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WD 2007/ 128051 PCT/ AU2007/ 000582 1 Bi ol ogi ca
pol ysil oxanes Field of the invention The present

w0 poognedodh rel ates to sil oxane macronononer s amdI/AU2007/000582
pol yners formed therefromsuitable for use as
bi onedi cal devices. In particular, the siloxane 5
Macr onononers are SU|tabIé precursors for formng
injectable, in situ curable, accommodating

i ntraocul ar | enﬁmogocul gr ‘yéei atri‘&l nventi on

Currently known™l nses (10OLs) include
non-def ormabl e, fol dable and expansible | enses, which
may be formed from materials such as acrylics,

hydrogel s or 10 pPieldiocfthameeentitiese | OLs are
i mpl anted by making an incision in the cornea and

The prés@zﬁ?rlhi/é}ﬁldf‘l RepteY MBdsiidlaneT endbromBndendrs aant pkbhymgs formed

I mpl antati on, fol dabl e and expan3| bl e | CLs h ﬁlee
therefromIe\mlltab@d forhese lasnduemadigabede\ice®d 10p PRREFY *'T‘fse gsiloxane

macrombs U 35" kbl 5B, B Yy el 15 6w

accomnibyating Mtfacviitarlensssed Wi th smal | inci sion techm ques.
Hydrogel 15 | enses are dehydrated before insertion and
natural ly rehydrated once inside the capsular sac. To

be suitable as | t he far | enses require

not j ust approﬁq‘%géoﬂﬂa ngﬁedpg%'ﬂ'ﬁ‘ but al so

mechani cal ro [ h as_struct ur ri
CUFrenﬂMn&n@WHsﬂ'?t@pQ%W arg ﬁ,e sﬁel'ﬂ“i‘éd%le'f‘%'? a&?@‘g fidable and
expans*g{%ﬂleﬁgé@\hl‘?i%Q'fl%itb%%rhéﬂéﬁd?n rﬁé‘t@hélsséli’d!ﬁas IAcWiies; hydrogels or

Wever, suc S are not capable accommodat i ng
polysiloxdress. |T‘heﬁé MDIVS) ,areuignplantedeby malgngu @ly ingigipns in ﬂ?% cegrea and

f

nserting iy AReIoTR s o | BB HEBEC By GhoEl FRRHRRER;, Jofigve and

expan&ﬁ@ FUY_sl h%v&‘BeérﬁGEOél@Féé THé$4 ileides imaiyebe ablied uLand inserted
been suggest ed nj ectable 1 O.s woul d

throughi mslnmﬂt ‘adbebwhlclereélowa a .smrgallﬁr ipgision; fonge ﬂ?‘ég%d'&rt% cornea. For
exampl%ﬁﬁ%mqi?t glfaﬁ)?qggégtnéan 'bgel?#éﬂ;wﬁh %ﬁ\ﬂ?%@ﬁﬁ nﬁcm&&'é@ Hydrogel

lenses @O SHydratad &eforei disertivrdyard aatwallk rehydfated once inside the
mai ntai ned. The intact | ens ca nrefilled

s
capsulasysaj &et bagsatatiey 2 JObs; tthe t%@fggpab‘ten FS8%e r%%‘iey not just
N b H%ﬂsh ! MBdh Fopetties! ’chﬁ;'ésU structural
approp aﬁ@t ﬁbﬁéal @'%é)s nahﬁglsgiu I'ar a‘rg&?]s%used to formthe
integritys baaeelasﬁtud]ﬂyem qammxchhem ttedefdren dudpgiigipigntstion lsad then regain
their shlra%feI lJnI \I/lng However, such IOLs 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 I0Ls 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 be manipulated by the ciliary

muscles and zonules as occurs with the natural lens. Consequently, such injectable
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material is sufficiently low, the |ens shape can then

be mani pul ated by the ciliary nuscles and zonul es as
woeewanssodi t h the natural |ens. Consequently, SBCIYAU2007/000582

i nj ectabl e WD 2007/ 128051 PCT/ AU2007/ 000582 2 1CLs

are able to acconmodate in vivo. Apart from problens

with in situ curing, suchZas controlling the

crosslinking process and finding clinically

IOLs are® §Pc§ %@éo%qﬁ andid s, there has been a struggle to

organosi ['oxane conpositions for use as
injectable 1OLs. Injectable IOL materials 5 need t
Apart froh@ peolerssivitibihesitui cog, sych as donitredingdhe cgogﬁjln{(@g pgocess and

finding rgﬁl{\lr %@/q%ﬁapa%?e Csw ﬁ%ﬁ%g th(gr%c gja%ry Goaéencr?rﬁ?ﬁﬁiésid Cdevelop

ransparenc

polyorgaﬁ%'ogﬁ%{m b POSIhBﬁé ‘et %@efh’r?é/irljﬁctﬁbl@l Ioils. emle”cm:blah[)és materials
e sterilisab he properties, such b
need tovhawsi ByltabdeS@QSI%[nBDFeWQCé'@Datﬁ syitablgy rejhactlve index, suitable

B N

biocom#ibRY, 'ﬂ‘ﬂi]lﬁ(ﬂn? Bhging rﬂ;@nnﬁ%eﬁm&ablby, amdabersterihsabbef ul in
deformable TOLs are by no means swtabl e for use as

The prolpgjm%; 2|E|)|gl§ e{gg\égc%;& ﬁé@qﬁg a‘,ggdIOOI gtl)el yl’oi%r? Z@%ﬁtable in situ
curable %&éﬁﬁﬁ&lj% n@%ﬁ?o&tﬁ] I s diffeCtram tﬁoé&e@ﬂfé&ﬁdr defarogible 1OLs.

oun to have a relatively | ow
Consequésityo shaterials disefidrie defermaie by are bymn@@ps Suitaple fpe use as

ion site (i.e. the capsular bag) before curing.
‘nJeCtabI?OIIQifdress this deficiency, high viscosity

pol ysi | oxanes have been added to the PDVS reaction
For exé‘PnkS}e "!St\/l?dﬂﬁfethﬁsndi@ﬁbbwmvlﬁ) haghbeerscemptqyedl Bscana@terial in
hat

can entrap air n
foldablet e d@fnrmeéxle d@hm iry the ekt 0L ﬁ%}"tﬁi‘*oﬁl&)&g% A @@%ﬁhgs been
Save?h® oy’ Yotleak out of th
found tPhn 6t 9 %eﬁiég:\):? e\f'&{’::oa%ng %ﬁ%ltggﬁ% ntghﬁégp t6 g%}b r?aqu?r |onug or the
lnjectloﬁléﬂét(&t@t itiad daplsumr bag)ZbeMehcturkml, Ta addeessethis fdsiigiency, high

AL S S 8 v
drawbaél?eo‘?' Igg \F&‘l‘)‘é‘l g%’sxm&dﬂ?ast Téethdint%@?éeﬁﬂ eheap! élrtthﬂibléshaNhlch can

] ect ens terral wl float on any aqueous

| a
impair the&&p&unal qunality bé thearssullting pmgiuct Alse,dhey a@ggéfﬁcylt fqu;t %p surgeon

difficult to r et |
physwakﬁ»' 1P ipiggh I 8 AhY d?d?ﬁ*@o%”‘?%ﬁﬁ%’ﬁaf’ éﬁe@( resg Sostdtal force. In
addltloﬁ Nir Angapssh afoundt ehat rpdlydiﬁancbsilobtanm ahaving5at high fraction of
orrect | ens shape during the fllbfnq and c U] 8
dlmethydsﬁm@gg units may have an unacceptable Jow specific gravity with the
undesired result that the injected lens material will float on any aqueous layer present in
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 aromatic-based siloxane
macromonomers, for use as deformable IOLs are disclosed in WO 03/040154.
WO 03/040154 teaches that the polysiloxanes described in that specification have a
relatively high R! of 1.45 or greater and are biocompatible. However, such polysiloxanes

would not be suitable for use as an injectable, in situ curable, accommodating I1OL. The
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Al ternative pol ysil oxanes, produced by polynerisation

of aromatic-based sil oxane nmacronononers, for use as
waledoonesabl e 1 OLs are di scl osed i n WO 03/ 040154pPCT/¥12007/000582

03/ 040154 teaches that the polysil oxanes described in

that specification have a _relatively high Rl of 1.45

or greater and are bioconﬁ%tible. However, such

pol ysi | oxanes 30 woul d not be suitable for use as an

dosve 840056 5y o s, 4GSTIBLR oo dryRuscls

and zonwiek fsinh exatifginghtheeshapkiafta lendutfited with deseonpterigiey ent
the cili ary nmuscl es and zonul es from nodi fying the

s 20030880t oA RS A5 00 R o Syppoves o

silicone ?bf yhétt ad @ SIREE RSIRforéér. hessmcmgorwhemiera polysidoxane having
ica reinforcer. The silicone polyner is

aryl groppl subistitientss iHawevey, tBlSamﬂte@@|oW9U \Bet beLefiaple for use as an
lnjectablgs\qﬁx%ﬁhjcggéti%r% {34%1 c{%@u gt THe $hithadd Gof %gnﬂ?e‘élsmg the

acconmodat |
polysﬂod@fésﬁﬁémmﬁdf B USy p006£00710626t I'mqumeothasmaiamiesto be heated to

escri bed in US 2005/ 00706(3 uire the eria
100°C. DbiohEaREIPtONOGoREUSFh ALY PAMTRERED g IOHPE d0oROGiTprise and so
would r@éﬂl’y F’f& lﬁr?ggbgfogé Qfg@?gét%rleﬁmhje%?ecﬁﬂﬂo%ﬁe cePslir bag. Further,

e naterial was Injected into
the methb@s @ﬁpgnﬂheslsljagghi:wnultbnpt peoduee sudticiealy bﬁ%ﬂﬁé&@ate”a's

o bo s o L1 AT 54 By TORRE DRl for i s

curing ?éj‘i‘t' Lis&8 hybiRssilgrtieni Rlactiéné Un tdraer upsdrbsslipketteo maoromonomer.
tu curing as it uses hydrosilylation reactions in

Hydrosﬂyiai@ln te@ctjm%@r& ownetarker exatherimie andfhereiere ynay damage the

surounf R Sl R BTSSRI 0P8 B vt

‘cure orl derdbhy: prbBesk] i regaites tie m‘.ixing qﬁntwo esmpiomentstard tHen waiting for
cure on demand' process; it i res the nixi

the reactian &N BIRCS. ARISYHEIAEUHIHRT NES 3 indedciefigm® 5 which to
inject tr&teﬁ]ﬁnggl?ﬂgﬁéﬁ tﬂ%@%ﬁﬁr%@ at AERB d?@tsacﬁuétl'ﬂ@ntt@fb ensure the correct

inject themxture into the
level of e&ffling Bas begn actievedle any adj ustnents to ensure the
correct level of refilling has been achi eved. Another

snotne g SR S SRE MRS 1 EETD 9T o

us 200‘5?0?)7%)‘6&6”@ i tCsbMke foﬁﬁé silané eroud fdacytefgren STOEsgroups. These
OH groups may then react to formfurther

SiOH gmmsnnamkhe@ rqaqt\x@écprnn Mw&r@ﬁ@m ketweep; the macromonomers.
This adgﬂ%:n@l:gqogglﬁﬂ&ﬁ 5 e%g&\:/l:ag ggéﬁ:%rifg ?%H|i@étio%§%ﬁér@ th8 viscosity of

the macromonomers and the modulus of any cured polymers are important.

Therefore, it is desirable to formulate an injectable, in situ curable, accommodating lens
forming material from polysiloxanes that has a suitable refractive index and the desired
mechanical and optical qualities so as to constitute an optimal replacement for the
natural lens. It is further desirable to formulate such a material so that the 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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t he macronmononers and t he nodul us of any cured
polyners are inportant. Therefore, it is desirable to
wo eoomaksase an i njectable, in situ curable, PCT/AU2007/000582
acconmodating lens 25 formng material from
pol ysi | oxanes that has a syitable refractive index and
the desired nechanical and optical qualities so as to
constitute an optinmal replacenent for the natural
Referel @& ahf rivr i fhefe gssdificdtion fsondiQramdl sculé wol b taken as, an
material 'so that the refractive index of the materi al
acknowjedgmagnisaraanyefosm ofisuagestior dhatrihis prugrait forms pant ¢f $he common

sych as, nyopi . p ' . €O e
aeneralS K0 BGRLAP ke Bln HOF0R iy THKRoRCEE SR4CHie YRor art cou
reasondbly ®e @Xpedtéd thdesasirtaina, iumtdrstondtandrehesdiedilad retavant by a
be taken as, an acknow edgnent or any form of
person skiljg@én thenathat this prior art forns part of the
common general know edge in Australia or any other
As use%q{e'réiﬂ' fihd ?&n?“%érﬂéﬁsé“hélﬁj REHMorR bf MM, 'sB8R AxRlomprising”,
e expécted to be ascertal ned, understood and regarde
"compriges't ah@Veomplised!, ate pet inbenddd td extliude otheradditivas, agegonents,
. herein, the term "conprise" and variations of the
integerg 8Fﬁ€3p§uch as "conprising", "conprises" and
"conprised", are not intended to exclude other
addi tives, compongnts in ers or.steps. Sunmary of
the invention 10 SHQH“@%Bt@?“T My el i ment s to
replace the natural lens wt

: ft gel, i .
When songhiGtision §XpEHHERE ﬁ%ar@plewepgﬁarﬂfég%ra{ ﬁ%@%dl@ih ra'?EOﬁ gel, it was
surprisi?ﬁ&p@ﬁﬁgﬁﬂét ih@f#zﬁes thre%t,§f@@ 1t Iea%regrt%nt'iﬁbluc@d a PSTHABRVE error in

ropi a ar ‘resu obtal ned for _
all animeatp érypeeopia).cRimiac resdiltgiwereebtaimed dohexpertinagnis conduoled with ex

. expected that if u,replace the, contents .of th

vivo hugiaT, s, tias Gredetda JBR, ApuoR e 1 Syt hpgnatural lens

with a %gﬁ%r(d?|t}1er§%rﬁ@fréﬁ§étlv\éeinaék FRIVRY Irefriétivienstisiedoultbbe induced.
ventional optical nodelli nglnsuggests that the "text

Converiomial optiealagedaliingfsuggesisathat dhe ‘Butrhaok caverage hitafelbg natural

348 80 AL PR LT o P ORI A 107
has beéi uBkd HPoljditRisthiisiiexdrrerhavimgias & .of It 40valavebede produced.

shown that the original optical power of a |lens can be
mai ntained by refilling the lens with a materi al

It has MGWiHE@nshdWn hatbvsRyindl- dpiitaRpewer 44 & |eR8 dapnies ahdilitained by
the Rl of a polysiloxane can be raised or |owered by

refillingdthadensyithigematerial having an R of between 1.421 and 1.446.

Generally, the Rl of a polysiloxane can be raised or lowered by changing the

substituents along the polymer backbone. As a matter of theory, the RI of a siloxane

polymer can be raised by:

increasing phenyl/aromatic ring content;

increasing halogen (Br, I, Cl) content;

increasing sulphur content; and/or

reducing the fluorinated content of the polymer,



substituents al ong the polynmer backbone. As a matter
of theory, the RI of a siloxane polyner can be raised
w2007/128061 easi ng phenyl /aromati c ring content ; PCT/AU2007/000582

i ncreasing halogen (Br, I, Cl) content; 25 increasing
sul phur content; and/or reducing the fluorinated
content of the pol yner, WP 2007/ 128051
PCT/ AU2007/ 000582 5 and generally | owered by:

and gen%?é]lﬁlqaﬁlbl;&ﬁ e fluorinated content of the pol ymer ;
ecreasi ng phenyl/aromatic ring content; decreasing
hal ogen (Br, |, Cl) content; and/or 5 decreasing

+ suhpieasingshedhorinpmgesantentofdhenpolfmeier cent ages of

vari ous substituents cannot sinply be increased or

de : . For exanpl e,

* S|@%@%ﬁ%gg%ﬁﬁ?ﬂ%@tﬁﬁgﬁfﬁtéﬁ per cent ages of phenyl
substitution, which would be required to create high

« Ridemtasinglmalogesu@rel, Gly content endécy to solidify.
Solidification conprom ses the properties of the 10
pol ysi | oxane rendering them unsuitable for use as

5 . inﬁi%‘df’ﬁﬂf‘g,sui?qpl‘gicpﬂ? rabl e, accommodating | OLs.

