used to
form the crosslinked polymers.

The crosslinking process is preferably carried out in such a way that the resulfing
network polymer is free or essentially free of undesired constituents. A particular

undesired constifuent is” starting macromonomers  that have had none of their
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polymerisable groups incorporated into the network and as such are potentially
gxtractable from the resulting network polymer after cure.

In the case of photo cross-linking, it is expedient to add an initiater which is capable of
initiating free-radical crosslinking. It is preferred that the initiators are activated by light
in the visible spectrum rather than UV range as this enables the use of frequencies to

cure the polymer that are not harmful to the eye or retina.

Examples thereof are known to the person skilled in the art; suitable photoinitiators
which may be mentioned specifically are benzoins, such as benzoin, benzoin sthers,
such as benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether and benzoin
phenyl ether, and benzoin acetate; acetophenones, such as acefophenone, 2,2-
dimethoxyacetophenone and 1,1-dichiorcacetophenone; benzil, benzil ketals, such as
benzil dimethyl ketal and benzil diethyl ketal, camphorguinone, anthraguinones, such as
2-methylanthraguinone, 2-sthylanthraquinone, Z-tert-butylanthraquinone, 1-
chioroanthraguinone and  2-amylanthraguinone; furthermore {riphenyiphosphine,
benzoyiphosphine oxides, for example 2,4,6-trimethylbenzoyl-diphenyiphosphine oxide;
Eosin homologues such as Eosin Y, Phioxing, Rose Bengal and Erythrosin;
benzophenones, such as benzophenone and 4 4'-big (N,N-

dimethylamino)benzophenone; thioxanthones and xanthenes; acridine derivatives;

.phenazine derivatives; guinoxaline derivatives and 1-phenyi-1, 2-propanedione 2-O-

behzoy! oxime; 1-aminophenyl ketones and 1-hydroxyphenyl ketones, such as 1-
hydroxycyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketone, 4-isopropyiphenyl
1-hydroxyisopropyl 1-hydroxyisopropyl ketone, 2-hydroxy-I-[4-2({-hydroxyethoxy)phenyl}-

- 2-methylpropan-1-one, -phenyl-2-hydroxy-2-methylpropan-1-one, and 2, 2-dimethoxy-

1, 2-diphenylethanone, all of which are known compounds.

Particularly suitable photoinitiators, which are usually used with visible light sources are
IRGACURE®819, Eosin homologues such as Rose Bengal, Eosin B, and fluorones

such as H-Nu 470, H-Nu835 and derivatives.

Particularly suitable photoinitiators, which are usually used with UV lamps as light
sources, are acetophenones, such as 2,2-dialkoxybenzophenones and hydroxyphenyl

ketones, in particular the initiators known under the trade names IRGACURE®6E51 and
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IRGACURE@184. A particularly preferred photoinitiator is IRGACURE®813. The
photoinitiators are added in effective amounts, expediently in amounts from about 0.05
to about 2.0% by weight, in particular from 0.1 to 0.5% by weight, based on the total
amount of cross-linkable macromonomer. In addition the pholoinitiator can be
incorporéted/graﬁed onto the polymer backbone. Such immobilisation of the polymer

has the advantage of reducing the availability of photeinitiator residues from extraction
post cure.

The resultant cross-linkable macromonomer can be infroduced intc a mould using
methods known per se, such as, in particular, conventional metering, for example drop
wise. Alternatively, the macromonomers may be cured in situ, as for example in the
case af an injectable IOL. In this case the macromonomer is cured or crosslinked in the
lens capsule after injection.

The cross-linkable macromonomers which are suitable in accordance with the invention
can be crosslinked by irradiation with ionising or actinic radiation, for example electron
beams, X-rays, UV or VIS light, ie electromagnetic radiation or pariicle radiation having
a wavelength in the range from about 280 fo 750 nm. Also suitable are UV lamps,
He/Dc, argon ion or nifrogen or metal vapour or NdYAG laser beams with multiplied
frequency. It is known to the person skilled in the art that each selected light source
requires selection and, If necessary, sensitisation of the suitable photoinitiator. I has
been recognised that in most cases the depth of penetration of the radiation into the
cross-linkable macromonomer and the raie of curing are in direct correlation with the
absorption coefficient and concentration of the photoinitiator. Curing might also be
achieved by employing one or more of these methods, eg, heat and light.

If desired, the crosslinking can also be initiated thermally. It shouid be emphasised that
the crosslinking can take place in a very short fime in accordance with the invention, for
example, in less than twelve hours, preferably in less than an hour, more preferably in
less than 30 minutes.

in forming the polymer, the macromonomer is preferably used without the addition of a
comenomer although a comonomer may be included, While generally the polymers of

the present invention do not usually involve the use of other macromonomers, these
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may be optionally included. Preferably the polymers comprise at least 50%, more

preferably at least 80%, by weight of macromonomers of the present invention.

Macromonomers of the present invention may be used to form biomedical devices,
preferably ophthalmic devices. Such devices inciude |0Ls, corneal inlays, corneal

onlays, contact lenses, and artificial corneas.

In a preferred application, macromonomers of the present invention are used to form
injectable, in situ curable, accommodating IOLs. In this application, the mechanical and
optical properties of a cured polymer of the macromonomers are preferably selected to

match or restore those properties of the natural biological material of the lens.

One relevant mechanical property for IOLs is the flexibility of such a polymer. Suitable
flexibility enables the ciliary muscle/ciliary body and zonules of the accommodative
apparatus of the eye to modify the shape of a lens filled with the material, thus providing
accommodation. Flexibility is measured by its elasticity modulus. The polymer shear
modulus is a related property that may be measured also. Both can be measured as the
force required to deform a product, such as a lens, formed by the polymer by measuring
stress against strain. The shear modulus of the polymer of the invention may be
measured by a Micro Fourier Rheometer. A Bohlin controlled stress rheometer may also
be used. For an injectable, in situ curable, accomodating lens application of this
invention, the shear modulus measured by a Micro Fourier Rheometer is preferably less
than 10 kPa and more preferably less than 5 kPa. The modulus is influenced by the
number of polymerisable groups per macromonomer chain, ie crosslink density and also
average spacing (ie the relative proportion of the polymerisable group unit) of the
polymerisable groups. Generally, as the number of polymerisable groups per
macromonomer molecule decreases or the average spacing between polymerisable
groups increases (as a function of the monomeric proportions) the elasticity of the cured

polymer decreases.

A relevant optical property for an [OL is the RI of the polymer. The Rl at 37°C may be in
the range of from greater than 1.33 to 1.60, preferably in the range of from 1.41 to 1.5,

more preferably in the range of from 1.421 to 1.444, and most preferably in
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the range of from 1.426 to 1.440. The Rl may be chosen depending on the refractive
error being treated by the I1OL.

