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WO 2007/ 128051PCT/ AU2007/ 000582 _
111121112221112211122111122111111111 Bi ol ogi ca

pol ysi | oxanes*166166* Field of the invention The
present invention relates to sil oxane macronononers
a6l 2deoiMaxer s formed therefromsuitable for m@&moom

bi onedi cal devices. In particular, the siloxane
macr onononers are suitable precursors for formi n ’
injectable, in situ curable, accommodating int mmmwllmm"m"wm
| enses. Background of the invention Currently

i ntraocul ar | enBiniogidal )polysilosanesn- def or mabl e, «e6166

fol dabl e and expansi bl e | enses, which may be formed—————-

frommterials such as acrylics, hydrogels or 10

pol ysi | oxanes. TheggudBkfeAnderBY ant éd by nmking an
incision in the cornea and inserting a preforned 10L.

The DResBhNifTbafont FAMER @UEiREné MRbRGhatdradts Al Cﬂ)@@h@rsﬂlﬂéhned
expansj bl e 10Ls have been devel gped. These ] enges %i
therefiamy SHitRYR U™ SRE | 3Fs HATRRFIEdr njﬁ?? Sa OmdPritighe, ne

macrémbfMfers SsLigibié Nerbairesrst tbrbbrmmgelnjen:tétﬂte mor'smeacurable,

' For exanpl e, dehydrated hydrogels can be used with
acco%‘ﬁ’é’ld?g(qgﬁgﬁr%qcii% Feé‘é'ﬁ% ques. Hydrogel 15 |enses are

dehydrated before |nsert| on . and naturally rehydr at ed

once inside the ca ul ar . s &‘ e swtabl e as OLs,
t hese defor mabl eBP 8%"‘?8@ e'%" M ust appropriate

ol R LB U F TIPS

expahbiblm lérsed efvdicmmuhyrhienigrerpframtraateoais aneh e ecrylrcﬁgbydnogels or
polysﬂgﬂnglssﬁlﬂgsee ld]_svhx\éoimm%&/ %g méﬂﬁg g%olhéisﬂﬁ‘jn NRL somes. and

acconmodat e| r

_msentm@ladlptqﬁ?mmddl@o 'ﬁtPemlnmlS%tﬁfa@lmal duanings STRlpntation; Cfpldable and

expa?)glgfe‘qgl_b %v@fbegﬁ ROYBPEA - ThERe fidHsES %aﬁ@é’ fdiRA ubOifd MB&Hed

uce surgical incisions to below 1.5 t echni ques
throughi 3 *.s@ia\hguhen J\A@tqha@ilowsmﬁ@aﬂﬁév@c”ﬂ%ﬁo bagHRAY Ihe cornea. For
exanlxpﬂdz e@é#@@r‘a%d t4h be ubsPhvantsathil bycidien sechhibléd giyarogel

e S B TRA B LSO e, s 1

_ caps@!étrr@‘ét a vhidutablsead eObs,cipsel defaromablee latists aequn’eodqt just

2 T
apprpﬂréq?ercahf:?l érgp%@%np ?{gﬁgmgchae captps oesréI Sss#éﬁpass sﬁuét&ral
intedriyt and blas’fkﬂtpl y) ﬁh’pﬁtuﬂhalm toadgforhduningt iemilaxitationyandhtben pegain

their s;f\ézxgg vgl %LgbthI ogs%frﬁ%% LSRR YL hn%%tu’wgswhen in

For m ens Provi
vivo eduedto rtltﬂlrtrwlfhw arhibsor@'ﬁ inp1 4meptimal eelpian fpscastpelioncgf@ngsbyopia.
| ow, the | ens shape can then be mani pul ated by the

To fﬁhﬂnéradéoeﬁysdl_s%r?w@dawﬁurg@alamcu@@ag 1S beioin1 Bhemnaddinialies
uent SucC |

sy ERIpPEDEIIPLE FEY9 Poed PYaUeP I T43H0 (GkpYaHd gmplanted by
lens2flidd ot AHilihd B_ﬁEédWéQ Q0ED 89 BAZCo2E batzs Inasueh alprasetiore the natural

mat G Prge s e e B0 R oy Badlot

“maidtgitied.| THI ingcCkbhs capHuleyis aoae piited By Dipoting & dove vistdsity enaterial -

into@iaﬁ%géﬂéﬁg% atr;bgs g‘bie rtngte(r:il Vegeygﬁgﬁ le%ﬁﬁ%ﬂrq %% llr? ﬁ?sn;grpcess the-
capstL(B.r tagtiensat ts fdmmibe dhame dsfalveleass‘i‘mtna@ﬂ éwe\ﬂlaabusn afyhef refilling

I nj,ecti I tapl I "
et i B B P2 B SR o 05 maf@R 1 e cltry
musges caridr zZims[garasnescurdwith |ﬂm€c o ii¢se anﬁ@qtl?dﬂ)n gubijgnable

m ni mal extractabl es, and be sterilisable. The

properties, such as viscosity, nodulus and

extractabl-es, for an injectable, in situ curable,

accommodating intraocular lens differ from

required for deformable 10Ls. "10 Consequent wmm“I|“‘||“\||“N|“|I\

materials useful in deformable 10Ls are .

suitable for use as injectable 10Ls. : G00002"
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For exanpl e, pol ydi net hyl sil oxane (PDVS) has been

enpl oyed as a material in fol dable or defornable 10Ls.

In the injectable I OL context though, PDVS has been

found to have a relatively |ow viscosity and thereby a

twH9RREN¥i0 | eak out of the 15 injection si (

t he capsubl ar bag) before curing. To address ItcerﬁAdZOO%OODSZ

deficiency, high viscosity polysil oxanes have been

added to the PDVB reacti ol m x. However, a drawback of

hi gh viscosity silicones is that they can entrap air
10Ls BHPRIE® acobheBdstam vinpai r the optical quality of the

resulting product. Also, they are difficult for the

sur eon C : b Giad d
Apa rtef {h '??lé'yn cére :é]tlflcehngis éo'?lggl l?@{ﬁé c?@%st geproces§ an
fmdm@dd:hmaaﬂm amaeplalae ko;eedltltﬁrwntﬂletehétaSpQP%r@aﬁwgleo%an@ebp
poly%gavr{og%xgn@ c&npéﬁtﬁ)&\%'fef u8d ag'rﬂg&gwasibl_é’xﬂfé%ta%@ [OL MR¥erials

an unaccept ow speci f gr avi t th the
needuted baver éoBUrt@lﬁ%JIWSCPﬁﬁ't fqu@JePﬁ*ﬂ“ecﬁ &fta b@néefW&E"éer ﬂ“é??x mﬂ”iab'e

