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WO 2007/128051PCT/AU20071000582 1 Biological polysiloxanes Field of
the invention The present invention relates to siloxane macromonomers
and polymers formed therefrom suitable for use as biomedical devices. In
partivagiesothe siloxane 5 macromonomers are suitable precursanezior/ 060582
forming injectable, in situ curable, accommodating intraocular lenses.
Background of the invention Curreftly known intraocular lenses (IOLs)
include non-deformable, foldable and expansible lenses, which may be
formed from material h as ac Is or 10 polysiloxanes.
These IOLs are impl%@uﬁjl% mazgllp/ @%ﬁ%’%{gﬂ%%n the cornea and
inserting a preformed IOL. To minimise trauma during implantation,

foldable and expansible |IQLs have been developed. These lenses may be
rolled up and inserted thfdGh% ERRYEE Which allows a smaller

The peRaCRgadbs SOl O RatA diabMIaed BYRGRIsEARed
& taed With small incision tec niques. Hydrogel 15 lenses are
therefrdehy viitdiebdfureungedidn inmetitial§odesRirated BAEHRdhRe Slioxane

macrofARRIRFSasrdl she-sriapleasdsibs rdheradpigrmabialaasesa requirewrable,

just appropriate optlcaléz)ropertles but also mechanical properties, such as

accongﬂ%ﬁﬁm HagANALR&fsticity, to permit them to deform during

implantation and then regain their shape in vivo. However, such IOLs are

not capable of acco g&% whep.in 20 vivo, due to their rigidity, and
so are not an optimal n%%? ﬁ%oﬁc%%r]rtéctlon 9 p?esbyopla To further

Curre YalaB! 'QLﬁxﬁg&[ﬁqusrﬁé&Q'%m‘Stﬁ%&% bﬁ@%éf@rm%iéecﬁmgﬁ%s and

flising |nject e I0OLs have been suggested. Injectable IOL woul
xR oy VB TG 05 TR ERBL GRS SR M P ARUCE SHEUORPIS o
polysu@k@h@spmmn@mem@tulﬁblm&rlmﬁmﬁgnsnsmmmted Whilednesa and

msert;&i gapz La):zlzs %ﬁ.um?re éﬁf\ﬂ%l @%%Wl%r I&u% éﬁn ﬂ'@@ﬂ%@ioﬁh%ﬂt&% and

hen re y injecting a ow vis material’into the
expansihisty@apulee agnTieyaeretalMasethersse BFddPm GG KRN ’“Se“ed

throu %C%Iﬁ%th% ?H%Fﬁ%{ﬁsuﬁegﬂ%F&rmdﬁ%ﬁh@?seomr?aldan&hﬁr@md@@ For
he elastic t e refillin terla is, sufficient ovy the, lens sha
exam Bl R BB &5 ey RS ST LA 6 B St e
iense@a:ﬁwakj@mrﬁeds@qﬁmatlwmrbhnnmﬁab@uwﬁy rehydrated once inside the
capsu%ar épar PHaCdd 05@?29@@%4%%@%&%'%0iéﬁgemmﬁ@t@ Wbt just

viva rom problems with in situ curing, such as controlli
approgriseli e resessias f*i%@n?dﬁelumb%%f'at&?ép?é%%%duﬁﬁﬁ rerdliygtural
mtegrﬂ?%@ staugale, teodpyatnp thefyory arisiiox@n gomphsitidias famﬂs&aemsregam

thelr S 1 RIS h SRR e ol AEBeR W Bt Bisting when in

I58°% SUfAbI8 Tefractive index suna anica
vivo, dharadieistigsligftemcusmgrs. eo?@@d@mm@@@wmgﬁaq@ﬁ@?l%éof presbyopia.
biocompatible, including having minimal extractables, and be sterilisable.
To fuﬁh@rpcﬂ@p@iﬁteso&@scbrﬁs régoosityymiodulinsisiodseiiraetabies Sfonan techniques

utllss; egéigrelquwegjﬁ“o ga;?grl accqllgggégge%'% ﬁﬂgq@&e%gﬁf?’ frsﬂﬂ?lanied 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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10 Consequently, materials useful in deformable IOLs are by no means
suitable for use as injectable I0Ls. For example, polydimethylsiloxane
(PDMS) has been employed as a material in foldable or deformable IOLs.
wmdhevmjeotable IOL context though, PDMS has been foundetorhavesavonss:
relatively low viscosity and thereby a tendency to leak out of the 15
injection site (i.e. the capsular bagbbefore curing. To address this
deficiency, high viscosity polysiloxanes have been added to the PDMS
reaction mix. However, a drawback of high viscosity silicones is that they
I0Ls agg g2 8P BIINSREES QiR can impair the optical quality of the resulting
product. Also, they are difficult for the surgeon physically to inject in a very
Apart telivatelbeivisoviidn &by Fvirly 2 RN NG Sheec ol kg RErCSEs and
ﬁndind&?‘éipﬁﬁlﬁy‘;%%_ﬁob’&ﬁgﬁmmm haging'e@]dﬂiw fm;@@eoftq develop
imethylsiloxane units may have an unacceptable low specific grayity wi
polyorg R HEERE R S St e R B G N A g Tetate
need as|uenys dayeitgieseisciveitye foapsidatidnga Is@tathea eaestitauindsx, suitable
mechSisHItin il the sapsularsac.campletely apdavilldedyisdhersHBRAME, be

manually express intra-capsular water in order to maintain 25 the correct
bioconpiiBlea s Head Y BIMG B eFRda5ee8Rd AttitFa Nty siloxanes,

produced by polymerisation of aromatic-based siloxane macromonomers,
The plopesiesssisfornaiieddiys weddivelesedanaarbepoLsy Nestable, in situ

curab 3’5’%%&@&%&%%@&%&%3%%&%Méhabsa@@ﬁe@&mom

ave a relatively high RI of 1.45 or greater and are biocom atilgl%] for U6 as
ConseqwaiiemalrirorySToka-LRiAT R dHIG BE SQNitbET8rTiss 4s &n
injectdmjea@bte, in situ curable, accommodating IOL. The WO
2007/128051PCT/AU2007/000582 3 described polysiloxanes have a high

o S e S e ¢
foldabé@og/(g@%;gy@l&e@?ﬁ e@’d M&Bﬁ%‘ﬂ'&ﬂé Ea(\;/?ﬁgea ﬁ:}é ot e eS been
foundcmlmpmda ofeeailwe_mpnevpmm@ﬁanelrw :meeemirﬁb;t;@d.em ﬁgi&ﬂi@ out of the
inj YIRET 122 RR'Y YEGHAHP $HLSUHERSIHIOWEHEENHYS high
mled%%t%ld%duﬁgnc% e smﬁtggge’?g?%gée algirlglrl%i injectable, in_sittu cur lg@ K
viscogiteatYRIgEangsI OBYE HeeRetREES Holosyithé: fﬁ@%wsﬁ&aﬁ%’“e"eﬂ @
drawisiascripangin WS 29850060 reauitetibe matesiaiao die betaies tovhich can
) raw_lgOC. TQY?P trea}t{n%[gttwouégu(i{a\use any &o)laagber{ﬁ]gglgrgr& {1 the suraeon
impalp i PRHEd SHa"S6 WolTd YeSult thieuring before the matenial was injecte
physirallythe iiositan regy Fetisie, e0vFnmeiodsesr smiBGsHRIIRbERES- In
addifdpt Produce muHficigntiy hamegsnosg Matakalmis basmigble fageuriagtion of
situ. In addition, the material is further uns%@blq for in situ. curin

asit
dime SRR SHRiORFEabROAS 77 oHIEPE RARAEIR The RSt ionsriibel (e

€ macromonomer. .
undebiystfosdyiatinn ttesicfrnshlenknoatarte! belldkathenmity i eeerelarer @pent in

tne <SBRA%1eRUR ARG IpIRAISR IRRHS SRS o My SalrBAiieny and
€ cure process Is not a 15 'cure on demand process; it requires the

will reiirey lbe tousassm i TEARs Ak eBreeraliig FaPBFeR el ToY&RE [idBeintain

the cORSYHNhersHE0AAMBasA M eshiimeirrdieadich to inject the mixture

into the capsular bag and make any adjustments to ensure the correct

level of refilli b ieved. tial dj :
At S ke o GO AL oo o Doy Soxane
maciigrisapserise dPthesslane gleimrbltct BlBrArsi G EPsEPs Prnd& BiGHP154-
WO SE4Rs Raytheadenst 1o dopmyuitheneroaskaking batwegnstheification have a

macromonomers_This additiongl crosslinkin tiEIOf E%Wé:\yé?r concem &iﬂoxanes
relatiyghiRighoR O rare Tha FRIEO SR &F R IradisimaRomers and The rhodulus
woulgfran\bswigthipel{on ers are am pyeetntb!d Haeretorey i iied esaplaeddtnmiffite T he

an injectable, in situ curable, accommodating lens 25 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. WO 2007/128051PCT/AU2007/000582 4 Reference to any

nrinr art in the enecificatinn ic not and choiild not he talken aec an
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reducing the fluorinated content of the polymer, WO
2007/128051PCT/AU2007/000582 5 and generally lowered by:

increasing the fluorinated content of the polymer; decreasing
phenyl/atemsatic ring content; decreasing halogen (Br, |, Clypeamentioooss:
and/or 5decreasing sulphur content. However, the molar percentages of
various substituents cannot simply.be increased or decreased as a matter
of course. For example, siloxanes containing high molar percentages of

phenyl substitution, which would be required to create hi rL | materials,
cescribgl P ERRIERLS T UoA AT Sl NI B BTBNTRb L g oy Tiscles

and zPhapsfiesahithenifopnlyshexanss; rendesfilgdheith tresuitabledelsuse as
injectable, in situ curable, accommodating IOLs. Therefore, this tendency

us 20tBlsotN&: de dree il Rheod siHpRition Rasaple WPrSHaxaBEsraNdmposed of a

__consequently the resulting RI that can he achieved. Accordingl ) there is_ .
silcons gl i P ) SHTINEL e PHEE Y INAEidBI8, T ExlP e ing
ary! ghegpneniedatingslOisawithra thigheraRirid5vCols equartlysUitealfirétaggeces an
.. the present i ian I 1acreion r 0 hedi
e R e e ahon. 2 o o e aeieany (e
polysifsoignsrisapraipdup; USi2ASaRErRBuIP I e dhfoRRardYs!a §Fabepied to
100" G %@l&r%{@ maﬂa%miﬁﬁlﬁﬁﬁlgdgm&r?nm Rtdpa tovx;&ma’rmi_giom 50

rogen or Z; ajs a molar percentage of the macromong [
WO”“‘W ?ﬁ%@é’h&&‘“&”ﬁr#&?ﬁ"be &' g8 L[r)ﬁgsz\;n’ﬁlgsm %%%ri%gré%%t%a eg%%{r\:ég& Fartner,
the me@odmbreymbesihichids imedd aneoidins SN HYOTeISOHoERterials

to be REFEANLAGS BitRE MagomPaamEs AVhIRD isiatheisananaf frmmade Zor in situ

~ mol%; and 10 d is a molar percentage of the macromonomer which is in
curingnasydhdeest FEPEREHROITENRARIHE GFovIstEPEsanG H'ar& ABIBBHY e"
Hydrasiblitioln difigient ersbodiments eeaxatbrmminemndethkesioreronniaeage the

surmlté%?,jég%?@b i@gg%%gé&%rf%@: aétsﬁnels&w%vgs%mwaw BELQMS not 2

00, preferably in the range of from 40,000 to 200,000, and
‘cure plofepIRIEr AgeRSHERINGEDHIPORPEIN0TTHS $OBIBRIENE RAFERVIRARY for
the rébdiffa 1B thRdanae:0fE0sdh 3B dosleRoprefs abliitdbeimeframéaingetoth to
.. from1.41 to']ng more %Jr ferabl\éi%thekran e of frg{néL.42t%tgn]§U4réelz%he correct
nject358 MRPHBEL fg?a%zf? HEEFETE SFRSHT R ok W P Y average. 1
level Zfgedilimper8006ecur anbievsiloxane repeat units, and more preferably 1 Z
group per 550 or more siloxane repeat units; a viscosity at 25C of less

AnothBan3RMAA0IeSH RietRIablssesmtbanvath 00@ aSaetdgmiors\deidialy i and
Us 2%%[8&%96% Ecsomajf’ggrgechl eGQEIgrqg ;garggpAsrPeeancq(?g %Hﬁ%i@%@ps, These
SiOH groups may then react to form further crosslinking between the macromonomers.
This additional crosslinking s of particular concern in applications where the viscosity of

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

Therefore, it is desirable to formulate an injectable, in situ curabie, accommodating lens
forming rmaterial 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 iens. It is further desirable to formulate such a material so that the refractive
index of the material is adjustabie or tuneable so that refractive errors, such as myopia
or hyperopia, may be corrected.
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7 when cured into an IOL polymer, a modulus at 37C of less than 50kPa,

preferably less than 10kPa and more preferably less than 5kPa. Each RIM

may independently be any group capable of modifying the RI of the

wmacromansmer. For instance, modification may be a changecfrom:thedilss:

~ of an 5 equivalent polydimethylsiloxane macromonomer. An RIM may

modify the RI of the macromonomey; by increasing or decreasing the RI.

Groups with higher electron density have a tendency to increase the RI of
Referer?cm Ocré)monromer Whg{w gsrougF tlgnailsovr\{g eIe&Fr rc]} ﬁ(/ln%% bha%/a en as, an

tenc?ency P&'r%d%ceﬁhe PortRe macrornonomeér rReR E‘b
ackn@ubsimm@rr@nydbsmufeiﬂiweﬁﬁat‘ctga@ﬁpsaaﬂuoar’ceftemgmrboma common
geneBHOURKABIRABING bramute, 9diNE, Bt OlIRS MO DOHASHIRN Wior art could

containing group. Use of substituted or unsubstituted aromatic g rouP
reas%‘lﬂBWu‘i’%&’ﬁé?ﬁ%@ QR BrERIMAe! BRI g S HEREARTE 6?’&5\6@3’ a
persomiBitisdlirintaesiloxane polymer with an increased refractive index.

Alternatively, use of a fluorinated group will lower the refractive index of

As udBe sipxANeROlMmercARIRe Gﬂﬁétﬂiﬁm&ﬁé‘6?‘#!@@tiE#Fﬁds%@ﬂh%t'chFﬁH@smg ,

.__may be a phenyl ring. In addition, an analogous aromatic group to the
GomBH%‘FFyl ) ﬁ%@@&%‘ée@'@m RieR458:0 ArsiHafChs AR & gpawonents,
infegaapittbEpre, anthracene, 1H-phenalene etc, or clusters of aromatic rings
attached to a central carbon or silicon atom. The aromatic group may be
substituted by one or mqre substlt ts anlud alcohol, chlorine,
bromine, 20 iodine, ami 8"?8%&’& %Wé?ré yl and lower alkoxy.