Therefore, this tendency Iimts the degree of phenyl

Howeves Ui ifolr sstce RIRg et Wf &afibus isLibxtitneatsagshrot simplyerd Increased or
the resulting R that can be achieved. Accor

decreasedles Rsmattes af ROMESE. oF O SXASINIex SR¥ANGA ﬁgsfjaié&gla?/high molar
prcentfi L ph 88 iyl Yo 4 131y 3890 BRABLGURI matrials

suffer fesmestiehtienqy ds esdlidifpy Solidificatiorododgzromises themroperties of the

10 polysilo%raésgeirer&?egamugl,ﬂkéél Er@u@%@l mrgll.%e_z_a% ?r'wjébtgb%, % St Rurable,

accommodating I0OLs. Therefore, this tendency limits the degree of phenyl substitution

possible on siloxanes and consequently the resulting Rl 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 RI.

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

formula 1:

RRé"O |0\ (] | _o | R
a K\ b K c L\ dF\{
RIM Z

ITIM
Y4

(1
wherein
20 RIMis a refractive index modifying group;

Z is a free radically polymerisable group;
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1 Z (1) wherein 20 RIMis a refractive index

nmodi fying group; Z is a free radically polynerisable
wW@e@ap280500 2007/ 128051 PCT/ AU2007/ 000582 6 K PGT/AU2007/000582

spacer group; L is optional and is a spacer group;

each R is independently selected froman RIM a |ower

al kyl group, hydrogen or £ ais a molar per cent age

of the macronononer which is in the range of fromO to

. 595 mnl% b is a nolar percentage of the nacronononer
Kis a sPARe'fOMR i n the range of from5 to 99 Mol % c is a

nol ar percentage of the nmacronononer which is in the
L is optionahgad ¢ afspaceOgtoup; 2 nol % and 10 d is a nol ar
per cent age of the macronononer which is in the range

cso R Sl SRS eReH it S PR 098, o 2

macr onononer has one or nore of the foll ow ng

aisa m&Qﬁ?é\%bﬁfd bfahe Macrotnomearulidch eeinghe range loé froemg éo
of from 20,000 to 400,000, preferably in the range of
95 mol%;r om 40, 000 to 200,000, and nore preferably in the

range of from 50,000 to 100,000; a refractive index
bisa m@%r E%é&eh'rfb%%gf tgw?q'gﬁcr%fmcfrfdhﬁ@rhﬁéh i®inlthedrange &f @loabbto

roml.41 to 1.5, nore preferably in
99 mol%:he range of from 1.421 to 1.444, 20 and nost

preferably in the range of from1.426 to 1.440; on
cisa mgl\é%g ; %gﬁ%pq%%%ur%a&%rmo%%%&r wiRh§s # 1&52RGe 7 R%At 0 to

2 mol%; and

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

with the proviso that ¢ and d are not both 0 mol %.

In different embodiments the macromonomer has one or more of the following

characteristics:

. 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;

. 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 range 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 less than 150,000 cSt, preferably less than 80,000 ¢St and
more preferably in the range of from 1,000 ¢St to 60,000; and
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preferably 1 Z group per 550 or nore sil oxane repeat

units; a viscosity at 25C | ess than 150,000 cSt,
w@e@aesgbl y | ess than 80,000 cSt and nore preP&r/abkop7/000582

in the range of from1,000 cSt to 60,000; and WD

2007/ 128051 PCT/ AU2007/ 000582 7 when cured into an

| OL pol ynmer, a nodul us at 37C | ess than 50kPa,

preferably |ess than 10kPa and nore preferably |ess

. w%%@'&g?éﬂo fito Eﬁgb&%&gmﬁfeé RRSRERS A0 BY IC RessAmandBOKAR, preferably

of the nacronononer. For
Iesﬁﬂiamd:@kPamddfrmmtpreferably lbgs thaoiiidige fromthe R of

an 5 equival ent pol ydi net hyl si |l oxane nacronmononer. An
RIM may nodify the R of the macronononer by

Each RiMciegsintgpendeetly essiany gheufRicapableuss modﬁylnggﬂa Rl of the
el ectron density have_a tendenc

macromgRomge Eﬁ{:rlaﬁ@ﬁlgﬁermo pqatg:rbrna gbgtMoel 'rgrﬁ%nggsﬁ'owechgl Rl of an
equwale‘f‘\?1 &%eﬂ?@!o&én@%%c%rﬁ@ﬁ&ﬂéﬁYAhORH\#dMQ? lfnbdlfﬁltherRl of the

cro nomner M may be a substituted
macromonemiesbytmn:redsmgmmieqre@mug the RI f(’ﬁmsd@uﬂ@algj}eg@‘gect@n density

have a t}ﬁn@%p ﬁr?é‘{teg%{e] Bﬁ% r@ggﬂhgewaﬁ%qg&g%rggf L\@'ﬁié)gl;&}’ps with a lower
electronsdé?r%ﬁy‘h'éﬁlé‘é tehdensytstddudb eble R oMtiie magrampaomenl phur

containing groups or bromne, iodine or chlorine
containing groups will result in a siloxane polyner
The Rll\)‘l"'rﬁQy %B 4 @E‘lb@tﬂﬁﬁéj of aﬁét%dtitu’tédIa’rdﬁ?atlc/grbapnatfluoelhated group, a
a fluorinated group will lower the refractiv

group comtawng)bromlng, isiding 5 ShissIngratpm(sormh sulp ngpl@’@{rgrag gFOUP Use

of substifit Bl et ded b Pl TSR ToIERHg bldlie grbromine.

iodine dr'%rmyc&ﬂanrmmIsresultu:sadsuhuxanatpcﬂymer with an increased
deri vative, suc ant hr.acene

hal
refractive- iprlexcltaraativaly, use @i 74 dbemaas o wer .”a%gefrad“'e index of

o a central carbon or SI I icon atom The
the S'IO)gérr%eﬁg@?@ group may be subst it ut ed by one or nore

substituents including alcohol, chlorine, brom ne,
bed kaBMHYI IhoxyeRiition, an
The subilh oEudtBstfteh ffattitkbup RAFLed ey A hose
analogdsoaminaticy g up iostma phemyllring may b elfsedabuyh ashe fused aromatic
substltut ed phe t st ene
derivativp.aiorva BAPRGIRRS. PRAITAER S IFPIERHRRecioc PRSIfs of aromatic
O | @arkbrP @t 1.;I}{corprat&zﬁﬁ'p''\’bfefel\r'ebﬁ?’rliaﬂw"g@@bp may be
rings a@%E&d ctéc ?@ﬂ? orara group of the follow ng fornula:
substituted by one or more substituents including alcohol, chlorine, bromlne iodine,
amine, lower alkyl, lower alkenyl and lower alkoxy. Preferably, the substituted or
unsubstituted aromatic group is a phenyl ring. Preferably, the substituted phenyl group

is not styrene.

Suitable fluorinated groups include perfluorinated C1 to C42 alkyl. For example, a partly
or wholly fluorinated C4-Cg-cycloalkyl or a group of the following formula:

-[(CH2)a~(Y)z-(CHF)o-(CF2)c]-R2
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25 -[(CH2)a (Y)z-(CHF)b-(CF2)c]-R2 WD 2007/ 128051
PCT/ AU2007/ 000582 8 wherein R2 is hydrogen or
wo basonegeer Y i s a group - N(R3)SC2-, -0S02-, - QE(TIAU2007/000582
-N(R3)C(O) -, R3 is hydrogen or C-C4-alkyl, z is an
integer of O or 1, ais anégnteger from 1 to 15 bis
an integer from0O to 6, and c is an integer from1l to
20. Sul phur containing groups include thioester or
whereirt RO &8 Neidrogeretor effuorings;, ¥xien®! grougr N(R3)SO,-0f-03@,-, -OC(0)- or
followng formulas; X sue. |, Xx=0,S c¢c s~ n . The,
-N(R3) Q)i Bs [ PaRm Or Qwﬁreﬂ'l;}": &' ap, INQgieE Rf Ry e is an integer from
S . ' [ bove. Each
1o 168 B sh ieHE POHTR BRiid it HRepdtiian P26
pol yneri sabl e group capable of cross- 10 linking the
] i L VO ef
Sulphuf BEHEAANGRETp< Bl fle Moy B hip Gndt Hbietisr FEfr&atholé, groups
of the follawipg formlilage acryl ate, nethacryl ate, al kyl
met hacryl ate, acrylam de, nethacrylam de, vinyl,
styrene, acrylam doal kyl, nethacryl am doal kyl
acryl oxyal kyl and net hacryl oxyal kyl . Further, suitable
precursors for free radi call pol ymeri sabl e groups
may be azl act ones, @; an&t oet hyl met hacryl ate (1EM,
acryl oyl 15 chlori dessfriet hacyyhisc anhydride or
met hacryl oyl chloride, particularly when the sil oxane
macr onononer or siloxane reagent has a pendent
al cohol, thiol or amnQ group. Each K may
i ndependently be any$t‘al |y acceptabl e group
capabl e of linking tRe~refractive index nodifying
group to the sil oxane backbone. K may be a linear,
branched, or cyclic lower alkyl, which is optionally
interrupted by one or rogf.ons, such 20 as O,
N or S, or functional puUpPs’ su as, but not limted
to, ester, amide, uretiane, WO 2007/ 128051
PCT/ AU2007/ 000582

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-
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), acryloyl
chloride, methacrylic anhydride or methacryloyl chloride, 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 S, or functional groups such as, but not limited to, ester, amide, urethane,
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9 carbonate, thioester or -C(S)-NH. Further the | ower

al kyl may be substituted by a functional group such
w@g007hegosnot |imted to, ester, am de, urethankCT/AU2007/000582

carbonate, thioester, thiol, alcohol or am ne.

Preferably, when Kis a I|near branched, or cyclic

| oner alkyl, K bonds to tHe S|I|con 5atomof t he

si | oxane group via a carbon atom Preferably Kis a

carbonaii * |88§ e?ycl)r Qéé)hﬁl If‘@lt%&eg"% e%@{ 5”3:? llﬁ‘%isglr?gﬂtuted by a

functiondljrégig sueh @s, But rEHCtlmlﬂed tohesteprarniete, urethgne, carbonate, thioester,

|ndependently be any bi ol ogi cal |y acceptabl e group
thiol, alceb@/A1&MINGt | i nking the free radically pol ynerisabl e

group above to the siloxane backbone. L may 10 be a
Preferab) (}br\ﬁﬁén KOG BCHer, Bfan%MéH' 6r b?&?ﬁf IcbdsYalkylWii bbndss to the silicon

Ionally |nterrupte by at [east one heteroatom
atom of thecsiloxane,grolprias cabonater.onal group such as, but

not limted to, ester, anide, urethane, car bonate

Preferatéﬂk@?isai | oraﬂ)ky?é%ﬁﬂé"m I':ur(tdi*?%nt Q\ﬁwe'r s‘%}ﬂ‘ﬂedﬂ%’l e 3, 4 or

I onal up suc ut not
5. Morekaréfbfaﬂﬂ hQS afdhteyer 2mrde, urethane, car bonate
hi oester, thiol, alcohol or amne. 15 Preferably L is

Each L,%ﬁltegégr,ias%% gkago{ndfgggpéerg%@@(/ﬁ%%)@i}:gwgéﬁéqrigﬁgi@oaﬂ capable
of Ilnklng@ﬁg%b %gﬁfeﬁ"? poﬁ?ﬁé@é‘b% chﬁfbléWeStd‘ tie diloxaae lbihekbone L may

am ne, propylene al cohol and
be a linedr| bl‘anohgedl omc.ycan dﬂwen_ajlmlr whiakyis apsienaliy,inieirypted byrat least one

heteroatggn %}}? %r §F Wé‘c@hgf QPA% gﬁ%}ﬁ] %ﬁé BE’?EBP Emﬂé& B, ester,

amide, GFé?Hé’ﬁ’ef@érb@?ﬁéf@'tﬁloesm|dld60(&)t—hm— FuaftHQrI meaomylalkyl may be
and pentyl groups. Lower al ken

substltum {)ycaﬂf@mcthmg ouD Skeh §6n Dxit et Imlyi/eé# 19, acgﬁt@r Lﬁf“'fjs yrethane,
carbon ‘ﬁ%}ﬁi‘%{p ol WALRB) SBYmbG, Strai ght chain or branched.

or "exanpl e, I'ncl ude vinyl, allyl and
propenyl groups. 25 a is preferably in the range of
Preferalf)llle_rYIslé)ldWJeraﬁky‘nmlf thefuinmuia e(@ohervergin n is Ae integegel .of, 3, 4 or

from50 to, 85 | % 5007/ 128051 PCT/ AU2007/ 000582
5. Moreqgyeferably n'is an integer 2 or

Suitable precursors for L include allyl alcohol, allyl amine, propylene alcohol and allyl

cyclohexanol.

Lower alkyl has, in particular, up to 10 carbon atoms, preferably up to 4 carbon atoms
which may be straight chain or branched. Such groups for example, include methyl,
ethyl, propyl, butyl and pentyl groups.

Lower alkenyl has, in particular, up to 10 carbon atoms, preferably up to 4 carbon atoms
which may be straight chain or branched. Such groups for example, include vinyl, allyl
and propenyl groups.

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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b is preferably in the range of from5 to 70 nol %

nore preferably in the range of from7 to 50 nol % and
woray/1pgosf erably in the range of from 10 to 30P@DAYBR00G/000582

is preferably in the range of fromO to 1.5 nol % and

nore preferably in the range of fromOto 1l nml% 5d

is preferably in the range @f fromo to 1.5 nol % and

nor e preferably in the range of fromO to 1 nol% In

b is pre@?%orﬁ/ %‘li m Cof fROMR 3 ﬂoofb m%l%S mdté ?ﬁ@f&?ﬁ&ﬁ/ iy tl?eeffa‘?ﬁgetﬁ from 7

ower alkyl. I'n formng the ends of
to 50 motée andwnmtmrefeatablynmﬂgﬁmeaﬁﬁm d0db Fomei%g end
groups may be used. The end groups may include free

. adi cal oI meri s bl e OMRS
o i prefsS A PSRRI BB pEGCEB b 518 HRFESRRBIE by s ranoe o
from O tYemopir ed. Suitabl e reagents for introducing end
groups i ncl ude hexanet hyl di si | oxane,
hexaet hyl di si | oxane, tetramst h I di sj | oxane,

dis pref@ablysloéhsmaﬁagrqiagnn)l 0 o, 1.53mel%anq ke rw?f&r%t?'}’ dx e range of

from Otg? 13"@5@,%3 nmet hacr yl oxypr opyl )tetranet hyl di sil oxane,
3-
chloropropyl)-1, 1, 3, 3-tetranet hyl di si | oxane,
In one foﬁnmfmmrriwedtlonylﬁ nsamyilepehder]tlysseﬂeqisd from RIM and lower alkyl.
t et ranet hyl di si | oxane,
1,1,3,3-tetranet hyl -1, 3-di phenyl di si | oxane and d
In formingithy lends rof ried: h}dcniomsnbmea,my vesagents capable of Ermingend groups

o, s 150 "V koo ) e S, FRGe BOGHRRSBB roups o

mcreasQe'EhI%r ' Bférﬂfé{ dYre8XGMRtSys-Ikir @ StHd IngsbromonBmerr When cured.
preciate, the macronononer nmay be synthesi sed

Suitabldy rsa@@mtm uiqrngntmd:ucung nsang 2greups eingidde Khekamethyldisiloxane,

nocaotsf RSy, - S UEEPRRAAA ot O SRR on 115

tetrameBvidisildtarie, Z, 1,B-bis(3anattaceyloxypropylitetratietialidisiioane, 1,3-bis(3-
gi ven macronononer. The nmacronononer, pay o |onal I(%/%g *1.1.3,3-

Ch‘OFOPmet'hhﬂ atstrametiaddigiomngs oups havihg b'ff;(ﬁ
tetramq?ﬁ%ﬁn%h(%ﬁ’err%rge' ng qapﬁké Fett%fm%tﬁ -13-& héWylesnMéh% and

25 polymerisation 1ni |ators such as
divinylt@trarnethyidisiioxdaoes, thermal initiators or r edox
initiators or biologically inert capping groups.
Substitution with such groups, or other suitable

As will %écémecmd dnlth@&@rtmulbeseha(ﬂlM/lZ i I€sL tamdt Regroeps imanvary with
The u g be, WO 2007/ 12801'-3

the altqr@t}l( e gyendn gzg escription. For example, as one skilled in the art

would appreciate, the macromonomer may be synthesised by substituting two or more

different —-K—RIM, —K—RIM-Z or —-L—Z 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 macromonomer.