_meck[énﬂfé‘ %ré&@ﬁsﬁ’&ue&@ Lay®y P&esAsdulid) Hb&d Cﬁ@ﬁdp'aﬁncy, be

" in such a case, it Wl bedlffICU|I] f|||the
bloc%mﬁé iblealpclyding BaRA 'é"t%‘F’?' SHACAPIPE: and GG SNBSS ur geon
to manual |y express intra-capsular water in order to
The pripettias,nsu@2b ashaéscosity; emdUIlLands@ap?éta@lﬁsl fig anhigietablei wgsitu
nd, c r r
cura%?b%ccgéhu%gatel QI%PS%%UIBAI %»g dﬁi@" 4§ RSN réaur %xec?efo able 10Ls.

YIer | sat | on o aronat | oxane
Consegoetiyometesals US¢f9hnl§i§@fﬁ@b’§é©b$ ﬁeeo%n%@én%@létable for use as

ll‘\jeC b?&lb%ed in WO 03/040154. WO 03/040154 teaches that
e pol ysil oxanes described in that specification have

For %r%%@%%’a%%%&v%@m& (pcduth i el 6TaiREE B o

foldanie obdefotmdbibI@Ls dn this énjetatde |0hjeoteabireugh.nPBMEuhas been

bl e, o ti. ;
foung (o Hrer 8130 BSERAT BB LS50 a3 SianYS, 1epsaray e, leak sut o the
mjedtlalvslta (te.ghe rmdmlarsbagl)metfwemuhﬁ E)cp ea¢érﬁ88tth§ qsficieneyy high

f
B s )

drawdask rof thisi vjsqogumﬁm@efcmsthﬁawhojaa aiitgR 4y Dubplgs, gfhich can

lmpéitofﬁ@%ﬁ‘gal ghiali $l Sithé Fééﬁhﬁm@%ddﬁ@f ARty Hird | Urﬁf&:ult for the surgeon
reinforcer, The silicone mer is a SI|? ane
@4 SItltPﬁ N ial force. In

physiealy g mpchiny® vaw&fﬂcgtebwr? <OTeRE

addﬂ&‘i eft' ﬁ’ébsl wesH Cfonﬁk@)i the %Ullybr@bh&ﬂf)ﬁneaSEa\&m an high fractnon of
ctable, in situ curab

dimaiBGHEe SIS, TAOhdBvE! o SREcSRgR | P spdicg S sy the

undédiredTe2R Gt 0B 2ted rl@q;unatendalh\dl et on iaay sqttapub dﬁyhemeefcht in

the @;@nggg?gb rg%q%h:,?;cea%é,e wil b ‘Qp |&1lt°cﬁtﬁﬁﬂ1e SQIQ é’éﬁohﬁ?e@l?and

SO WO
will Eaemcm ghd hwgemt or mahuaNagxptqsemtl@ebapﬁmler whier dnpsigr éﬂr maintain

the &6} aléHgg;tbf'duglgg{r!a‘%m{ﬁptéag%n@prwégsheSIs taught woul d

roduc cien enous materials to be
sui table for curlnaln situ. In addition, therraer
Alternatife rRohsilioxanesyi PiaBreed by P?{Y@Wﬁﬁ""%rqfnﬁmﬁ? % paquegdoxane

madi¥ShRshdry| @l Qéb ra%a%f&mablbnmrsd@fe tePscdse@sini KO UB@40154.
macronononer . dr osi | &| ation r eact i ons,. a

WOLB A ehEamees Akt i BV B Sre LR Pk SR et P 2

reiamé?‘lr Aigh Kabi 1. 4§§Mﬁeét5r §|W§i‘@¢ii®drdpﬁtltﬁé tHowelvar, ad@H pdl@hoxanes
cur e process

emand
woulq hoh BN o 2o R g gD S SRR SRR L e

waiting for the reaction to take pl ace. As such t he
surgeon has a limted tinmefrane in which to inject the
m xture into the capsul ar bag and make any adj ustnents
to ensure the correct level of refilling has been
achi eved. Anot her potential disadvantage associ at ed
with the teaching in WO 03/040154 and 20 US
2005/ 0070626 is that sone of the silane groups react
to form Si OH groups. These Si OH groups nay then react
to forn1further crossllnklng betmeen the

o e Y
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i ncreasing the fluorinated content of the pol yner;

decr easi ng phenyl/aromatic ring content; decreasing

hal ogen (Br, 1, d) content; and/or 5decreasing

sul phur content. However, the nol ar percentages of
VRI0HRsa4bst i tuent s cannot sinply be IncrepéﬁghﬁMTmmﬂp
decreased as a matter of course. For exanple -
sil oxanes containing high nolar percentages of phenyl
substitution, which woul d3e required to create high

RI materials, suffer froma tendency to solidify.

desciféd gbnpéubs*e@kb%véarmjmmbmﬁs e ieme dré st Bl difdey Adscles

pol oxanes, rendering them ynsuitable fo e as
and orjeiliont Bedninasie ShaRsr YIS Ul HEHAE TS Garr TS
Therefore, this tendency Iimts the degree of phenyl
US 2006407 96r6i descriiessiclirmable 19LE brene s mIde’d)Ia'sw_w@mployed of a
siiodd it A Wsiffa fihr &raprheesn@sp% PUither £5 oL RSNe having
aryl gewipi shbistifbents.aipwever,nthisi mateé@I #oHld, ngd deeo peiEEEt TOn d/se (ssan

.n,echIJI # SHuoRgELIR acéo%rﬁ}%%ﬁgumt I She h@tr@délfb;stsyﬁﬁ@@&ﬁg the
present |nvent| on provi des a nmacronononer of

polysw@rm%dqscnbed {MhEPeIGPSHN7RPZR ireauirer e rarierigle i rh?e&eated to

100 @Dd‘IhISYIré‘é}mgﬁtow&aId %aliSe any rp%ﬁ/n’f@i@hlﬂé'drdudéoﬂloywmér@é' &d so
na a

wou8ell n g 2R o &1 e e Py €81 pecur 1 b

the MeMbda of SevesBl thiydht g\rmlmnoﬂmddilﬂ@emffmenﬂy homogendus raaterials

to b?”ghiga&ﬂeg ¢ ?:&rg'{%a %{tvgflg aéigltlﬁo,l Ig)e r%arlena is %%r unsglgt::rl%ee nr%r gitu
curirgf as hiteusescnyoinesigation w@actidnsi o ondet e crosslgd He ma@mmsmroer.