Whed, r@éﬂ&@ﬂm&‘%@@ﬁ%ﬁé‘j@%ﬁ%t%eﬂﬁ[ﬂmai%ﬁgr%ﬂ 3 %Bﬁe@éﬁ' it was
ring. Preferably, the substituted pheg{ggroup IS not styrene. Suitabl

surpffm@ﬁmé@é@%ab@ PR EPRsYAN e RS DIt HIRYCHHR é%?ﬁﬁ}@ qrror in
all arpaly erpdepidlusnniaies suitClaycloallnd Ofor giorediRectilaniag with ex

la; 25- E)s;(CE2M-R2 Amended t
00 oAb B RS0 o004 1 STl Rk mAgiIR g ens
with fluesriviecy o8 tgreupe ERe)BB2ndes(R!) rﬂ@(@fra@t!vm(ﬂ@m@pimmduced
ConVAHHERRETR O dal rhatraling, &bzg@&éniﬁgﬁfr@‘ Qe hoBHS AR IALRIRS Hpmétﬂatural

15 b is an integer from O to 6, and c is an integer from 1 tQ 20. Sulph
human, (B8 iRPEEGEE indbeehiokhtdp d?%ﬁi%‘éﬁ{erarﬁ%ﬁ@t‘?&e%?%&é{ﬁ%?e“ "1.407
has lgrenpsdsioPthgdiolkinisgobornasi dsyving e RIS poefaraklpeephenyliced.
group, which may be substituted or unsubstituted as described above.

Each Z may dently be any free radicall erisabl
1t g b ReB D T R VRl L RETUFAOROHEL Sxc BT Bpap ined by
refillingtheFesfemithe hgaualdthyienmaRi ohsetweted gibupnGaitatile groups
include acrylate, methacrylate, alkyl methacrylate, acrylamide,

Genéf@t%a%ﬂam]idgﬁ \ényskﬁ@bm&f@aea@@ﬂam&ﬁatkwh metm%yé@ﬂiqpa]gkwf‘gmg the
X t acr O urt er uit ecurso Qr ire
subs?é%ggaﬁl 6{9 3 gg % ﬁg azl‘én a’rb ﬁe% lﬂq i% fr a slloxane

poiymmamawmmmacrylate (IEM), acryloyl 15 chlorlde, methacrylic
anhydride or methacryloyl chloride, particularly when the siloxane

- Macrpivieasme HaesSitxaneieapgidasa; pendent alcohol, thiol or amino
group. Each K may independently be any biologically acceptable group
capamgrggg%%,gb%ﬁe{ggqtlﬁ) |gg%lq@odlfylng group to the siloxane
backbone. K may beé a linear, branched, or cyclic lower alkyl, which is
optlon interru one or more heteroatoms, such 20 as 0, N or S,
“or fun%%ﬁél“&?&? ib g Seé?tbﬁ???&r limited to, ester, amide, urethane,
WO 2007/128051PCT/A152007/000582 9 carbonate, thioester or

« .C(SYRRFING thehBiariaier ePRIRY! RTAPDRONBSSiItuted by a functional
group such as, but not limited to, ester, amide, urethahe, carbonate,
thioester, thiol, alcohol or amine. Preferably, when K is a linear,
branched, or cyclic lower alkyl, K bonds to the silicon 5 atom of the
siloxane group via a carbon atom. Preferably K is a lower alkyl of the
formula -(CH2)n- wherein n is an integer 1, 2, 3, 4 or 5. More preferably n
is an integer 2 or 3. Each L, when present, may independently be any
biologically acceptable group capable of linking the free radically
polymerisable group above to the siloxane backbone. L may
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10 be a linear, branched, or cyclic lower alkyl, which is optionally
interrupted by at least one heteroatom, such as 0, N or S, or functional
group such as, but not limited to, ester, amide, urethane, carbonate,
thioesterzersiC(S)-NH-. Further the lower alkyl may be substitutectby sesss:
functional group such as, but not limited to, ester, amide, urethane,
carbonate, thioester, thiol, alcohol @r amine. 15 Preferably L is a lower
alkyl of the formula -(CH2)n- wherein n is an integer 1, 2, 3, 4 or 5. More
referahly n is an integer 2 or 3. Suitable precursors for L include allyl
and ggpcec; @3%@%@%’& propylene alcohol and ally! cyclohexanol. Lower
alkyl has, in particular, up to 10 carbon atoms, preferably up to 4 carbon
* atoriECHFIAH FlPHBAEAIBRER Bk alEdd. Such groups for
example, include methyl, ethyl, propyl, butyl and pentyl groups. Lower
- alkedgtreasing pasivdlaioupte @ camdentatoms, preferably up to 4 carbon
atoms which may be straight chain or branched. Such groups for example,
« incluglesxdaylnalhalagerpi@nenyl)giatpst; 2ma/is preferably in the range of
from 10 to 88 mol% and more preferably in the range of from 50 to 85

. mol%ecwg@gs%m%% /AU2007/000582 10 b is preferably in the

range of from 5 to 70 mol%, more preferably in the range of from 7 to 50
0l% t ly | alo]lY [
e e e
decrepsitge @7 flormotter 1ThG108d Oprerataphp inSifx8RE CONMAINNG thighs molar

percefMaliéssibmorg Brekerabbnindhien drasdabdresmfirée lomritte @R fatmerials,
oo IDVENPIL 2 13 Indehendentiyelected from RIM NG IOASLAIL 10¢ 4ne
SUileR Fﬂﬂh@t \ SHEVOF?hSO ac¥r’omonomer, any reggen{s capa?bl% o?(?ormlng
polystimcgesupendayibe ket Thewldlgrdapsusaydaclinkctablerailicaitu curable,
accomPI¥MRHSARNE QroHRRIBd OtHCRARRIBE RAIRNIR! degres &f sresst!inltiBgution

.of the macromonomer when cured. Suitable reagents for introducing end

POSS‘B%BB§H‘H§%ﬁéb@a?ﬁamiwaﬁé?ﬁ%&@tﬂl%léﬂSﬁar}i’& achieved.
tetramethyldisiloxane, 1,3-bis(3-aminopropyl)-1,1,3,3-

Accordirginetrsieisiloleme, "ESIE 3atyetinenpo st ey fetisn dnyliseinbians situ

curableSHISEFRbIRIaR;00Y Yaded rampethyldisiloxane,
1,3-bis(4-hydroxypropy1)-1,1,3,3- 15

tetramethyldisj 3= 1.3-di Idisi
Cons B S R T e B MR e of tne
formuygM; Z, K, L and R groups may vary with the alternatives given in the

above description. For example, as one skilled in the art would appreciate,
the madffomon n]er m ynthesiged by su stitu%ng two orgnore 20

differBrSK R iM g (=R 1 ps-ef iloxgne backbgne.
Accordirfgly, the ihventi n\ddes not redflire that RIM, Z, ;R','fand R
group be identical in a gaiverﬁnacrc}?n qmer. The romchémer may
optionally be further substituted=With gro g"having phaZmaceutical activity
or being capable of acting as UV or blue light filters, 25 polymerisation
initiators, such as photoinitiators, thermal“nitiators or redox initiators or
biologically inert capping groups. Substitution with such groups, or other
suitable groups, would impart thesd Bctivities to the resultant polymer. The
groups may be WO 2007/128051PCT/AU2007/000582 11 incorporated

whertito the macromonomer by a direct bond to a silicon atom or by linking
through the -L-Z, -K-RIM-Z or -K-RIM groups or via other suitable

e

20 RIM @%tmpa%tﬂvrb‘?ﬂ@&%@@iﬂ@% dhe;present invention provides a composition

curable into a biomedical device including a macromonomer as described
. .abhove. The biog ical 5 device. is preferably an ophthalmic device. The

Zis %%ﬁ%@gﬁ?g 'er%?qgi”d?ﬁ%%g g\r/ﬁ%L gorneal iry:lay, cgrneal onlay, contact
lens, or an artificial cornea. Preferably the device is an IOL. More
preferably, the device is an injectable, in situ curable, accommodating
IOL. Accordingly, a preferred embodiment of the present invention is a
composition curable in situ to form an accommodating IOL including a
macromonomer as described 10 above. A further preferred embodiment is
an injectable, in situ curable IOL composition including the

macromonomer described above. The composition can be injected into
the lence canciilar baa and then cirired in citir for eavambpnle hyv vicihle or
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15 usual way, thus enabling the lens to accommodate. The present
invention also encompasses the use of the above composition as a
biomedical device, preferably an injectable, in situ curable,
accommodating IOL. In a further aspect, the present invention provides
biomedical devices, preferably accoﬁwmodating IOLs, formed from the
_ above composition. 20 Advantageously, macromonomers of the present
K is @ 3BAGBHAABR the RI of the material to be tailored to the particular
application required. Typically the RI will be higher than that normally
L is nretasatechdds thepmteirgkdems which the IOL is replacing. The IOL may
replace the natural lens, or a previously implanted IOL in the eye. The RI

eaclORReIHMoisadimsiedBEiddnrintaihatiey L!H&&QJQ&VP@%%,”H%%%% orZ;

altering the molar percentage 25 of RIM groups in the macromono
ic Pesivably the 101 formed from the compositign. has similar physical
= s A e R S T SRty et s a0 o
95 makeiomonomers also preferably have a viscosity before curing that
permits injection of the macromonomers into a capsular bag. The viscosity

b is isRceiermbhelrsgdRALER Q00 BStomeravpreferabiyHess thanBRAHRG ¢St
WQ 20071128051PCT/AU20071000582 12 In another aspect the present

99 nijr?v%’htion provides a method of implanting an IOL including introducing a
~ composition as described above into a lens capsular bag and then curing

G 1S RYUBRRSBSRIBAYT RE thRoS@et et N dh sl arengrisfdfaredting a

2 méefraghye error including implanting an IOL as described above. 5 In one
aspect, the invention includes the use of the composition in the

4 is IRRMRGRIER ALAR cermRAdiBgdalORRUTESR Slacive srarn an
eye, or maintaining the refractive power ofh an eye. The'in nﬁon?urt%é?

2 me¥tends to an eye having an IOL formed from a composition as described
above. The invention also extends to a method of forming a medical

with devicer dsptbsthesis] d Giaciutingran HE S4vith a refractive index of more
than 1.33 by polymerising macromonomers as described above.

| dP efe”rf\bl%the, olymerisation is conducted in situ. Brief description of the

" WGP RIGITES. 18% PIBFRTERIRRe deR Mt S7CTRIGIR the following

chareoiwentitrattion of 15 tetramethyltetrapropylbenzene cyclotetrasiloxane in
mol% in the reaction feed. Figure 2 is a plot of refractive index at 37C
against the concentration of tetramethyltetrapropylbenzene

oyl BROIPRLIRARE IRJI [RTHE RiEAThIR L FoloagRARS duRRsARNGBrNe

rangegthah frigure0]0Figore Migeoplahoftheamelerabiny oh the range of from
tetégragg%lt? I8 ylbenzene cyclotetrasiloxane 20 in feed against the
molar ratio of methylpropylbenzene siloxane units in the resulting
macromonomer (as determined by NMR analysis) providing a calibration

» cuavefortetermimning SW%@@M@%@W&@&@SQ@G%EPB?M&&Win the
e ' T acramonomers, of the present invention offer the
S PG R rdnERhvS [ et
butrisoesitisfeiabivdd thechaaircafl fmchchéafidal thégacteristics,
particularly when used as injectable precursors for an accommodating IOL
Furthermare, the refractive index of the macromonomers may be WO

2007 AsEREIPE /&%?@60%%%5’&@"86%&%8%ﬁﬁaeﬁ}nﬂﬁ%is%d more
enpiisiepreparatipnigf gerabife of potgndrsdraviegaarios refractive
indices. The macromonomers of the present invention which are
described above may be random or block type macromonomers.

© TypidaRy SR o mbish R A Paldio S mEstsERRbhissRigan 80,000 oSt
Maecrbmoropnefis aifithie presentiveirtioninay havessmoteswarweight in
the range of from 20,000 to 400,000, preferably in the range of from
40,000 to 200,000, and more preferably in the range of from 50,000 to
100,000.  The macromonomers of I‘H@ﬁb&%ﬁﬁﬁnvention may be
synthesised by any suitable 10 method known in the art. An advantageous
method by which refractive index modifying groups and/or polymerisable
group may be attached to a siloxane macromonomer is to use a
hydrosilylation reaction. For instance, using hydrosilylation, free radically

polymerisable groups and refractive index modifying groups are attached
tn the cilovane backbhone 18 1icina allvvlenreciireare in methnde known o
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Ph Scheme 1 The addition of refractive index modifying groups and free
radically polymerisable groups using hydrosilylation reactions may be
either to macromonomers, which are 5 silane functionalized, or to silane
functionalized cyclic siloxane intermediates before they are subjected to
ring opening polymerisation to form the macromonomer. Suitable cyclic
siloxane intermediates for functionalisation using this approach include
«  tetrdeethyleyciotetrasiliXbnec{pdet), trimethyleyclotdziioxeness than 50kPa,
pepiametyicuclopentasy 8t gpsapslidpuaayexasiioxane
(Dgl-l). 1g The foIIowing%g}é%rilé%on ﬁ%\r% sC %éﬁgﬁé%\éd@é@ri ;é%arious
approaches to substituting free radically polymerisable groups and
Eachefédtivenindedemacifying groups; aitbopghnthepxamplesifrglaiethe RI of the
S gp‘lg I t > taining.refractive index modifying groups, through
mao_h%rosi@ ati_&gﬁez‘%%%%%g 1 nr?%gfé% t?r%e‘%‘,a\xr?%?e %igcl?%ggu gﬁrgs tﬁf:&ﬁ o 'an
equikaipot apdypiocdetsitere aramoneribnaiuds BHthessaricusisubstiRentsthe
maclaiEAITfle NG R70EMGS & Bo ARG SIGARNOEATGESSAI

rectly
correspond 16 the integers a, b, ¢ and d as defiied for Formula £ = 'ocron

densiip AaGe?, iRnEiRDSeHRANSE Isaie BRI pbRisPa Bhere@ et avhile groups with
a lowaaeloptenaiessiy reasiedidhe-nse ©f ibeusanmeleter mdhe 8359 omer.
product macromonomer does not necessarily imply that the reaction

proceeded to 100% completion. Therefore, through WO
The 53bi72665 BPe R 88 HOBUSIB Yt ek reapRIRsiuET atddctitrmdidioup,

a giveyitabiabmsomereiangedhthedielativarisopertiens §f hesipsituisdaining
rous.llo ane hackbone canrr:%g)onent%.ﬁOne approach is to prepare silane .
IroURinctiondlisednTacrSicHolEH Rith-LGfEEMT Slisnd RitioRdRy 4o &RBtRIning
groupgroduvtioniref, biottirtheqphemiytigeoupstamthpotymesisatile @ratps 2 Fgloxans