When used as an injectable material the macromonomers should have a viscosity
less than 150,000 cSt and more preferably less than 80,000 ¢St at 25 °C.
Instruments such as the Brookfield rheometer or the Bohlin controlled stress

rheomster may be conveniently used for viscosity measurements.

it will be appreciated that while the macromonomers of this invention may be used
alone to form the lenses and other biocompatible materials, other materials may also
be present in compositions used to form the biomedical devices. For example,
diluents may be present as well as other monomers, including  other
macromonomers, as discussed above. Other additives to the rﬁacromonomer
precursor, which may be free or grafted onto the polymer backbone, can include
ultraviolet absorbers and pharmaceutically active compounds, such as those that
inhibit or Kill the cells associated with PCO (Posterior Capsule Opacification).

When used as an injectable, in situ curable, accorrimodating IOL, the compaosition
including macromonomers of the invention may be introduced into the lens using an
operation that is in many respects identical to a current cataract extraction and 0L
implantation technique (e.g. extra-capsular extraction procedure) with some minor
differences. Generally, a small comeal incision is made at the para-limbal region to
provide access to the anterior segment. Following dilation of the pupil using a
pharmacological agent such as atropine or cyclopentolate, a small capsulorhexis
(around 1 mm or less in diameter) is made manually at the periphery of the anterior
capsule. Through the small comeal incision and peripheral mini-capsulorhexis, the
lens core {including the cortex and nucleus) are extracted. The composition inciuding
macromonomers of the invention is injected into the intact lens capsule using a fine
gauge {e.g. 28-G or finer) cannula and syringe to reform the lens. The composition is
then cured, such as by exposure of the eye 1o visible or ultra violet light,

Following such techniques and by selecting appropriate characteristics, such as RJ
and modulus, 10Ls formed from macromonomers of the present invention may be

used o treat presbyopia, myopia or hyperopia.

Amended Shest
IPEA/ATU
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Examples

“Example 1 - Preparation of functional cyclic siloxanes by hydrosilylation of

1,3,5,7-tetramethylcyclotetrasiloxane {D4")

The product obtained by hydrosilylation reaction is a siloxane compound represented by
the following scheme:

R —
4\3 R OH O\//\OH ——@ -‘Q—-OH
: & )
/ W /_/‘ OCH;
gg, H R S0, .
Qf r*Q\S’i\ N ? S“s\ @-OH Ow(g, ____N/
~si 0 e L 2 N\

o O-5i, J—/ 0~5i
] H i

Example 1A - Preparation of a cyclotetrasiioxane monomer functionalized by allyi
AN
)

methacrylate (D4
2g of tetramethylcyclotetrasiioxane (D4H) vvas dissolved in 40ml of dry toluene in a
round bottom flask equipped with a reflux condenser. To this solution was added 10
drops {0.180g) of Karstedt's catalyst ([Pt}= 3.4x1 0° mol/ml). The flask was shrouded in
aluminium foil to exclude light. 4.62g of distilled allyl methacrylate was added dropwise
from the top of the condenser. The solution was then heated up to 60°C for 18 hours.
Analysis by NMR showed the reaction to be complete. The solvent and residual allyl
methacrylate were removed under reduced pressure at room temperature. The product
was taken up in 50ml of dry toluene and stored at -15°C. 'H NMR spectroscopic data
for DM is shown in Table 1.

Example 1B - Preparation of a cyclotetrasiioxane monomer functionalized by aliyl

benzene (D)
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9.746g of D, was dissolved in 10ml of dry toluene in a round bottom fiask equipped
with an air condenser and a drying tube. To this solution was added 0.202g of
Karstedt's catalyst ([Pfl= 3.4x10° mol/ml). The solution was heated while stirring to
50°C. A solution of 24.64g allylbenzene in 45 ml of dry toluene was added at such a
rate as to maintain an internal temperature of 58-60°C. After the addition, the reaction
was stirred for an additional 1h and then cooled to room temperature. 2.0g of activated
carbon was added and the mixture was allowed to stir for 45 minutes. The suspension
was filtered through Celite and the solvent was removed under reduced pressure to
obtain the crude product that was then re-dissolved in 10ml of dry toluene and
precipitated by pouring into 250ml of methanol with stirring. Then the precipitate was
allowed to setle and the supernatant was decanted. The precipitate was dried to
constant mass to obtain the product as a colourless oil (15.911g). "M NMR
spectroscopic data for D4 is shown in Table 1.

Examples 1C fo 14

Additional functionalised cyclic monomers are shown in Table 1. Those of ordinary skill
in the art would know that these products could be prepared using a variety of catalysts
and in a range of different temperatures. Typically the functionalised cyclic monomers
were prepared in toluene using a small excess of the allyl derivative (usually 4.5 molar
equivalents to 1 mole of D4) at room temperature to 70°C with a suitable catalyst
(usually a Pt catalyst such as PtCls.H20 or Karstedt's catalyst).

Reagents for examples 1H and 1J were prepared as follows;
Synthesis of allyl phenol for use in the synthesis of exampie 1H

A solution of Boron tribromide (3.3ml, 0.035mol) in dichloromethane (40ml) was added
dropwise to the solution of 4-allylanisole (4.00g, 0.0269mal) in dichloromethane (45ml)
which has been cooled to ~76°C in an acetone/dry ice bath. The reaction mixture was
allowed to warm to room temperature and stirred for 24 hours. The mbdure was diluted

with dichloromethane (20ml) then cooled to -76°C before adding saturated sodium

‘carbonate solution and adjusted the pH to 7-8, water (30ml) was added to aid mixing.
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The mixture was extracted with dichloromethane and solids removed by filtration. The
organic fraction was washed with saturated sodium chloride solution, dried over
magnesium sulfate, filtered and solvent removed to give dark brown oil, 3.09g, 83%.

The crude mixture contained 2 products and no purification was attempted.