Hydr\?\)%xl;’%‘o/noreac%mbﬁ g?er gﬁgﬁ tooﬁ% ‘régé]tnhgtgﬁ% %éd Qﬁ?ﬂﬁ?é; @%VQI&%E&SE the
surreundiidalpiolpaiedl dinsuege C@fdupw isdv.onmediven. micete pracess is het a
curé SREEMAd Eroeggsontréhu%egrme"/mxmgtdﬁ hk@@orﬁﬁd?x\éh%%nhhﬁén \ﬁalﬁﬁﬁjfor

are not ferent enbodi nents
the fﬁa@vm@h%rpiq@as%ﬁé%#hwreem hepe lngjteddinefiame i which to

inject Y ABLRE Intd the SapskiardaiRhe ¢hHk@lanyRidietmdnts foh@istRnBE cétfect

0,.00 00, 000, preferably in the range of
'eveF‘?fdﬁmI“ %e?%aéb%" %900, and nore preferably in the

range of from 50,000 to 100.000; a refractive index at
AnoBipC notentiaiediszaivgeta@é absarated 3@tht thelteadhingire M@ 4B/0¢0154 and
&
us édt%{oc)?o%?e s that sgg%:kgﬁh@fsuafpéoq&% r%aét% Jorm , S Broygs. These
Slomuwmyetharbre}act 3] fpmfurtaﬁgérowlmkm@ ﬁpwvméhq magromomers

Thlsoébdﬁ%ﬁél%(%sluﬂﬂré ig prﬁ?’u&ﬁ‘dr o%qgerﬁ fin Hﬁﬂleatﬁinls %@F@thé@&@@énty of
units, and noré preferably or nore

-
the %‘?P@ﬁﬁ’ﬁ%’“?@ﬁ@ﬁﬁhq}ﬁP@Lﬁus Ofe?“b’lcé't"‘é‘gqct‘%meéf a’?ﬂ@PBFarItess

than 150,000 cSt, preferably less than 80,000 cSt and
Therafore, ipisefesiratid i fbrmndlaite anamgetable, nrstdoncdrabieQacSmntasiating lens

: ded S to .
formgrgp %%E)en owglgxwagﬁushagt@%He rZ rMSQ rﬁjg%%g%lt asﬁ)eswed
meqhaarbelram yptlcelssuathheen sd GlsP@ ecordtiiute en pm@fner adplacenest for the

I Ve, G :
natt}rQIaIQnﬁr’ QP % ffuﬁgegr}*e%%lg?cﬁ d r%ﬂ?arﬂf @?ﬁgg nr%%t?rﬁa&%ﬁ()tﬂ% t?lg 'E_}(e)frractlvel
mdaxmftﬂzemmetenainsl aﬁ;ustable on tunepblecsoathetrafigeive eonTs; hechRis opia

. ] | ydi met hyl si | oxane macr onononer. - An

Orhwpﬁlg&“%%%kt g RI of the macronononer by

i ncreasing or decreasing the RI. Goups wth higher

el ectron density have a tendency to increase the R of

the macronmononer, while groups with a | ower electron

density have a tendency to reduce the Rl or the

macr onononer. The RIM nmay be a substituted or _

unsubstituted aromatic group, a fluorinated group, 10

a group containing bronine, iodi.ne, or chlorine

aton(s) or a sul phur containing group. Use of

substituted or unsubstituted aromatic groups, suiphur

cont ai ni ng groups or brom ne, iodine or chlorine

cont al n| ng groups vv| I I resul t | n a si | oxane poI ymer.

o . Al .
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25-{ (CF12) a- (Y) z- (CHF) b- (CF2) c] - R2 . I nendeci Sheet
1PEA/ AU WD 2007/ 128051PCT/ AU2007/ 000582 8 wherein R2
is hydrogen or fluorine, Y is a group -NR3)S02-,
-0802-, -0C¢(0)- or -N(R3)C(0)-, RBishymoga1or
GloShrdshst! » z is an integer of O or 1, %1?&2%07/0003%

i nt eger froml to 15, b is an integer from

'c is an integer from1l to 20. Sul phur cont ai ni ng
groups include thioester of thioether noieties. For
exanpl e, groups 5 of the follow ng fornul as: The

Refdréndel '® gamyeprioradol iy the phenifidatign &upot, whd chouldyiobbe taken as, an
ack%w?e 'n%eﬁ:t_j g(rj alr%/ dfOHﬁ lo!l?I Q@gglegt%tneﬁggélsdgrzog rattgsr%fapba?t St the cgrtr]1mon
gengrel ymmrvle@@ohre Agsfoamp mra@ra/bb’é\eofjuradmen ot Qhati thisi priprt ére could
JER& t5d P 8 YA, ef
SRS BBATRRs 0 BB Wbt MY eIl B Rl 6
persofgkiliereindbe pitat e, met hacryl ate, al kyl met hacryl ate,
acryl am de, nethacryl am de, vinyl, styrene,

As Laa@ﬂyieae‘rm dmalt&yﬂ "coh‘lbh#eﬂ@fnkdh&lmﬂ@ﬁ (Kfythe 3354 &éhwaﬁhdbﬁpnsmg ,

cof e Y B EUTLATE UASILS R S0 S e

integen acstopes, | socyanat oet hyl net hacnil ate (1 EM,
acryloyl 15 chloride, nethacrylic anhydride or
met hacryl oyl chloride, particularly when the sil oxane
macr omononer or siSUWNEHY 9f e UHENtEs a pendent

wih, ERRiting, B Serriind P BPaies the nef o Eap iy & spfogp it was

surprisipglyfeuraf thati in kiimgtet (rbeses wm:teblaeelmmemumd bfryﬂrartgve error in
all agfﬂawngge}ogg) SS' A‘n‘?ﬁ??@ﬁ%lt? w%*%b%gped fqr. ec%er‘n%enss (EO”EH%{‘F? Wth ex
Vivoj W%mseﬁ 3:F2 @mectsd thad nfeymleteeiasattmrsontsmis Imf B® eatu@) lens