WSt ' ional] is sequentiall
P ae epctod T A 2 e, BB M B hatea arou
will IRy i SRBRATEY s RFSH b G REerAne pAYPBRhZzene, isolated, and then
functionalized with a second allyl derivative such as allyl alcohol. The
The I8 f r tach polymerisable groups
O el 3 e B R e aratis
an PR RieME I spaRate ity REtRdcRRg e EEME atsdoysetiodseofused

aronmaethesiyiayeariyearkienaphtheme ZanlkerRatielyhesiang.c otc, or clusters

of afufrrllggonalisedgaﬁ%rog?nomer undergoes parallel 15 functionalization as
PE R NASEHEHES R TGl LTRIRPUSRVIRA AagbeNsy areeiRlisteeup
maydre tetraéitsiteth @yenzamonomentintitnenstanclidirexakyte), amixiEebmine,
il 7 enol (11) and allyl benzene
o aonal (L) Ao € Iy oot Sk R SIaHRedb ahariif e
O unSLbFiRtE - GReMGiHu BEEPtife B ohenY| Bre fittatsraled teistrostiiuted phenyl
groupQlymedsabie: groups by reacting with a suitable substance containing
polymerisable group such as azlactone, IEM, acryloyl chloride or
_methyacryloyl 5 anhydride. Two examples of Z are given as Z1 and Z2.
Suitais Gwrenatsd SehirneBiTHe retdtiveriratiedothéchdrosiylatedrgeaapmle, a
pan@r@—mwﬂ%m%k&m%g%wo%mu'Q%JBSJ%%@%MM@ Hng
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%d{@tias-(LE-(CHF ).-(CF2)]-Re

Amended Sheet
PEA/AY
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a=80, b=20, MW=55 000 ally[ benzene : eugenoll _.--0---/-/...---0-U Sl
KarstTMS edt's catalystV/ \ a toluene, 4 0OC (5)(13) ally! benzene: eugenol
feed ratio theoretical composition mol % MW of resultant macromonomer

#QP:doaTResPr=19.80 ¢=0.20 55 000 50:1 a=80 b=19.60 c=Q:4@; 55:80Qss52
25:1 a=80 b=19.20 c=0.80 55 000 Scheme 4 5Instead of parallel

functionalization with mixtures of singilar phenyl functionalised allyl
derivatives parallel functionalization can also take place between

dissi ar derlvatlv S, fore mple allyl alco ally] zene
wherlio I 1 HRET, OFr DRI ol ol BeeEr R R 5 R bR O o
-N{Rpél{imeri3alsiégrmges @y hyleatthgisthraiigene! (EM laeriday integer from
1 to PhIQride OnmeyacRy9Yb #Nbydride) an integer from 1 to 20.

Sulphur containing groups include thioester or thioether moieties. For example, groups
of the foilowing formuias:

o
oyt

The RIM is preferably a phenyl group, which may be substituted or unsubsiituted 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 ethylenicaily
unsaturated group. Suitable groups include acrylate, methacrylate, alkyl methacrylate,
acrylamide, methacrylamide, vinyl, siyrene, acrylamidoalkyl, methacrylamidoalkyl,
acryloxyalkyl and methacryloxyalkyl. Further, suitable precursors for free radically
polymerisable groups may be azlactones, isocyanatoethylmethacrylate (IEM), acryloyl
chloride, methacrylic anhydride or methacryloyt chloride, particularly when the siloxane

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

Fach K may independently be any biologically acceptable group capable of linking the
refractive index modifying group fo the siloxane backbone. K may be a linear, branched,
or cyclic lower alkyl, which is optionally interrupted by one or more heteroatems, such

as O, N or S, or functional groups such as, but not limited to, ester, amide, urethane,
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Amended Sheet EPEAJAU WO 2007/128051PCT/AU2007/000582 18

HO allyl benzene:Os/I alcohol 100:1, 50:10 IMS TMV /bKarsted I.'s

catalyst toluene, 407C TMSoEO TMS a=80, 6=19.80, c=0.20, MVV=55

QARDaE30sF19.60, ¢=0.40, MW=55 000 (39) Scheme 5 ThehqendaMsossss

alcohol functional groups may react with a substance containing

polymerisable groups as described%:bove. Alternatively they can be

capped with inert 5 groups, for example as depicted in Scheme 6.

Capping a portion of the pendent alcohol groups with inert groups assists
carbonatfurthisestrit@lling (e érbssTHKRG dBRsIRYST REAHARYUPEIHESIIEFLYY @
functidedufrhihtBecRuBbak abirpaitadiealbspalyanads abletgraupsdtanate, thioester,
hio! mtroducred. Flérthermore, in some biological applications it is

tol, aé%%ﬂt%g%% to cap any remaining 10 free hydroxyl groups with inert

groups so as to minimise any potentially disadvantageous interactions ..
Preferlpién Wiord M@ﬁﬁgﬁﬁfe@camg?%ah%ﬂ*ﬁr&mwl B i scon

atom Simeingiothae biolegigally aebve eamponents, such as drugs, UV filters and
other appropriate molecules, as described above. WO

pmfe%%yﬂ%@%%?zwam?#&%g&@ﬁ%%m A78QnaFRYAMMLN=554 or
00 (5) ally! benzéne:eugenol
5. More preferably n is an integer 2 or 3

Each L, when present, may independently be any biologically acceptable group capable
of linking the free radically polymerisable group above to the siloxane backbone. L may
be a linear, branched, or cyclic lower alkyl, which is optionally interrupted by at least one
hateroatom, such as O, N or S, or functional group such as, but not limited to, ester,
amide, urethane, carbonate, thioester or —~C(S)}-NH-. Further the lower alkyl may be

substituted by a functional group such as, but not limited to, ester, amide, urethane.

carbonate, thioester, thiol, alcohol or amine.

Preferably L is a lower alkyl of the formula ~(CHz)n— wherein n is an integer 1, 2, 3, 4 or
5. More preferably n is an integer 2 or 3.

Suitable precursors for L inciude ally! alcohol, allyl amine, propylene alcohol and aliyl
cyclohexanol.

Lower alkyl has, in pariicular, 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.

L ower 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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50:1 or 25:1 TM S Karstedt's catalyst to40C NH oFO OCH3

A e toluene r.t. a=80, b=19.40, ¢c=0.60, MW=55 000
a=80, b=19.20, ¢=0.80, MW=55 000 (13) a=80, b=19.40, c=0.60,
W¥\sbh1068:2=80, b=19.20, ¢=0.80, MW=55 000 Scheme &¢rAa f4rthRkiss2
alternative method of introducing phenyl and polymerisable groups to a
silane functionalised macromonom h the introduction of polymerisable
groups is 5 performed in one step along with the introduction of the phenyl

__groups. Such a method is depicted in Scheme 7 where a Eugenol-IEM
bis perfalRksadiREPRItES M@I&%WH&M%@WF&@B%’%H&G range of from 7

to 50 PRy angahisgsaipmbV @ PRAAARIOEIHNE THND 200MHA0N582 20 ally!
benzene:IEM-eugenol TMSI ,,-04- /.--OM3 -T 25:1..".-0--(--.1N .--0--)..._f/1

cis HM‘%&&%W%&?@@M@EW%m 0 to 1.5 mol% and more preferably in the range of

from 0 to 1 mol%.

d is preferably in the range of from 0 to 1.5 mol% and more preferably in the range of
from 0 to 1 mol%.

In one form of the invention, R is independently selected from RIM and lower alkyl.

In forming the ends of the macromonomer, any reagents capable of forming end groups
may be used. The end groups may include free radical polymerisable groups to
increase the potential degree of cross-linking of the macromonomer when cured.

Suitable reagents for introducing end groups include hexamethyldisiloxane,

hexaethyldisiloxane, tetramethyidisiloxane, 1,3-bis(3-aminopropyl)-1,1,3,3-
teframethyldisioxane, 1,3-bis{3-methacryloxypropyhitetramethyldisiloxane, 1,3-bis(3-
chloropropyl)-1,1,3,3-tetramethyldisiloxane, 1,3-bis{4-hydroxypropyi)-1.1,3,3-
tetramethyldisiloxane, 1,1,3,3-tetramethyl-1,3-diphenyldisiloxane and

divinyltetramethyldisiloxane.

As will be appreciated, in the formula 1, the RIM, Z, K, L and R groups may vary with
the alternatives given in the above description. For exampie, 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 —.-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 iniiiators 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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al toluene, 40C 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 5 or

ReJyhesizable groups and then subjected to ring opening pelymesisationss:
In a preferred method trimethylcyclotrisiloxane or

tetramethylcyclotetrasiloxane (often also referred to as D3H or 04H) or a

similar silane functionalised cyclosm)xane, (e.g. D5H and 061H) is firstly

functionalized with phenyl rings and/or polymerisable groups. Then the .
incorpfumietioinitiZbe oyefoeilsxEiRe dré Aryepe BRI D BrHapE ARG bY inking
througM3R OMoNeReRHE coptaiRing Qi RbmadifyichansLpelyaerizaile.

groups. An example of this is scheme 8 which shows the synthesis of

In anc‘?ﬁ%?”é’é f%”t"“%a”{?%%@r_ft (Q4ENBAEIS thes ring Qpapsdipihepsesensg o
Bt botate ﬁ)’/lcyclo_ etrasiloxane (D4), ally! benzene functionalized . . ,
biomethierretigaciIbiE PSSO RBHEDP BRE éﬁadﬁﬁfur}?%@ﬂ‘é?hyﬁ@ilg%ﬁ%dma’
device(hg\ﬂﬁﬁg%a@tg' %ﬁlhelﬁrs?ma@éoaﬁmﬁnmh&@ptrfwmerigam@l@ydwgaréou
attached to the alcohol grouyps of the eugenol py reacti oo i
comed e AL S R i
an IOmethyacpytogtzainytiddsybadseraniireasi g desiiveng8lz1 3ntgmpodating

oL %&%%Té}@@%@%@@&ﬁ%%@ﬁ%@é HEsOYenSehrsne A sarigbsition
of phenylfunctionalised cyclic sﬂoxanesq%%i also be Pre ared. Sggg&%ed

curablg ih&iis ! hiSPRASGEBFRRAAEHZE e FHI ARG BRI RE™ =S
abovdUnatienalisesiéreyriantoranen(is Bt Allcnésplectivel). civaidmistiademposition

inclu dar%{ir?g&h é?g &J\%?n%? A%%%%BS&%%B%? the desired siloxane polymers. In

Sddition to functionalise cyclosiloxane, 04" is added to the ring opening

mixture, such 5 that pheny| gro are introduced to th r .
The BRGSO ERGAoh Ap Dol RIS A0 drBLs i htreuben.”
examble functioliabzationiof sitetelighiusiniens ma@ﬂ:fﬂﬁﬁ@%éﬁ%@s‘ﬁﬁﬁmﬁﬁ“y low
modu%%'lﬁg%efh%oci'%gi'ﬂﬁémg@rc%{miF}?QN@ 1oHRss ennQlyersable grRiRsn the

are introduced in one or multiple steps. Two examples of Z are given as

usual Mewrid e nepingdby /epsEs 2R TA02Y67/000582 23 Scheme 10
Alternatively, the introduction of phenyl and polymerisable groups to the ,
The massomomentiers @yerdonvrgdnsenetbiepiby Miglpeihiayea pHBRgFtion as a
bioméﬂfb%‘i'8@94&%‘?%:%{%\‘5!9?'%5&@%ﬁ@@lun&r@@ﬂél,eagt@wﬂrf@@@ﬁ@abged
cyclosiloxane in a mixture with an end group blocker, eg
ivinyltetramethyldisiloxane (DV. S OWR.J mede ferabl
In 2 iﬂﬁ%ﬁa@s@gﬁg’lyﬁ%epfgﬁgg oﬁ‘%e;n- %%%nggﬁé%in\ﬂ%@?ﬁgﬁroductsérg able
accotonzelgtrarsies W@@ﬁtfﬁﬂﬂh@ﬂ@f@@j%{ﬁ@%iﬂﬁ@-components in the ring
opening polymerisation step. Scheme 11 Scheme 12 illustrates another
AdvaB¥ajepe!ef mianenstephsystbédie. HEMatdevattmmdattbiisyiet the material
epared then re It M ugRRol QAKARIVANNR i8i§her th
to beﬁ{%ir% ??r%éj‘ %%%%gﬁf&v%‘ﬁ%%ﬁ%%ﬁ%cﬂ;fg Lgr}}gd groupl) blg/gtlfer DVTMD tlc? o
that peodate meBiyreieaie S dIAaMOIRBHBRMER b il R HUBS Rk MaY

replace the natural lens, or a previcusly implanted I0L in the eye. The R! of the 10L is
adjusted or “tuned’ o that required for treating the eye by altering the molar percentage
of RIM groups in the macromonomer. Desirably the 10L formed from the composition
has similar physical characteristics to a healthy natural lens, particularly elasticity. The
macromonomers also preferably have a viscosity before curing that permits injection of
the macromonomers into a capsuiar bag. The viscosity is preferably less than 150 000
¢St, more preferably less than 80 000 cSt.
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Scheme 12 Scheme 13 shows a 'two step' synthesis. Another D4H phenyl
derivative is first prepared by hydrosilylation of allyl phenol with D4H with
ally' phenol. The functionalized 5 cyclosiloxane (31) is then ring opened
with.@4ABwE4 and an end group. The phenolic hydroxyls ang-¢aRpesh Withs-
IEM to afford a polymerisable siloxane of high retractive index. 26 (30)
Pt Catalyst DAH OH Scheme 13 In,an alternative method, a cyclic
intermediate monomer functionalised with only one 5 refractive index
modifying group (RIM) or polymerisable group (Z) (monofunctionalised

In anglpsssRaRe)Mfag BRI IVE IR R YiRfe &ttt PR GCOpBIIRING an 10L
includielymesisatiag. drcarseftfced-netbscridich atomethigsildersdscapsular bag and
then fUI‘jllgtlot %Hggnq V(\gltlftlman.relf!j]ac NorEh e%vré‘ﬁ’t‘?éf%('%‘%ogww sngQFr{Béls%f treating a
fistea vl groapﬁ or a polymerisable group. Thé resulting compound s
refracdihenersactecudity drp@nting an 10L as described above.

dihydroxytetramethyldisiloxanetoformamonofunctionalised
In onpenissostindcyctottisiaxandeAliesnativel fHs Bomposition in the manufacture of

hyd 4 IS ' t. / 1 [
o o s e B o el g ek e the

refractiybspowentty Rheienallsed wignEph&HIeTr pesiRErSaBR greuppving an 10L

formetesRat el preneivastieralisyel eletiasiloxanes may be prepared by
using 1,5- dihydroxyhexamethyltrisiloxane instead of

The hobSiRrdmRytetiamatyIdisinnaog By G miAb Y S RRBYCEdLEas R dMesis,
addition, difunctional derivatives may be prepared by usmgﬁglchlorosnane

includinge & of QkchiBmBtHpisasiee TRERthOHHERT alf@PoilrieriBbpRelymerising

macriithetionalizesh cyslesienaness/are FrgapdRethin thepratenion ¢f Rriducted in
situ obtain the desired macromonomer containing both RI modifying and

" polymerizable groups. An example of this is scheme 14. HO-1 O-Si OH
Me ci-si-ay. /SO\/H 0Si/ R = refractive index modifing group or
polymerizable grouBrief description of the drawings

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

tetramethylietrapropylbenzene cyclotetrasiloxane in mol% in the reaction feed.