The macromonomer may optionally be further substituted with groups having
pharmaceutical activity or being capable of acting as UV or blue light filters,
polymerisation initiators, such as photoinitiators, thermal initiators or redox initiators or
biologically inert capping groups. Substitution with such groups, or other suitable

groups, would impart these activities to the resultant polymer. The groups may be
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i ncorporated into the macronononmer by a direct bond to
a silicon atomor by linking through the -L-Z2,
WO BpoRI1M%0Z1 or - K- RI M groups or via other suitabP@&/AU2007/000582
met hods. I n another aspect, the present invention
provi des a conposition curable into a bionedical
devi ce including a macr omddonmer as descri bed above.
The bi orredi cal 5 device is preferably an ophthal mc

mcorpor:%ﬁ\fﬁ 39{% the e%?&lngﬁbme‘f b§le¥ '(ﬁf‘ecf'%naetoaﬁ dilfden s@MeRlby linking

ay, act lens, or an artificial
through fer-ne, -RipF-abbry—K-HRIM groups orsvia sther@uitaits methods.

preferably, the device is an injectable, in situ
cur abl e, ommda in L OL. Ac rdr ngl ef
In_ anottetoaapekiniings PLFRETS: BUERIOT /SR RS, o SotndbiRhC e into a

bromedr&\fr@a)r@e lifcl§dihg B Ombefdmaibrage @RMadseribed b&ve nd’hedbrngredrcal
nmacr ononomer “as descri bed 10 above. A furt

device Isrrﬂ’e@'rabld enmthalmlm@evme i Fie qpighaimic rﬂ%"% may: g an 10L,

corneal 5‘%{1 gor lﬂ¥p ggpﬁ%h ﬁr %E %Irtm?:géc gggﬂé’éﬁrefﬁéﬁfy' tR8@evice is

an |0OL. 08U brsteldyy, aRe ddace WBadrnjdctable;un it cwatdaplaecorbmodatrng
visible or ultra vialet Ii onc

IOL. Acperdinglyud farefesrad gmiadimgg 9% {ae tH{%?e'?‘ @VSPF?%H? & omposition
curable ﬁ%g&e{%sfo?r?ﬂéﬁ %&fébﬁ%&({?ﬁ Wé‘?@‘li' rﬁélu@lﬁﬁ; Aghasrbnidhemerns described

usua us enabling the lens to
above. Rmr@rﬁm‘qﬂ‘efe?redl'bmmdﬁnemrsrawrer&otabieair‘e@tlemr@hi%@e@mPOSltlon
the use of the agove composition as a bionedica

including &g B@CrypePAIMEh AESHIPEH IR MCabl e, in situ curabl e,

accommodating ICL. In a further aspect, the present

The corhP¥&tidn €8n Hed Hé’cﬁéd htormeilens capvilaebagparef drembtyred in situ, for
accommuodat i ng

, formed fromthe a%gve cEn‘g Slt]Lf v |
exampIéZ,Ob)Aow&biea@feulhrﬂ yioletelightmbReieps QJicet ap@ sufficiently low
ent i on_al e £ ol i & f|ahs Sh th
moduluﬁ]’r e GUARY %@gge@ pltrroga |tg§ iraggﬁsre§ 'I@S?@g Iéi;/ hﬁﬁe e
usual whY, thus lenBBlihyg ﬂ'hﬂenéhalaiccéﬂnatodm mal |y neasured for the
natural lens which the I1OL is replacrng The 1 OL may

The préscegﬁltﬁ%\%r}agrb?aistg Epﬁ{gohepr%fse% htgel evrfo Hhedjquqg d%ﬁgsrtron as a
bromedrcH‘H'g\ﬁce fé?% rﬁﬂh"r dctsblE Oih é‘rﬁﬁﬁ}raﬁl@ hbeorapdaling I0L.

ering 't rcentage 25 of RI M groups in the
rracrom)norrer Desrrably the ICL forned frgom

In a fwtbwpptectmtheha:res&mh rrwenmryspr@wdeéhhpm@?@' Q?Y)geﬁ oPteferably
t ral sticity. The
accomrﬁa@ t&%‘ﬁgﬁe?%m?ﬁiﬁoﬁrtgg 34}30'6/?80%5 v(yes tgdrer scosity before
curing that permts injection of the nacronononers
Advanthdésusly, qpacrongondrers diteeviresest inyenompeadéwrthelRi ofebe material

to be t@@?gd :tLOS ?heoggrtrc%%r apmfrcatrgrﬁ ?(feéaurr?etg ywlp%c, ally tHe'hIS\%u%Oe higher than
that normally measured for the natural lens which the IOL is replacing. The 10L may
replace the natural lens, or a previously implanted IOL in the eye. The RI of the IOL is
adjusted or “tuned’ fo that required for treating the eye by altering the molar percentage
of RIM groups in the macromonomer. Desirably the IOL formed from the composition
has similar physical characteristics to a healthy natural lens, particularly elasticity. The
macromonomers also preferably have a viscosity before curing that permits injection of
the macromonomers into a capsular bag. The viscosity is preferably less than 150 000
cSt, more preferably less than 80 000 cSt.
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WO 2007/ 128051 PCT/ AU2007/ 000582 12 In another aspect
the present invention provides a nethod of inplanting
W@ eoo@805i ncl udi ng i ntroduci ng a conpositi on arBCT/AU2007/000582

descri bed above into a | ens capsul ar bag and then

curing the conposition. The present invention also

i ncl udes net hods of treati?\% a refractive error

including inplanting an 1 OL as descri bed above. 5 In

Cc Y [ S ot i i

in anotf s830E" e pheeqll FREhRGn, Moy aaﬁ%;'é*?;"én‘?fma”z%‘?’a;"g an fob
including Ghtréducing ar earnpogjtior fasadesaribesk albova intara 8ns, capsular bag and

e ol DR .7 RS R BN ROV s o vestng
refractiv{eoérffﬁ'qnél[xegﬁp%mm@iéﬂ fOL a8 déesfibédabowdove. The

nventi on so extends to a nethod of formng a
medi cal device or ‘prost hesis, 10 including. arh | A,
In one aspast.dhednyentionvigciudesthefuseoplethercampositionin the manufacture of

| VIRLL S| descr i .
an scoB TR 8, G EBILSERohaCERE 11, Wb pptanng o
refractidl pelverl@sain pyé.orTied inventidnafurihgs dxitenutsetd anseye flavtng an [OL

of refractive index at 37 agai nst the concentration
formed §pm a somposiieBiasdesariogsr benzene

cyclotetrasiloxane in nol%in the reaction feed.

The inven88h&lo Iektéhdd & 0MmetRbd asft formirg demedicad Heva@aon Prosthesis,
the concentration of tetranmeth Itetra{?\ropyl benzene

includingy @notliLs, awith orarrefraetiveo| imslex  ohempeacthiodn 1-82dby opolmerising
macronggrfg%ta%%oé:é) %gg%qacg:agggéfglg%féﬁ%w HIPofnleridatiBi & corducted in

0
situ. tetranmethyltetrapropyl benzene cyclotetrasil oxane 20
in feed against the nolar ratio of nethyl propyl benzene

siloxane units in the resulting nmacronononer (as

determ ned by BMEfdestyiption of he diavgingscal i bration
curve for determ ning synthesis paraneters. Detail ed

Figure ?ﬁ:%{)ié’t gﬁ? of rte‘ﬁ%_cﬁﬁ@og'id&maﬁ B7eC Mg NeHE " Sorentration  of

res I'nvention offer the advantage that they
tetrametiayltetrapropibendenefayctatairgsiloxene dr mal% inribie xea@ioprepd.
but al so exhibit desired nechani cal and cheni cal

. terjsti Ay . LN .
Furo oSS B R, P A, Y B pton o
tetramdtRYfA&prosy ibérdeneotydlbrtrmioxir dmensi%Ey the reaction feed for a

greater concentration range than Figure 1.

Figure 3 is a plot of the molar ratio of tetramethyltetrapropylbenzene cyclotetrasiloxane
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 10L. Furthermore, the refractive index of the macromonomers may be
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WO 2007/128051 PCT/ AU2007/ 000582 13 controlled during

synthesis to enable preparation of a range of polymers
whawrnggosari ous refractive indices. The nacr oPGHADNRN03/000582

of the present invention which are described above may

be random or bl ock type macronononers. Typically, the

macr onononers are random 18 nacr onononer s.

Macr onmononers of the present invention nmay have a

controlIe?@?@é&%m{s’é%w&ﬁéﬂéRﬁtegér%%n%cf a Fa{nr@@ Ahdfefsohaving various

e range of from 40,000 to
refractive PRIidE}0, and nore preferably in the range of from

50, 000 to 100,800. The macronmononmers of the present

I nvention nma e synt hesi ! '
The maﬁr@mfmpmfﬁrémﬂ?/ e tméS%n ﬁ*&ﬁﬂgﬁivgﬁl?ﬁg%%uéﬁ?éﬁegé%yve may be
random ! 1Bck ﬁgg%%éé’r%rﬁd?@ﬁkrﬁpdi%p}ddﬂg, ii® Upacrannomers are random

pol yneri I'e group may be attached to a siloxane
macromamemermnoner is to use a hydrosilylation reaction.

For instance, using hydrosilylation, free radically

olymeri I ' i ; i
macromBFRHEES bF B2 FresBhEhEnt ridy fAFE alRoldRip wEiht 1 18 range of
from 20.800yto- #0%000 spreterablyniet thedsanigeooifrom 40,086 t9Kk300,@Q0,i and more

the art. For _exanpl h | .. functionalized

preferably Iweﬂﬁﬁﬁ%ngnggo’Sﬂg%Pﬁ@é’qqpcl ude allyl benzene,
styrene, allyl phenol, allyl phenoxy and eugenol and
free radical polynerisable funct

[ [ . .
The masrampromers, o5 he RBSCRnEVBNKEn; ey irs Shigsised by any suitable

method kﬂﬁ%ﬂ)iﬁ“fﬁéféﬂ?e and allyl isocyanate. Scheme 1
I'rustrates a hydrosilylation reaction and suitable

reagents containing phenyl groups. WO 2007/128051
An adVRETAgREB0 TheesDby 1whivbe rellaiy@ Madeke masiifyilg sgroups  and/or

polymerls'eia_bll\{a|9 gr{\)/sp'vrt%a')_/| [\)/le3 %Qchéd‘l)topg'gi\oxane 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 to those skilled in the art. For example, phenyl
functionalized allyl-precursor or the like include allyl benzene, styrene, allyl phenol, allyl
phenoxy and eugenol and free radical polymerisable functionalized allyl-precursors or
the like include allyl (meth)acrylate and allyl isocyanate. Scheme 1 illustrates a
hydrosilylation reaction and suitable reagents containing phenyl groups.
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a Pt cat. HO Mee .O MO MO M MO SI SIi SI Si-M M
M M mn Ph Scheme 1 The addition of refractive

wo pabes2890di f yi ng groups and free radically PCT/AU2007/000582
pol yneri sabl e groups using hydrosilylation reactions
may be either to macrononopers, which are 5 silane
functionalized, or to sila functionalized cyclic
sil oxane i nternedi ates before they are subjected to

ring opening polynerisation tq,f or |Q,gmar
Stitable cyclic siloxane i nth Ir/O SI
functionalisation using this lro c Ilude Me
tetr t hyf cycl tr oxane

tri cyclo oxange (D3")

pent anet hyl cycl open@asi | pxane (D6 ) or
hexanmet hyl - cycl ohexasi | oxane (D6"). 10 The ﬁg@%gmﬁng
descy¥ptign d schemes gdescri be vari ous|approaches to
subé{iz>fing free radicplly polynerisable g ﬁyps and
refractive index nodifyipg groups, altholigh the
exanpl es rel g2 specfichlly to phenyl cont ai ni ng
refracti -+ rodi fyi hg gro
hydrosi |yl at perf react i ons. Weede Mo
fijgures siMeR as "a=80, b-20 are,%ro |%ed ?hesenbMe
nmol %15 val yesfoer—the arlous Mgubst\i Me
indicated. In the schemes, a, b, ¢ and d €tctdd not
necessarily directly correspond to the integ&hs a, b,
c and d as defined for Fornmula 1. Moreover, in the
schenes, mhere a proporgbﬁgm@ 1b, c etc of a
macr onononer reacte the use of the sane letter
in the reactlon product macronononmer does not
The additionssarefrgctivepindexhatodifying gseupsomndr Feectpsically polymerisable

aroups ST FuEHSREh -G BER, YRR FRRngmopy pn are

silane fithédoridioud! 6?"(&5 dIRneoNMIcEbRaIERd BydliBesioxaati imtermediates before
proportions of the substituted siloxane backbone

they are sulpjentest to. righ epapipgRalyMeEsatippicipamethe mag@monomer. Suitable
cyclic Lynetionald Sedi BT QiR NaRE onMikatsH T U5Hbe thisS! dgHBach include

tetramethylcyclotetrasiloxane (D41, trimethylcyclotrisiloxane (Ds"),

pentamethylcyclopentasiloxane (Ds™) or hexamethyl-cyclohexasiloxane (De").

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 directly correspond to the integers a, b, ¢ and d as defined for Formula 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



functionality to allow introduction of both the phenyl
groups and pol yneri sable groups. 5 For instance, the
wa@Rdoanesosunct i onal i sed nmacronononer i s sequentPEi/AY2007/000582
functionalized as depicted in scheme 2. For exanple
the silane macronmononer is firstly nodified wth
al ly) benzene, isol ated, ahd then functionalized with
a second allyl derivative such as al lyl al cohol. The
the reaétl&h%qmj%‘il%qe@ tﬁ@t’é’\/vllgfn‘é\mébl?'b% $athehpangsesd the rélhf\?é?broportlons
ol ymeri sable groups by reacting with a suitable
of the sghiiitied=dosane backibeneedyppenerisbl e group such as 10
azl actone, isocyanatoet hyl nethacrylate (1 EM, acryl oyl

One ap@'}%%w i%‘%%r&ﬁ‘%k%%ﬁé%é WMOR&%&@%%W%&@?&FWT%@M silane

functiorlafily tollow ln‘trod(léi)lori-loffbﬁﬁ) the phifyiSfbup8 rnd-pdlyrnefidabl@groups.
Cat_alyst \'ac Pt Catalyst (7) [/_0 TMSO 0)a~s* ~0
5 For lnstsaﬁ'%n@ezs%n@gﬁﬁs fionalis Ispd mﬁéomgwﬁ%érf'arﬁ?ﬂusﬂﬁ?"ysﬂﬁ lidhalized as

r I t
deplcteHB}ﬁ (fg:ggﬂﬁ;‘g Fe gﬁ{]emeé ?:cﬁé Abhs maéf%rﬁdﬁ&ﬁérol?saﬁﬂsﬂ? rh&dfified with

m xture o
allyl bedmna;asolam rtmd then fundtiosalizgdavish aaﬁec@nc{ allylsderivadive such as

allyl al%e&?ﬁ%ﬁo A@@@é@)legwggzargxﬁxmle? us%dni ¥EHhéh ?) Iy%nsable

groups by reacting with a suitable substance containing polymerisable group such as

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

N -
S0, H S0,/ H
N s \SQ.L g~ _HMDS _ mso s</° S[/o e
St O e o-si i
H ozl A TfOH A \ .
®
/ o
w9 TMSOJ( /oﬂ /oﬂ //o\% A0 ()
Pt Catalyst Pt Catalyst

)]

ol oy o s/f/o%m i f{ﬁ&//}(g#g%

(10)
Hg E HO
©) N

Scheme 2

Alternatively, the silane functionalised macromonomer undergoes parallel
15 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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benzene (4) or eugenol (11)

alone is hydrosilylated onto the silane nmacronononer
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Scheme 3

The relative ratio of the hydrosilylated groups are controlled in the product by controlling

the feed ratio of the starting components. For example, as shown in Scheme 4,

10 controlling the feed ratio of allyl benzene to eugenol gives macromonomers with

predictable and controllable mol% ratios.
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hydrosi |l yl ated groups are controlled in the product by
w@oewrnedosi ng the feed ratio of the starting PCT/AU2007/000582

conponents. For exanple, as shown in Schene 4, 10

controlling the feed ratio of allyl benzene to eugeno

gi ves macronononers wth 5%edictab|e and control |l abl e

nol % rati os. WO 2007/ 128051 PCT/ AU2007/000582 17 HO

CHs ' ally) benzene: eugenol TM5~O Si O b Mol

TMS5 -0 a Karstedt's catal st y ~a b c a=80

MAES5 000 tol uene, 40C (5) (13) allyl benzene

eugenol theoretical conposition MANof resultant

ratio nDI @6nacronononer 100: 1 a=80 b=19. 80 c=0.