vinth BB B wk il el QAR US B o 81 los
Conggmitivnaledizalonoddimgsugaesiv gt dhe fieit ook’ avetnge-Ri(&)theHatural

hunﬁHﬂérﬁber Séweérp\tvab Al le41 frﬁ)ba%u%%'baﬂéﬁfaeﬁ\%%@é& @alue of 1.407
functi ona SucC but [1mted to, ester,
s BRI od P BRI SIS BREnG SR ROGLT 807 heitiseh PEIKGHbI

or am ne. Preferably, when Kis a |inear,

it hﬂmggg% sf?&wrF%‘ét g Ar@w@{ o&tc%vbowé R8s Lgn LQ Tnaintained by

silic xane via a
refillinadhe lepp évﬂféraabatwatha@n@am BRhef b%twm ] 421 a1 1%6 nul a
-(CH2)n- wherein nis an integer 1, 2, 3, 4 or 5. Mre

Geﬂ@l‘aﬂl?ﬂ@lm of laSpc&lybllb)Eﬁn%geén DeDlraided @Clbwbred\ﬂbyerbhangmg the

suo B 3orE Ui BRLPHAPED A4 7 ARG o 1eoh e Rl 2 fgne

polmmryarebesakﬁdebygr oup above to the si I oxane backbone.
may 10 be a Ilnear branched, or cyclic | ower alkyl,
Whi chyi t : by at |east one
hetepgget%g?nﬁdshgc 8Qhﬁéwmgﬁtdor functional group
such mted to, ester, amde, urethane,
‘car bﬁ‘ﬁﬁaé‘ngth?fogégf%’r 6P cowesl- NH- . Furt her the | ower
al kyl may be substituted by a functional group such
as, buteasoy suiptiit @dieht anést er, ami de, uret hane,
carbonate, thioester, thiol, alcohol or amne. 15
Pref I e formula - (CH2) n-
wher gefoﬁz@r?ﬁltte g%nﬁ%tlta&;g@{te 0@4 @lenié} 5. More :
preferably nis an integer 2 or 3. Suitable precursors
for L include allyl al cohol, ally{ am ne, propyl ene
al cohol- and allyl cycl ohexanol . Lower al kyl has, in
particular, up to 10 carbon atons, preferably up to 4
carbon atons 20 which may be straight chain or
branched. Such groups for exanple, include methyl,
ethyl, propyl, butyl and pentyl groups. Lower al kenyl
has, in parti cul ar, up to 10 carbon atons, preferably
up to 4 carbon atoms whi ch may be straight chain or
branched Such groups for exanpl e, |ncI ude VI nyI

~ - - - o o o '
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tetranet hyl di sil oxane, 1,1, 3, 3-tetranet hyl-1, 3- dlphenyl
di si | oxaneand di vi nyltetramethyl di sil oxane. As will be
appreciated, in the fornula 1, the RIM Z, K L and R
Ok 6 Y651 vary with the alternatives give
above/dgggription. For exanpl e, as one sklﬁfhguh&sm%bm
art woul d appreciate, the macronononer -may be
synt hesi sed by substitutirfg two or nore 20 different
-K-RIM -K-RIMZ or -L-Z groups onto the sil oxane

and garckdligneverdd ©0gr di ngly, the inventi on does not reqU|re
that every RRM Z, K, L and R group be identical in a
Laiv ny may optionally be
f ur? g?@éﬁ%ﬂé?@ﬂ?@a&ed %té@%ﬂg?gﬁgﬁ ng phar maceuti cal
acti capabl e of acting.as WV or blue
'Ilg ‘“*EFF@ﬁg Q%”ﬁ@ﬁ?ﬁ@ﬁﬁgg?PBn initiators, such as
photoinitiators, thermal initiators or r edox
i ni tdegremsingdaldgien (Bry . €4l dopteintient/ocappi ng groups.
Substitution with such groups, or other suitable

«g" OURere 28Rl sthighPédrterit.hese act|V|t|es to the resultant
pol ymer. The groups nmay be
How%ow{h%%ﬁ&éllﬁ ?éé#‘é&%oo?/vgﬁ?&% gé@tuérﬂg %EF oé %b]r?pck{ bQ'In%r absgd or
decreasmdu ag a hmaﬁtaagrpft ¢raursel. -Ror exanmpiien zlcmane%cmthungngohpb mplar
percghtag&t SetheriYl 'shﬁglltﬁloﬂ%ﬂg‘#@oulh 'Iaear@gl'i iR o %%%?&ﬁig? 4 ﬁ'xaterials
I nventi on provi sition cura I nt
suffea fmr@r?eéﬁr@ancsﬁ&/ﬁeléﬁfv neplisficaton Cﬁﬁ‘@mﬁfﬁ‘t’ﬁ%ﬂ’@r pregerties of the

polygn%&@ﬁésbe:@n@é}%etheﬁhqmemﬁyﬂs@Ifsyalusé geVihgeetab®, PR eén%r btaple,
hal m ¢_devi ce, The ophthal mi c device q%§ be an

an
acc%‘i"&éﬁﬁﬂ Helat- Tihgredgre, %‘@rtﬁ%daqn%ﬂ% the. gearae ©f pherly! sifstiiifion
posgitié b bit@hecaid@dsedicalifhalbbyuititerIdrM @R be ichBYdOL.