Figure 2 is a plot of refractive index at 37°C against the concentration of
tetramethyitetrapropyibenzene cyclotetrasiloxane in mol% in 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 ratic 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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Il Me-----\RMeHO-Si-O-Si-OH"-i-ii, / I ICI-Si-CI 1Si-0 Cf -Si-Cl  1--,,\ /---\
\--R I HR = phenyl orether/Et3NO V/Si \ i-i, polymerizable groupRr.t.
3h-Si-0 \ ROP acid or base R -Si-0 10 Si-0 Scheme 14 Amended Sheet
HREAAIIz MO 2007/128051PCT/AU2007/000582 28 The refractivadneaXe:
of the macromonomer can be tuned to the desired level by adjusting the
molar ratio of refractive index modifying group substituents in the
macromonomer. When functionalising a macromonomer having silane
groups the relative ratio of the 5 refractive index modifying grou ents
controbigr dHETecw/ PRSP SH15 R RESBREIYUS r@aaaa%soééﬁ‘%’g ﬁ%‘ﬂ‘&g fgrious
refracifi@Wdeaspredictable level of refractive index modifying group substituent
in the macromonomer. Alternatively, when previously functionalised

The n$ ER AF M%egﬂéh@rﬁn&mﬁmngvmbrm&réz@@@erﬁs@dr@mvemy be

ex of the macromonomer may he tuned b adjustln the 10
randor&bﬁée@iﬁ%d}r@@f theCrafPeRSTdekomGakA {Segr@ﬁ'ﬁrg SR iR R 2ndom
macrofeheprRgng reaction mixture. Figures 1 and 2 show the relationship

between the D4AB molar ratio in the reaction feed and the refractive index

Macro%éhsrﬁ%"mﬁ LOMOROBMEHOAL RAG hADE §>ﬂ§§%&%ﬁapw&|§?ﬁaﬁlﬁ!ﬁ@$ht{ge of
allows one manufacturing a biomedical de\fg #% a}cﬁ\ é ,qiﬁgrell ?gﬁore

from 25 Gaci2 ABBQMePREGTAG Y PoiE Ry IR R g

preferpBKicutady adeastageobs, M00ptidaiap@lications. Further, in order to finely

control the molar ratio of the refractive index modifying group and thus the
refractive index of the macromonom r efficienc oft e rln% rpbenln%{J suitable

The TRRRRBRPRAINGH oyt RESSTMEN F0 qﬂgﬁ\’ey SN RSB ration curve
methdaekween thénmatar ratio of the refractive index modlfylng group, in this
case D4A13, in the feed 20 (horizontal axis) and the molar ratio of the
An  JEfERetyednsexmpsifying ok DéAdcindhantacronzalifgimer Grectical and/or
axjs), The molar ratio of refractiv ndex 0 ng.g rategl.i
pO!y”}ﬁréséﬂ%r&Wgﬁong nt?ay% o4 g?mlne Kﬂ% ana%/%%s&’%%?ﬁgp BB se
hydromilgtrimmoeentiers Eﬂthesmasenumv@mwdmwm&m RAdigraly Redysagrisable

groupBOQH@%%E%t%%W&B%*%%&RM@%SaM\QH BIHNY BIe%asSasackbone .
may be used to 25 form the crosslinked ers. The crosslinkin r% 6. ohenvl
G ST BTSSR A ONE T AIER U TR T bon T BRI ey

functipabiner isﬁi{/fépﬁemm@ttﬁﬁayﬂkeermﬁmwwwmmttﬂmm%qibxitﬂhﬁam allyl
phen#%dgﬁl e@u%%ﬂé* entis sIating MACHRMenpGIS el digws Rag-pessuRlors or
the like include aliyl (methacrylate and ally! isocyanate. Scheme 1 illustrates a

hydrosilylation reaction and suitable reagents containing phenyl groups.
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WO 2007/128051PCT/AU 20071000582 29 polymerisable groups
incorporated into the network and as such are potentially extractable from
the resulting network polymer after cure. In the case of photo

Fresslinking, it is expedient to add an initiator which is capghle, of ipitiating,
free-radical crosslinking. It is preferred that the initiators are activated by
light 5 in the visible spectrum rathey than UV range as this enables the

use of frequencies to cure the polymer that are not harmful to the eye or
retina. Examples thereof are known to the person skilled in the art;

y be mélstiopéd'speyifitally alebenzoins,
| such asfBenzoi mgtiRyl etherpenzoin

ethyl 20in | opyFether andBenzolnf0 phéhyl kthér, and
benzo etate acMs, such as acetophenone, 2,2-
dimethoxyacetophenone dhd 1,1-dichloroacetophenone; benzil, benzil
ket Is*as benzil dimethyl ketal and benzil diethyl ketats

I

camph@ gﬁe/a?%thraqumones such as 2-methylanthraquinone,
raquinone, 2-tert-butylanthraquinone, 1- c Iorgéﬁ%raqumone

and} 2-amylanthrage#onei=farthermore trlphenylphosphlne 15
benzoylphospting oxjdes, for example 44, Me Me
2,4,6-trimethylh zoyl-diphenylphosphlrféeogldé 8 jues such

as Eosin Y, Phloxine, Rose Bengal and Ewghrosinibe henanes, such
as benzophenone and 4,4'-bis (N,Ndimethylamino)benZophefione;
thioxanthones and xanthenes; acridine derivatives; phenazime derivatives;
guinoxaline derivatives and 1-phenyl-1, 2-propanedione 2-0- 20 benzoyl
oxime; 1-aminophenyl ketones &aisebabyldroxyphenyl ketones, such as 1-
hydroxycyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketone,

The é;d%ﬁ@(?ﬁogy IIWI%EMQQXWI Woéﬁiﬁq%@pbédﬁiﬁﬁjﬁ%oiymerisabie
ydro rox et oxy)phen ylpropan-1-one
aroupt g ST R ISP AL G s 2 SRR s, i are
s:!anerdlmnenyleﬂftanmn@ alllafisvhiohtareknevecinsiomis 28Paeidaladybefore
they Stahle Upe m%@flﬁéﬁéﬁ%Lﬁ%Mﬁ'%g 'ﬁ{@@dmgﬁéﬂérrc%stab[e

are IR ACURE08 9, Eosin homologues such as Rose Bengal, Eosin B

cyclica il PaONBE LTI -NEr4 FONHINGEIRIRd HeRPativiss. %ﬁ*f&%ﬁﬁnymude
tetrarﬁéﬂh@l@ﬁ:m@ﬁi@ﬂltjﬁw@ which(aggsually usiechivitio|ldMttasmpsias light (D",

h h k d
pert e e G0 Dt oL ] Ba T L R R 8 e
trade names IRGACUREQ651 and WO
The TolRyineraeBES) AN 66 AR E2° S0 IR AL AAPRI 18 R [aHEsiEH|ng free

radicfiiefpoiech@heibiaitatams HRG ACTURIRE) 819 mecpifptainiiatgrs, antaddédthe
in eff t
carBITENE SIS PSRN RSSO QAN v

throughralverpeiatstreragstinigable macromonomer. In addition the

photoinitiator can be 5 incorporated/grafted onto the polymer backbone.
In théuchémob@ﬁmﬁoﬁigofébespdﬁymefdra‘iﬁthle@@(?aaﬂtagmwfd@:ﬂutﬁageﬂwa mol%
valued\BIRLIL AL pLY ngga %%ﬂ&%gqﬁﬁ&ﬁéérqmtﬁét%étrggoﬁt BUEA8% etc do not

resultant cross-li € macromonomer can be In uced’into a mould

necesraRly SEtABASRIBEAT DSt SIRRARSIA partcanst camvishierdpr Formula 1.

MoreBVITRGHOTR¥AMBLE diaerd LwisepAtiemalivielys the NeAGOMeMSamer is
may be curec}rﬁgsnu as fo exan%)le in the case af an |r%j§ctable IOL. In

reactﬂﬁ%stéﬁs%%é’ 8r8ﬁ{“8ﬁd eGP LPOS T M A IBRAEERs (RS ot
necesdteilyrjaptiothaT tieecressitinkableedacr conodh ersryhittnar@ sentédle, ithrough
accordance with the invention can be crosslinked by irradiation with
ionising or actinic radiation, for example electron 15 beams, X-rays, UV or
VIS light, ie electromagnetic radiation or particle radiation having a
wavelength in the range from about 280 to 750 nm. Also suitable are UV
lamps, He/Dc, argon ion or nitrogen or metal vapour or NdYAG laser
beams with multiplied frequency. It is known to the person skilled in the art
that each selected light source requires selection and, if necessary,
sensitisation of the suitable photoinitiator. It has 20 been recognised that

in most cases the depth of penetration of the radiation into the
croce linlkahle macromonomer and the rate of cririna are in direct
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In a preferred application, macromonomers of the present invention are
used to form injectable, in situ curable, accommodating IOLs. In this
application, the mechanical and optical properties of a cured polymer of
e magrempnomers are preferably selected to match or regtorg thasgisss:
properties of the natural biological material of the lens. One relevant
mechanical property for IOLs is the f?xibility of such a polymer. Suitable
flexibility enables the ciliary muscle)cﬂiary body and zonules of the
accommodative apparatus of the eye to modify the shape of at lens filled .
the regfiPive sl dhecsraliong ddammdasth Ha bt 1§ Mgy rions
of thelyulitstielastisity:mod daskismadutps)hehfte polymer shear modulus is a
related property that may be measured also. Both can be measured as

One ﬁasirt%r&e g@ﬂi‘iﬁ?@p@*@@%ﬁ@ @ﬁﬁﬂdﬁgﬁsédmaﬁ»mﬁﬂagi@lrmﬂﬁ @ﬁaﬁmﬁ?m silane
polymer by measuring, stress against strain. The E madulus of the polymer

functGha el T B ShBTAL PG & et e KR RE R Bl
_controlled stress rheometer may also be used. For an injectable, in situ

For ingirapfe, tae el g R SashnaMe MRS YRR R ETwGHuNg Zed as

depiciegasueskeaMicse ErutripleRheamaterisprefasablydess thanylBddeed with
and more preferably less than 5.kPa. The E . modulus is influenced by the

allyt ?1%%%’6 Cég%;%e&rll}ééb eearﬁjﬁéoggr'?neac\’r“gtr%o%gr%cé'rnégril!P{??éeg?/ggg%nﬁu{;h as

allyl aleprsily Ahel livodesdgdaspatiag Gestireerdlaiher propbrioatisicth@olymerisable

grouROMersaRie.araup st the pelraetisallgisouRsniarasirlrastiach as

number of polymerisable groups per macromonomer molecule decreases
azlaciipre W%@M@%@ﬂﬁ@%ﬁomsﬁ% uﬁﬂ% Eas¥s @@%BCW’OV'
anhyfidetion of the monomeric proportions) the elasticity of the cured polymer
decreases. A relevant optical property for an IOL is the RI of the polymer.
.Jhe Rl at 3&9 may be in the range of from g eater than 1.33 to 1.60,
\Qfsﬁ?gﬁer_gblygn tcl}wrangemm from 3, to[;/.gL gre preferably in the range of
Hsld‘frg?n T.421'te5f" 444, apg most preferakly in' 32 the rafige of from 1.426 to
440. The %; may be chosen depending ch the reftactive error being
‘fteated by the IOL. When used as an injectdBle material the
macrgmonomers should have a viscosity less than 150,000 cSt and more

A Ty
preferably less than 80,000 cSt at 25,C. 5 Instruments such as the
Bfeg{eﬁeld—rhe or ka.[w%gess rieomet8t may be
copyenigntly used foriviseosity é%\urem ts. It will be-appreciated that
while the macromonomers of this invention may be used alone to form the

lenses and other biocompat{ble méterials, other materials may also be
present in compositions used to form the biomedical devices. For

example, 10 diluents may be present asn\{,i\é%ll yothe Vno omers
TMS@E%%&%&{C nomers;-af disCUssediano s@%ge
the mack ion X r precuirSor, which may be'frée 6t graftéth o

TMS
e f.

abo
polymer backboné, can include ultraviolet absorers and pharmaceutjcally
active c ounds; such as those that inhibit or Kill the<cells gSsocigtéd
with PC ost&Fior Capsule Opacification). 15 Wheh-tsed as an
injectable, in%itu curable, accommodating IOL, the compositian including
macromonomers of the invention may be introduced into the lens using an
operation that is in many respectg-idgpiieal to a current cataract extraction
and IOL implantation technique (e.g. extra-capsular extraction procedure)
el some inor gfferences. Generally. & smallcomeal incision s madg,
LF& Bara-limbal region or% provide access {0 e Miterior segment.
functiaiuarigrdikiotesfaed poprasing adpharmidolegichlegentesivelives may be
nydrBQRIRR YnCksPreBiglAtem AR ERRSUIRTHRXIS R O L A OT leRshiRire of
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 25 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 characteristics, such as Rl and
maodiiliice 101 © formed from macromonomeaere nf the nrecent invventinn mav
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9.7469g of D4H was dissolved in 10m1 of dry toluene in a round bottom
flask equipped with an air condenser and a drying tube. To this solution
was added 0.202g of Karstedt's catalyst aPti= 3.4x10-5 mol/ml). The
SRAUYeN; Was heated while stirring to 50C. A solution of 24.64g.,.4 2067000582
allyloenzene in 45 ml of dry toluene was added at such a 5 rate as to
maintain an internal temperature of 58-60C. After the addition, the

reaction was stirred for an additiondLh and then cooled to room
temperature. 2.0g of activated carbon was added and the mixture was

eugenglloitél 20G b res #hitutes. Theurpdndidh fersieladtrrdugicearte the

sitans@RthERe-SHARI-WSS. remo vaddmarerieguced Ppressikyeriol obtaintieeruded to
rodu that was then re-di oIved {n 10m] of dr Iﬁl ene %ﬂce containin
”trOdB?gch ﬁ@ﬁ”ﬁ?ﬁ%uﬁ’%}ﬂﬂo BORPE StMERANDI Wi ?rrmg en the g
polymerécpitatgrowgs alioivedstozdtiécand tid/superviayhnthierdde cantsdtibheryioyl
anhyorr1 pﬁﬁ CAs JHed 1o %9@%@@5 masgs ip,@itin the product as a _
ess oil (15.911g). 1H NMR spectroscopic data for D4AB is shown in