5 Schﬁlmaeréedenatge@d of p / al |
t| enal ed aI I ylkarstéﬁtajaeﬂawat Ives, \ par

functl onal i zati on cami@hsatake pl ace betwee
a=80; 5} MVF3r%1 1yl derivatives, for exanple a

al cqhol and allyl benzene as shown in Scheme TH&®
al cohol groups are then nodified to intro
pol yneri sabl e groups (eg by reacting with | act one,

I EM acryloyl chloride or methyacryl oyl anhydride).

allyl benzene: eugenol | theoretical composition | MW of resultant

free ratio mol % macromonomer

100:1 a=80 b=19.80 c=0.20 55 000

50:1 a=80 b=19.60 ¢=0.40 55 000

25:1 a=80 b=19.20 ¢=0.80 55 000
Scheme 4

Instead of parallel functionalization with mixtures of similar phenyl functionalised allyl
derivatives, parallel functionalization can also take place between dissimilar allyl
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).
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WD 2007/ 128051 PCT/ AU2007/ 000582 18 HO allyl
benzene:allyl alcohol ~OO "O O,0 100:1,50:1
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b=20, MAE55 000 tol uene, 40C (5) - O a=80, b=19. 80,
c=0.20, MAM55 000 a=80, B=19.60, c=0.40, MM55 000
OYNH | EM (38) O tol uene &, o/ 0TMs O%i O-TMS
a b c a=80, b=19.80, c=0.20, MM55 000 a=80,
b=19. 60, c=0.40, MA55 000 (39) Schene 5 The pen t
al cohol functional groups may react with a substance
containing pol ymB{Ii sabl ee_a“gglgo%g? as descri bed above.
Al f/ernati el y t hey ¥ BE>Ca5ped with inert ps,
ofloy_exanmml e;as depi ct énd:1i§¥:1Schene pi i
™S {&ﬂt he ég?e M8l conol gr oups vﬁ“’tsn/ai) ent gr i/@é\ws
assi sts'in fArther (Férﬁtﬁcgﬁfﬁtﬁ'yﬁtg the crosslihkipg’® ¢
density of the final tiguéedcpol ymer, by reduding the
=RueeM5P°9%Pee radical Iy pol ymerisabl e groupsythat are
®

oP

(0)
a=80, b=19.80, ¢=0.20, MW=55 000
a=80, b=19.60, ¢=0.40, MW=55 000
OYN H IEM (38)
o toluene

a=80, b=19.80, ¢=0.20, MW=55 000
a=80, b=19.60, ¢=0.40, MW=55 000

(39)
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 controlling the crosslinking density of the 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.
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applications it is advantageous to cap any renaining
wdaorneseshydr oxyl groups with inert groups so BGI/AG2007/000582
m nimse any potentially disadvantageous interactions
when in vivo. Alter nativel¥ such hydroxyl groups are
useful sites for binding o SPle bi ol ogically active
conmponents, such as drugs, UV filters and other
appropriate nol ecul es, as described above. Wpqg
2007/ 128051 PCT/ AU2007/ 000582 19 HO OCH3 al |
benzene: eugenol O 50:1 or 25:1 O1 Ms TM5~O O
TMS TMs ac a H Qo Karstedt's catal yst a=80, Db=R0,
MAES5 000 tol uene, 40C (5) - a=80, b=19.40, c=0.60
MAES5 000 a=80, ba1 Dertbhe:elgelel 80, MAESS5 000 NH O’O

/H t gl uene . TM5 O
e BT 63@ o B S )
€x0.80 rstn;ﬁ's catalyst c

toluene, 40°C

a=80, b=20, MW=55 000

(5)

.60, MW=55 000
.80, MW=55 000

OOO‘J

Scheme 6

In a further alternative method of introducing phenyl and polymerisable groups to a
silane functionalised macromonomer, the introduction of polymerisable groups is
performed in one step along with the introduction 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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20NH /-p OCH3 O allyl benzene: | EM enol O 25:1 O
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~ b a toluene, 40C a=80, b=20, MA55 000 9CH3 H
OYN, ,--0 0 a=80, b=19.20, c=0.80, MA55 O O  OCH,

[ EM eugenol (36) (35) Schene 7 In an alternati )
functionalising a silane functionalised macro s@
af orenentioned, a cyclic internedi ate nononer nay\be
first functionalised with phenyl 5 or polynerizable
groups and then gwipkesieam-égenol Ng openi ng

pol/y tion. In aprg erred nmet
WSﬁ% ?}iﬁﬁ\hgl silox3he or t %gaﬂ?%%y@ eﬂ%«é
t P al SO Karstedts catalyst

>\TMS
a=80, b=20, MW=55 000

()
/\/é/ \n/N\/\O
a=80, b=19.20, c=0.80, MW=55 000

(36)

toluene, 40°C

IEM-eugenol
(35)

Scheme 7

In an alternative to functionalising a silane functionalised macromonomer
aforementioned, a cyclic intermediate monomer may be first functionalised with phenyl
or polymerizable groups and then subjected to ring opening polymerisation. In a
preferred method trimethylcyclotrisiloxane or tetramethylcyclotetrasiloxane (often also
referred to as Da" or D4") or a similar silane functionalised cyclosiloxane, (e.g. Ds'" and
De™) is firstly functionalized with phenyl rings and/or polymerisable groups. Then the
functionalized cyclosiloxanes are ring opened to obtain the desired macromonomer

containing both Rl modifying and polymerizable groups.

An example of this is scheme 8 which shows the synthesis of eugenol functionalised D4
(D4E). D4% is then ring opened in the presence of octamethylcyclotetrasiloxane (Da), allyl
benzene functionalized tetramethylcyclotetrasiloxane (D4*®), and end group
hexamethyldisiloxane (HMDS) to give the premacromonomer (20). Polymerisable
groups are attached to the alcohol groups of the eugenol by reacting with suitable
polymeris'able molecules (eg azlactone, IEM, acryloyl chloride or methyacryloyl

anhydride). Two examples of Z are given as Z' and 72
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Scheme 8

A variety of phenyl functionalised cyclic siloxanes may also be prepared.

Scheme 9 shows the synthesis of allyl benzene and allyl methylacrylate functionalised

5 cyclosiloxane (D4*® and D", respectively).
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Scheme 9

A combination approach may also be used to prepare the desired siloxane polymers. In
addition to functionalised cyclosiloxane, D4 is added to the ring opening mixture, such
that phenyl groups are introduced to the macromonomer by ring opening polymerisation
and polymerisable groups are introduced by 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 multiple steps. Two examples of Z are
given as Z' and 72,
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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.
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Scheme 11

Scheme 12 illustrates another example of a ‘one step’ synthesis. IEM-eugenol
adduct (26) is first prepared then reacted with D4™. The IEM-eugenol D4 derivative is
5 then ring opened with D;*®, D, and end group blocker DVTMDS to produce a

polymerisable siloxane macromonomer of high refractive index.
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Scheme 13 shows a ‘two step’ synthesis. Another D4 phenyl derivative is first prepared
by hydrosilylation of allyl phenol with D, with allyl phenol. The functionalized
cyclosiloxane (31) is then ring opened with D,*°, D4 and an end group. The phenolic
hydroxyls are capped with IEM to afford a polymerisable siloxane of high refractive

index.
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Scheme 13

In an alternative method, a cyclic intermediate monomer functionalised with only one
refractive index modifying group (RIM) or polymerisable group (Z) (monofunctionalised
5 cyclosiloxane) may be formed and then subjected to ring opening polymerisation. in a
preferred method dichloromethyisilane is functionalised with a refractive index modifying
group (eg phenyl or fluoroalkyl group) or a polymerisable group. The resulting
compound is then reacted with a 1,3-dihydroxytetramethyl-disiloxane to form a
monofunctionalised pentamethylcyclotrisiloxane. Alternatively, 1,3-

10 dihydroxytetramethyldisiloxane is reacted with dichloromethylsilane to form
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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 resulting
network polymer is free or essentially free of undesired constituents. A particular

undesired constituent is starting macromonomers that have had none of their
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network polynmer is free or essentially free of

undesired constituents. A particular wundesired
w@orgtizgosent is starting macronononers that haRer/AE2b07/000582

none of their WD 2007/128051 PCT/ AU2007/ 000582 29

pol ymeri sabl e groups incordSorated into the network and
as such are potentially extractable fromthe
resul ti ng network pol yrrer after cure. In the case of

polymerﬁ%ﬁﬁlﬁ 0 g?(é}?& lhbﬂlﬁop&ed Sth%xm%ﬂhsm dn@ 24ds@Bh are potentially

whi'Ch I's” capa e of ‘initiating free-radical
extractabledfsh ithe regulting ne’srvqwk@bmmaobﬂdnmre he initiators are
activated by light 5 in the visible spectrumrather

i e b bR B RS BRPA R B4 T VR vt o

|n|t|at|ng°lrrecf Féd ER: crE3QNIRS It R;Gfi’n%%rr@d ﬂwaﬂ’tﬁéﬂnft@tdrbfar@%rcﬁwited by light
d°7n"the art® suitabl e photoinitiators

in the wmlvje bpecteumi raftear ﬂ?ﬁ@dﬂVlr@@g@ psdhis erables dke U§@éﬁ fgguenmes to
0 n enzao t hyl
cure theeqcﬁirpler ?5% Hbgﬁ{ﬂ.’hﬁjﬁqﬁtgr 2%@%, ﬁ§P§8LPo$| gt her

and benzoin 10 phenyl ether, and benzoin acetate;
Examplés Shaebe reg ahowilith the pmsdsmrskrﬂednle the, art; suitable photoinitiators

di met hoxyacet ophengne and 1, 1-di chl oroacet ophen
which myssnbe|mepiiongd SR@@I§P% lly age e%om%eﬂm aet?%{%ﬁ " Reiizgin ethers,

such asad%ilhzgﬁ{‘ﬁfelt aﬂ’ SRl 'beﬁ%lﬁ'ethyﬂ%mé\o Ib@HEHiRNSepropyl ether and benzoin
raquli nones, suc et hyl ant hr aqui none,

phenyl %ﬂwrhyérwﬂttmrqum raedate?- acatophanopies. uchy &gu acetphenone, 2,2-

th d 2:
dimethcrypestRpRERAN ANAnbrig BHOGHEIE e TN BL RERy i Eiajals, such as
benzil dﬁﬁéﬁ'\gﬁketﬁlpén@béﬁﬁil @iethyl ketal, camphorquinone, anthraqumones such as
trimethyl benzo I-dlphenylphos hi ne ox
2-methytantbrasgirenas uch %@tfﬁ%@] thraguinofeex i n% tepdd f@@ﬁﬂﬁﬂ“'&ﬁae 1-
chloroa%hiaé‘%ﬁéﬁ%\la\lfae -Bhﬁﬁ%ﬂﬁéﬁ@ ﬁg asfﬁl@ﬁéﬁﬁ’cﬁ’r@enﬁ%eﬁpfﬁhosphme

enzophenone;
benzoyfphb&pifiAe xitss, &@ﬂemnpleemeﬁ-trmthyhbeazdykdlplaﬂemw;dmsphlne oxide;

henazi ne derivati ves n l'i,ne rivative
Eosin hopigigres] su@hprq:ﬁpalﬁggpowe % g-'ﬁcﬁﬁ/aégg}gﬁe an% Erythrosin;
benzopﬁe@tgﬂ&()phen%yﬁet ONgsS an%eﬁz@%ﬁérﬂiﬁéohenﬁdndket 0ReB-bis (N,N-

st as 1 roxycycl ohexyi phenyl ket one, phenyl

dnmeth;ﬂanhjrrdf)bmyzcmbwnopgt ﬂkmxanéhowSl sopr oykhgnasy| acridine  derivatives;
1- hydr.oxyi sopro

phenazp_1q1§i§p /68; (! xq{&mgr é; %rbcﬁglxwiﬁ%}ﬂn% -propanedione 2-O-

d?ﬁﬁ l4R5 Pﬁketones and 1-hydroxyphenyl ketones, such as 1-
benzoyF enyl - 2- hydr oxy -2 met h %gro ar?/ 1- oyrE)e a/nd

hydroxwvdlamexwph?nyllketzna; phenyli deuésopmnyl éﬁetqqﬁ ArisgpEopylphenyl

SRR R R AR TR vy onen
2- meth&lb@tfﬁarﬁ@dfn@?ﬂ-p&feﬁyl -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-Nu635 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®651 and
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| RGACURE(r) 819, Eosin honol ogues such as Rose Bengal,