More preferably, the device is an injectable, in situ

I 0, I I .
Acc&'g%glg erealg%?% q@édr @g 8&]9&1&0}}(@?& é%%g'llg fr us% iR rﬁ%cﬁ%t?l%ﬂn situ
curablgy atsiommagating l@'—tsdvlﬁ(ﬁrhmbm Riccommodat i ng I C]_ i ncl udi ng

a macronmononer as described 10 above. A further
ConBécibaly, @0 a gidiadhad he psan ihviing6i dRvRIes iamBdrboRdhabbfane

| QL conposition including the macronononmer descri bed
formyialie. The composition can be injected into the lens

capsul ar bag and then cured in situ, for exanple, by

visiblR or ultra vipliet hight. The | ens once g or ned
has R-Silf ired _ ' ;>+® % IaIy
muscl ew congriol | i g\é ‘es ca ust/ t iy Iens
shape in the 15 udualt\way; thus ena%ldng t’/lferl ens to
accommodat e. The preserRIM nveriildon al so Znconpasses
t he use of the above conpOSItlbn as a bionedi ca
device, preferably an injectable, in situ curable,
accomodating 10L. In a further aspect, the present
i nvention provides bionedi(¢al devices, preferably
accommodat i ng 10Ls, fornmed fromthe above conposition.
“megngdvantageously macr onononers of the present
““I'nmvention allow the Rl of the material to be tailored
o0 the Partlcular application required. Typically the
YreinfpgRediMngaiodtat normal |y neasured for the
natural lens which the 1OL is replacing. The I OL may
Z is tiéek asdicdIip @olyaicdsatlie yrens,, or a previously inpl anted
IOL in the eye. The RI of the 101_ is adjusted or
"tuned' to that required for treating the eye by
altering the nolar percentage 25 of RIMgroups in the
macr onononer. Desirably the 10OL fornmed fromthe
conposition has simlar physical characteristics to a
heal thy natural |ens, particularly elasticity. The
macr onononers al so preferably have a viscosity before
curing that permits injection of the macronmononers
into a capsular bag. The viscosity is preferably |ess
than 150 000 cSt, nore preferably |ess than 80 OOO

e~ VAN NN ™ 1 A PNCANA T A PFSNAVT ] AL IS\ A NNy A~
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accommodating 10L. Furthernore, the refractive index
of the macronononers may be WO
2007/ 128051PCT/ AU2007/ 000582 13 control | ed during
synthesis to enabl e preparation of a range of polyners
havi ng various refractive indices. The macronononers
of the present invention which are descri bed above may
be random or bl ock type macronononers. Typically, the
K isaepaspaaipl S are random 6 nacronononers.
Macr onononer s of t he present invention may have a
Llyg%%ég ar, . mel in the range of from 20,000 to
d: ﬁ?@ﬁ ?ﬁ%ﬁ§“@n the range of from 40,000 to
200, 000, and nore preferably in the range of from
ea®OR GoipdensndoulyGeRcted from Zh&!Mpa e atkyegrsuefhydR@en or Z:
present invention may be synthesised by any suitable
a oL hobokBGNBY B fordblomduAdy B AdeaHS. DRHISY b
whi ch refracfive index nodifying groups an
95 ﬁBﬂ?nerlsable group may be attached to a S|onane
macr onononer is to use a hydrosilylation reaction. For
b is e percentage of thy disdhyndhérathict &aetHeadhgdbi fbm 5 to
ggggkynerlsable groups and refractive index modifying
grolps are attached to the sil oxane backbone 15 usi ng
al lyl -precursors in nethods known to those skilled in
¢ i hpolgr perceageskhp Mecreghenopterfniict is onthkiramsgk of from 0 to
2 ndidyyhsdrecursor or the like include ally' benzene,
styrene al lyl phenol, allyl phenoxy and eugenol and
d free radical g é%nerlsable functionalized
I3 0lar BRIsEntre® PEthe mackmenageeriviigh g én thielrgnge of from O to
2 momet h) acrylate and ally! isocyanate. Schene 1
illustrates a hydrosilylation reaction and suitable

it BRITTSRIEIRAIN SBIPORE " Nene 7 ne 1 nene
M .1 S(O M '"H) M Ph Schenme 1 The addition of

In mﬁtweaﬁbrrmedmréa@(tr@ma&wn&ﬁuo%wpa% 8 of IRl BRI wing
i sabl e groups using hydrosilylation reactions

ol [
Ch%ﬁﬁéggsélther to macronononers, which are silane
functionalized, or to silane functionalized cyclic

. Sil i [ e ected to
° RABELBETA ERBSEIGR SOBA T RSB B e
Suirdngiel & feope P O0Qitd @RANE0] and:mueeipadfemblyan the range of from
f umgtobRRdEEIg: on using this approach include
t et ramet hyl oycl ot et rasi | oxane (D4"),
trimethylcyclotrisiloxane (D3H),

.« pentrafmdting reyeg 010 asﬂhbamg&of(fl;&h% 0.1.60, prarerably in the

TR ARG MR o

sulasd ntost pref@ritheie thatingalof frool ¥7ei1sadl. e groups and
refractive index nodifying groups, although the
exanpl es rel ate specifically to phenyl containing
* rePRa@YEIAgE. ilndaxowbdef PR @rgnoepsiloxetey oemgeat units, and more
hy I ' I chenes, where
{7 Serasbif 1% 80 hEEl #Hhrs sloliig Sl TER:, "t hese are
nol % 15 val ues for the various substituents indicated.

o nat%oﬁ@@m ofiesh thah tdosh eS¢ p%@erggg I&%C(ﬁ§§ @5 IO'CM cSt

dire tl¥ ¥re pond to the_integers

def BT F R i the 1anofsf Eeeh 00 ¢Stk &0 @Qﬂe’ﬂmﬁls V\,her e
a proportlon a, b, c etc of a macronononer is reacted,
the use of the sane letter ip thegLeaction product
macr onononer does not necessawpehMul Nply that the
reacti on proceeded to 100% conpl etion. Therefore,

t hrough WD 20071128051PCT/ AU20071000582 15 the
reactions illustrated, there will inevitably be sone
change in the relative proportions of the substituted
si | oxane backbone conponents. One approach is to
prepare silane functionalised nmacronononer Wth
suff|C|ent S|Iane functlonallty to allom1|ntroduct|on

o 1 a1 s
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9S,..i--HWOS "9 .-- +si,,0Si,0..-.: HO;
5/0-/§ TFOH H (2)(6) TMS0 1,--0 /a S\b (5) M5 Schene
2 Alternatively, the silane functionalised _ _
macr onononmer undergoes parallel 15 functional ization
as depicted in schenme 3. A mxture of ally!
derivatives may be hydrosilylated on to the silane
macronononer in one step. For exanple, a m xture of

+ WP ARATAAZENS SCTONLITRL 900REus 36 540 Usc D Uil

al l'yl benzene ( eugeno
hy drefgiablyllesseltian i OPa arrd i reoprefamstty tese ttemedkPe5) . The
al cohol groups of the eugenol are further usedhto
i,n duce.pol yneri sable groups by reacting with a
Eagl VLT SFOPATRIY S Bay WIRHD FBI9HIe < Sabileingrbe fRisat the
mag®nanbmet.oFd, indfalte, a@bYifiNibnGhaPHeds QhngBiRNAG Y lR‘P%Jé an
Two exanpl es of Z are given as Z1 and .