Table 1. Examples 1C to 1J 15 Additional function Irsed cyclrc mo omers

arg spovryin a le 1. Those“giftiihary stqutsm];frg
TMSEH Lke pr:epared—usmg a variety 9 y
range of/differe ttemperaturefsc"mlcally the functlonaalls cycllc

monomers were prepared in toluene using a small@xcess pf the aljyl
derivative (usually 4.5 molar equivalents to 1 mole of DR)-at roo
temperatiyre to 7OCOWIth a suitable catalyst 20 (usually a-Pt cat t such
as PtC15, I—%@Q/%Lstedts catalyst). Reagents for exampl s ‘TR aRte1d
were prepareg,as f@lews: Synthesis of allyl phenol for use |n the synthesis
of example 1H A solutron of Boron tribromide (3.3m1, 0.035mgiy),in
dichloro ethane 40m1) was added dropwise to the solutignfefetone

4-all élanrso (4.00g, 0.0269mo1) in dichloromethane (45m ) 25 which

TMSh jole to 76C in an acetone/dry ice h Th r action,mixture
S~0T e
\th 0 Ie 40 376G/,

to arm to room temperaturéVgf
m|x e wa diluted with dichloromethane (20m1
bef re adding saturated sodium carbonate solution and &djusted/the pH to
7-8, watef{30m1) was added to aid mixing, WO %)
2007/128051PCT/AU2007/000582 35 The mixture w xtracted with
dichloromethane and solids removed by filtration. The brganic tion was
washed with saturated sodium chloride solution, dried over nfgn&%um
sulfate, filtdr¥d"4RE S8Tvent removed to give dark brown oil, 3.09g, 83%.
The crude*mixture contained 2 products and no purification-was

enﬁp 5/S e;érsbo isocyanatoethylmethac ylate ﬂatl ET
2&\%@{1% ﬁ:é}r%[ﬁe sé'ﬂ’@as of example 1J Di u%yl‘tln urate @
23mg/m%in luehe)was @dded to a solution of ugenol .00g,
0.03Q@mol) and isocyanatoethylmethacrylate (4.74g, 0. (\?%grol) in
toluene (5Qm1, dried over CaH2). The reaction mixture ﬂ'@ at
room temperaturefor 9 10 days after which it was_added dropwise into.
600m1 ofn-pentane and the precipitate was collected under vacuum
filtration to obtain a white powder, 8.65g (89%). Table 1: Examples 11k to
1J showing 1H NMR chemical shtts=afdgnctionalised cyclic siloxane
monomers Example R1234 A 6a,b 0.096 0 (m) 0.563 7(m) 1.686

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

the feed ratio of the starting components. For example, as shown in Scheme 4,
controlling the feed ratio of allyl benzene to sugenol gives macromonomers with

predictable and controliable mol% ratios.



2(m) 4.070 1(m) 1.914 0(s) a: 5.5163(s) b:6.0708(s ) 18 55 0.091 0 (m)
0.602 4(m) 1.708 2(m) 2.653 0(m) 7.095 I- 7.372 4(m) 5 5
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Karstadt's catalyst
toluens, 40°C

/ M ﬁ allyl benzene : eugenol /
0 0 — Y g P B / \ ;
™ fs\ J A S\ Oi\r M ™S O\<\Sﬂ OA)\KM//OZ:[\‘S?‘/O%TMS

a=80, b=20, MW=55 000
(5) {13}

allyl benzene: eugenol theoretical composition | MW of resultant

feed ratio mot % macromonomer

100:1 a=80 b=19.80 ¢=0.20 55 000

50:1 a=80 b=19.60 c=0.40 55 000

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

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

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

Amended Sheet
PE A/AY]
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1C 5 -OH 0.042 3(m) 0.484 (m) 1.536 7(m) 3.460 6(t) 4.276 4(s) WO
2007/128051PCT/A112007/000582 36 D -0"-----N6 'ON 57 0.058 0(m)
0.510 6(m) 1.612 7(m) 3.406 1(t) 3.496 8(t) 3.6788(m) 2.7751(s) 1E 5

WO 2007/128051 PCT/AU2007/060582
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allyl benzane:allyl aleohol

TMS/O‘éS\{/Oj\e {/O%MS 00,501 o \L S{\/O j\% /r’OH rfo%
E b Karstedt's catalyst a b S\ c TMS

toluene, 40°C

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

)
0
a=80, b=18.80, ¢=0.20, MW=55 000
a=80, b=19 60, ¢=0.40, MW=55 000
OYNH IEM (38)
o toluene
ri
oL, /o) Loov ] o
™S S\' ‘ 5{ ™S

a b c

&=80, b=19.80, c=0.20, MW=55 000

a=80, b=19.60, c=0.40, MW=55 000

(38)
Scheme 5

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



NC -N..,".

0.076 6(m) 0.459 4(m) 0.891 9(m) 1.425 9(m) 2.120 0(s) 5

111 1G ---0.si,.-- 55 0.007 7(m) 0.429 O(m) 1.495 6(m) 3.452

WO 2007/128051
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allyl benzene:eugenol

H
Ol //O / 80:1 or 25:1
™s~ { S\ ﬂ&\/o}ﬁms —_— ™
a b Karstedt's catalyst

PCT/AUZOGT/H00582

HO CCH4,

ol LoV (LN (] o
s (\S\f A):\L/r’ k{i i\ms

O
=80, b=20, MW=55 000 oluene, 40°C
(5)
a=80, b=10.40, ¢=0.60, MW=55 00D
j\ a=80, b=19.20, c=0.80, MW=55 00O
NH
7O poHs N0
toluene (13
rt,

a=80, b=19.40, ¢=0.60, MW=55 000
a=80, b=18.20, c=0.80, MW=55 000

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-lEM adduct is added fo the hydrosilylation

mixture to introduce the polymerisable groups.
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O(t) 0.0347(m)  6,....057a,b 0.078 5(m) 0.372 4(m) 1.455 5(m) 3.270
6(m) 3.177 5(q) 2.9388(m) a2.4026 (0); b: 2.5835 (t) H 55 it 06H 55
0.067 4 0.526 7 1.573 9 2.464

WO 2007/128051 PCT/AU2007/000582

20

allyl benzene:IEM-eugenol

/OjL //O>\L }_I/Ol_r 261 /O‘t /_/Oﬁ //O>\,< ) O}\
S l\ S\I a \i /}b e Karstedt's catalyst s $\¥ a I b %/ [+ e

toluene, 40°C

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

{5)
CHs H )
O._N
\H/ \/\O
o O a=80, b=19.20, ¢=0.80, MW=55 000

(36)

[EM-eugenol

{35)

Scheme 7

in an alternative tfo functionalising a silane functionalised macromonomer
aforementioned, a cydlic intermediate monomer may be first functionalised with phenyl
or polymerizable groups and then subjected fo ring opening polymerisation. In a
preferred method trimethylcyclotrisiloxane or tetramethylcyclotetrasiloxane (often also
referred to as Da" or D4") or a simitar 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 fo obtain the desired macromonomer

containing both Rl modifying and pelymerizable groups.

An example of this is scheme 8 which shows the synthesis of eugenol functionalised Dy
(Df). D,E is then ring opened in the presence of octamethylcyclotetrasiloxane (D), aliyi
benzene functionalized tstramethylcyclotetrasiloxane (D), and end group
hexamsthyldisiloxane (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 2" and Z°.
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96.5-7.20.8239 1155.7 0.063 0 (m) 0.565 5(m) 1.630 2(m) 2.541
1(m) 6.529 6- 6.896 8(m) .8245(m) 5.5371(s) OH OMe 6

WO 2007/128651

PCT/AUZ007/600382

21

+HO OMe

OMe ;Me
O
v
/A/©v or SE“O / YH

)] f - }\
Pt Catalyst
(19}

OMea
Ok
HMDS, D,, D8
{13) 19)
TIOH
/ TMSO O O / o
S e e
'/O%MS IEM or \6 }\LS' }68 MS
G Azladone a ¢
H O
Zi - \{(N \\_/\O/U\f

7= § H
)JXN\[r\

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

cyclosiloxane (D4 and DY, respeciively).
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tj ssO H9 lit0--"all' H a OMe 7 la 12 b 0.057 4 (m) 0.561 9(m) 1.643 7(m)
2.575 6(m) 6.431 - 6.787 9(m) 6.9193- 7.0204(m) 3.7826(m); 8

5.4034(bs); 9 3.5635(m): 10 4.2719(0; 11a: 5.5984(s) b: 6.1412(s);
wola@h464s9; WO 2007/128051PCT/AU2007/000582 37 Exampler2on-Riags:
opening polymerization (ROP) of functional cyclic siloxanes Functional
cyclic siloxanes were subjected to ?gg opening polymerization in the
presence of octamethylcyclotetrasiloxane (D4) to obtain desired
polysiloxanes with

\_/

._- ~ i

N @) 5 3

J : O~Si_
H O/SL\H Pt Catalyst

(19)

0]
Pt Catalyst
Ao \es 7/&

O (20) O

S

0 Iy,
N I A
o} /S:\ O
O~ Ny O

21)

0

/o

Scheme 9

A combination approach may also be used to prepare the desired siloxane polymers. in
addition to functionalised cyclosifoxane, D" is added to the ring opening mixture, such
that phenyl groups are introduced o the macromonomer by ring opening polymerisation
and polymerisable groups are introduced by functionalization of sifane groups in the
macromonomer as shown in Scheme 10. Again similar to the above rouies, the
polymerisable groups are introduced in one or multiple steps. Two examples of Z are

given as Z' and 72,



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
alg el iipited to, type of base, acid, Lewis acid, and exchapge £esiisddags:
procedure is illustrated in the following scheme, in which R is Z or RIM:
,S1-0, /?.ci-R 20end group blocker --Si,0S1,0 /'0-Si, TfOH/ RIM 10
Example 2T - Preparation by ROP a copolymer of dimethylsiloxane,
methyl phenylpropylsiloxane, and methyl propylmethacrylate siloxane,
with trimgthylsilyl end groups. A stock solution was made of 8.00g
hexamethyldisiloxane in 270.34g D4. 1.78g of
2,4,6,8-tefrarnethy1-2,4,6,8- tetra(ProP¥1 -3- hjé/g c}ot tr 7"0 ne,
39. 8mg\ 4 6/8 15
tetra efphyasa(pmpya-s-ﬁtethyacr Igtel tetra ﬁtox he

.69g D4, ﬁd WO 26 7/12§6§‘1PCT/A1 12007/0005 2 38,0.079g of the
hexamethyldisiloxane stock solution were mixed to er with 1.56g of dry
toluene in @ 25m1 round bottom flask under an arg tmosphere. 50p1
of trifluoromrethanesulfonic acid was quickly added whist stlrrlng and the
flask imm ely covered with aluminium foil to excludé& i it The
reaction mixture was left stirring for 5 5 days. The mixture was then diluted
with 5m1 toluene and neutralised with 250mg of sodium'&&f8hate after
which the solids was filtered off and solvent removed. The crude mixture

TWas ptmfl b p e '/pitati n by fEdfsSahvirrg in Sm t,blld) n pnd a
|se foth anhllst stirring. The e%‘\lplt t
pressﬁr torohtain gclear and viscous oil. It was found tofrave visgosity of
14550 cSt, 52100, Mw 89034. The polymer contains 3686mol%
' i 0l% methyl phenylpropylsiloxane, and 0.33mol%

W’Qc s

were m|xed together ina 25ml round bottom flask under N2 atmosphere.
200p1 of trlfluoromethanesulforg LW@s quickly added whilst stirring
and the flask immediately covered wit h alumlnlum foil 20 to exclude light.
The reaction mlxtqu was hea{ed 70C fo urs the left stlrrlng %t the
Alterpgiite bem et at FEI0P Rl thr 18758 s. MP%E"'\AF 3 lu@dWih © ’
macrﬁm&mfndﬂetoweae‘oaddedrﬁmmgstaa\lhﬁom sireethfpr3iheurs, filtetedalised
cyclo%p&gggc tﬁgiﬂé‘?zﬁ%lgl@‘?%}t{ %ﬁﬁ@t@?@t@é’d”&m%&%‘i’t&%% Ature with

precipitate hano product was allowed to settle

an @w@mtafgeberr%&éhwa@t%trﬂé@mw%wﬁe (EMOVES b 25 BIiihig Scheme
11. &Jﬁ@h Mx%ﬁpua@waﬂm%?»@f fﬁt@ec@m&@ﬁemt@m@fm@w@wﬁm@s asle to be

My e S e

pe%yrﬁBBéta?t;dWrstﬁ@ZZS and refractive index 1.4553. Example 2AA - Preparation
of a siloxane copolymer by ROP of 04, DP, and 04AB WO
2007/128051PCT/A112007/000582 39 A stock solution was prepared of
9.18g 1,3-diviny1-1,1,3,3-tetramethyldisiloxane in 270.34g D4. Another
stock solution was prepared of 7.24g D4H in 92.47g D4. 1.00g of the
1,3-diviny1-1,1,3,3-tetramethyldisiloxane stock solution, 0.30g of the D4H
stock solution and 1.74g D4AB from example 1B were mixed in 10m1 of
anhydrous toluene. 5 14.7111 of trifluoro-methanesulfonic acid was added
and the mixture was allowed to stir at ambient temperature for 3 days.
2.0g anhydrous Na2003 was then added and allowed to stir at ambient
temperature for 16 hours. The mixture was filtered through glass paper on
a sintered glass filter. The product was precipitated by pouring the filtrate
into 40m1 ethanol with vigorous stirring. The product was allowed to settle

and 10 the supernatant was decanted. The residual solvent was removed
1rinder vvacinim to obhtain the nrodiiet ac a clear and ecolorirlece nil (B RARAN
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A wide variety of macromonomers can be simply prepared by ring opening
one or more of the functionalized cyclic monomers prepared in examples
1J to 1M. Those of ordinary skill in the art would know that these products
saubdobazpsepared using a variety of catalysts and in a range®f; diffesenioss:
temperatures. Typically the ring opening 20 polymerizations are

performed under acidic conditions H2S04, trifluoromethanesulfonic
acid, trifluoromethanesulfonic acid ifn ‘acetic anhydride) in toluene or as
neat mixtures at room temperature to 110C. Typically,
trifluoromethanegulfonic acid is used in the range of 60 - 2068Q3.5g 04.