5 S8ynthesis of isocyanatoethyimethacrylate derivative of esugenol for use in the
synthesis of 'exampie 1d
Dibuty! tindilurate (100ul, 23mg/mi in toluene) was added to a solution of eugenol
(5.00g, 0.0305mol) and isocyanatosthyimethacrylate (4.74g, 0.0305mol) in foluene
(60ml, dried over CaHy). The reaction mixture was stirred at room temperature for ©
10 days after which it was added dropwise into 600mi of n-pentane and the precipitate was
collected under vacuum filtration to obtain a white powder, 8.65g (89%).
Table 1: Examples 1A to 1J showing 'H NMR chemical shifts of functionalised
cyclic siloxane monomers
Example | R= 1 2 3 4 5 6 T+
1A 5 0.096 | 0.563 | 1.686 | 4.070 | 1914 |«
__mow/l\ G(my | 7(m) |2m) |1m) |0(s) | 5.5163(s)
N .
bab
O b:6.0708(s
)
1B 58 0.091 | 0602 | 1.708 | 2653 | 7.095
_@5 o(m) | 4m) | 2m) |O(m) |1
it 7.372
4{m)
1C 5 0.042 | 0484 | 1536 | 3460 | 4.276
oA smy | [Ty e | 4f9)
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T 5 0058 | 0.810 | 1.612 | 8.406 | 3496 | 3.6788(m) | 2.7751
5 7 Omy | 6my | 7im) | 1) &y
1E P 5 0.076 | 0.459 | 0.891 | 1.420 | 2.120
“N\S 8(m) | 4m) | 8(m) | 8Gm) | Ots)
1F MO‘SE” 5 0.007 | 0429 | 1495 | 3452 | 0.034
/ N 7¢m) | O(m) | 8&m) |0 7(m)
e} . ) X A7 . :
13 —0 \k\l 0.078 | 0.372 | 1455 | 3.270 | 3.177 | 2.938B(m) | @ 24028
s 7ab 5(my |4(m) | 5(m) |6m} | 5(q) @y
b: 2.5835 (1)
TH 578 . 0.067 | 0.526 | 1.578 | 2.464 | 6.5~ 0.8238
—Q"OH 4 7 9 o 7.2
5 B
11 5% , 0.063 | 0.565 | 1.630 | 2.541 | 6.529 | 5.8245(m) | 5.5371(8)
OH 0 (m) | 5(m) 2{m} 3{m} B~
h 6.896
Ote 8(m)
14 5 s o i 0.057 | 05681 | 1643 | 2.575 | 6.431 | 6.9103- 3.7826{m);
9 4 g -
O'/LLN/\‘/Om/gHa,b ) | om) | 7(m) | 8(m) 7.0204(m)
}; o4 6.787 &
5
, or\;se B{m) 5.4034(ps);
8 3.5635(m);
10 4.27194);
11 a
5.5984(s)
b: 6.1412{s);
17 1.8546(s)
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Example 2 - Ring opening polymerization (ROP) of functional cyclic siloxanes

Functional cyclic siloxanes were subjected to ring opening polymerization in the
presence of octamethylcyclotetrasiloxane {VDZ;) to obtain desired polysiloxanes with
polymerizable and refractive index modifying groups. Different end groups were
introduced using a varisty of end group blockers.

(o34

The ROP occurs under different conditions by using a range of catalysts, which include, v

but are not limited to, type of base, acid, Lewis acid, and exchange resin.

The procedure is illustrated in the following scheme, in which R is Z or RIM:

R
Vo

/
;’Siao‘s/ o i / /
~ i~ end group blocker ool o/ \
\Sli\ ,C’> ”‘“S’i\ ,&) ——-—f——-?————————p« g3t {‘S\I o VSI’O}{S\T'O?\&\R
/o8 o-si TIOH N
/- R /
RiM
R
AR R——1 Z= RIpf =

o —0 7N
o OCH, =

s G0 CH:
2 B OCHQ. \—@‘OH _@OH
— = O ~°~*< $~O
c
C 2 \I]/N\/\O/u\(

OCHg

o}
7\
o]

10 Example 2T - Preparation by ROP of a copolymer of dimethylsiloxane, methyl

phenylpropylsiloxane, and methyl propyimethacrylate siloxane, with trimethyisilyl end
groups.

A stock solution was made of 8.00g hexamethyidisiloxane in 270.84g Ds. 1.78g of
24,6 8-tetramethyl-2,4,6,8-tetra(propyl-3-phenyl)cyclotetrasiloxane,  39.8mg  2.4,6,8-
15 tetramethyl-2,4,6,8-tetra(propyl-3-methyacrylatel)oyclotetrasiloxane, 2.68g Dy, and
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0.079g of the hexamethyldisiloxane stock solution were mixed together with 1.56g of dry
foluene in a 25ml round bottom flask under an argon atmosphere. 50Ul of trifluoro-
methanesulfonic acid was quickly added whist sfirring and the flask immediately
coverad with aluminium foil to exclude light. The reaction mixture was teft stirring for 5
days. The mixture was then diluted with 5ml toluene and neutralised with 250mg of
sodium carbonate after which the solids was filtered off and solvent removad. The crude
mixture was purified by precipifation by redissolving in Bml toluene and added drop wise
to 40ml of ethanol whilst stirring. The precipitate was allowed to settle overnight and the
supematant decanted. The precipitation steps were repeated as necessary. All
solvenis were removed under reduced pressurs to obiain a clear and viscous oil. It was
found fo have viscosity of 14550 ¢S, Mn 52100, Mw 89034. The polymer contains
80.86mol% dimethylsiloxane, 18.81mol% methyl phenyipropylsiloxane, and 0.33mol%
methy! propylmethacrylate siloxane as determined by "H NMR.

Example 2Y — Preparation by ROP of Dy, D4*® and D,~**M

A stock solution was made of 9.18g 1,3-divinyi-1,1,3,3-tetramethyldisiloxane in 270.34g
Dy. 0.369g of DA™ M from example 1J, 3.6158g of D48 from example 1B, and 0.35g of
the 1,3-divinyl-1,1,3,3-tetramethyidisiloxane stock solution were mixed together in a
25mi round bottom flask under Ny atmosphere. 200y of trifluoromethanesuifonic acid
was quickly added whilst stirring and the flask immediately covered with aluminium foll
to exclude light. The reaction mixture was heated to 70°C for 1.5 hours then left stirring
at room temperature for a further 16 hours. The mixiure was diluted with 5mi of dry
ioluene, added 300mg of Na,COj, stirred for 3 hours, fillered and concentrated. The
residue was redissolved in 3ml of foluene and precipifated in methanol (50ml). The
product was allowed to setile overnight, supematant decanted and solvents removed to
obtain a clear and viscous oit, 1.23g. The composition of the copolymer was as follows:
Dirmethylsiioxane 77.80mol%,  methviphenvipropyisiloxane  21.45mol%  and
methyleugenol-IEM siloxane 0.75mol% with Mw of 38517, Mn 20225 and refractive
index 1.4553.

Example 2AA - Preparation of a siloxane copolymer by ROP of Ds, D4, and D
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Example 2 - Ring opening polymerization (ROP) of functional cyclic
siloxanes Functional cyclic siloxanes were subjected to ring opening
pq{!y&nerlzatlon in the presence of Detamethvicyclotetrasiloxane (Di) to
obtain dasired polysiloxanes with poiymerizabie and refracti&THdax 7000552
modifying groups. Different end groggs were introduced using a variety of
end group blockers. The ROP occurs under different conditions by using a
range of catalysts, which include, but are not limited to, type of base, acid,
A stewisacidnandexchangeiresire. The procieduyeis! b Gtrsttechit-idisiioxane in
27of9168p%n9\ﬁ8@%m@0& WHICHR 54 OrRUL; X@E’%Pi? 2T, -reparationyhy o
of a co ero dlmethylsnoxane meth pylsnoxane
the At ARt Aropy AU SHBYanB AT By oS er o, stoc
olubicstokd sotdtion AFasamade=oh 800§ h&xametd&yﬂldrsllmraheﬂarﬂxmrsd@ DPlyiene.