5 anhydri de. ,
eqt@ﬁef ty o[yﬂ[\jet'm(ls:@éia%e; JFECromonomQrTAN ray gagify 11989 RHOf the
maCidenonbinbt O iAZEasih@e decreasing the RI. Groups with higher electran
density have a tendency to increase the Ri of the macromonomer, while groups with

a lower electron density have a tendency to reduce the Rl or the macromonomer.

The RIM may be a substituted or unsubstituted aromatic group, a fluorinated group,
a group containing bromine, iodine, or chlorine atom(s) or a sulphur containing
group. Use of substiﬂxted or unsubstituted aromatic groups, suiphur containing
groups or bromine, iodine or chlorine containing groups will result in a siloxane
po!ymer with an increased refractive index. Alternatively, use of a fluorinated group

will lower the refractive index of the siloxane polymer.

The substituted or unsubstituted aromatic group may be a pheny! ring. In addition,
an analogous aromatic group to the phenyl ring may: be uéed, such as a fused
aromatic derivative, such as naphthalene, 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 more substituents including alcohol, chiorine, bromine,
iodine, amine, lower alkyl, lower alkenyl and lower alkoxy. Preferably, the substituted
or unsubstituted aromatic group is a phenyl ring. Preferabiy, the substituted phenyl
group is not styrene.

Suitable flucrinated groups include perfluorinated C4 to Cqp alkyl. For example, a

partly or wholly fluorinated C4~Cs-cycloalkyl or a group of the following formula: -

“{CHz)a~(Y):-(CHF )-(CF2)o}-R,

Amended Sheet
IPEA/AU



Schenme 3 The relative ratio of the hydrosilyl ated

groups are controlled in tthe product by controlling

the feed ratio of the starting conponents. For

exanpl e, as shown in Schene 4, 10 controlling the feed

raki 1yl benzene to eugenol gives macronpnoners

ﬁ?bﬁ&agégﬁctgble and control | abl e ol % r at | Ts/AUZ07/000%K3

all benzene : eugenol Karstedt's catal yst TMS

tol uene, 40C a=80, b=20, W55 000 (5) ally'

benzene: eugenol feed ratio theoretical conposition
wheneih Rp MAhpdrogers ot flantnare o o pauer -NIRYSD,a=88 R 1DHRO)- or

: -N<F§§§@g§f3§ 8%(98&%1 %@;@ Qale? ,129 isGa% if :eg'er4 c?f 0505r 1(?%018 %r? .“:njfeger from

1to 15, b is an integer from 0 to 6, and ¢ is an integer from 1 to 20.

Sulphur containing groups include thioester or thioether moieties. For example, groups
5 of the following formulas:

X
.,
©/\s
X=0,8
TN S

SUas

The RIM is preferably a phenyl group, which may be substituted or unsubstituted as
described above.

Each Z may independently be any free radically polymerisable group capable of cross-
10 linking the macromonomers to form a polymer in vivo. Preferably, Z is an ethylenically
unsaturated group. Suitable groups include acrylate, methacrylate, alkyl methacrylate,
acrylamide, methacrylamide, vinyl, styrene, aérylamidoalkyi, methacrylamidoalkyl,
acryloxyalkyl and methacryloxyalkyl. Further, suitable precursors for free radically
polymerisable groups may be azlactones, isocyanatoethylmethacrylate (IEM), acryioyl
16 chloride, methacrylic anhydride or methacryloyl chloride, particularly when the siloxane
macromonomer or siloxane reagent has a pendent alcohol, thiol or amino group.

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

20 as O, Nor S, or functional groups such as, but not limited to, ester, amide, urethane,
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000 Scheme 4 5 Instead of parallel functionalization

wWth mxtures of simlar phenyl functionalised ally(

derivatives, parallel functionalization can also take

pl ace between dissimlar ally' derivatives, for

'yl al cohol and allyl benzene as shown

g@%gﬁtﬁgﬁhThe al cohol groups are then nDd,fY%Q%R%?WmWWZ

i ntroduce pol ynerisable groups (eg by reacting with

azl actone, 1EM acryl oyl @hloride or nethyacryl oyl

anhydride) Amended Sheet LPEAJAU 18 ally]
carb&%%ﬁﬂs ;;aé.; ue{%qm' Fihict o Bty r{d\f@&@ﬁ@éﬁ&@&ﬁ by a
functigng) gzzsuraasxb asewt@o@mmf%iie %ﬁéef w@ssur@mnawonétel@'%ter
thiol, GTc@hdiQr M5 000 (39) Scheme 5 The pendent al coho

functi onal groups may react with a substance

ai ni n neri sabl e as i bed
Profokg Wi Baf § IEy CEae e o et Aoy ponsR d8 §f ticon
atomfa theesi@rgieegragp de picetted atemSchene 6. Cappi ng a. portion
of the pendent al cohol groups with inert groups
prefe?éély%é alléwértéwwmrthecfa%mgl-l(@ﬂgnl wﬁeféwrp.sslamme@sm 2,3,40r
density final -cured ymer, by reduci ng the
5. Morgrpeiprably 1T iP 88 Integi ¢ &Y By polynerlsable groups that are

i ntroduced. Furthernore, in sone biol ogical
EachalppiHengtrésems nay inhcsepadmwa:@eamu@icthgiaadip aareptabémion) ngpable
of hnﬂ(g\ﬁ tlﬁeeﬁeg}’a%xc%?g}y%olﬂ'[@r ?)Ievfgo éig&fe to WOYRRaRPoiRbd . L may

I'mse an vant ageous 1 nteractions
be aihear, pranchiedoor q@(bltcé@wqtalmwyhldsra mticmauy g TuPERAdRY A ledskone

-hete%%?cfn‘x‘lsu%hta‘ésof!@ror I B%&&n@ﬁ U@Fody Qlcagiscaly a/otw.tba% ester,

omponents, such as drugs, | ters and
amld@p predpanea carbppAtecliiosster @g ~GE3cMNHe fudrsite 'me alkyl may be

subsﬂ@)@gd Qﬁﬁ%ﬂ&ﬁﬁéz%@&zwﬂ%%t%t limitS® BE et hMidd, urethane,

further alter natlve nmet hod of introducing phenyl and

_Ca’b%'o?t9ﬁﬁ‘|°?§tﬁ'blﬂép ARECR AR si | ane functi onal i sed

macr onononer, the introduction of polynerisable groups
Preférabl§ Lpe aflaveretkyl of tonretiap-(@Hong wWhetein 1 Fsean integedlié Bohor

ari}haﬂiél 959 % ch a nethod is depicted in

S M@&HBQ% Bre a ugéﬁgr | EM adduct is added to the
hydrosilylation mixture to roduce the pol sabl e

Smtqj:%l/%@ffézurs)ors for L include allyl alcohol ally? amcl:ne propy%neya co\:\ol and allyl

cyclohexanol.