The details arting materials and the resulting macromg
various examples 25 are set out in Tables 2 and 3 respectiy
2A to 2J, which illustrate macromonomers that do not contaj
polymerizable-groups along the backbone, illustrate that pg

Rkigh refracti ii@ggx can be prepared by this methodologgg;&ﬁrqfi%

%‘jknilappg;@ers With-palyerizable groups -
2007/12X05%BCIAU2007/090582 40 along't#e backboriéesild be
prepared by thé addition of stitable cyclic monomer (eg D4Am) into the

intermediate macromonomers suitable ffor further reactions with reagents

bearing polydr%z{iable &Bups, such as|described in Sche

-

above, in order to.form macromonomers of the present invéstion. Table 2:
Mass of startifg m&terials for examples PA#PSAD Example No. Mass of
starting materials (g) End group mass 04,04AB 04Am Other mass(g) 2A
DVTMDS 0.0025 2.231.78 2B DVTMDS 0.0023 2.23 1.34

%\Siéoﬁési/o-tésg//&:)ﬁ;{sg’o - s</\\\

(25} o

_<:o

Scheme 11

Scheme 12 illustrates another example of a ‘one step’ synthesis. |EM-eugenol

adduct (26} is first prepared then reacted with D47, The IEM-eugenol Ds" derivative is

5]

then ring opened with D4/, Dy 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. Ancther D4 phenyl derivative is first prepared
by hydrosilylation of allyl phenol with D41 with allyl phenol. The functionalized
cyclosiloxane (31) is then ring opened with D4*%, 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 (2)
(monofunctionalised cyclosiloxane) may be formed and then subjected fo ring
opening polymerisation. In a preferred method dichloromethylsilane is funciionalised
with a refractive index modifying group (eg phenyl or fluoroalkyl group) or a
polymerisable group. The resulting compound is then reacted with a 13-
dihydroxytetrametnvldisiioxane o form a monofunctionaiised
pentamethylcyclofrisiioxane.  Alternatively, 1,3-dihydroxytetramsthyldisiloxane  is
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reacted with dichloromethylsilane to form pentamethyloyclotrisiloxane, which is
subsequently functionalised with a phenyl or polymerisable group. Alternatively
monofunctional  cyclotefrasiloxanes may be prepared by using 1,5-
dihydroxyhexamethyltrisiioxane instead of 1,S-dihydroxyTetramethyldisiloxane in the
5 above-mentioned reaction. In addition, difunctional derivatives may be prepared by
using dichlorosilane instead of dichioromethyisilane. Then the phenyl and
potymerisable functionalized cyclosiloxanes are ring opened in the presence of Dy to
obtain the desired macromonomer containing both RI modifying and polymerizable

groups. An example of this is scheme 14.

Me
[ l CI~Si-CI \/ssmo\ H
/
HO — §i—O0—§i—0OH ———H—» 6 A
——Si—0 =R

R = refractive index
modifing group or
polymerizable group

— Me HO-Si—0~5i—0H /
I'\E/le xg : ! ! .

CI=&i-Ci gi—Q
cI—si=cl - - O/ \ TN
H R = phenyl or ether/Et;N \ /S'\
polymerizable group R r.t. 3h e

10 o

Scheme 14
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The refractive index of the macromonomer can be tuned to the desired level by
adjusting the molar ratio of refractive index modifying group substituents in the

macromonomaer.

When functionalising a macromonomer having silane groups the relative ratic of the
refractive index modifying group reagents and the free radically polymerisable group
reagents can be controlled to provide a predictable level of refractive index modifying

group substituent in the macromonomer.

Alternatively, when previously functionalised cyclosiloxanes are used in a ring opening
polymerization the refractive index of the macromonomer may be tuned by adjusting the
concentration of the refractive index modifying group substituent in the ring opening
reaction mixture. Figures 1 and 2 show the relationship between the D4 molar ratio in
the reaction feed and the refractive index of the resultant macromonomer at 37°C. The
existence of this relationship allows one manufacturing a biomedical device, such as an
IOL, to reliably produce a polymer having a particular desired refractive index. This is

particularly advantageous in optical applications.

Further, in order to finely control the molar ratio of the refractive index modifying group
and thus the refractive index of the macromonomer, efficiency of the ring opening
polymerization may be accounted for. Figure 3 shows a calibration curve between the
molar ratio of the refractive index modifying group, in this case D/®, in the feed
(horizontal axis) and the molar ratio of the refractive index modifying group, D2, in the
macromonomer (vertical axis). The molar ratio of refractive index moedifying 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 pelymer 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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polymerisable groups incorporated info the network and as such are potentially

extractable from the resulting network polymer after cure.

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

cure the polymer that are not harmfu! fo the eye or retina.

Examples thereof are known to the person skilled in the art; suitable photoinitiators
which may be mentioned specificaily are benzoins, such as benzoin, benzoin ethers,
such as benzoin methyl ether, benzoin ethyl ether, benzoin isopropy! ether and benzoin
phenyl ether, and benzoin acetate; acetophenones, such as acetophenone, 2,2-
dimethoxyacetophenone and 1,1-dichloroacetophenone; benzil, benzil ketals, such as
benzil dimethyl ketal and benzil diethy! ketal, camphorguinone, anthraguinones, such as
2-methylanthraguinone, 2-ethylanthraquinone, 2-tert-butylanthraquinone, 91~
chloroanthraquinone and 2-amylanthraquinone; furthermore  triphenyiphosphine,
benzoylphosphine oxides, for example 2,4,6-trimethylbenzoyl-diphenylphosphine oxide,
Fosin homologues such as Eosin Y, Phloxing, Rose Bengal and Erythrosin;
benzophenones, such as benzophenone and 4.,4'-bis (N,N-

dimethylamino)benzophenone; thioxanthones and xanthenes; acridine derivatives;

phenazine derivatives; guinoxaline derivatives and 1-phenyl-1, 2-propanedione 2-O-

benzoyl oxime; t-aminophenyl ketones and 1-hydroxyphenyl ketones, such as 1-
hydroxycyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketone, 4-isopropylphenyl
1-hydroxyisopropyl 1-hydroxyisopropyl ketone, 2-hydroxy-l-[4-2(-hydroxyethoxy)phenyl}-

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

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

Particularly suitable photoinitiators, which are usually used with visible light sources are
IRGACURE®819, Eosin homologues such as Rose Bengal, Eosin B, and fluorones
such as H-Nu 470, H-Nu835 and derivatives.

Particularly suitable photoinitiators, which are usually used with UV famps 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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IRGACURE@184. A particularly preferred photoinitiator is IRGACURE®819. The
photoinitiators are added in effective amounts, expediently in amounts from about 0.05
to about 2.0% by weight, in particular from 0.1 to 0.5% by weight, based on the fotal
amount of cross-linkable macromonomer. In addition the photoinitiator can be
incorporated/grafted onto the polymer backbone. Such immobifisation of the polymer
has the advantage of reducing the availability of photoinitiator residues from extraction

nost cure.

The resultant cross-linkable macromonomer can be introduced into a mould using
methods known per se, such as, in particular, conventional metering, for example drop
wise. Altemnatively, the macromonomers may be cured in situ, as for example in the
case of an injectable IOL. In this case the macromonomer is cured or crosslinked in the

lens capsule after injection.

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

If desired, the crosslinking can also be initiated thermally. It 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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may be optionally included. Preferably the polymers comprise at least 50%, more

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

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

onlays, contact lenses, and artificial corneas.

In a preferred application, macromonomers of the present invention are used to form
injectable, in situ curable, accommodating 10Ls. In this application, the mechanical
and optical properties of a cured polymer of the macromonomers are preferably
selected to match or restore those properties of the natural biological material of the

lens.

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

cured polymer decreases.

A relevant optical property for an IOL is the Rl 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 fo

1.5, more preferably in the range of from 1.421 to 1.444, and most preferably in



10

15

20

25

30

16958 9360 1.81 1.44107 2C DVTMDS 86.8 13.2 195801 1 743 1.67
1.43508 2D DVTMDS 88.2 11.8 22490 12050 1.87 1.43212 2E
DVTMDS 92.8 72

32

the range of from 1.426 to 1.440. The Rl may be chosen depending on the refractive
error being treated by the 10OL.

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

rheometer may be conveniently used for viscosity measurements.

It will be appreciated that while the macromonomers of this invention may be used
alone to form the lenses and other biocompatible materials, other materials may also
be present in compositions used to form the biomedical devices. For example,
diluents may be present as well as other monomers, including other
macromonomers, as discussed above. Other additives to the macromonomer
precursor, which may be free or grafted onto the polymer backbone, can include
ultraviolet absorbers and pharmaceutically active compounds, such as those that

inhibit or Kill the celis associated with PCO (Posterior Capsule Opacification).

When used as an injectable, in situ curable, accommodating 10L, the composition
including macromonomers of the invention may be introduced into the lens using an
operation that is in many respects identical to a current cataract extraction and 1OL
implantation technique (e.g. extra-capsular extraction procedure) with some minor
differences. Generally, a small comeal incision is made at the para-limbal region to
provide access to the anterior segment. Following dilation of the pupil using a
pharmacological agent such as atropine or cyclopentolate, a small capsulorhexis
(around 1 mm or less in diameter) is made manually at the periphery of the anterior
capsule. Through the small corneal incision and peripheral mini-capsulorhexis, the
lens core (including the cortex and nucleus) are extracied. The composition inciuding
macromenomers of the invention is injected into the intact lens capsule using a fine
gauge (.9. 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 characteristics, such as Rl
and moduius, 10Ls formed from macromonomers of the present invention may be

used o freat presbyopia, myopia or hyperopia.
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Examples

Example 1 - Preparation of functional cyclic siloxanes by hydrosilylation of

1,3,5,7-tetramethylcyclotetrasiloxane (D)

The product obtained by hydrosilylation reaction is a siioxane compound representad by

the following scheme:
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Example 1A - Preparation of a cyclotetrasiloxane monomer functionalized by aliyl
AM
)

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

for D4 is shown in Table 1.

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

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

spectroscopic data for D4 is shown in Table 1.
Examples 1C to 1J

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

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

A solution of Boron tribrormide (3.3ml, 0.035mol} in dichloromethane (40ml) was added
dropwise to the solution of 4-allylanisoie {4.00g, 0.0268mol) in dichloromethane {(45mi)
which has been cooled to -76°C in an aceione/dry ice bath. The reaction mixiure was
allowed to warm to room temperature and stirred for 24 hours. The mixture was diluted
with dichloromethane (20ml) then cooled fo -76°C before adding saturated sodium

carbonate solution and adjusted the pH to 7-8, water (30mi) was added to aid mixing.



2L DVTMDS 82.52 16.28 1.20 65933 31180 2.11 1.44333 F1840 WO
2007/128051PCT/AU2007/000582 43 2M DVTMDS 81.69 17.92 0.39

45773 21879 2.09 1.44596 1560 2N DVTMDS 82.05 17.75 0.20 33355
W806H 715651 PO/ AUZ007/000582

35

The mixture was extracted with dichioromethane and solids removed by filtration. The
organic fraction was washed with saturated sodium chloride solution, dried over
magnesium sulfate, filtered and solvent removed to give dark brown oil, 3.09g, 83%.

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

5 Synthesis of isocyanatoethylmethacrylate derivative of eugenol for use in the
synthesis of example 1J
Dibuty! tindilurate (100u!, 23mg/mi in toluene} was added io a solution of eugenol
(5.00g, 0.0305mol) and isocyanatoethyimethacrylate (4.74g, 0.0305mol) in toluene
(50ml, dried over CaH). The reaction mixture was stirred at room temperature for 9
10 days after which it was added dropwise into 800ml of n-pentane and the precipitate was
collected under vacuum filtration to obtain a white powder, 8.65g (89%).
Table 1: Examples 1A to 1J showing ' NMR chemical shifts of functionalised
cyclic siloxane monomers
Example | R= 1 2 3 4 5 6 7+
1A 5 0.096 | 0.563 | 1.686 | 4.070 | 1.914 | a
—0 O(m) | 7(m) |2m) | Hm) 0(s) | 5.5163(s)
ga,b
© b:6.0708(s
)
1B 5 5 0.091 | 0802 | 1.708 | 2.653 | 7.085
_@5 ofmy |am) |2m [om) |1
5 s 7.372
4{m)
1C g g 0042 | G484 | 1.536 | 3480 | 4.276
3(m} | (m} | Tm) |6 | 4s)
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1D 5 0.058 1 0.510 [ 1.612 [ 2406 | 3.496 | 3.6788(m} | 2.7751 (s)
'—O\/\OH
5 7 Om) | 6(m) | 7(m) 1) 8{ty
1E /5 0.076 | 0.459 { 0.891 { 1420 | 2.120
—NL 8(m) | 4m) | 9(m) |o(m) |0fs)
5
iF =0, s 5 0007 | 0.429 | 1495 | 3452 | 0.034
i
5/ \5 Tm) (0 | 6(m) |OB 7(my}
§ .C 0.078 | 0.372 ; 1455 | 3.270 | 3.477 | 2.8388(m) | a: 24026
1G 0.5 (m)
5 Ta,b 5(m) | 4m) |5(my |8m | 5{) {a)
b: 2,5835 (f)
H 58 0.067 | 0.526 | 1.573 | 2.464 | B.5- 0.8239
8
—@—OH 4 7 8 9 7.2
5 &
11 5 5 0,063 | 0.565 | 1.830 | 2541 | 6.520 | 3.8245{m) | 5.5371{s)
7
OH o(my | 5m) |2m) | Hm)y |6-
6.506
5
OMe 8(m)
B
1) s 6 0 2 0.057 [ 0561 | 1643 | 2575 | 6431 | 6,9103- 3.7826{my;
9 4 9 7 B(rn - 7.0204(m
O)LN/\,O\”/KM (m) | 9w} | 7(m) | 8m) (m)
H 10 o 6.787 8
5 8
o:\ge 9(m) 5.4034{bs);
9 3.5635(m);
10 4.2719(;
k] a:
5.5984(s)
b: 6.1412(s);
12 1.9548(s)
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Example 2 - Ring opening polymerization (ROP) of functional cyclic siloxanes

Functional cyclic siloxanes were subjected to ring opening polymerization in the
presence of octamethylcyclotetrasiloxane (‘D4) to obtain desired polysiloxanes with
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 Ris Z or RIM:

R
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e R /1 {\9\ H\St’ S{ ; Sii_Rg

i
O
7 osi “O-5f. TIOH
/e R_/_/ I\H
34

~g; o 80

R= —H z= RIM =

e e O
3 (GH,

C
——CHyCHy ocH, @OH _@OH
O
H
s O O H —@0
¥ 2 — Y N\/\.O

OCHg

o
- ;*O
o H

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

groups.

A stock solution was made of 8.00g hexamethyldisiloxane in 270.34g D4y. 1.78g of
2 4 6 8-tetramethyl-2,4,6,8-tetra(propyl-3-phenyl)cyclotetrasiioxane, 39.8mg  2,4,6,5-
15  tetramethyl-2,4,6,8-tetra(propyl-3-methyacrylatet)cyclotetrasioxane, 2.69g Dy, and
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0.079g of the hexamethyldisiloxane stock solution were mixed togsther with 1.56g of dry
toluene in a 25ml round bottom flask under an argon atmosphere. 501 of trifluoro-
methanesulfonic acid was quickly added whist stirring and the flask immediately
covered with aluminium foil fo exclude light. The reaction mixture was left stirring for 5
days. The mixture was then diluted with 5mi toluene and neutralised with 250mg of
sodium carbonate after which the soiids was filtered off and solvent removed. The crude
mixture was purified by precipitation by redissolving in 5mi toluene and added drop wise
to 40mi of ethanol whilst stirring. The precipitate was allowed to settie overnight and the
superatant decanted. The precipitation steps were repeated as necessary. All
solvents were removed under reduced pressure to obtain a clear and viscous oil. [ was
found fo have viscosity of 14550 ¢St, Mn 52100, Mw 89034. The polymer contains
80.86mol% dimethyisiloxane, 18.81mol% methyl phenylpropylsiloxane, and 0.33mol%
methyl propyimethacrylate siloxane as determined by H NMR.