14, 7;JE7§ ﬁ’fuoro methanesulfonic acid was added and the mixture was allowed fo stir
,4,6,8-tetramethy1-2,4, 6 8-tetra(propyl-3- phenx}l cyclotetrasiloxane,

at zg'g%?ﬁbtgmgfgtui% f_or days 2.0g anhydrous Nay,COs was then added and
allotettatnethyit. 204G Bt tetrafprapyk Fanethyacriatet)cysidtetragtioxteesd through
g!as%‘%@g’oﬂng sintered glass filter. The product was precipitated by pouring the
filtrate into 40ml ethanol with vigorous stirring. The product was allowed fo settle and
the supernatant was decanted. The residual solvent was removed under vacuum o
obtain the product as a clear and colourless oil (5.36g). |

- This product is an intermediate suitable for further hydrosilylation reactions with

reagents bearing polymerisable groups in order to form macromonomers of the present
invention.

Examples 24 fo ZAD

A wide variety of macromonomers can be simply prepared by ring opening one or more
of the funclionalized cyclic monomers prepared in examples 1J to 1M. Those of
ordinary skill in the art would know that these products could be prepared using a
variety of catalysts and in a range of different temperatures. Typically the ring opening
polymerizations  are  performed under acidic conditions (eg  HaB80,
frifiuoromethanesulfonic acid, frifluoromethanesulfonic acid in acetic anhydride) in
toluene or as neat mbdures at room temperature fo 110°C. Typically,

trifluoromethanesulfonic acid is used in the range of 80 — 200ul/3.5¢ D.

The details of starting materials and the resulting macromonomers of various examples
are setoutin Tables 2 and 3 respectively.

Examples 2A to 2J, which illustrate macromonomers that do nct contain polymetizable
groups along the backbone, illustrate that polymers with high refractive index can be

prepared by this methodology. Structurally similar polymers with polymerizable groups
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hexamethyldisiloxane stock solution were mixed together with 1.569 of dry
toluene in a 25m1 round bottom flask under an argon atmosphere. 50p1
of trifluoromethanesulfonic acid was quickly added whist stirring and the
flask immediately covered with aluminium foil to exclude light. The
reaction mixture was left stirring for 5 5 days. The mixture was then diluted
with Sl ip/ughg and neutralised with 250mg of sodium carbgpate after .
which the solids was filtered off and solvent removed. The cru e mixture
was purified by precipitation by rediss®ving in 5m1 toluene and added
drop wise to 40m1 of ethanol whilst stirring. The precipitate was allowed to
settle vernight and the nt decanted. The precipitati t

t%%l %E’sogfm@gssa § %1 165 \93?1 s&ﬁe?ge f&gﬁb\‘?eauﬁﬁ%%r‘? i, gggemer (eg
@rﬁesétﬂﬁé epclotane BselEdr 2@ G1seBisofi<itowds found to have vrscosﬂy of
14550 cSt, Mn 52100, Mw 89034. The polymer contains 80,86mo01%
dipaethylsiloxape 2AB. Sitmeataneibyhphieny|prapyisitoxanes and83merkurther
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diluted with 5m1 ofldry toluene, added 300mg of Na2003, stirred for 3

Hburs, filterdd&hd (onc&?ﬁ%\‘rted Thé fésidue Wgs redissolved in 3m{ of

tolueng and precipitated in methanol (50mi). The product was allowed to

séttle pverMigHtS su )ernét%tr??decantét??anisok?énts removed to 25 obtain
a clear and viscousioil, 123g. The composition of the copolymer was as

foflows: Ditnathylsiloxane.cr7:80mprks-paethylph&hylpropyisiloxane
21.45mork and methyle.ugenol-IEM silexane 0.75mol% with Mw of 35517,

Mp 202 Z5andoEefractivesigeX 1.455323W0O ™ 094
2007/128051PCT/A1.12(107/000582 A stock solution was prepared of

0O 10 DAO-OA

9,486 E3-eivinyd=151:3:Jrigtramethylsisitoxengig-270-349-04Another
stock solution was prepared of 7.24g 04H in 92.47a 0,1 1.00g of the

1. 3-diviny] &.&SS,S- e—ua%;ﬁégyldrsﬂexﬁg—sqoc!%o!' ton;-0-30g-ef-the-04H
s%gck <o|ut|on and 1.74g D4A5 frotm example 1B were mixed jn 10m1 of

anhvdrous toluene, 5 14.7p1_of trifluoro-methanesulfonic acid was added

affdl the mixtare was alloW&81o stir af &mbient¥&mperature for 3 days.
2.09 anhydrous Na2CO3 was then added and allowed to stir at ambient

temperaturé¥df 16 hours?- 9B mixturéWas filtéréd through glass paperjon
a sintered glass filter. The product was precipitated by pouring the filtrate

N0 40mi etiariol with vigaross stifring7eThe preguct was allowed to setile
and 10 the supernatant was decanted. The|residual solvent was removed

tiycet actig o obtamnthgsproductasya cleargggd cotourtessoit (5:36y)
This product is an intermediate suitable for further hydrosilylation
_reactiol its-bearing-palyrerisable-groups-in-order-to-form

mzéfcrornonomers of the present invention. 15 Examples 2A to2A0 A wide

variety lof macromonomers can bei simply prepared by ring opening onelor
more of the functionalized cyclic monomers prepared in examples 1J to
1M. Those of ordinary skill in the art would know that these products could
be prepared using a variety of catalysts and in a range of different
temperatures. Typically the ring opening 20 polymerizations are
performed under acidic conditions (eg H2SO4, trifluoromethanesulfonic
acid, trifluoromethanesulfonic acid in acetic anhydride) in toluene or as
neat mixtures at room temperature to 116C. Typically,
trifluommethanesullonic acid is used in the range of 60 - 20043.5g 04-

The details of starting materials and the resulting macromonomers of
vvariniice eavamnlac 25 ara cat niit in Tahlaece 2 and 2 recnectivialv/



Examples 2A to 2J, which illustrate macramonomers that do not contain
polyrerizable groups along the backbone, illustrate that polymers with high
refractive index can be prepared by this methodology. Structurally similar
polymers with polymerizabla groups WO 2007/128051POT/M.1200.7M
00532 40 along the backbone could be prepared by the addition of
suitable cyclic monomer (eg D4") into the polymerisation as in examples
2K to Rd.zoExamples 2Z to 2AD illustrate intermediate macropa@NIe Soess: -
suitable for further reactions with reagents bearing polymerisable groups,
such as described in Schemes 8 5 and 10 above, in order to form
macromonomers of the present invention. Table 2: Mass of starting

materjalsfof,gxamples 2Ate 2AD 5 5 WO NQ;p7/123054P |
CT/AU2007/000582 44 Example 3 - Synthesis of sjlane funﬁ:tionalised
Brepe ymﬂ\r/%\;}%§xa nples:3A-te-3b-silane-fungtignatized-prepoiymers-were
prepared by ring opening