Eosin B, and fluorones such as HNu 470, H Nu635 and
walerrazosves. Particul arly suitabl e photoi nitiBEDAF2007/000582

which are usually used with UV | anps as |ight

sources, are acetophenone§’ such as

2,2-dia|koxybenzophenones and hydr oxyphenyl 30

ketones, in particular the initiators known under the

Ronc SRS oL PSRl 507 e RBhcurosts. e

photom|Mtefsealreealddﬁd3tmeiﬁe¢tl\m annouetsl, E@pﬁﬂj@&’(ly )rgamouwt@from about 0.05

phot t dd
0 aboul 3 guarae B TRASe ok Dbl oSy AR B cpytre totl
amount b%f V\‘g’bgmmkéme p%édr@ﬂoﬁbn‘féroﬂho abditRr0.theo W\otfmm@btor can be
on the anount of cross-1inkabl

mcorpomteﬂ/gnaﬁadrmgt;) thﬁ [a@lumarcbamh@n@h&l@h nm%ﬁ'@ﬁat@é‘noﬁ@% polymer
i ncor por at.e raft
has the gdNg f eofred ﬂ tﬁ l??ﬁ@eopﬁlggtgﬁtlﬁgﬁb%ﬁ ge {H‘extractlon

post cure€duci ng the avail abl lity of photoinitiator residues
fromextraction post cure. The resultant

cross-|inkabl e macronononer can |ntr duc d |nto a .
The reswsant cresskania RORGORIMSIeFaa e BP0 mould using

methodgg%\i/vﬁgﬂé?' e GHEH SRt 'lﬁﬂﬁhlc'ﬂi?éreébﬁ\ﬂantbﬁél ﬁ?é@éﬂﬂ{g? féF 8Rample drop

ternatively, the macronononers nmay be cured
wise. Alternatively, #e fm?rcremanphmrs mahbecagredoin situ,iag &t example in the

case. the cr omononer
case of gndaiseiL IOk Tk s CFee, cfgﬁg'iﬂ"éofb?ff‘ér %”‘f%ﬁg%ﬁr&rﬁ"s pked in the
|ensca§§m§§§gpm bg. macronononers which are suitable in
accordance wth the invention can be crossllnked by

irradiation with ionising or actini¢ radiation, .
The crossdinisalele gnagromsmomersyuipl arspighle inyaceer pgewylg-h{he invention

can be ﬁéqﬁshlgl%ac{ &g’ﬁgﬁ&t&\h?n rvﬂﬁ'l ﬁq'iéﬁfbaBF aeﬁlgmég%tlgﬁdgcggéﬂnple electron
beams r)(ﬁ:'a)/érl 337 Sﬂwsmbht aeealébt’rdrmgmatlc reldiaion ca'rrgmhclec'adtatlon having
a wavelangt gh 166l range JIRTCH0Yt S5 R iAo RS AL are UV lamps,
He/Dc, %fgér# 66h lop tgcgqél{ br trhétal ‘?/?EBUﬁ%F QNG ! IlagéI bEAISCRith multiplied

ui res se i on and, necess;gz sensitisation of
frequeniche Itsisi knalalre tp o piensari akibed in thevast thatinash seleelgdi ighy source

et ke B SR e Bl Gt has

been rétg)?nfs%‘deth%\ft if Wbt the bR seNdteltiohi efthei tdidtion into the
orption coefficient and concentration of the

cross-lipkatleimaciomanomeguand gheirgie: obraingare in direct correlatlon 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 should be emphasised that
the crosslinking can take place in a very short time 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
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
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achi eved by enpl oying one or nore of these nethods,

eg, heat and light. If desired, the crosslinking can
wa@bk@o/ksesinitiated thermally. It shoul d be enphaFAB27/000582

that 25 the crosslinking can take place in a very

short time in accordance wWith the invention, for

exanple, in less than twelve hours, preferably in |ess

than an hour, nore preferably in I|ess than 30

|, it thAluGegm e FiSEOAORREL I59%, more
may beg@@roéf@&'be'b‘ggg' va? ?Eg%@y?ﬁ]? ggmélrgncgﬁse{ cononomner °
preferabBl atesstBG ¢ byreigit of meacromonomars f the/pidsentianenben.y
the polyners of 30 the present invention do not

usual Iy i_nvol ve the. use.of other I € ansi
Macromppaises ol A8 sHrepeny B0H0H dBBkee 1850 JR, RRRF BRmedIEd devices.
W pesmie TR Rieab! Sud NI MRIclUdO IDLE S €oatedl eiatelys, comneal
preferaby‘o(% DT 6 preferably at |east 80% by weight of
onlays, cardaciienses randdriiticial gnrB€ast i nventi on.  Macr ononomners

of the present invention may be used to form
I 0 [ Vi r I ] [
i & preB A AR e PP, e Tpebnt pendsy e t fom
injectable |ir?sﬁu caeai@cicdoaraedatirantOlas. tihfthisi adplicatiore dbe mechanical and
) preferred application, cronononers of the pr
optical ArADERIEEGH & Puredsery gt PLRTR M1y SBPRBMErs PRF Blfgra0l selected to
match oﬁg%ﬁgt‘eetho% op&rdas !oFgTé Gh@irallHlolblical Rialérich af tienlenshe

I cal and” optic propertiesS of a cured pol yner
of the macronononers are preferably selected to natc% .
One relevantasechanicalqrepgity fie 10l iscihe firxibility af3udb; 3 PeYinaey. Suitable

flexibilitg b, U, 1Ry aficiokfiafy Sod) il Horiie 8F 8! accommodative
apparatl8lof RS eyt indaife thd brapdof atlynsfiled with the meitéiialy thus providing

muscle/ciliary body and zonul.es of .the ac qmm&z;tivcfl Th
accomnmm Lj‘_éjenglll Vhés ég@a%e%gy flgﬁ @%@tlg%&o%q us fodu us). The
polymelg%ﬁ%%@g'gpmstigeﬁ:f@éét%g: @Jiop)gﬁyliﬁalpﬁ% ikl Afbasured also. Both can be

1-on. XI s neasured by its
measuréasd kv forceneglined (& dafduh us produns, spch wsea lemmdormed by the

polymetPyomeBstiing iase. orRELePEY TS dhvatis ol Pliymey of the
inventio%i{n%@@g@gé%@?é"d byséJRMCI%SFéuﬂi@fnRheé@kf@d APBohie controlled stress

measuring stress against strain. The E .
rheometerdmays alsb baeisedl yrosr anfinjestable,nine Bty gvraklg, @ecomodating lens

I d.b M Four i A i .

applcalshot 5% aeclobeie s UGS REIIEN B o fn3E0E Ay Rycometer s

preferablgj 1865 ahh® 10 RPaidrd pivrabbreferablyoleegahand kRasThe E modulus is
a

plication of this invention, the E nodul us neasured, . .
influended dymtie onurober &f Pel¥esisaple 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 the range of
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20 preferably I ess than 10 kPa and nore preferably

| ess than 5 kPa. The E nodulus is influenced by the
wmeenaeesosf pol ymeri sabl e groups per macr onononeCT/anA10m/p00582

ie crosslink density and al so average spacing (ie the

relative proportion of the32polynerisable group unit)

of the polynerisable groups. CGenerally, as the nunber

of polynerisabl e groups per nacronononer nol ecul e

from 1 4&?&5315&?0 hé rff@ rﬂ‘é\grt%géhéw e eﬁém@%ﬁ"@ﬁé‘ refractive error being

nerlsa groups 1 ncreases (as a function of the
treated b}btmemﬁh_c proportl ons) the elasticity of the cured

pol ymer decreases. A relevant optical property for an
t he

S t he. pol yner . t s
When ub 4= 5 Tab Ll Y Pl il S0 Ve Biddhsty toss
than 159@50%@%% mbrefeferaldl§ 19ds fhapn80,000 dS1 at 25, °C.neskuments such
pr ef erably in the range of from1,421 to 1.444, and
as the nBeaokfielst ghabmetermn orn e(é}cgglnopomoﬁgﬁl_)ﬁt@@og_hleometer may be

COWG"'B@Q@%@% ‘gg&%ﬁ& mgger gs 426 to 1.440. The R may

ng on refractlve error being
treated by the I QL. V\hen used as an injectable
It will b@aaﬁpﬂe@iatedjetha’ammeuhenmasrcshmmrderawé thisvinyeotidn ynay be used

alone tclgf%?’s teg%tqseists g@(go%er%ﬁ%q n@q}% idls ab% {r@égrlélgarﬂay also be

presentBiﬁo%ﬁ'l g%ﬂohgwtﬁf fdth tHee bﬁﬁﬁédleapaéfnb@é' Bér ekamte, diluents

conveniently used for viscosity
may benrspxesmrﬁnraatwelllas wather mprmpﬁerec.l@@ludlnghathathaérqrﬁ@nomers as

cisouss SR B4 ok 3 W H KRG 52 PR by o oo

or graféédebnithtpel Podymey ckbohe, wresmctuden ulayiolsit t Bbsarbers and
used to formthe bi onedi cal devices. For

l e
pharmagputieallys apiveragomEopRds e fHiCAsagethosgs “E‘)chgl?m E@ nefngsils the cells

[ Eﬁ]gg di scussed above.
assocnag}ﬁ@{ﬂlﬁ ("F%%’Eer[g??; @%%%ngﬁ%r) precursor, which
may be free or grafted onto the polynmer backbone, can

When used e anl injestableetin afitsochrabie, amborplhn@da’an@dQLcathBycomposltlon
active co ounds, éﬁuch a t hose t hat

inoluding ErasEpEnOREGD o e ANRaRY (¥ e et s ens using an

operatlé?ﬁ’Qﬁ‘%q ISCH hany rdkpelfieiensies /S aadurditesdtaice extactibh nd 1OL
accormmodating 10O, the conmposition |ncluding

implantatiom oimimmues (@8- taxtrarcapsularonxiagtiase preeedital: evth goge minor
aiteror3 R4S B BRFeBLRSB0 % PPk oL pREE G rogon
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 nucleus) are extracted. The composition including
macromonomers 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 visible or ultra violet light. ,

Following such techniques and by selecting appropriate pharacteristics, such as Rl and
modulus, I0Ls formed from macromonomers of the present invention may be used to

treat presbyopia, myopia or hyperopia.
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i npl antation technique (e.g. extra-capsular extraction
procedure) with sone mnor differences. Cenerally, a
W@ emi7/128061 neal i ncision is nmade at the para-| i PEAU2007/000582
region to 20 provi de access to the anterior segment.
Fol l owing dilation of the3Bupil using a
phar macol ogi cal agent such as atropi ne or
cycl opentol ate, a small capsulorhexis (around 1 nm or
less in dianeter) is pgual |y at the periphery of
the anterior capsul e”ﬁ%ngﬁ‘lgﬁ the smal | corneal
i nci sion and peri pheral m ni-capsul orhexis, the I ens
Exampl@OT e Proparatiory ofhéuncticred ayclio siloxanesirhy dwdrasiyation of
onposi ti on incl udi 5 macronononers of the
1,3,5 7'tPH9€FﬂthMFFM°i°'€eﬁﬁ§d'l°é‘@"PRBG he intact |ens capsul e

using a fine gauge (e g 29- G or fi ner) cannul a and

syringe to reformt osition
The prodat eafaBes kR SRPIMEIBE FPacton RS Bye e IRy Fick ehfésented by
VANSIRC light., Follow ng such techni ques and by
thefolIO\k'II 5'actl rﬁ@éapproprl ate pharacteristics, such as R and
m)dul us, 1OLs formed from macronononers of the present

i nvention may be used to 30 tTeal pPreso nyopha
or hyper opi a. \Ao4ch)307/ 128051 pet7 /Zi'uzooﬁ*fX 5}3@ 3@
Exarrpl es Exanple Pr ration ofesf unctiopal cyclic
%Pg,oxang\ﬁy hydrosl 1° yil.at i on of w/j\ )
\s:1857tetramst g;gé’lotetrasu e(D4H)
H pr ‘8duct obt ai ned/ by hydrosi | yl ati onggugact i on |s a
si | oxane conpound repre ent edl by the foll owing~, .~
scheme: RR = -OH -0 - OH / 4y 31o OCHS A\
H,S-O,.HRZSi-O-O‘OSHm_Oslm/\ OHIIlI( N -
S p-Si OOH'OSI, HOS i~ R 0
o}%ﬁ/\ —Ov<l
[0}

Example 1A - Preparation of a cyclotetrasiloxane monomer functionalized by allyl
methacrylate (Ds"™)

2g of tetramethylcyclotetrasiloxane (D4H) was 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]= 3.4x10"° 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 -1 5°C. 'H NMR spectroscopic data

for D4 is shown in Table 1.

Example 1B - Preparation of a cyclotetrasiloxane monomer functionalized by allyl

benzene (Ds"®
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/A O0O-0RSI OCH3 O/ \ - - ~I H Exanple 1A -
Preparation of a cyclotetrasil oxane nononer
wo eovctizsosnl i zed by allyl nethacryl ate (D4AM) Pgr/aii2007/000582

tetramet hyl cycl otetrasil oxane (D4H) was di ssolved in

40mlL of dry toluene in a 3 round bottom flask

equi pped with a reflux condenser. To this solution was

addeg 10 drops (0.180g) of Karstedt's catalyst ([Pt]=

. _ N ; o . L )

0.7469 P, B W FEp0ifed in Uit QS foRfor M B4 o (O Sk bipped
with anmairhesnidérsee ambs sadbtgidgdiubew Be thisr soluties was efidedhe0.202g of

arsteaf§ SR (PRE I RN T oA Fadhdeled bt
50°C. Aﬁ%(%’[ﬁﬁ@ﬁ ef 2ABa P alyisehzein 85t dAf tallerld was added at such a

acrylate were renoved under reduced pressure at i
rate as toomintairpen dnterral wmpesatusref S8R Aiftar the additiynithgreaction

vos s 5 PO, FE G ooy BB AR E=300 6 covt
carbon RESRRAIGRU S fHe mixaued Wisetdliesiddowastir fopdbmamutes. The suspension
functionalized by ally

_ ) | benzene (D4A 2007/ 128051
was filtgret) ipemy Cobitsepd the solyarigwas remmglur\a%sai@&?h pressure to
. I ey ound: ik | Fate)
obtain {{lerile Hrbandl, HERCwRS el VaRENERiL " B 4i9PRkiene and
precipit?t@k:ittby pourAg iRdd250ral 20 Awpthénol Kaeitls tstidings Tdwrathes precipitate was
Pt]= 3.4 -5 nol / . The solution s heat.ed whil e
allowedstq seiieyand thacRaPenalan e cepeidoad 1B plRcFderlas fried to
constarftolssOto WtalrC!tHENBrovirt 28sles abloBHESs oib (M8I®112Y. t IH NMR
mai ntain an internal tenperature of 58-60C. After the
spectroaciapic deta for ba"T saghtavenin edtirred for an additi onal
I h and then cooled to roomtenperature. 2.0g of
activated carbon was added and the m xture was
Exampldd t0dd tJo stir for 45 minutes. The suspension was

filtered through Celite and the sol vent was renoved
under reduced pressure to

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 D,4™) 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 example 1H

A solution of Boron tribromide (3.3ml, 0.035mol) in dichloromethane (40ml) was added
dropwise to the solution of 4-allylanisole (4.00g, 0.0269mol) 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 mixture 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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obtain the crude product that was then re-dissolved in
10m of dry toluene and 10 precipitated by pouring
WO pi00/12881ml of net hanol with stirring. Then thBCT/AU2007/000582
precipitate was allowed to settle and the supernatant
was decanted. The precipitdte was dried to constant
mass to obtain the product as a col ourl ess oil
(15.911g). 1H NMR spectroscopic data for DAAB i s
..shown in.T i
The mixiifares Rt Aded vt FEARERRlnd ond shidsréiieied Bhfitzation. The
organic Fr@gienofvaer Wa@héa with| katuratedhsodium vahubritiek replatiarat dried over
t hese products co | d be prepared using,a,var

magnesi oics ilares ARO QRIS BTV Kb LA HavE: teg 099, 83%
The cruJé( H‘hﬁﬁH ¥oﬁtQ§1eHLQ‘EFddEF&?§. éﬁ@ﬂo%iﬂbﬁtlm’w&%ﬁt@mmde

red 1n toluehe using a small excess of the allyl
der|vat|ve (usually 4.5 nolar equivalents to | nole
f t b Fb use in the
synthegly, &f fodValABEHARRIREL ite efiative of BuBenbETeF
synthesis dfancsmqﬂtahl cat aI yst) Reagents for exanples | H and
1 J were prepared as follows: Synthesis of allyl
phenol for use in the synthesis of exanple | HA
Dibutyl $|ﬁHHk§r‘a€éW (960 Bo 28/l hnomlme()SWaeﬂaddemwrmlsplumn of eugenol

or onet hane (40nl) was added dr{) %e t% 15 ol
(5.00g, sﬁbO&%rﬁﬁl)oﬂndl lﬁ@%jﬁ%’@%tbv'@‘?tha%&“eo% nBi0300F0l) in toluene
(50ml, cﬂ'ﬁ,eé%b%roggﬁh)"’m?h(ﬁ%gﬁlon %ﬁlx{)ﬂ;bc\ﬁaéjréﬁr@&eé’! (68A ﬁ#n érature for 9

n an tone he reaction m xture
days afteﬁiiwrfMH i e addaMnmpmser mﬁoem@f at-pm’éalam andithe peeripitate was
r 24 hours. e mxt revva

CO"ected?WeéNaﬁ‘é{'ﬂéﬁ@ otaih AR P D, 8555 18a%), o

add| ng saturated SOdI um carbonate sol ution and

dth H 7- id .
Table 1 KxaEPISD 0B /142808 WinGTHNAE Fediia) SRS gt fuitdonalised
racted with dichl oronethane and solids
cyclic éﬂ&dﬂ Sm‘g;‘rl/\ P‘?%Y% .

renove tration. The organic fraction was
washed with saturated sodi umchl oride solution, dried