Example 2Y — Preparation by ROP of Dy, D and D~

A stack solution was made of 9.18g 1,3-divinyl-1,1,3,3-tetramethyldisiloxane in 270.34g
D,. 0.369g of D4V from example 1J, 3.615g of D" 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 N2 atmosphere. 200pi 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 Sml of dry
toluene, added 300mg of NaxCOj, stirred for 3 hours, filtered and concentrated. The
residue was redissolved in 3ml of toluene and precipitated in methanol (50ml). The
product was allowed to setfle overnight, supernatant decanted and solvents removed 1o
obtain a clear and viscous oil, 1.23g. The composition of the copolymer was as follows:
Dimethylsiloxane ~ 77.80mol%,  methylphenylpropylsiloxane 2t.45mol%  and
methyleugenc-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, DM, and D
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D4W- |[EM 0.13 32450 17943 1.8 2Y DVTNI1DS 77.80 21.45 0.75 3851

720225 1.9 1.4553 2Z HMS 177.84 13.73 D4EU 343 1.45783 T 2AA
DVTMDS 95.28 4.47

WO 2007/128051 PCT/AU2007/0603582
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A stock solution was prepared of 9.18g 1,3-divinyl-1,1,3,3-tetramethyldisiloxane in
270.34g D,. Another stock solution was prepared of 7.24g D" in 82.47g D4. 1.00g of
the 1,3-divinyl-1,1,3,3-tetramethyldisiloxane stock solution, 0.30g of the D" stock
solution and 1.74g Ds® from example 1B were mixed in 10ml of anhydrous foluene.
14.7u} of trifluoro-methanesulfonic acid was added and the mixture was allowed to stir
at ambient temperature for 3 days. 2.0g anhydrous Na;COs; was then added and
allowed to stir at ambient temperature for 16 hours. The mixture was fitered through
glass paper on a sintered glass filter. The product was precipitated by pouring the
filtrate into 40ml ethanol with vigorous stirring. The product was allowed to seftle and
the supernatant was decanted. The residual solvent was removed under vacuum fo

obtain the product as a clear and colourless oil (5.36g).

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

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

invention.
Exampies 2A to 2AD

A wide variety of macromonomers can be simply prepared by ring opening cne or more
of the functionalized cyclic monomers prepared in examples 1J to 1M. Those of
ordinary skill in the art would know that these products could be prepared using a
variety of catalysts and in a range of different temperatures. Typically the ring opening
polymerizations are  performed under acidic  conditions (eg  HaS0s,
trifluoromethanesulfonic acid, trifluoromethanesulfonic acid in acetic anhydride} in
toluene or as neat mixtures at room temperature to 110°C.  Typically,

triflucromethanesulfonic acid is used in the range of 80 — 200ul/3.5¢ Ds.

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

Examples 2A to 2J, which illustrate macrocmonomers 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
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WO 20071128051PCT/AU2007010582
44 2AC DVTMDS 39.3 59.1 D4Eu 1.6 11 425

470 2AB DVTMDS 52.5 45.7
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along the backbone could be prepared by the addition of suitable cyclic monomer {ey

D, inta the polymerisation as in examples 2K to 2Y.

Examples 27 to 2AD illustrate intermediate macromonomers suitable for further

reactions with reagents bearing polymerisable groups, such as described in Schemes 8

5 and 10 above, in order to form macromonomers of the present invention.
Table 2: Mass of starting materials for examples 2A to 2AD
Example Mass of starting materials {g}
No.
End group mass Dy D oo Other mass{g)

2A DVTMDS 0.0025 2.23 1.78

2B DVTMDS 0.0023 2.23 1.34

2C DVTMDS 0.0023 2.23 1.10

2D DVTMDS 0.0022 2.23 0.94

2E DVTMDS 0.0021 223 0.59

2F HEDS 0.00234 3.14 2.01

2G HEDS 0.0064 157 0.94

2H HEDS (.0288 1.77 4.23

21 HEDS 0.0278 075 5.44

2] HEDS 0.0272 0 .00

2K DVTMDS 0.0110 382 2.29 £.030




5327 2.14 2AD DVTMDS 79.7 20.10 D41-1 0.25 44 889 35 283 1.27
1-21.3 C9.4 CC Example 3 - Synthesis of silane functionalised
prepolymers In examples 3A to 3D silane functionalized prepolymers were
prepared by ring opening polymerization of D4 with D4H as shown in the

following scheme. The ratio of silane 5 functional groups along the

backbone was controlled to afford modification with polymerizable and

refragtivedndexs modifying groups in later steps. Different end@roups@igoss: -

introduced by using a variety of end group blockers. The ROP occurs

under different conditions by using a ?&nge of catalysts, which include, but

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

10

;Example 33 - Preparation, of siloxang copplymer contgjging 20-30 mol%
S|Ia|je functional groups 1.003g HMDS, 44.205g D46 and 129.03g D4
werg dissolved in 200m1 toluene. 260ul tri - : fonic_acid
2Was ladddFMATe solutioch®@As allowédo stir &t%mbjedt’ts temperature| for
7 days. 25.0g anhydrous sodium carbonate was added and the mixture
2was allomahts stir at ambient température fok-32hours-oPBe mixture was
thenlfiltered through glass filter paper on a sintered;glass filter. The filtrate
sWas pddgghir-wise tg WD 2007 112805 1PE.I/AU2QQ7¢900582 45
400m1 ethanol. The supernatant was decanted and the residue was
ted d t btai led lourldec ol (104-1-02a)
pEVaporale Yite/acUlil P ontaa Eiear CQIHNESS g o100
20 HMDS 0.0009 1,43 0.82 0.0096
2R HMDS 0.0012 1.79 115 0.015
25 HMDE 0.0016 1.79 151 0.154
27 HMDS 0.0023 2.77 1,78 0.040
24 HMDS 0.0050 2.86 1.78 0.040
2V HEDS 0.008¢ 1.30 0.84 0.014
2W HEDS 0.1186 1825 12.00 0.27
2X DVTMDS 0.0038 1.26 0.71 D 0.02
2Y DVTMDS 0.0115 3.95 2.60 DR 0.37
27 HMDS3 0.0011 1.19 0.71 D~ 0.23
28A DVTMDS 0.0330 8.20 1.74 Dy 0.02
2AB DVTMDS 0.0330 1174 779 D™ 0.43
2AC DVTMDS 0.0330 12.15 779 D, 0.02
al




Table 4: Summary of results of examples 3A to 3D Example number I ik
SiH mor/o by 1H NMR 11-1 NMR data Viscosity (cSt) Si(CH3)2SiH

3A CH319.6 0.069 4.68 16100 33 CH 3 28.0 0.069 4.68 880 3C CH3
28.18 0.069 4.68 2610 3D CH3

WO 2007/128051 PCT/AU2007/000582
42

28D \ DVTMDS I 0.3750 11.48 7.00

! p,f I 0.11 ]

Table 3: Molar percentages and characteristics of macromonomers of examples
24 to 2AD

! Moi% i product by "H nmr GPC
Example Rl (@ | Viscosity
End group o
Mo, AR A Mol 37°C) {cSY)
Dy D, Dy Other o Mw Mn P
2A DVTMDS 79.5 20.5 17380 | 11518 1.51 1.44069
28 DVIMDS 83,8 16.4 16958 9380 1.81 1.44107
2C DVTMDS 88.8 13.2 19580 | 11743 1.87 1.43508
2D DVIMDS 88.2 11.8 22480 | 12050 1.87 | 1.43212
2E DVTMDS 92.8 7.2 18138 | 13060 1.39 | 1.419864
2F HEDS 81.0 19.0 S0628 | 40022 2.26
26G HEDS 82.3 17.7 36237 | 25882 1.40 1.4444
2H HEDS 50.8 49.2 12657 G867 1.80 14876
21 HEDS 277 T72.3 5058 3209 1.58 | 1.50711
2J HEDS 4.3 95.7 3334 2408 1.38 | 1.52271
i
2K DVTMDS | 89.26 10.47 0.27 68482 | 27395 2.50 1.4310
21 DVTMDS | 82.52 16.28 1.20 65933 | 31180 2.1 1.44333 1840
1




29.0 0.069 4.68 853 5 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. WO
2007/128051PCT/AU2007/000582 46 Example 4E - Functionalization of a
silang prepalymer with allylbenzene 3.007g of 28 mol% silan%ggf_ 8%5%&1532
(example 3B) was dissolved in 20m1 of toluene in a 50m1 round bottom
flask equipped with a condenser. 1.034g of allylbenzene (AB) was added,
followed by 100l of Karstedt's catalys#solution in toluene ([Pt] = 3.4 x 10-5
M). 5 The solution was stirred at 40C under N2 for 18 hours. An aliquot

was removed and dried to give a clear and viscous oil. 1H NMR analysis

M gh &VEH%T ?ﬁ'@grisﬂft%nt polyfer contains 11‘?%%1@%}5 [ g Vaiite) 7 A

allyibenzene and 71.30mol% dimethyl groups. This jallybenzene

2N fupetioehs

e@PEBpplyfrieér wdshol isolated, insté#d it WaS' Usddag Af1°64 | 90
intermediatg for the preparation ‘Lf example 4J. 10 Additional allylbenzene

20 functiomalizedzgitane'prepolymers were preparéd4h eXdmiples HA tb44He | 1140

the results of which are set out in Table 5. Example 4.1 - Functionalization

2P Of|a SHaRe prepalymerwwith ally™alcoliol 4.041gatdhe:stane pepolymer pf 320
Example 4K was dissolved in 20m1 of toluenge. 2.241g of dlly( algohol

o (ARWas addert fottowed by;300pt of Karstetts;patalysizsotution| 152

toluene ([Pt] = 3.4ix 10-5 M). The solution was heated at 40C for [19 hours.

FHe-splution-was-cooled to-rpam temperature aneEE-50g0f aggyae*te_q%za
cag)on was| added. The mixture was stirred for 3 hoyrs, then filtered

through glass filter.paper-on %gl;mq si '614514f}!:!3m%$r bysgi!trar%%\?% 5T
D (8 19.8CG . . g . i
“S thiodgia o ﬁ)pm hycﬂophoﬂlc PVF filter. The product was|found|to

contain 0.55mol% Si-H; 10.72mo1% allylalcohol; 17.01mal% 20

2T allyIdéfene HHE 72 B5Malo8 timethyl. The allfP&itondi Munctidhalized | "%°

silane prepolymer may be ireacted with reagents 'containing polymerisable

2Ugroups®s farmhacrafmbnomeérs of the presenfiftfentibii® Additfonal 13810

functionalized silane prepalymersg were jprepared in examples 41 and 4K

2vthe resols of edlrch aresset audin Tablel 5. W(Q5193 | 16884 | 148

2007/128051PCDAU2007/000582 47 Table 5: Summary of results of

FHEXAIMHES 2R 1@ AR ExamplesRs= Prepolymer (0558 (9 &atalyst{pLh.4woi%
by'H NMR R1(23C) 4A

Dt.-.U- -
DVIMDS | 8391 | 1596 o | 013 | 32450 | 17943 | 18
D"
2Y DVTMDS | 77.80 | 2148 o 075 | 38517 20225 | 1.9 | 14553
= 1.45783
27 HMDS 77.84 18.73 ; Dy 343 +
" B 1.41856
2A4 1 DVTMDS | 9528 4.47 D, 025 | 84095 | 35621 | 1.52 4 470

N
4

ZAR DVTMDS | 525 45,7 Do 18 | 20527 | 12280 | 167




11 5.011 7.494 H2PtC16,160 6.00% AB; 22% Si-H 4B 0 3.032 4.613
H2PtC16,100 8.5% AB; 20% Si-H 40 110 3.066 1.271 Karstedt's, 100
9.5% AB; 19% Si-H 1.43168 4D 4 3,021 0.089 Karstedt's, 120 12.98%
AB;14.91% Si-H 1.44428 4E 4 3.007 1.034 Karstedt's, 100 17.32% AB;

11.38% Si-H
WO 2007/128051 PCT/AUZBGT00582
44
2AC | DVTMDS | 39.3 59.1 D | 16 | i142s | 5327 | 214
|
2AD | DVTMDS | 787 | 20.10 D7 | 025 | aa885 | 35283 | 127
|
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121.3°%C; £19.4°C
Example 3 - Synthesis of silane functionalised prepolymers

In exampies 3A to 3D silane functionalized prepolymers were prepared by ring opening
polymerization of D with D as shown in the following scheme. The ratio of silane
functional groups along the backbone was controlled to afford modification with
polymerizable and refractive index modifying groups in later steps. Different end groups
are infroduced by using a variety of end group blockers. The ROP occurs under
different conditions by using a range of catafysts, which inciude, but are not limited to,

type of acid, Lewis acid, and exchange resin.

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

functional groups

1.003g HMDS, 44.205¢ 04" and 129.03g D, were dissclved in 200mi toluens. 260p
trifluoro-methanesuifonic acid was added. The sclution was allowed to stir at ambient
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 mixturs was then filtered

through glass fiter paper on a sintered giass filter. The filtrate was added drop-wise fo



5

10

4F 4 3.036 1.030 Karstedt's, 120 18.73% AB; 10.98% Si-H 1.4484 4G 0
3.001 1.148 Karstedt's, 120 20.87% AB;8.90% Si-H 1.45272 4H 11 3.053
1.275 Karstedt's, 120 21.15% AB: 6.3% Si-H 1.45484 41 -oii 2.012 0.158
KarsieotiseH00 5.88% AA; 20.9% AS 4J -OH 4.041 2.241 Karstadsyd@0s:

45

400ml ethanol. The supernatant was decanted and the residue was evaporated under

vacuum to obtain a clear colourless oil (104.108g).