2N DVTMDS 0.0073 144 0.92 0.0096

20 DVTMDS 0.0014 1.44 0.92 0.0086

2P HMDS 0.0008 143 0.2 0.0086

20 HMDS 0.0009 143 0.8z 0.0096

2R HMDS 0.0012 1.79 1.15 0.016

28 HMDS 0.0016 1.79 1.57 0.754

27 HVDS 0.0023 277 1.78 0.040

20 HMDS 0.0050 2.86 1.78 0.040

Y HEDS 0.0088 1.30 0.84 0.014

2W HEDS 0.1186 1825 12.00 0.27

2X DVTMDS 0.0038 1.28 0.71 D, 0.02
2Y DVTMDS 0.0118 385 2.60 Dy 0.37
27 HMDS 0.0011 1.19 0.71 _ D™ 0.23
2AA DVTMDS 0.0330 8.20 174 Dy 0.02
2AB DVTMDS 0.0330 11.74 779 S 0.43
7AC DVTMDS 0.0330 12,15 7.79 B, 0.02




polymerization of D4 with D4H as shown in the following scheme. The
ratio of sifting 5 functional groups along the backbone was controlled to
afford modification with polymenzable and refractive index modifying
groups in later steps. Different end groups are introduced by using a
variety of end group blockers. The ROP occurs under different conditions
by using a range of catalysts, which include, but are not limited to, type of
acid, Lgwisagid,.and exchange resin. 10 Example 33 - Pr%&qratiorl of
sUoxane c000lymer containing 20-30 mot% sit functional groups T%‘ﬁﬁmm
HMDS, 44205g [ill arid i29u3g D4 were dissolved in 200m1 toluene. 2604
trifluoro-methanesolfonic acid was add&d. The solution was allowed to stir
at ambient 15 temperature for 7 days, 25.00 anhydrous sodium carbonate
was added and the mixture was allowed to, stir at ambient temperature for
3 ﬁgtﬂrsi Th%vﬁl\l/f%ur%jwaso ‘%ﬁ\é%n filt rt—‘iﬁ%ﬁro?gﬁ% asfks filter p?ger%én a T o
sinterediglass filter. The filtrate was_added! dmp-wiép oW

2007/12805]PCT/AU2007/0005R2 45 400m1 ethanol. The supernatant
was decanted and the residue was evaporated under vacuum to obtain a ,
cledrbeluiety o trOR IS8 I THe geSaismaly et reqas vf exahfskesples
3A te 8bzinExample number

Mol% in product by 'H nmir . GPC
Example Ri{@ | Viscosity
No. | oo A | am Mot 37°C) {cst)
Dy Dy B4 Other % Mw Mn PD
2A DVTMDS 79.5 205 17380 | 11516 1.51 1.44969
2B DVTMDS | 83.6 16.4 16958 | 9360 1..81 144107
2C DVTMDS 86.8 13.2 18580 | 11748 1.67 1.43508
2D DVTMDS | 882 11.8 22480 | 12050 | 1.87 [ 143212
2E DVTMDS | 82.8 7.2 18138 | 13060 | 1.39 | 1.41884
2F HEDS 81.0 18.0 80628 | 40022 | 2.26
26 HEDS 82.3 17.7 - 36237 | 25882 | 1.40 14444
2H HEDS 50.8 49.2 12657 8687 1.80 1.4876
21 HEDS 277 72.3 5058 3208 1.58 | 1.50711
24 HEDS 4.3 95.7 3334 2408 1.38 | 1.82271
2K DVTMDS | B89.26 10.47 0.27 68462 | 27385 2.50 1.4310
2L DVTMDS | 82.52 16.28 1.20 65633 | 31180 211 144333 1840




R'=1, SiH mor/o[ byi H NMR 1H MAR data Viscosity (c5t) Si(CH3)2Sib!
A CH3 19.6 0.069i 4.6816100

2M

WO 2007/128051

DVTMDE

17.82

0.39

PCT/AT2007/000582

45773 21879 2.09 1.445886 1560

2N DVTMDS | 82.05 | 17.75 | 0.20 33355 | 16061 | 1.85 | 1.44564 | 930
20 | DVIMDS | 82.07 | 1775 | 0.18 38240 | 21197 | 1.80 | 1.44556 | 1140
2P FAMDS | 81.58 | 18.45 | 0.27 26230 | 16262 | 1.61 | 1.4466 320
2Q HMDS 79.9 19.9 520 28271 | 17532 | 1.61 | 1.44584

2R AMDS | 80.15 | 1955 | 0.30 95813 | 48231 | 1.9 | 1.44528

28 FVMDS | 8008 | 19.80 | 0.2 51464 | 38001 | 1.8 | 1.44776 | 1910
2T HMDS B80.86 18.81 (.33 89034 | 52100 1.71 14550
ZU HMDS 796 20.2 0.25 89839 | 51675 | 1.74 13810
2V HEDS 80.2 19.6 0.20 26193 | 16864 | 149

ZW HEDS 78.7 21.0 0.34 95597 | 53927 | 1.77 | 1.44797

I -

2X DVTMDS | 83.91 | 1596 . e | 013 | 82450 | 17943 | 18

2y | DVTMDS | 77.80 | 2145 D‘: 0.75 | 38517 | 20225 | 1.8 | 1.4553

27 HMDS 77.84 | 18.73 D, | 343 ! ’4?83

2AA | DVTMDS | 0528 | 447 ol 025 | 54005 | 35821 | 152 1'41_856 4 470
SAE | DVIWDS | 228 45,7 DS | 18 | 20827 | 12280 | 1.67




rj328.00.06914.68 111880 CH3 28.18 0.069 4.68 2610 3DCH3 29.0
0.069 4.68 5 Example 4 - Functionalization of silane prepolymers The
prepolymers prepared in examples 3A to 3D were functionalized by allyl
compounds via hydrosilyiation to introduce polymerizable groups and
refractive index modifying groups in one or two steps. The hydrosilylation
is illustrated in the following scheme.