Example | R&VE! nmagnestumrsutfatig, fifdergg and sol jent rjemoved | 7+

to give dark brown oil|, 3..09g, 83% |{The drude |m xture
contai ned 2 products and ng purilficatfi on

s

1A atteapted. 5 Synt hesi g W96i |[SB§ anbase et 4P netHaclrdyl at e

deri yative of eugenol [fom)usam) N ddhe | gynt eS| S| 56163(s)

i gabd Dibutyl tindilurjate (]1001,| 23mg/ n iin
tolouene) was added to |a solution of eugenol b:6.0708(s

)

1B 5 5 0.091 | 0.602 | 1.708 | 2.653 | 7.095
’@5 0(m) | 4(m) 2(m) 0(m) 1-
7.372
5 5
4(m)
1iC 5 0.042 } 0.484 | 1.536 | 3.460 | 4.276
—OH

3m) |(m) |7(m) |61 | 4s)




(5. 00g,

(4.74g, 0.0305m01)

in tol uene

0. 0305nm01) and isocyanat oet hyl net hacryl ate
(50m., dried over

W@200742%051 The reaction m xture was stirred at PODAU2007/000582
tenperature for 9 10 days after which it was added

dropwi se into 600nl of n-p&h

tane and the precipitate

was collected under vacuumfiltration to obtain a
white pomder 8. 659 (89@@ Table 1: Exanples IA to 1J
1D stowng—IH-NvR—chemT bo§eﬂ DE® OfsiMekosONaldeS €a6788(m) | 2.7751 (s)
- psi | oxane nmonong | ¢ 3lgpo 6 7+ 1A
5 09t70. 263 1. 680 al b 1B, T :)é r)’?(r) 2(m
1(m) O0(s) 5.5163(s) Y-~ 6a,b 0 b 6. 0708(; B 5 5
0.091 0.602 1.708 2.653 7.095 \ |/ 5 0 (m 4(ni 2(m
1E 00 1- 7.372 5 5 4(pp0m €0459 0491 0148k | 21836 3. 460
—N¥.276 -OH 3(n) (n) 7(8dm)6(em)4(s)m)WD@H07sER8051
PCP®/ AU2007/ 000582 36(ID 6|0.058 0.510 1.612 3[406
3.496 3.6788(m 2.7751 (s)] -O %"\OH o(m |6(m |7(m
1(t) 8(t) 7 1 E5 0.0 66 (0.459(0.891 1 420 2 120 -N
T [ —6(g)%4(m 9(m) 9(n) 0(8yo7 50489 | df@‘?]%@z 09887 |0. 429
1/495 3.452 0.034 5 Teoy) 00m) 66m) QL) T¢m |5
1G 6 O 0.078 | 0.372 | 1.455 | 3.270 | 3.177 |2.9388(m) | a:  2.4026
—0
\;/<Q7ab sm) | 4m) |5m) |em) |5@) ()
b: 2.5835 (1)
1H 5 5 0.067 | 0.526 | 1573 | 2.464 | 6.5- [ 0.8239
__{<:j>_dL 4 7 9 9 7.2
5 5
1l 5 5 0.063 | 0.565 | 1.630 | 2.541 | 6.529 | 3.8245(m) | 5.5371(s)
O7H 0 (m) [ 5(m) 2(m) 1(m) 6-
6.896
® OMe 8(m)
6
1J . s O 72 0.057 | 0.561 | 1.643 | 2.575 | 6.431 | 6.9193- 3.7826(m);
O/ﬂ\N/ﬁ\v/o\“/l§§11&b 4(@m) | 9m) | 7(m) |6(m) |- 7.0204(m)
< 2 H 10 5 6.787 8
5 ome s 9(m) 5.4034(bs);
9 3.5635(m);
10 4.2719(t);
1 a:
5.5984(s)
b: 6.1412(s);
12 1.9546(s)




1 G-0)00.078 0.372 1.455 3.270 3.177 2.9388(n) a:

2.4026 5 7a b 5(m 4(m 5(m 6(m 5(q) (qg); b: 2.5835

W@ 2)07/128054 5 5 0. 067 0.526 1.573 2.464 6.5- 0. 3PGHAG200000582
47997.2 551155 0.063 0.565 1.630 2.541 6.529
3.8245(m) 5.5371(s) 7 OH3M (m 5(m 2(m 1(m 6 ~
6.896 5 Ove 8(n) 6 1J 56 0 1 0.057 0.561 1.643
2.575 6.431 6.9193- 3.7826(m; A ~~04 (m 9(m 7(m

6 - 7 . . . Qs
erampi§ 27 g oA o 0291 i dndfyclisanes

g. 5?24(2821 b: 6é1412(s); 12 1.9546(s) WO 2007/128051

. 7, e e AR ' e .

runciorS R SR ANRE e BIRIRA P e AR Bineaton n e
presencEUSK biceiméthgiegtiotetrdiloxamesDaprte  sbiajreaesited opolysitpxanes with

openi ng pol ]ymeti zation in _tfhe .
polymerizable and refractive index modifying groups. Different end groups were

5 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, Lewis acid, and exchange resin.

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

R
LT\/ ] .
;’S/i_o‘s( O,Si—O\Si/_/_ / %
g 6\ + ~& '. -~ end group blocker R.)/Si’o(\s\i’o%s/i’o){ﬂi ’O)‘Sl/\\ .

(o]
/ ‘o-si. "0-Si TfOH
I R_/_J /‘lj
R

RIM

R= —H

o —o -
8 OCHs

——CH,CH

2-hs OCHs ‘Q—OH _©_OH
o K i

——C=—=CH —< />—

o}
OCHs

——</>—o
N
6 H

10 Example 2T - Preparation by ROP of a copolymer of dimethylsiloxane, methyl
phenylpropylsiloxane, and methyl propylmethacrylate siloxane, with trimethylsilyl end

groups.

A stock solution was made of 8.00g hexamethyldisiloxane in 270.34g D4s. 1.78g of
2 4.6,8-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)cyclotetrasiloxane, 2.69g D4, and
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15

20

25

presence of octanethylcyclotetrasiloxane (D4) to
obtain desired polysiloxanes with polymerizable and

wo ejoraegosve i ndex nodi fying groups. Different BPOI{AU2007/000582
groups were 5 introduced using a variety of end group
bl ockers. The ROP occurs @&fder different conditions by
using a range of catalysts, which include, but are
not limted to, type of base, acid, Lewis acid, and

change. r.esijf.: i S i ; in
oorn GRS RS h g 5t o
toluene mg_b-%rw roglno(Boﬂb& fragk umeer agr angpnbéatouiepherd GO of | trifluoro-
methanqaultﬁonic_ aplglzv\éfshs/hgi )J _@%ﬂeéd?@lssl'tl_ aﬁi@a&!@'@a&wediawly
covered M@%@gﬁﬁ\i%ﬁ t&%;cﬁﬂ'%li@t!" Tt FEavtiBhen&Xiure was left stirring for 5

_ _ copol ymer of di met hyl si | oxane
days. Tnet mptiureptvesythpnaodiltited Ivdttaben talbgnereansy peutralised with 250mg of

sodium Gar et nacLRLS, 8L RXRNE it b b8 Fntbvéd ' he crude
mixture %@ggﬂ%ﬁ@d ';fggilﬁgﬁg? Lﬁﬁf@iﬁg&éﬁﬂ%&g\gﬁehnd added drop wise
to 40ml of em%&&&é%%%' 'gh?\g A[f)ige,(scli,rz)giiattgtwraas(ﬁlro(\)/\/pesg t_o?’s_elo’ctrlle(ze rcl)wal)n?a/h(iland the
supernatant decanted. The precipitation steps were repeated as necessary. All
solvents were removed under reduced pressure to obtain a clear and viscous oil. It was
found to have viscosity of 14550 c¢St, Mn 52100, Mw 89034. The polymer contains
80.86mol% dimethylsiloxane, 18.81mol% methyl phenylipropylsiloxane, and 0.33mol%

methyl propylmethacrylate siloxane as determined by "H NMR.
Example 2Y — Preparation by ROP of D4, D4*® and D EuIEM

A stock solution was made of 9.18g 1,3-divinyl-1,1,3,3-tetramethyldisiloxane in 270.34g
D.. 0.369g of D4+ from example 1J, 3.615g of D4"° from example 1B, and 0.35g of
the 1,3-divinyl-1,1,3,3-tetramethyldisiloxane stock solution were mixed together in a
25ml round bottom flask under N, atmosphere. 200yl of trifluoromethanesulfonic acid
was quickly added whilst stirring and the flask immediately covered with aluminium foil
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 mixture was diluted with 5ml of dry
toluene, added 300mg of Na,COs, stirred for 3 hours, filtered and concentrated. The
residue was redissolved in 3ml of toluene and precipitated in methanol (30ml). The
product was allowed to settle overnight, supernatant decanted and solvents removed to
obtain a clear and viscous oil, 1.23g. The composition of the copolymer was as follows:
Dimethylsiloxane  77.80mol%, methylphenylpropylsiloxane ~ 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 Dy, D4", and D8
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15

tetranet hyl -2, 4,6, 8-tetra(propyl - 3-net hyacryl atel ) cycl
wor@rnz®sl oxane, 2.69g D4, and WO 2007/ 128051 PCT/AU2007/000582
PCT/ AU2007/ 000582 38 0.079g of the

hexarnet hyl di si | oxane stock%ol uti on were mni xed
together with 1.56g of dry toluene in a 25nml round
bottom fl ask under an argon at nosphere. 5011 of

trifl.uoro-_ nget f gni i d. h @K . :
A ook LA s THAPEREF U076 15 IR b et giane i
270.34gAD LRGN Sock solutircivageprepaied of M@dgeast 82 iTgt Re.e1.00g of

iy ok . _

S Pt satct et DI S B s
: j be ' hei i f4

solution ga}??i' ifr?éﬁglgfvepﬁrﬁ éférﬁélgWB%t’é Rixael indgomdof farHyar&ss toluene.

r enov The crude m xture was _
14.7u obWifidoredhdtiianeadiapic atidowadaddediasbthe mixture ag allowed to stir
tol uene and added drop w se t hanol,, whi |

40m , . of
at ambieni fempgratinge fg5r 8cHays: $ 00ashITOUREN 8Os iy e added and
allowed %esrti?'aqrEnPﬁgﬂt ’i{l‘ﬁ MR RN hoGRC aMeehixtdREwas filtered through
pPett Sation. st ep

| S S were repeated as necessary. Al 10
glass papérvents sieersd ghassefiitemdéne peatlust dvas @secipibated Bytounng the

ftrate iR el wiBS0eRUS siiad7de Hhtiigoa® Hfwed to settle and

the sup@ﬂ1a})férﬁtrwﬁg@@aﬂ%d.gm@@@ia%ﬂbﬁlﬁbhvl/@@ @xaoeed 1Bd8A vacuum to
D

Yo met hyl phenyl propyl si |l oxane, and 0. 33nol % net hyl

obtain the ppduckabacisarand eoloskeseohd.a80kr i ned by 1H NVR
Exanpl e 2Y - Preparation by ROP of D4, D4 AB and
D4Eu- 1EM 15 A stock sol uti on was nmade of 9.

. 189 . .
This prodBetdiisviary lintermedjage t suitablet foy| firber dxuitesiiiation reagtions with

reagent?%%%gs %%&rﬁéris%)%} g:g%Eu'\g @gcg’d%f ?&ﬂ@ Hactorfidrmats QﬂtréBpresent

inventioh. 3-divinyl -1, 1, 3, 3-tetranet hyl di si | oxane stock
solution were m xed together in a 25nl round bottom
flask under N2 atnosphere. 200pl of

idd A YerAret hanesul fonic acid was quickly added
Exampve\ﬁ?st stirring and the flask i mredi ately covered with
alumniumfoil 20 to exclude light. The reaction

A wide U’%ﬁé’ﬂy&ﬁ M&SohRoRters Cahe §i%pl$ pPepred Dyt firnopehing one or more
stirring at roomtenperature Tor a further 16 hours.
of the Timetiohalizede cyelic ananaraersaprepased ivf exgryplesollddge M. Those of

. added. 300 of Mg f 0 i | :
oA BB Chlt R P o ofelitiny 8 wepaga usino =
variety 8f chllysedanang epfeﬁ?eobt aifferbrittemperatords. (TyPidally tii@eing opening

product was allowed to settl|e overnight, sppernatant H,SO
polymedeationsed amd s®EUFEORNSdr e t APEICoht SRHITONS eaf®Rng M29V4

, i il . . it h . \
o845, SR RG0Sy o0l i) i

toluengTebhy lgzhenghbr opixluses oxatnerddn 48avpiraincee to  110°C.  Typically,

trifluoromethanesulfonic acid is used in the range of 60 — 200p1/3.5g Da.

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

Examples 2A to 2J, which illustrate macromonomers that do not contain polymerizable
groups along the backbone, illustrate that polymers with high refractive index can be

prepared by this methodology. Structurally similar polymers with polymerizable groups



nmet hyl eugenol -1 EM si | oxane 0. 75n01% wi th Mwv of 38517,

Wh 20225 and refractive index 1.4553. " AB Exanple
WQ20n7A2885Epar ati on of a sil oxane copol yner by ROPATL007/000582

D4, D4, and D4 WO 2007/ 128051 PCT/ AU2007/ 000582 39 A

stock solution was prepard@ of 9.18g

1,3-divinyl-1,1,3,3-tetranethyl di sil oxane in 270.34g

D4. Anot her stock solution was prepared of 7.24g D4H

in 92 479 D4 - . . .
along thgfb?_cgpgp%)?py@’ %e §?%8§rgdr%hﬁ1 ?Pglltlgploofxséjrlmtgblset cyglic monomer (eg
DAM) int8@hd pofymeribadBe safintdxanipiés 2KdoRY.sol ution and 1.74g

D4AB from exanple 1B were nixed in 10m of anhydrous

toluene. 5 14.71 of trifluoro-nethanesul fonic acid was
Exampleddded tangADGlIustee T itavasedibieo weatromonbiters asuitatite efor further

tenperature for 3 days. 2.Q0g anhydrous Na2CQO3. tdhen
reactiona@d@oreag@ntsdpwwgopqlksn@f'ﬁ?bl&tgrQH%%e?HC?& %?:é%?‘ﬁth\g’%gnf%‘ﬁ’emes 8
6 hoyr j i ss
5 ana 10 oM g LSO RISl 18 e Ghorions
precipitated by pouring the filtrate into 40nml

Table 20RgR gt (ARG By HaRBles DRPRADL. Gcant ea

The residual solvent was renoved under vacuumto

Aht At n +ha e ~Aliiad 1 ! 1 3 .
evtar-fi—tneprotuti—a 811&5\]': 'I"Hétéffél | es_s orl
Example | (5.369g). This produc a|gss an |'ngr rredlng{e suitable for
No further hydrosilylation reactions with reagents

DERE b,q,g,ppo YERasabl € [gropps [ n pyeer| t @,form  Other mass(g)
macr onononers of the present |inventipn. 15 Hxanpl es
2A to 2AD A wide varigty of nmcrononopers can be

2A SIDofMDSr epar eglod®p ri g @@éni ng ©A® of nore |of the
functional | zed cyclic |nononers prepared in exjanples 1
J toIM Those of ordinary skill in the art wmould

2B krWNDP@it { hes@0@Boducit s 288ul d bé&3prepared usjng a

variety of jcatalysts and in al|range of differient
tenmperatures  Typically the riing-opentnrg—20

2C pdPYHERS zaf | on@0%3e pe?f Sraved |unddP atidic copditions

(eg H2SO4, | trifluoronethanesul fonic acid,
t i fluorerpthanest fo.%—ﬁ#' Heirgggeticanhydride) T
. ; 0:
2D toq)msor as Hgg%ﬂ m xt urés at| roomtenperatufe to

110C. Typically, trif] uoronetlhanesultfonic acjd is

5E tSEGTIs t e Tageez 0ol 00 220017 30%9 Df.