Table 4: Summary of results of examples 3A to 3D

Example | R'= SiH mol% THNMR data | Viscosity {cSt)
number by 'H NMR Si(CH3), SiH

3A CHy |19.6 0.069 468 16100

3B CHs; |28.0 0.069 4.68 880

ac CH; | 28.18 0.069 468 2610

3D CHs | 29.0 0060 468|858

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 fellowing '

scheme,

TMS&(\S{\/OE\G S}{loi\ﬂvas e rmso(\ /oﬁ /O>< //O>\T

Pt cat.
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10.72% AA; 17.01% AS WO 2007/128051P C T/A 112 0 0 7/00 0 582 48
Example 5 - Preparation of siloxane methacrylate from siloxane eugenol
derivative and IEM OH 5 Isocyanatoethylmethacrylate (4.66g of a

N 21.69g of toluene), allyl benzene and euge Lﬁr ;
%ﬁ%%%%ﬁég polymer (0.880g; a=77.8%, b=18.7%, c=3. 5‘V9 i"”i?ﬁ‘g?“?a?z
21C), and dibutyltindilaurate (25al¥{ere 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

ExangfferdtFanfoih¢0B88gatith M MR amalysisdozveithelidsire M

functionalized rnacromonomer with the following molar percentage ratio:

3, OO?gtcg%g WW% %%:ﬁ 2 [ Refta n&;ﬁ ﬁggdex %‘eﬁ\fa%g% was RS in a

50mi lﬁmm;ium&mzaﬁmiotegwm@wfdmlymer@W!yﬁ@@bfeaﬁﬁaa@iml%& was
adden’f“f‘c‘ﬂ?&Wé’cﬁjW%@EPHPRE}’H@@{Q%%%W%M@HQH ﬁl%ﬁ@q]g wdroosuym@ﬂ M),

INn one pot synthesis is shown in the following scheme: xample 6

The W&mw&aﬂﬁﬁ%ﬁ%@r’é}]@rﬁ%@é&yrﬁ%r%tﬁ%{? %h%@f@’éﬁ@%u@@ﬁ&ﬁd and
dried (&3@)@ alg[éérsdaaﬁe@i@ﬂ@ymer épmammgaaaw@@%mka@@ gouRse resultant

example 3B pd 0.6379 of euge o
PO e P Ble e h 4 SORTL M MEAB Fodk Sl B i
groursondéviserlisbenrgasdnfentipnalised KNRpAOOEr M%arm’ecﬁ@ai@dcarabpad it was
used SQUHARRILERE P Rebardfon Mwam@dded to the solution and the

mixture was stirred at 40C under N2 and monitored by 1H NMR until all
the Si-H groups were consumed. The mixture was then cooled to room
Additterap etbeazfaio Wt atiditosilene. B0DW MRy MeE CHAPGREENE stiiqetples

4A to@H?tH@%%@fE%f‘WH% e earbanwaagibesed off. The s_olvent was
removed from the filtrate and the product was taken up in 15 10m1 of

n-pentane and washed with saturated NaHCO3 (2x 30ml); water (30m1)
Exantiidsdhtrafsd NaizaiEsone paiangried e magaih aitiesdiict was dried

under reduced pressure to yield a clear, slightly yellow and viscous aill,

4, 04%4 %eTQﬁaﬂglyépgé%\f@g ﬁogp%%r%%r’gam__—?@,gé H?Qééﬁ\/%yjyme%ﬁn%fztcguene

Yo eugeno mol% dlmet ylsiloxane gr dfps as determined

224G pRAHR AkalAE (Pearavadigexodqueszoy i af Kprsjgey's catalyst solition
in 10/40RZ/ {2805 1RELL/AGE200 710068 tion was heated at 40°C for 19 hours. The

solution was cooled to room temperature and 1.60g of activated carbon was added.
The mixture was stirred for73 hours, then filtered through glass filter paper on a giass
sintered filter, followed by filfration through a 0.22pm hydrophobic PVF filter. The
product was found to contain 0.55mol% Si-H;, 10.72mol% allylalcohol; 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 functionaiized silane prepolymers were prepared in examples 41 and 4K, the
results of which are set out in Table 5.



50 Additional examples 6A to 6F are shown in Table 6. Again, the
prepolymers in examples 6A, 6B, 6C, 6E and 6F may be reacted with
reagents containing polymerisable groups to form macromonomers of the

present invention. Table 6: Details and results of Examples 6A to 6F

Example Mass pre- polymer (g) Mass firs ally! derivative Mass second

ally! Rl Functional- isarion mon% by 1H NMR (9) derivative (9) 6A
2.0 . <
Ow% I 7/128051 PCT/AU2067/000582
47
Table 5: Summary of results of examples 4A to 4K
Prepolymer | ™moi% by H
Exampie R= R Catalyst {ul) RZ3%C
; @ (g} yst (uh) NMR )
6.00% AB,; 22%
4h “@ 5.011 7.494 H2PICIS, 160 )
Si-H
B.5% AB; 20%
48 & 3.032 4613 H2PtCIB,100 _
=== Si-H
9.5% AB; 19%
4C @ 3.066 1.271 Karstedt’s, 100 siH 1.43168
;..
12.98%
4D -@ 3.021 0.089 Karstedt's, 120 . 1.44428
AB;14.91% Si-H
17.32% AB;
4E —Q 3.007 1.034 Karstedt's, 100 .
11.38% Si-H
18.73% AB;
4F ‘@ 3.036 1.030 Karstedt's, 120 . 1.4484
10.98% Si-H
VAR 2087%
4G 3.001 1.148 - | Karstedt's, 120 ) 1.45272
- AB;8.80% &8i-H
21.15% AB;
4H —@ 3.053 1.275 Karstedt's, 120 . 1.45484
8.3% Si-H
5.88% AA;
4 —oy 2.012 0.158 Karstedt's, 100
20.8% AR
10.72% AA;
4] ~-0H 4,041 2.241 Karstedt's, 100
17.01% AB




0.21 14.6mol% OH-H2C 411 ABand OMe 6.3mol% EU 6B
2.00 CHr 3.79 -H2C li OH 0.10 10.4mol%

WO 2007/12805] PCT/AT2007/600582
48
- OH | |
4K Q 3.007 5325 | Karstedts, 100 | 20.20% Eu | 1.48548 |

OMe 1

Example 5 - Preparation of siloxane methacrylate from siloxane eugenol

derivative and IEM

OH

OH
MeQ MEOK%
A RRVA N,
E / i

5 |socyanatoethyimethacrylate (4.68g of a 0.230¢g 1EM in 21.69¢ of toluene), allyl benzene
and eugenot! functionalized pelymer (0.880g; a=77.8%, b=18.7%, c=3.5%, RI=1.4578 at
21°C), and dibutyltindilaurate (250} 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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110 OMe 1AB and .2mol/0 EU Sc 3.01 CH2- 5.69 0.637 .4727
26.05mol% | -H2C ilOH ABand [(' OMe

WO 2007/128051 PCT/AUZOGT/000382

48

Example 8 - Functionalization of silane prepolymers by polymerizable and

refractive index modifying groups via a mixed hydrosilylation

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

A

o do\ [ i
SN e TR
2 5 Karstedt's catalyst } 5\ TMS

Example 8C - Functionalization of a sitane prepolymer with allyl benzene and eugenol
(13:1)

3.01g of silane prepolymer containing 28 mol% silane groups (example 3B), 5.89g of
allylpenzene and 0.837g of eugenol were dissolved in 25ml toluene in a 50ml round
bottom flask equipped with a condenser and gas inlet tap under Np. 10041 of Karsiedt's
catalyst solution in foluene ([Pt} = 3.4 x 1 0° M) was added to the solution and the
mixture was stirred at 40°C under Ny and monitored by "H NMR until all the Si-H groups
were consurned. 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
10m! of n-pentane and washed with saturated NaHCO; (2x 30ml); water (30mi) then
saturated NaCl (30ml) and dried over MgSO,4. 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 71.85 mol%
dimethylsiloxane groups as determined by "H NMR and the refractive index is 1.47272
(22.4 °C).

The silane prepolymer may be reacted with reagents containing polymerisable groups

to form macromonomers of the present invention.



2,0mol%
AB and

EU 6D 2.00 cH2-3.79.-c 0 1----- "0.10 10.67mol1% O

OMe

WO 2007/128051

50

PCT/AY2007/000382

Additional examples 8A to 6F are shown in Table 6. Again, the prepotymers in

examples 6A, 6B, 8C, 8E and 6F may be reacted with reagents containing

polymerisable groups to form macromenomers of the present invention.

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

Exampie Mass pre- R= Mass first = Mass Ri Functional~
polymer (g} allyl second isation mol%
derivative allyl by 'H NMR
{a) dgerivative
{g)
BA 2.00 (o 2.79 LG ‘Q‘OH 0.21 14.6mol%
= AB and
l L OMe 6.3mol%
EL
6B 2.00 CHy™ 3.79 —C ‘QOH 0.10 10.4mol%
AR and
@ OMe 1.2mol%
EU
8C 3.01 CEJHg_ 5.69 H,C <:2 OH 0.637 | 1.4727 26.05moi%
= AB and
P CMe 2.0moi%
EU
8D 2.00 ?Hz‘ 378 | Q" jiﬁ,\/o Y& 0.10 10.67mol%
s Vb G AR and
e 0.22mol%
U
(515 2.00 Chyp— 3.7% —-CH,0OH 0.037 | 14485 9.7moel%
= AB and
& 2.2mol%
AA




0.23mol1% EU 6E 2.00 g--// - 3.79 -CH20H 0.037 1.4465 9.7mol/0
AB and

WO 2007/128031 PUT/AU2007/000582
51
BF 2.00 Crp™ 379 —CH,OH 0.019 | 1.4480 12.2mol%
l s AB and 3.8
i ’ mol% AA
1

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

constitute various alternative aspects of the invention.
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2.2moN/0 /if\ WO 20071128051PCF/AU2007/000582 51 6F 2.00
CH21 ---,5------ 3.79 -CH20H 0.019 1.4460 12.2mol% AB and 3.8 mol%
AA 1t will be understood that the invention disclosed and defined in this
specification extends to all alternative combinations of two or more of the
individual features mentioned or evide? from the text or drawings. All of
these different combinations 5 constitute various alternative aspects of the
invention. MCSLLP 52 CLAIMS 1.A macromonomer of the formula 1:

CLAIMS
1. A macromonomer of the formula 1:
R O 1 '
RWSii Sl/ /O /R
R F
a
IT!IVI
ya
{1)
wherein

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

L is optional and is a spacer group,

each R is independently selected from an RIM, a lower alkyi group, hydrogen or

Z;

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

95 mol%;

b is a molar percentage of the macromonomer which is in the range of from 5 to

99 moi%;

c is a molar percentage of the macromonomer which is in the range of from 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 %,;

MCSLLP
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5 wherein RIM is a refractive index modifying group; Z is a free radically
polymerisable group; K is a spacer group; L is optional and is a spacer
group; to each R is independently selected from an RIM, a lower alkyl MCSLLP
group, hydrogen or Z; a is a molar pgkcentage of the macromonomer
which is in the range of from 0 to 95 mol%; Fﬁ‘é) IS a molar percenta Qé
the IRETRIRERAARTORRAViCH TR PHE o Br RIS o A SRR 14 & of less
than Bl percentage of the macromonomer which is in the range of from 0 to
2 mol%; and d is a molar percentage of the macromonomer which is in the
range of from 0 to 2 mol%; 20 with the proviso that ¢ and d are not both 0
2. mblYRCMOODLMEB A6 Noplaier ARG WBAT GrEgdntidia @ polymer, a
modRayqelyamedulus at 373G phless than 50 kPa. 2.A macromonomer
according to claim 1 having, when cured into a polymer, a modulus at 37C
of less than 10 kPa. 5 3.A macromonomer according to claim 2 having,
3. Whemgbreshioradrohsoerdagnedolisa d&violessh trasbrdd ttdt afpolymer, a
acr mer according tp any one of the preceding claims wherein
mod Hﬁ@mﬁ?ﬁe&% &ected from the group consisting of a
substituted or unsubstituted aromatic group, a fluorinated group, a group

4. CHRARNGREBIAE, LRddiNG %5 Shipine APRELANLAiRY RMIMs wherein each

containing group. 5. A macromonomer according to claim™4 wherein each

RIM RegMminsiapsrisiintie dssieriedbdtrite dshea@uihgtos st indcreimandiestituted or
unsuBSERIIAIIRARAM 4fbapVheriB AR R Isriigerandesily sebeessiePBromine,

~_aRIM, alower alkyl or hydrogen. 15 7.A macromonomer according to any
iodingnar GhiRERReeHg) A&ima HHeFeinCORERIZING &AAtRylenically

unsaturated group. 8.A macromonomer according to any one of the

preceding claims wherein each, K is independently sele from the .
5. QB U IS AP BRI R R BNEP Sl A sttuted or
unsubptionadpimesrupied by one or more heteroatoms or substituted 20 by

one or more of an ester, amide, urethane, carbonate, thioester or

-C(S)-NH-. 9.A macromonomer according to claim 8 wherein each K is a
6.  lofvenatkoraPHos el aoRe i I cleifefert §isvieigiagerch R i indprendently
select ARSI RTIANATSLA°GAEIBR gchByane of the preceding claims

wherein each L is a lower alkyl of the formula -(CH2)n-, wherein n is an

integer 1, 2, 3, 4 or 5. 25 11. A macromonomer according to any one of
7. tha praeashinereaiesdradngry refrasiivnindsxia Brécinithg chaiges affikemsin each

_Qreater tha%ﬁss to 1.60. MCSLLP 54 12. A macromonomer according

Z is 45 SHYUCHIhANSRMEAIRG SFAHRs having a viscosity at 25C of less than

150,000 cSt. 13. A macromonomer according to claim 12 having a

8. Vi%?ﬁ%{%ﬁ}%@%ﬂ%ﬁ%%%%ﬁéﬂfgr@gm%%ﬁedc@dmgﬁﬂ@%herein each

curab blome ce including a macromonomer ‘
K is independently selected from the group consisting of a linear, branched, or cyclic

lower alkyl, which is optionally interrupted by one or more heteroatoms or substituted

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

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

formula —(CHz)n—, whereinnis aninteger 1,2, 3,4 or 5.

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

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

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

refractive index at 37°C in the range of from greater than 1.33 to 1.60.
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according to any one of the preceding claims. 15. A composition

according to claim 14 curable in situ. 16. Use of a composition according

to claim 14 as an in situ curable, accommodating intraocular lens. 10 MCSLLP
17.An in situ curable, accommodatinggintraocular lens formed from the

ition of claim 14, 18, A dating,| lay lens f |
12 AR TRRACHIE REHR 48 e O e (R TR AR B Bing 2

viscoayeye2 foansiddesnthe ¢60)p0SItiGH. of claim 14. 19. An accommodating
intraocular lens according to claim 18 formed in situ. 15 20.Use of a
composition according to claim 14 in the manufacture of an

13. adtonapsUBaNgTIMEradearidieasttocliimedBnfauiacavaissrsitn ah &9 of from

1,006NRRARPD Hregiractive power of an eye.

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

according to any one of the preceding claims.
15. A composition according to claim 14 curable in situ.

16. Use of a composition according to clam 14 as an in situ curable,

accommodating intraocular lens.

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

composition of claim 14.

18.  An accommodating intraocular lens for correcting refractive error in an eye, or

maintaining the refractive power of an eye, formed from the composition of claim 14.
19.  An accommodating intraocular lens according to claim 18 formed in situ.

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

maintaining the refractive power of an eye.