WO 2007/128051 PCT/AU2067/000582
44

\ 2AGC | DVTMDS | 383 59.1 l 5. | 18 11425 5327 | 244

! i

3 2AD DVTMDS | 787 20.10 D 0.25 | 44 889 | 35283 | 1.27

21.3°C; $19.4°C
Example 3 - Synthesis of silane functionalised prepolymers

In examples 3A to 3D sillane functionalized prepolymers were prepared by ring opening
polymerization of Dy with D4 as shown in the following scheme. The ratio of silane
5 functional groups along the backbone was conirolled to afford modification with
polymerizable and refractive index modifying groups in later steps. Different end groups
are introduced by using a variety of end group blockers. The ROP occurs under
different conditions by using a range of catalysts, which include, but are not limited fo,

type of acid, Lewis acid, and exchange resin.

rReo [

T e *‘ —
CH,

CHa i R
R

s!' HaCug -CHa /H~SiaCHa sx<

i

.
Hac/ - o \o \0 . CHsy
m

10

Example 3B - Preparation of siloxane copolymer containing 20-30 mol% silane
functional groups

1.008g HMDS, 44.208g D and 129.03g Dy were dissolved in 200mi toluene. 260ul
trifiuoro-methanesulfonic acid was added. The solution was allowed to stir at ambient
15 temperafure for 7 days. 25.0g anhydrous scdium carbonate was added and the mixture
was allowed 1o stir at ambient temperature for 3 hours. The mixture was then fillered

’tﬁrough glass filter paper on a sintered glass filter. The filirate was added drop-wise fo



5

WO 2007/128051PCT/A112007/000582 46 Example 4E -
Functionalization of a silane prepolymer with allylbenzene 3.007g of 28
mol/0 silane copolymer (example 3B) was dissolved in 20m1 of toluene in
a%Org(imr%uzg(g bottom flask equipped with a condenser. 1.034g of )
anythenZene [AB) was added, followed by 1001.1 of KarstedPs BAfaRpg(0ss2
solution in toluene ([Pt] = 3.4 x 10-5H1). 5 The solution was stirred at 40C
under N2 for 18 hours. An aliquot was removed and dried to give a clear
~and viscous oil. H NMR analysis showed that the resultant polymer
400bptaits1 1TBB malerSidd] Va82maldtedllytobitzenaidnd Wi SBmoibted under
vaclimetibgouns. Jhis aliybensens unstignalised copolymer was not
isolated, instead it was used as an intermediate for the preparation of
example 4J. 10 Additional allylbenzene functionalized silane prepolyrners
TablgeteTsreparad 9 EraHprieAATe 2R Ifdaedits of which are set out in
" Table 5. Example 4J - Functionalizatio ne prepolymer wtth allyl alcohol
4.081 gL 1e sHame PrepRiyiy O EXamplafEAEs Uissalvedily espt)of
toluene. 2.2419 of ally! alcohal (PA) was, added followed by 100p1 of
Kar3tEBPE catalyst solutibr™Es ttoluerdl{PY= 34 10-5 M), The solution
was heated at 40C for 19 hours. The solution was cooled to room
tenmprerature andrL.50p1et@ctivated carkon was eglded.| Theomixture wa
stirred for 3 hours, then filtered through glass filter papér on a glass

sim?#ed—mtea followed-by filtration th.m'é'"h a-0-22om-hydrophobic PVE
filte ,BThe prodt%[y%as %{u%d to co 19&% g.SSméI%Si-H %%C,Y?Zmol%
allylalcohol; 17.01mol% 20 allylbenzene and [72.65mol/D dimethyl. The

allyBalcohol functignalizedi silane prepudgrrier|may be reaeted with rea
‘cantaining polymerisable groups to form macromonomers of the present

inveption—Additional-functionalized-silane p.rerpa%m% w%%e—pzepated—pi
41 gﬁ)d 4K, the ?&hlts (?Sgﬂﬁhich are Qe?%%t inTabfe 5. 1A

2007/128081RCTIMI2007/000582

)

Example 4 - Functionalization of silane prepolymers

The prepolymers prepared in examples 3A fo 3D were functionalized by allyl
compounds via hydrosilylation to introduce polymerizable groups and refractive index
modifying groups in one or two steps. The hydrosilylation is illustrated in the foliowing
scheme.

. S~ tmso /i/Oj\éL /H o ’
mso\é&\/o/a S?”%\ms fs\ ] ? o C S\, Ojd\rms
)

b Pt cat.

R
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47 Table 5: Summary of results of examples ztA to 4K WO
2007/128051PCDAL12007/0005132 45 6325 Karstedt's, 100 2020% Eu
1.40540 Example 5 - Preparation of siloxane rnethacrylate from
sitoxane eugenol derivative and IEM 5 tsocyanatoethylmethacry, late
(4‘.‘"6%@"9)?3“3?‘30; IEM in 21.69; of toluene), ally! benzene anBC@lgenstooess?
functionalized polymer (0.880g; a=748%, b=18.7%, 578 at 21C), and
dibutyltindilaurate (2541) were mixed and stirred at room temperature for
17h, The reaction mixture was precipitated into methanol. The precipitated

ExPopeE Was eolestediandeyapenatecbiogirypessto-aliord aneil (0,8839).
1H NMR analysis 10 gave the de;ired IEM functionalized macromonomer

ilé%foll wing molar ercen%bgae ratlg’@i 79.3, b=17.0, dri.0, e

A Rl S AT by S oS s0 B e i =
50@T¢Amwwmm68quped with a condenser. 1.034¢g of allylbenzene (AB) was
added, followed by 100ul of Karstedt's catalyst solution in toluene ([Pf] = 3.4 x 10°° M).
The solution was stirred at 40°C under Ny for 18 hours. An aliguot was removed and
dried to give a clear and viscous oil. 'H NMR analysis showed that the resultant
polymer contains 11.38mol% Si-H; 17.32mol% allylbenzene and 71.30mol% dimethyl
groups. This allybenzene functionalised copolymer was not isolated, instead it was

used as an intermediate for the preparation of example 4.J.

Additional aflylbenzene functionalized silane prepolymers were prepared in examples
4A to 4H, the results of which are set out in Table 5.

Example 4J - Functionalization of a silane prepolymer with allyl alcohol

4.041g of the silane prepolymer of Example 4E was dissolved in 20ml of toluene.
2.241g of allyl alcohol (AA) was added followed by 1004l of Karstedt's catalyst solution
in toluene ([Pf] = 8.4 x 10° M). The solution was heated at 40°C for 19 hours. The
solution was cooled to room temperature and 1.50g of activated carbon was added.
The mixture was stirred for-B hours, then filtered through glass filter paper on a glass
sintered filter, followed by fittration through a 0.22pm hydrophobic PVF filter. The
product was found to contain 0.55mol% Si-H; 10.72mol% allylaicohol; 17.01mol%
allylbenzene and 72.65mol% dimethyl.

The allyl alcohol functionalized silane prepolymer may be reacted with reagents

containing polymerisable groups to form macromonomers of the present invention.

Additional functionalized silane prepolymers wers prepared in

®

camples 41 and 4K, the
results of which are set out in Table 5.