2F HEDS 0.0034 3.14 2.01
2G HEDS 0.0064 1.57 0.94
2H HEDS 0.0269 1.77 4.23
21 HEDS 0.0278 0.75 5.44
2J HEDS 0.0272 0 6.00

2K DVTMDS 0.0110 3.82 2.29 0.030




The details of starting materials and the resulting

macr onononers of various exanples 25 are set out in
w(aairass021t and 3 respectively. Exanples 2A to 2BCT/AI2@MN000582

illustrate macronononers that do not contain

pol ymeri zabl e groups al odd the backbone, illustrate

that polyners with high refractive i ndex can be

pr epar ed by thi s met hodol ogy. Structurally simlar

oL @%1*%%5 gy er i zapke gy oupso WO 20054 128051
007 OOO 2 40|al ong the backbone coul|d be
prepared by the additijon of spitable jcyclic nononer
M (e TVIBEAM | T niodibe pol ymesi sht imee as| i00aganpl es 2K
to 2YV. Exz;lnpl es 2Z to|2AD ill pstrate |internedi ate
macrononongers suitable for further rieactions with
2N r envgemss biear i Mepipol yner 1d4bl e ofBups, GUVR gs
described jn Schenes § 5 and| 10 abovle, in orlder to
f orm macropononers of [the pregsent inviention |Table 2:
20 VEREMBYS st br t | hePMat er]i allé4f of e%¥hpl esO-IK5t q.2AD
Mass of stprting materjfials (g Exarrple No. End group
mass D4 P4t 4 Ot her -pSS{”\ ‘2/_\\ DN 00625223
1 T DV 025 15 3801, ba O EVTEE o o025 2. 25
1.10 2D DVTIMDS 0.0022 2.23 0!94 2E DVIMDS (. 0021
70 223059 2F HERS 00034 ,37 14 2584 P& biideS 0. 0064
1. .94 | 2H 0.0269 1.77 4.23 P1 HEDS [0. 0278
0.75 5.44 |2J HEDS 0.Q0272 0 6,00 2K DVTMDS 0.|0110 3.8%2
2R 245 0301 WO gg@ie/ 129054 7gCT AUZGS 7/ PO0®32
2S HMDS 0.0016 1.79 1.51 0.154
2T HMDS 0.0023 2.77 1.78 0.040
2U HMDS 0.0050 2.86 1.78 0.040
2V HEDS 0.0089 1.30 0.84 0.014
2w HEDS 0.1186 18.25 12.00 0.27
2X DVTMDS 0.0038 1.26 0.71 D, 0.02
2Y DVTMDS 0.0115 3.95 2.60 DM 0.37
2Z HMDS 0.0011 1.19 0.71 , D, 0.23
2AA DVTMDS 0.0330 8.20 1.74 Ds" 0.02
2AB DVTMDS 0.0330 11.74 7.79 D/ 0.43
2AC DVTMDS 0.0330 12.15 7.79 D, 0.02




» 2AD

41 2L DVTIMDS 0. 0263 3.57 2.30 0.052 2M DVTMDS 0. 0010
1.43 0.92 0.0096 2N DVTMDS 0.0013 1.44 0.92 0.0096

wQ@0oDWIfES 0. 0014 1.44 0.92 0.0096 2P HVDS 0. PODAU1004/800582

0.92 0.0096 2Q HVDS 0.0009 1.43 0.92 0.0096 2R HVDS
0.0012 1.79 1.15 0.015 2S HVDS 0.0016 1.79 1.51 0.154
2T HVMDS 0.0023 2.77 1.78 (o040 2U HMDS 0. 0050 2. 86
1.78 0.040 2V HEDS 0.0089 1.30 0.84 0.014 2W HEDS
0.1186 18.25 12.00 0.27 2X DVIMDS 0.0038 1.26 0.71 D4

LU-1LM 0.02  2Y DVT 0115 3.95 2,60 D4 tu- | 37
27 PM8S0. do11°879% o 1“[3% 37%2 DVTMVD odédéﬂso 0.11
8. 20 1.74 D4 H 0.02 2AB DVTNDS 0. 0380 11.74 7.79

fa) A

043—2ACDVTVBS 0. 0330 1215 7. 79 D4H 0. 0Z WO
2007/ 128051 PCT/ AU2007/ 000582 42 L 2AD DVTMDS 0. 3750
11.18 7.00 DAEU 0. 11 Table 3: Ml ar percentages and

Table %R%ﬁﬂ%f ?}'é}ééﬂtﬁgegfanW#H@l%ﬁﬁﬁw sffmagrmbesmersiof examples
0

I n product by '"H nnr GPC Exanple RI (@

2Ato2ABcosity End group No. D4 D4 AB D4 AM Ot her Ml Mw

M PD 37C) (cSt)

Mol% in product by "H nmr GPC
Example End group RI o(@ Viscosity
Ne- D4 D/® | DM | Other M/°' Mw Mn po | O ©=h
A
2A DVTMDS 79.5 20.5 17380 | 11516 1.51 1.44969
2B DVTMDS 83.6 16.4 16958 9360 1.81 1.44107
2C DVTMDS 86.8 13.2 19580 | 11743 1.67 | 1.43508
2D DVTMDS 88.2 11.8 22490 | 12050 1.87 | 143212
2E DVTMDS 92.8 7.2 18138 | 13060 1.39 | 1.41964
2F HEDS 81.0 19.0 90628 | 40022 | 2.26
2G HEDS 82.3 17.7 36237 | 25892 1.40 1.4444
2H HEDS 50.8 49.2 12657 6667 1.90 1.4876
2| HEDS 27.7 72.3 5058 3209 1.58 | 1.50711
2J HEDS 4.3 95.7 3334 2408 1.38 | 1.52271
2K DVTMDS | 89.26 10.47 0.27 68462 | 27395 | 2.50 1.4310
2L DVTMDS | 82.52 16.28 1.20 65933 | 31180 | 2.11 1.44333 1840




2A DVIMDS 79.5 20.5 17380 11516 1.51 1.44969 2B DVIMDS
83.6 16.4 16958 9360 1.81 1.44107 2C DVIMDS 86.8 13. 2
wa 293028031743 1.67 1.43508 2D DVINDS 88.2 11. 8PCRABL07/000582

12050 1.87 1.43212 2E DVIMDS 92.8 7.2 18138 13060

1.39 1.41964 2F HEDS 81.0 19.0 90628 40022 2. 26 2G

HEDS 82.3 17.7 36237 2589%31.40 1.4444 2H HEDS 50. 8

49.2 12657 6667 1.90 1.4876 21 HEDS 27.7 72.3 5058

3209 1.58 1.50711 2J HEDS 4.3 95.7 3334 2408 1. 38

1.522 2K Y 9.26 1Q.47 0. 68 27 2, Bfos | 1560
2M DVT%‘?% 1%11-%_7 D{'/J:I')%%S 954 16. 48 1. :26%&93%%3182%% 171
1. 44333 1840 WD R007/ 128051 PCT/AU200[7/ 000582 4B 2M
5N | DTS ND&: &L 09735 - 0230 49 45173 218356552] G&beT.|445B56| 15604 | 930
2N DVTVDS|82. 05 7. 75 |0. 20 |3335% 1806[L 1.85 1. 44564
930 | 20 DVTMDS 8P. 07 17.7510.18138240{ 21197 1. 80
20 | DVIMP845850711407-72P| HM35 [81. 58 18. 1589027299339 1$B2pH44556 | 1140
1.61 1.4466 320 | 2Q HNDS 79.9 19.9 0.p0 28271 17532
1 61 1 445884 2R-HVMDS 8015119550 301 9581348231 -1—-99
: 1.144@6" 320
2P| AMPS;4E3858d (RS BOOOB |19, 80 0. 14 E1Fou ¥S60L T, 58
1. 44775 1910 2T| HVDS |80. 86 18. 81 0. 33 89034 52100
2Q ovibs? 1 #4250 @8 AVDS20Y- 6 20 2 0. 228083933105 A%11] 744584
13810 2V |HEDS 80.2 19.6 0.20 25193 16864 1| 49 2W HEDS
78.7| 21.0 /0. 34 95597 53927 [1.77.11. 44797 2X DVIMDS
2R HVED. O[1 80.5% 96 1BDBEM 00.38 (32450, 1794P581R| ABB1HY1-9y| 144528
DVTMDS 77./80 21.45 I EM 0. 75/ 38517 20225 1.9| 1. 4553
2S HM1E)'S45'7%§.08 19.80 0.12 61494 | 39001 1.58 1.44775 1910
2T HMDS 80.86 18.81 0.33 89034 | 52100 1.71 14550
2U HMDS 79.6 20.2 0.25 89839 | 51575 1.74 13810
2V HEDS 80.2 19.6 0.20 25193 |. 16864 149
2W HEDS 78.7 21.0 0.34 05597 | 53927 1.77 1.44797
D4r:u-
2X DVTMDS 83.91 15.96 EM 013 | 32450 17943 1.8
DS
2Y DVTMDS 77.80 21.45 EM 0.75 | 38517 | 20225 1.9 1.4553
B 1.45783
27 HMDS 77.84 18.73 D, 343 +
1.41856
2AA | DVTMDS | 95.28 4.47 DS | 025 | 54095 | 35621 | 1.52 s 4470
2AB DVTMDS 525 457 D[‘A 1.8 20527 | 12 290 1.67




2Z HVDS 77.84 18.73 DAEU 3.43 t 2AA DVIMDS 95. 28 4. 47
D4H 0.25 54 095 35 621 1.52 1.41856 $ 4 470 2AB DVTMDS
wWG2003128517 D4 fix- 1.8 20 527 12 290 1. 67 WO PCT/AU2007/000582

2007/ 128051 PCT/ AU2007/ 000582 44 2AC DVTMDS 39.3 59.1
DAEU 1.6 11 425 5 327 2.14 2AD DVIMDS 79.7 20.10 D4
0.25 44 889 35 283 1.27 }41.3 C; $19.4 C Exanple 3 -
Synthesis of silane functionalised prepolyners In
exanpl es 3A to 3D silane functionalized prepol ynmers

p ring qp g4 sP0I Zaby onoQk D4
2AC DVW@% Dﬁ% dﬁ? in th S‘f o[]l 3VE\S/| néyg%grmme The ratio

of sijane |5 functional| groups allong the badkbone|was

and refractjive i ndex ngdi fyijng grioups {n | atler steps.
Different end _groups re introdiuced by using a

2AD DAY OlHg&d |[T@oad T prd nodibii :Lao.amr e8| poR8gneri2Zabl e

t21.3V@rdi1843C of end groUp bl ockers. The ROP occurs under
di fferent conditions by usi ng a range of catalysts,
whi ch_i ncl ude, t ed type of acid,
Example} ssu'aﬁh&S'Sa?ifos'BE'@?fglﬁﬁg %'é?‘%] P'ﬁ"’?b!—'ée'i%c CH3 Si-O
Si-O0 44+ +"Si,00S R CH3 CH3 R-I H3C. Si.CH3

i o Ehe Sh RSPl AN 3By 9o cvonno
polym&Bzfoai dfape with o i anghogn dnftke following scheme. The ratio of silane
5 functional groups along the backbone was controlled 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 to,

type of acid, Lewis acid, and exchange resin.

H CHs
si-0
4 " / \
R . .
. + s O,Si\R
CH3
CHa
R

10

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

functional groups

1.003g HMDS, 44.205g D, and 129.03g D, were dissolved in 200mi toluene. 260ul
trifluoro-methanesulfonic acid was added. The solution was allowed to stir at ambient
15 temperature for 7 days. 25.0g anhydrous sodium carbonate was added and the mixture
was allowed to stir at ambient temperature for 3 hours. The mixture was then filtered

through glass filter paper on a sintered glass filter. The filtrate was added drop-wise to




5

10

1. 003g HVDS, 44.205g D4H and 129.03g D4 were di ssol ved

in 200m toluene. 2601 trifluoro-nethanesul fonic acid
woer®7agkied. The sol ution was allowed to stir aPCHEHADR®M00582

15 tenperature for 7 days. 25.0Qg anhydrous sodi um

carbonate was added and tH® ni xture was allowed to

stir at anbient tenperature for 3 hours. The m xture

was then filtered through glass filter paper on a

oo o e B BB A IR gt

vacuum 45 8ptais heem colduriess il 0411@8g)was decanted and the
resi due was evaporated under vacuumto obtain a clear
colourless oil (104.108g). Table 4: Sunmary of results
Table 4:08ummman) 6brebtitscoéxdmphas 2AR0=305i H nol % H NVR dat a
Viscosity (cSt) nunmber by 1H NMR Si (CH3)2 SiH 3A CH3
19.6 0.069 4.68 16100 3B CH3 28.0 0.069 4.68 830 3C
i IPR=069 ditbfol%d 3TH NitRZta O.|06iecésity (659
5 Exanpl e 4 - Runctionalijzation of silane prepolyners
nurabprepol yner § b dhNMB |i n BiGho)2e SiEA tio 3D were
functionalized|by allyl iconmpounds via hydrosilylation
to introduce palynerizablle groups and refyractive index
3fdi fyi ngCitoupgsi9.6 one of0.D88 stehpS8 The| 16100
hydrosilylation is illustirated in|the fol] ow ng
schene. RTMSO|0 ~O/'O| TMSO S~ O Si a TNS h Pt
3mt. 10 ROMY 2(0@R.028051 [FTOLRU2004/680058p88@6 Exanpl e
4E - Functionalli zati on of| a silang prepol ynmer with
al |yl benzene 3.|007g of 28 nol % si | ane coppl yner
gexanpl e | $B); wa8li8sol vedd.i08920nL4@8 t ol U260 i n a

i}

3D CH3 29.0 0.069 4.68 853

Example 4 - Functionalization of silane prepolymers

The prepolymers prepared in examples 3A to 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 following

scheme.

/

' H
/R MsoL 4o /[ /_ |
Tmsoi\s/i\/oj\% <i-l/o>\TMS fs\ ja\é. 0 ) s\| 0>d\,|v|s
a b

Pt cat.
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50mL round bottom fl ask equi pped with a condenser.
1.034g of allyl benzene (AB) was added, followed by
wae@r/1zdosKar st edt' s catal yst sol ution in tol uePer/ApRio)/000582

= 3.4 x 10-5 M. 5 The solution was stirred at 40C

under N2 for 18 hours. An“4iquot was renoved and

dried to give a clear and viscous oil. 1H NWR anal ysis

showed that the resultant polynmer contains 11.38nm01%

i X 9 R : j hyl
Examplgrﬁbgl}gwgﬁi%éﬁégne fgﬁe ti oné'fl‘."g@?ﬂ iél?){?ce)ﬂIté)s/ﬂr?ter was

not isolated, instead it was wused as an internedi ate

. ' f it .
007 4t BB AE RO R s WAl £ ot luene

50ml ro@fé patech flasiexguipped withAatcontidnsehel.084gldf ailpbenhénsh (AB) was
e set out in Tabl le 4] -_ Functio

5. EX . i zgt j ]
adid, Byloned, b ROMariCary el ot st b fans BBk 8 210° ).
t i i | '
The soiffy " 81 8RNyt \EXAEYE ety diapgEl rioved and
dried toagiedaf clbbpwed bigcd@Ol. oFHmwift aattdlysic ahalwest that the resultant
sotmors o By SLEET by 5bsede el s, cmetny
groups. "3 '%%ngniaﬂ’cﬁe gﬂmt@ﬁaﬁs%roabéﬁ&yﬁ@ waS bt 9bolatdd, iRétedd it was

e mxture was stirred for
used asteruirdermdutiatef for ther préparationgdf ejampletddi t er paper on a
glass sintered filter, followed by filtration through
a 0.22m hydrophobic PVF filter. The product was found
Additiortad atiglbieaizend . faBatinrisd idjlane . prepolymmeis [wérel pisipered in examples

7,01 nol % . 20. al | yl benzen d .72. 65n0l % di net hyl .
4A to 4I-]}h’r@ea{|e§9‘ts(§fwgw§| a%mfppﬁwi[?@gé-si | ane pc; epol yner may
be reacted with reagents containing polynerisable
roups to,.form pacronmongoners of the esent, invention.
Examplg A ¢ Fungionalietion aap sheee erenatangr eibavEicotd) o
prepared in exanples 41 and 4K, the results of which

4,041 REThALSITY GUGRRATSR P TREATOE: A5, fHea: JisspvPadD) 2mbpf toluene.