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

Lower alkeny! 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, aliyl
and propenyl groups.

a is preferably in the range of from 10 fo 88 mol% and more preferably in the range of

~ from 50 to 85 mol%.
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WD 2007/ 128051PCT/ AU2007/ 000582 20 ally!
benzene: | EM eugenol TMS1 25:1 \il TMS--- @ ,-0--1--.
/.-- la \ibKarstedrs catal yst toluene, 40C a=80,
b=19. 20, c¢=0.80, MM55 000 (36) Scheme 7 In an
%5%50%‘5 ive to functionalising a silane functionalised
macrononoter af orenenti oned, a cyclic int er Heidhgpig000ss2
nononer may be first functi onal i sed with phenyl 5 or
pol ymeri zabl e groups and tften subjected to ring
openi ng polynerisation. In a preferred nethod :
. r‘ .
oo bR O EhElidrbhIRI0 B, more preferabl n e sanse ptfrgm 7
to 5%15""%@”@”@& !E&fe)’a%\fméh%faﬁw gk fragm I7Qn<e3@ g19%i onal i sed
cycl osi |l oxane, (e.g. D5" and Ds") is firstly
¢ is bretatiblp Mathezadgaot forploeoyil5 rrioltg enantémerprfetaplyen Iti@k@ln@e of
fronf’(?%lﬁp Then the functionalized cycl osil oxanes are
'6‘8 fied to obtain the desired macronononer 10
_ cont ai ning both R nodifying and pol ynmeri zabl e groups.
d is sreferrbltt &eongh Psireny GsteHebmmolle RO HYMierablyein the range of
fmnﬁy{gﬂe@% of eugenol functionalised D4 (D4E). D4E is
en ring opened |n the presence of

o3 TR RSB L S PR e AN

(1214A13), and end group hexanet hyl di si | oxane (HI\/DS)

In f&ﬂlﬂ@'tN@eﬁdﬁ%f@H@%Qrﬁﬁﬁﬂ&ﬁgﬁ bmf ?é%;ent@%}éﬁﬁé bﬁ%%rﬁg &Rd groups

bé%%are attached to t %rous of
maya G et6h- 19° r &k BNgS VW% "scmdﬁaiﬁ% 8 P@lne?*wa%rnaeie groups to
incréadeetel @@texﬁtw RgeaC bPBRssifltihg Itk OyhereMbasrhélewRén cured.

Smtg@(ta E?fe%}re\é agﬂﬁg%r‘?@) ﬁn%;gfogﬁgngpcﬁ%%npgxa%e y%xsnloxane

hexdatinydisiorard, sed ctetthmethgikitosanes may 18- me(amlmpemﬁ)em 3,3-

h f
L R VN X
chlofdpagB!)eint3 Mé&ﬁmetbﬂ@&lﬁxawl y). \WO1,3-bis(4- hydroxypropyl) -1,1,3,3-

tetraépeﬁﬁg/l&&g&%é’c” AU200¢ é%qgt?ﬁ%etﬁﬁ 1 3-d%fa/1ﬁé1 ifokarts O and

nmbi nat I'on’ appr oac used to
divinyitefrunehylgigiiasese.r ed si | oxane pol yners. In add| tion to
functionalised cycl osiloxane, D4H is added to the ring

re SR SP AR e S AR K ¢ RSB oy vy it
the pldrpaitives Savenom tramdbqyelc;enmptlsa,biﬁe greonbs aaranel skilied du tredart

I
ol i BELREAL Bel R B ERINEA b o o
differens KB elti¥sZ of he-pooypepitodhe ellc.‘g@oe psckiore. Accordingly,
I t
the g&%ﬁtg)?)\lj(gc%@argo‘ﬂzr%lgrﬁ%atr%!)ew RING, 21 RPE -andY® XA Renthl £ a
givepIORLT ArPEIHEdCT/ AU2007/ 000582 23

The macromonomer may optionally be further substituted with groups having

pharmmaceutical activity or being capable of acting as UV or blue light filters,

polymerisation initiators, such as photoinitiators, thermal initiators or redox initiators or
biologically inert capping groups. Substitution with such groups, or other suitable

groups, would impart these activities to the resultant polymer. The groups may be
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HVDS, D4H, 04 TMSO \ (I O\ I -1 MS\A\/C Tf OH
(17) (8) Pt Catalyst Schene 10 Alternatively,
the i ntroduction of phenyl and pol.ynerisable groups to
the , macronmononers is perforned in one step by ring

ni phenyl functionalised 5 cyclosiloxane and a
o‘gﬁﬁﬁ@%’@ébl e group functionalised cycl osi I"X&YE047R005E2
m xture with an end group bl ocker, eg

di vi nyl t et ramet hyl di si | oxane (DVTNDS), as shown in
Schenme 11. Advantageously, the ratios of the

mcorpor%t?? grﬁpttlze Wt nohﬁ?lbxpé' Sﬂé&?ooﬁﬁ & %bérﬁ;ohoat&ﬁ or by finking

con ed rati o of
througioﬂp&rheﬂﬁK—rRth—E@r Ay Nbgfenpmgr W PYRESHRAE; %@fh%qSe p.