49 Example 6 - Functionalization of silane prepolymers by polynierizable
and refractive index modifying groups via a mixed hydrosilylation A mixed
hydrosilylaton in one pot synthesis is shown in the following scheme: 5
Example 6C - Funotionalization of a silane prepolymer with aUyi benzene
and eugenol (13:1) 3.01g of sila e prePolymer containing 28 mai% silane
groups (example, 38), allylbenzene and 0.6379 of eugenol were dissolved
in 25@&91}95;%0@ a 50m1 round bottom flask equipped with a condenser
and gas inlet tap under N2. 1041 of Karstedt's 10 catalyst soltftigh'if° 7000582
toluene ((Pt) ei 14 x as added to the sélution and the mixture was stirred
at 40C under N7 and monitored by IH NMR until all the Si-H; groups were
consumed. The mixture was then cooled to room temperature, followed by

abithtori 5HE 366 G aetlstatecarnyrsit Kifed for 3 hours after which

the carbon was filtered off. The solvent was removed from the filtrate and

the product was tak

en"pdhrks 10m1 of n

-pentane and
) ?ha E

| washed with

T 23005
saturated NaHCO3 (2x 3@nl); V\};ater ord) then saturated Na€l (30mF_yL<)“ !
and dried over Mg304, The product was dried under reduced pressure to
yield & deatr, hily[yellow and viscous oif, 3A92g. The PaiyiEEwaSs
fdlnd to 26. 0l% allyliehzene; 28 mol/6Etietidl and 73.95 mot%
dimethylsfloxane groups as determined by H NMR and the refractive
index-{s 47222 t 7 Arorys-The-stane prepolymer-may-heseacted-with
rééigents cv@ing polyhiétisable tfrdtips t@%ﬁﬁ,mcromogg’mers of the
present invention. WO 2007/127051 PCT/M320071000582 50 Additional
examples 6A to 6F are shown in Table 6, |/Again_the prpgolvaFQ in
examples 6@ 60, GE.amd 6F may be reaeted:with rea%(éﬁ%s%émaimmg
poiymertsable groups to form macromonagmers of the preseﬁ‘t*?nvention.
Table 6: Detail and results of Examples 6A to 6F WO
12.98%
2@;5)7112805@3T|A U22107 0.080 | Karstedt's, 120 298% 1 aaaze
AB14.91% Si-H
4E & 3.007 1034 | Kaerstedts, 100 | o2 A
= . 11.38% Si-H
18.73% AB;
4F 3.036 1.030 | Karstedt's, 120 ’ .
@ arstedt's 10.98% SiH 14484
4G <T ) 3.001 1148 - | Karstedt's, 120 20.67% 1.45272
AB;8.80% Si-H
21.15% AB;
4H 3.053 1275 | Karstedt's, 120 ’ 1.45
@ ° stedts 6.3% Si-H a4
4l —on 2.012 0158 | Karstedt's, 100 o-B8% A4
20.9% AR
4J —oH 4.041 2.241 Karstedt's, 100 10.2% A%,
17.01% AB




0.01911.4460 112.2rna% 2.00 3.79 -CI-120H

WO 2007/128051 PCT/AU2007/000582
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= | |
4K 3.007 6.325 ’ Karstedt's, 100 28.20% Eu 148548 |

OMe l

Example 5 - Preparation of silloxane methacrylate from siloxane eugeno!

derivative and IEM

OH

MeO

5 Isocyanatoethyimethacrylate (4.66¢g of a 0.230g 1EM in 21.68¢g of foluene), allyl benzene
and sugenol functionalized polymer (0.880qg; 8=77.8%, b=18.7%, ¢=3.5%; Ri=1.4578 at
21°C), and dibutylindilaurate (25p!) were mixed and stirred at room temperature for
17h. The reaction mixture was precipitated into methanol. The precipitated polymer
was collected and evaporated to dryness to afford an oif (0.883g). "H NMR analysis

10 gave the desired IEM functionalized macromonomer with the following molar
percentage ratio: 8=79.3, b=17.0, d=1.0, e=2.7. Refractive index of the polymer was
1.458 at 21°C.
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AS and 3.8 monc,
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Example 6 - Functionalization of silane prepolymers by polymerizable and

refractive index modifying groups via a mixed hydrosilylation

A mixed hydrosilylation in one pot synthesis is shown in the following scheme:

R'
/\R //\R

o) ' |
TMS/O\\LE\KO\}R{/O%MS s /O‘f Q/KO \ /}/Oﬁy\{ ,/o\
a \ b Karstedt's catalyst \ , \ J K 7C\TMS

Example 6C - Functionalization of a silane prepolymer with allyl benzene and eugenol
13:1)

3.01g of silane prepolymer containing 28 mol% silane groups (example 3B), 5.69g of
allylbenzene and 0.637¢g of eugenol were dissolved in 25mi toluene in a 50mi round
bottom flask equipped with a condenser and gas inlet tap under N, 100! of Karstedt's
catalyst solution in tfoluene ([Pt = 3.4 x 10° M) was added to the solution and the
mixture was stirred at 40°C under N, and monitored by "H NMR until all the Si-H groups
were consumed. The mixture was then cooled to room temperature, followed by
addition of 0.300g of activated carbon and stirred for 3 hours after which the carbon was
fillered off. The solvent was removad from the filtrate and the product was taken up in
10ml of n-pentane and washed with saturated NaHCOz (2x 30ml); water (30ml) then
saturated NaCl (30ml) and dried over MgS0y4 The product was dried under reduced
pressure fo vield a clear, slightly yellow and viscous oil, 3.482g. The polymer was found
fo contain 26.05 mol% allylbenzene; 2.0 mol% eugenol and 71.85 mol%
dimethylsiloxare groups as determined by "H NMR and the refractive index is 1.4727

3

/
(23.4°C

A
W)

The silane prepolymer may be reacted with reagents containing polymerisable groups
to form macromonomers of the present invention.
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Additional examples 6A to BF are shown in Table 6. Again, the prepolymers in
examples 6A, 6B, 6C, 8E and 6F may be reacted with reagents containing

polymerisable groups to form macromonemers of the present invention.

Table 8: Details and resuits of Examples 6A to 6F

Example Mass pre- R= Mass first R'= Mass R} Functionai~
polymer {(g) afiyl second isation mol%
derivative allyl by 'H NMR
{a} derivative
(g
BA 2.00 CHo~ 3.79 - 0.21 14.6mol%
| —H,C OH
x 2 Q AB and
A OMe 6.3mol%
EU
6B 2.00 CHa~ 878 | o on 0.10 10.4mol%
Xy 2 AB and
% 7 Olte 1.2mol%
EY
6C 3.01 Crg— 5.69 — 0.837 | 1.4727 26.05mol%
i HzCQOH AB and
OMe 2.0mol%
EU
El) 2.00 CHz~ 878 | : . j?\N/\/OVj\ 0.10 10.67mol%
I ’\ ) —_ " 8 AB and
S 0.23mol%
EU
B6E 2.00 Cho— 3.79 —CHy0H 0.037 | 1.4485 8.7mol%
ﬁ ' AB and
| P 2.2mol%
AR




WO 2007/128051

PCT/AU2007/000382

51
BF 2.00 CHz= 379 — CH,0H 0019 | 14460 T2.2mol%
N AB ard 3.8
L

mol% AA ]l
|

(S

it will be understood that the invention disclosed and defined in this specification

extends o all alternative combinations of two or more of the individual features

mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.
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will be understood that the invention disclosed and defined in this
specification extends to all alternative combinations of two or more of the
individual features mentioned or evident from The text or drawings. All of
these different combinations constitute various alternative aspects of the
invention. 52