2.241g Eﬁgg@legé?{i&((é?\) ébé(sgéd‘d% fgﬁ@gvte@i?dlngq gla i ngrE%@ge}?bfa%Xst solution
in tolueH2P{PY 65 169 6 1009IpBThe 2edution 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‘3 hours, then filtered through glass filter paper on a glass
sintered filter, followed by filtration through a 0.22um 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 were prepared in examples 4l and 4K, the
results of which are set out in Table 5.



Si-H 8.5%AB; 20% 4B 3.032 4.613 H2PtCl 6,100 Si-H 4C

3.066 1.271 Karstedt's,
wa20098%054D 3. 021 0. 089 Karstedt's,
14.91% Si -H 17. 32% AB;

11.38% Si -H 4F 3.036 1.0307Karstedt's,
1.4484 10.98% Si-H 20.87%
120 1.45272 AB:8.90% Si-H 21.15% AB: 4H 3.053 1. 275

100 9.5% AB; 19% 1.43168 Si-H
120 1. 44428CT/AB2007/000582
4E 3.007 1.034 Karstedt's,

100

120 18. 73% AB;
4G 3.001 1.148 Karstedt's,

, % AA: 41 -OH
Table 5@[@1@% r{g’lﬁt{ § Sthpls 380tSi4K! 5. 88%
2 &1@% ArS f Pl 58580 AR 10. 7206 AA 43
-OH 4.041 2. 241 Kar st edt s, 100 17.01 % AB WO
200712865 W 2 48 4K - T Qhdw@yHo. B25
Example | Kar skedt's, ( )9. 20% Bug)l. 48%4&lysiCive NMR RI(23°C)
g
6.00% AB; 22%
4A _Q 5.011 7.494 H2PtCi6,160 )
Si-H
8.5% AB; 20%
4B @ 3.032 4613 H2PtCI6,100 .
Si-H
9.5% AB; 19%
4c ‘@ 3.066 1.271 Karstedt's, 100 Si-H 1.43168
|-
12.98%
4D —@ 3.021 0.089 Karstedt's, 120 . 1.44428
AB;14.91% Si-H
17.32% AB;
4E @ 3.007 1.034 Karstedt's, 100 )
11.38% Si-H
18.73% AB;
AF @ 3.036 1.030 Karstedt's, 120 . 1.4484
10.98% Si-H
20.87%
4G @ 3.001 1.148 - | Karstedt's, 120 . 1.45272
AB;8.90% Si-H
21.15% AB,;
4H —@ 3.053 1.275 Karstedt's, 120 . 1.45484
6.3% Si-H
5.88% AA
41 —OH 2.012 0.158 Karstedt's, 100
20.9% AB
10.72% AA
4J —OH 4.041 2.241 Karstedt's, 100
17.01% AB




Exanple 5 - Preparation of siloxane nethacrylate from
si | oxane eugenol derivative and IEMOH OH MO MeO O
wOR@7/ae805i .0 Si, SI.O S, XdSi.0S m Si Si, SPCBAU2087/000582
O, OOHae abc\ OB OO< NHO 5
| socyanat oet hyl et hacryl at48 (4. 66g of a 0.230g IEMin
21.69g of toluene), allyl benzene and eugenol
functionalized polyner (0.880g; a=77.8% b=18.7%
RF1. 4578 at | 21C), and di butyl{indilaurate
2 woHe | m xed and |stirred|at room era fo
4K N—4The react 38 mi xt uP-8%was "pretdtsit {’%deiqéﬁ%’)g” 1.48548
The precipiftated pol yner was|collected ahd
evapor at ed|to dryness; to afford an oil (0.883g). 1
NVR anhal ysils 10 gave |the desilred IEM functionalized
macr onononer with the follow ng nolar percentage
rati o: a=79.3, b=17.0, d=1.0, e=2.7. Refractive index
of the polynmer was 1.458 at 21 C. WD 2007/ 128051
ExamplBCH AUFHQpapaXISs2 of 48iloxan®! methacfylate iframi i sidoxane oéugenol
si | ane epolyners by polynerizable and refractive
derivativeand 'ﬁ\ﬂh fying groups via a mxed hydrosilylation A
m xed hydrosilylation in one pot synthesis is shown in
the follow ng schene: R

OH
MeO OH MeO
e
e
O\/\NI/C | | | |
0] N, . . . . .
N | \/I | si._[si. Usi. \si. \isi. }si—
_siLsi. Jsi. [Si. }Si -7 o<| ol o] o/ T
[ O\l O\l O a d e
al 'b* °C
OMe
o)

5 Isocyanatoethylmethacrylate (4.66g of a 0.230g IEM in 21.69g of toluene), allyl benzene
and eugenol functionalized polymer (0.880g; a=77.8%, b=18.7%, c=3.5%; RI=1.4578 at
21°C), and dibutyltindilaurate (25ul) 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 oil (0.883g). 'H NMR analysis

10 gave the desired IEM functionalized macromonomer with the following molar
percentage ratio: a=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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~OOR//\R TM5i0 M5 TM5~-O O O TM5 a b Karstedt's
catalyst 11~ ~Ca b R 5 Exanple 6C -
waoeovcti2gennl i zati on of a silane prepol ynmer wi t hP@i/AyL007/000582

benzene and eugenol (13:1) 3.01g of silane prepol yner

cont ai ni ng 28 nol % si | ane4§r oups (exanpl e 3B), 5.69g

of allylbenzene and 0.637g of eugenol were dissol ved

in 25nml toluene in a 50mM round bottomflask equi pped

Wik h ilanke YR K\R - polfRidrizdble and
Exa"““%aﬁsfgaﬁﬁgﬂﬁgﬁ§%¥gﬁ§§?a§gkﬁ%igﬁé?ﬁltoIueﬁépgiP?] = 3.4
refractive iHdeXx bdifgingpgrsubs via henixeduhydnosilytatione  ni xt ure

was stirred at 40C under N2 and nonitored by 1H NMWR

until all the Si-H groups were consuned. The m xture
A mixedw?@rddﬂglaticﬁm ede ot spothesipshatvarie the tilowirgl sefyeme:

addi tion of 0.300g of activated carbon and stirred for

3 hours after which the carbon was filtered off. The

sol vent was renoved fromthe filtrate and the product

was taken up in 15 10m of n-pentane and washed wi Rh

saturated NaHCOB (2% .30m»_water (30m ) then

( :
o Fafurated Ngd (30rfl)Ran &ied over, MySCY.
TMS/\E"Egﬂ% é@gsﬁﬂn&d _ g pPESEHT
| 8ar /; SN gWg |y yeldaRwamnstanst scOUs of I\ 3/49%g. /] S%j ™S
pol ymer was found to contain 26.05 nol % al | yl benzehe;
2.0 nol % eugenol and 71.95 nol % di met hyl si | sxane
groups as determ ned by 1H NVR and the refracRi ve
index is 1.47272 20 (23.4 C). The silane prepol yner
may be reacted with reagents containing polynerisable
Exampl@’ 66 R uricBiohaIiZatiBRcsfare iame peepaflyrhéewjth edlghbenzene and eugenol
invention. WO 2007/ 128051 PCT/ AU2007/ 000582 50
(13:1) Additional exanples 6A to 6F are shown in Table 6.
Agai n, the prepolyners in exanples 6A 6B, 6C, 6E and
6F may be reacted with reagents containing

3.01g of silgne prepalymen confining 3% malitasiaifo ABHASs (G3pmAie 3B), 5.69g of
aIIyIben%ﬁ%%@sbﬁﬁ?ggéfg%ge—rﬂ |\Gerl® o285k Sn Ml ®hvdrie iPR 50ml round

bottom flask equipped with a condenser and gas inlet tap under Na. 100p! of Karstedt's

catalyst solution in toluene ([Pt] = 3.4 x 10®° M) was added to the solution and the
mixture was stirred at 40°C under Nz 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
filtered off. The solvent was removed from the filtrate and the product was taken up in
10ml of n-pentane and washed with saturated NaHCO3 (2x 30ml); water (30ml) then
saturated NaCl (30ml) and dried over MgSQOy4. The product was dried under reduced
pressure to yield a clear, slightly yellow and viscous oil, 3.492g. The polymer was found
to contain 26.05 mol% allylbenzene; 2.0 mol% eugenol and 71.95 mol%
dimethylsiloxane groups as determined by '"H NMR and the refractive index is 1.47272
(23.4 °C).

The silane prepolymer may be reacted with reagents containing polymerisable groups

to form macromonomers of the present invention.



Exanpl e Mass pre-

Functi onal -

walerrazgosve al |yl

pol yner

AB and We 1.2nol %

0. 637 1.4727 26.05nm0l %

R= Mass first R =

(g) allyl

Mass R

second i sation nol %
by 1H NVR (g) derivative (gpPCT/882007/000582
2.00 CH2- 3.79 -HC OH 0.21 14. 6mol %

2. 00 O 2 AB and W
. ool Y

EU 6B 2.00 CH2-58.79 -112C OH 0. 10 10. 4nol %

EU 6C 3. 01 CH2- 5.69 -112C CH

C AB and W 2.0ml % EU 6D

. . 00 - 3.7 0..10 ~0: .
o Sl Bl PR RS 9 g
exampled- 60! BBABBENGE 2aRd0b% Mdy ok 26e50td®808h reagents  containing

PCT/ AU2007/ 000582 51 . .
polymerisable groups to form macromonomers of the present invention.

Table 6: Details and results of Examples 6A to 6F

Example Mass pre- R= Mass first R'= Mass RI Functional-
polymer (g) allyl second isation mol%
derivative allyl by 'H NMR
(g9) derivative
(@)
B6A 2.00 CHo— 3.79 —H,C —Q—OH 0.21 14.6mol%
AB and
@ OMe 6.3mol%
EU
6B 2.00 CHy— 3.79 —H,C QOH 0.10 10.4mol%
AB and
@ OMe 1.2mol%
EU
6C 3.01 CHo— 5.69 —H,C QOH 0.637 | 1.4727 26.05mol%
AB and
@ OMe 2.0mol%
EU
6D 2.00 CHa— 379 | Q_o j’LN/\/O YK 0.10 10.67mol%
© e © AB and
0.23mol%
EU
6E 2.00 CHy— 3.79 —CH,0H 0.037 | 1.4465 9.7mol%
AB and
@ 2.2mol%
AA




6F 2.00 CH2- 3.79 -CH2CH 0.019 1.4460 12.2nol % AB and

3.8 mol % AA It will be understood that the invention
waoeleeehowed and defined in this specification eRCEATS00T/000582

all alternative conbinations of two or nore of the

i ndi vi dual features mentdbned or evident fromthe

text or drawings. Al of these different conbinations

5 constitute various alternative aspects of the

1 AN
Q1

I—PCI/ 710005880192 TABONS  12.2mol%

Hrven c

6F | 1. 20%adr offoho formul'ad 1: R ORSI{OS'| Agandss
Si Si~Qf . Rl Si RIl/ aKbK c¢ d R RMR M|z )
Z (1) ein RIMisla refractive index nodifying mol% AA

group; IZ1s a free radijcally pol ynerisjable group; K
IS a spacer groyp; L isf{optional and is| a spacef

group; 10 each R 1S 1 ndependently selected from an
RIM a |l ower al kyl group, hydrogen or Z;, a is a nolar
per cent age of the macronononer which is in the range

It will bé)fur{({e‘?g?o%dt ﬂ'natgtﬁe"mv(é/ﬁtion 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

5 constitute various alternative aspects of the invention.
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b is a nolar percentage of the nmacronononer which is
in the range of from5 to 99 nol% 15 c is a nolar

w@eoocaesoage of the macronononer which is in theCT/AT®7/000582

of fromO to 2 nmol% and d is a nolar percentage of
the macrononomer which is9n the range of from0 to 2
nol % with the proviso that ¢ and d are not both 0 nol
% WD 2007/128051 PCT/ AU2007/000582 53 2. A
macr onononer according to claiml wherein each RRIMis
i ndependently sel ect edCLAMS he group consisting of a
substituted or unsubstituted aronmatic group, a

1. A hawroimonbetergf thepformuda dup cont ai ni ng brom ne, i odi ne,
or chlorine atonm(s) and a sul phur containing group. 5
3. ,%{rracrormnorrer according to claim2 wherei n each

Rl M'ks upst f\ut or u s bstltu e henyl ng 4.
A Ragio b O‘ Sr
cl ai gs wh r}sln i nlethyle i urated

group. 5. A nacrd r’Be (dlngto o Bf the
precedi ng cl ai ms wher eR)\each RIM10 i s i ngependently
sel ected fromthe group consistiing of a linear,
branched, or cyclic lower alkyl, which is opti onal |y
interrupted by one or nore heteroatons or substituted
by one or nore of an ester, am de, urethane,
carbonate, thioester or d@%) NH-. 6. A nmacronononer
according to claim5 wherein each Kis a | ower alkyl

whereinOf the formula -(CH2)n-, wherein n is an integer 1,
2, 3, 4 or 5 15 7. A nmacronononer according to any
one of the preceding clains wherein each L is a |ower

RIM is satefsactiog index modifitggrquk?) n-, wherein n is an integer
1, 2, 3, 4 or 5 8. A rracrormnorrer according to any

. one_af ims having a refractive index
Zis afrge r%é;&alf Sqlﬂ&?ﬁg%lg%éﬁbg fromgreater than 1.33 to

1.60. 9. A nacronononer according to any one of the

K is a spaésiegtong; cl ai ns having a 20 viscosity at 25C | ess
fp?]an 150, 000 cSt.

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 O to
95 mol%;

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

¢ is a molar percentage of the macromonomer which is in the range of from O to

2 mol%; and

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

2 mol%;

with the proviso that ¢ and d are not both 0 mol %.
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10. A macronononer according to any one of the
precedi ng clains having, when cured into a polyner, a
wore@ahe®sat 37C | ess than 50kPa. 11. A conposiPCDAU2007/000582

curable into a bionedical device including a

macronononer accordi ng t ®3any one of the preceding

clainms. WO 2007/ 128051 PCT/ AU2007/ 000582 54 12. Use

of abfonposition according to claim11l as an in situ

curabl e agcC
2. AgtegRutondfer MEERHhEte, bR hrwheten Xn KM, A7 indopendenty
selectedf frevm theegroapresisisting ofod subaintnte’tilor endubstitutedtaronadic group, a

producin t t |
Aornatld apsiore arpreseiS SoEaRgasaneo SokBPh Pt B qushur
contalmrjr%ﬁp 0 a | ens capsul ar bag and curing the

position. 15. Use of a conposition according to
claim1l in the manufacture of an accompdati ng

3. ;néc?oqﬁ&l\%e{ SReoldiig ‘}gr(?ﬁl?ﬁ Inghepdih a8ddnV RIIN is0a dubstituted or

or nmai ntai ning e refractive power of an
unsubstiited phenyl ring.
4. A macromonomer according to any one of the preceding claims wherein each Z

is an ethylenically unsaturated group.

5. 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-.

6. A macromonomer according to claim 5 wherein each K is a lower alkyl of the
formula —(CHz)n—, wherein n is an integer 1, 2, 3, 4 or 5.

7. A macromonomer according to any one of the preceding claims wherein each L
is a lower alkyl of the formula —(CHz)n—, wherein n is an integer 1, 2, 3,4 o0rb.
8. A macromonomer according to any one of the preceding claims having a

refractive index at 37°C is in the range of from greater than 1.33 to 1.60.

9. A macromonomer according to any one of the preceding claims having a
viscosity at 25°C less than 150,000 cSt.

10. A macromonomer according to any one of the preceding claims having, when

cured into a polymer, a modulus at 37°C less than 50kPa.

11. A composition curable into a biomedical device including a macromonomer

according to any one of the preceding claims.
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12.  Use of a composition according to claim 11 as an in situ curable, accommodating

intraocular lens.

13.  An in situ curable, accommodating intraocular lens formed from the composition

of claim 11.

14. A method of producing in situ an intraocular lens including the steps of
introducing a composition according to claim 11 into a lens capsular bag and curing the

composition.

15. Use of a composition according to claim 11 in the manufacture of an
accommodating intraocular lens for correcting refractive error in an eye, or maintaining

the refractive power of an eye.