CLAIMIS
1. A macromonomer of the formula 1:
R
9y 1 A / \ R
R-8|"O~d, O _oill o |
l 6? ﬁgl/ / s 7\68&/O\>\8‘i/R
a K\ b K. c Il_ dR/
RIM RiM z
z
(h
wherein

RIM is a refractive index modifying group;
Z is a free radically polymerisable group;
K is a spacer group;

L. is optional and is a spacer group;

each R is independently selected from an RIM; a lower alkyl group, hydrogen or
Z,

a is a molar percentage of the macromonomer which is in the range of from 0 to
95 mol%;

b is a molar percentage of the macromonomer which is in the range of from 5 to
99 mol%;

O

is a molar percentage of the macromonomer which is in the range of from 0 fo

A0S e
110170, and

[N

d is a molar percentage of the macromonomer which is in the range of from 0 to
2 mol%;

with the proviso that c and d are not both 0 mol %;

MCSLLP
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52MCSLLP CLAIMS A macromoncrner of the formula 1; s wherein RIM

is a refractive index modifying group; Zs a free radically polyrnerisable MCSLLP

group; K is a spacer group; L is optional and is a spacer group; to each R
is independently selected from an RIMlower alkyl group, hydrogen or Z; a
is a molar percentage of the macronidhomer which is in the range of from
0to 95 me/a; b is a molar percentage of the madromonomer which is in
the MEgEOrARRRIMS TRV BtVMISOTHieCinEs, @ rolmelas sbRaIfTasiulus as measured by a

Micro Fragtenriremetsyaich7Tinthedangef ke 0 to 2 mol%; and d is a
molar percentage of the acromonomer which is in the range of from 0 to 2

mol%: 20 with the proviso that ¢ and d are not both 0 mol MCSLLP 53
2. A macromonomer according to claim 1 having, when cured into a polymer, a shear

modulus as measured by a Micro Fourier Rheometer at 37°C of less than 10 kPa.

3. A macromonomer according to claim 2 having, when cured into a polymer, a shear

modulus as measured by a Micro Fourier Rheometer at 37°C of less than 5 kPa.

4, A macromonomer according to any one of the preceding claims wherein each RIM is
independently selected from the group consisting of a substituted or unsubstituted aromatic
group, a fluorinated group, a group containing bromine, iodine, or chlorine atom(s) and a

sulphur containing group.

5. A macromonomer according to claim 4 wherein each RIM is a substituted or

unsubstituted phenyl! ring.

6. A macromonomer according to claim 4 or 5, wherein each R is independently

selected from a RIM, a lower alky!l or hydrogen.

7. A macromonomer according to any one of the preceding claims wherein each Z is an

ethylenically unsaturated group.

8. A macromonomer according to any one of the preceding claims wherein each K is
independently selected from the group consisting of a linear, branched, or cyclic lower alkyl,
which is optionally interrupted by one or more heteroatoms or substituted by one or more of

an ester, amide, urethane, carbonate, thioester or ~C(S)~NH-.

9. A macromonomer according to claim 8 wherein each K is a lower alky! of the formula

[} ~

—(CHa)n—, wherein nis an integer 1, 2, 3, 4 or

o

10. A macromonomer according to any one of the preceding claims wherein each L is a

lower alkyl of the formula —(CH,)n—, wherein n is an integer 1, 2, 3,4 or 5.

11. A macromonomer according to any one of the preceding claims having a refractive

index at 37°C in the range of from greater than 1.33 to 1.60.
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the macromonomer having, when cured into a polymer, a shear modulus
as measured by a Micro Fourier Rheometer at 37C of less than 50 kPa.
2.A macromonomer according to claim 1 having, when cured into a
polymer, a shear modulus as measured by a Micro Fourier Rheometer at
37C of less than 10 kPa. 5 3.A macrdfhonomer according to claim 2
12, ha@inf 2 REMEGREE Ini6 % FOREMET, arsheaenidiilesras eadiureddibypahaving a
viscodigrafosriccRBeometer b He etless than 5 kPa. 4. A macromonomer
according to any one of the preceding claims wherein each RIM is
independently selected from the group consisting of a substituted or
13, undubstitE aFoRSAtRCGFIT B\ca thuoldiirate® grewin ; groispasiintaaniag C of from
1 00bredipesdinE <@k chlorine atom(s) and a 10 sulphur containing group. 5.
A macromonomer according to claim 4 wherein each RIM is a substituted
or unsubstituted phenyl ring. 6. A macromonorner according to claim 4 or
14. 5, Avhsrsipositin Reig iz pendentlipseddated fmrita Riddirlgveenadkyboronomer
aocdﬂbfﬁ}{&%%%%KM%P&%@B{H&%% ding to any one of the preceding

claims wherein each Z is an ethylenically unsaturated group. 8. A

macromonomer according to any one of the preceding claims wherein
5. o chcmgﬁ?gé%ﬁﬁéﬁﬁ%)@e% gd"f‘rgﬁ%éaa}gd’b%‘%sisting of a linear,

branched, or cyclic lower alkyl, which is optionally interrupted by one or
18. méteehetéraatemd ppsiipstitatsgsyrendor gisis ofi 20 an esterjransitle, curable,
accdif@tbanensarRepaigathigester or -C(S)-NH-. 9. A macromonomer
according to claim 8 wherein each K is a lower alkyl of the formula
3,4 or 5. 10. A macrornonom

-(CH2)n-, wherein n is an integer 1, 2, 3, r
7. achbralhe Ty S o 1 SRR g B SV HGHR oL O GRerom the

comatigitiofthediaimula.-(CH2)n-, wherein n is an integer 1, 2, 3, 4 or 5. 25
11.A macromonomer according to any one of the preceding claims having

18, {I?/I ?g I%ﬁ%%é?@rﬁb&%@@ﬁ% abfresnrgEaterdnanib 33 Libn eve, or
maintaining the refractive power of an eye, formed from the composition of claim 14.

19.  An accommodating intraocular lens according to claim 18 formed in situ.

20.  Use of a composition according to claim 14 in the manufacture of an
accommodating intraocular lens for correcting refractive error in an eye, or

maintaining the refractive power of an sye.

MCSLLP



12. A macromonomer according to any one of the preceding claims

having a viscosity at 25C of less than 150,000 cSt, 13. A macromonomer
according to claim 12 having a viscosity at 25C of from 1,000 cSt to
60000388 14,A composition curable into a biomedical deviea ingiueling-
a macromonomer according to any one of the preceding claims. 15. A
composition according to claim 14 cygable in 16. Use of a composition
according to claim 14 as an in situ curable, accommodating intraocular

leps—10-1Z-AnRip-sity r\llrahlo accommodatina-intraocularlens.formed

TCTT1O,y LU 77T or aToorrmrrogattTy LAY

from the composition of clalm 14. 18,An accommodating intraocular lens
forgarrecting refractive error in an eye, or maintaining the refractive power
d from the compo“ iéim 14.19.An
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