Schene 11 Schene 12 illustrates another exanple of a
In ancﬁh@‘ aéRet, @l%nbﬂé@%tsmvérﬂdhep@ﬁﬂ@b adcdimqjos(tlaﬁ)wrsblélm’@t

iomRUCR e SRS B SR s e DA, s Yhmecea
ewc@nlé referdlyb be cdpathalbvid MBSce 0 The agbthainaic pisvicaemays &bl & 10L.

corn@éw agqefan% %@o%gae ﬁgii'/\/s (J? gg%trﬁf% 2l ?&Haé( %ré\‘%ﬂaqﬁs& the device is
an 1@natidrerpréitabph éimey Heder isvart injestakde, fmr@p Cplr%rae‘»éornmodatmg

{OL. i)%:ggrg‘%'giyy%% %@ﬂe@fenﬂlc}dﬂer@%%’é p\‘\égeht IAbddtion l"s.rb @bﬂnfd&smon

unctionali zed | osi | oxane (31)
curab‘h@hsw tp goropemaeommasatimpaiL 'Dﬂluﬁﬁl aama@ﬁ@ogqraws dﬁ%@"bed
abov@hﬁ'ﬁQJtHeF %Féaxéfﬁb%dﬂﬁ&t Q@E&Pﬁﬁ%cﬁﬂl@ ih Bty durbBle 3L @b@lpésition
ﬁgfrlsa e siloxane of high refractive index. 26

mclung r(@cgymgmrger deperdygd (‘3@9‘53

The composition can be injected intp the lens capsular bag and then cured in situ, for
example, by visible or ultra Violet.light. The iens once formed has a sufficiently low
modulus that the ciliary muscles controlling the zonules can adjust the lens shape in'the

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

accommodating 10Ls, formed from the above composition.

Advantageously, macromonomers of the present invention allow the Rl of the material
to be tailored to the particular application required. Typically the Rl will be higher than
that normally measured for-the natural lens which the 10L is replacing. The 10L may
replace the natural lens, or a previously implanted 10L in the eye. The Rl of the IOL is
adjusted or “tungd’ to that required for treating the eye by altering the molar percentage
of RIM groups in the macromonomer. Desirably the IOL formed from the composition
has similar physical characteristics to a healthy natural lens, particularly elasticity. .The
macromonomers also preferably have a viscosity before curing that permits injection of
the macromonomers into a capsular bag. The viscosity is preferably less than 150 000
¢St, more preferably-less than 80 000 cSt.
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Pt Catal yst D411 OH D4A8 (15) DVIMDS, D4 HO-0 (31)
IEMsi--- OH Schenme 13 In an alternative nethod, a
cyclic internedi ate nonomer functionalised with only
one 5 refractive index nodifying group (RIFM or

able group (Z) (nonofunctionalised
2‘3'& gﬁg{l%sgxane) may be formed and then subj e®¢%étP20%/ 000582

ring opening polynerisation. In a preferred nethod
di chl oronet hyl silane is-furkctionaiised with a
refractive index nodifying group (eg phenyl or

In ahbeF %@!r)]é‘c)flthg t%eﬂh&rplam&éssg%@maa O&rpmemag an 10L

resul oun is then reacte
mclud|n§yafrr@3e5¢tn9tar aerBRGRIo; a5 deserbed sbeyenAivon BNEnaPFARDAG and

then%uﬂﬁ@ﬁ@*@nﬁbdsﬁ?ﬂﬁ|%r¢r§éérﬁmﬂtlorﬁblts§ﬁrﬁ%bé{ Me¥hods of treating a
di hydr oxyt et ranet hyl di sil oxane i s Anmended Sheet

re raFﬁ’E‘A@WJ‘”W”Wé@E?@U‘%Q W‘d‘?%ﬁ‘i’%‘ﬂ%‘?ﬁﬁw}a& |l ane to form

pent anet hyl cycl otri si |l oxane, which is subsequently
In oficiasgechribe insedioniitdudes ghenge obthepm@mpositips dbthe rgarodigature of

an e@cbﬁ%ﬂéﬁr@ekﬁyfgjg‘% E‘ﬁﬁdspé?l%lctl\fey ‘é}r&r ft 5@%‘}!&069%%’(%}49 the

e prepar
refragivey HPWRy P AXE: hifh@ fnvsintio furthar estepdsl tofan eye having an 10L
forméd%oFH DYSHhBHHR TS BEERLBYY ‘ébévé oxane in the 5

above-nentioned reaction. I n addition, difunctional

The R A e dF ShEERIGTT E%@%%%%ﬂe%@'dghg%'r Pigidesis,
incluyaolgy mer iQlabith f anefractvel iirmect ojluhomi trexareds dye poblymgrising
mac%ﬁ?&%ﬂwér@ ag *b%aé%(b%& HbhYe. Ofpr%% aﬁ?y 81 ;?(#l{}nélﬂ‘%hgne?s &ﬁ%uc’ced in

ronononer containrng b
situ. poI ymeri zabl e groups. An exanple of this is schene 14.
h@llcr-Si-G FiS-O\/FiHO--SL&)/S-CH 1\ \-

--Si - or R\R=
refracti ve i ndelr ?ﬁf@?f’f‘“ﬂon BBﬂVn‘éT” le group Il Me
Figu\’e HO Slplogél Tefractive  ihdex Ié‘t I3gC gams? thg concenfration of

tetramethyltetrapropylbenzene cyclotetrasiloxane in moi% in the reaction feed.

Figure 2 is a plot of refractive index at 37°C against the concentration of
tetramethyitetrapropylbenzene 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 ratio of methylpropylbenzene siloxane units in the resuiting
macromonomer (aé 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 injectébie precursors for .an

accommodating 10L. Furthermmore, the refractive index of the macromonomers may be
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a-si-a. 1"--,ci/\ /I -\_R 1 HR = phenyl
orether/Et3N\/Si \ -. polynerizable groupRr.t.
3h,-Si-0\ ROP acid or base i-0Si-R Schenme 14 Anended
Sheet | PEA/ AU WD 2007/ 128051PCT/ AU2007/ 000582 28 The
rﬁBG@)E%M% i ndex of the macronononmer can be_tun to
t stted level by adjusting the nolar raf?%ﬁ?ﬁm%megz
refractive index nodifying group substituents in the
macr ononor ner. Wen functii®nal i sing a nmacr onononer
havi ng silane groups the relative ratio of the 5
contrbIRl @hl \é?nth?é?se% dBBle/ e PSP RO 8NEAYABE HAVRGNaRSUS
radi ca nmeri1 sabl' e group reagents can
mﬁa@bﬁﬂﬁ@ﬁﬁed to provide a predictable level of
refractive index nodifying group substituent in the
The ARCFCMENOOTRRS of Me ﬁfelsamti inebnytionwiveich pare desuritled above may be

oSS L8023 SRR S H0REL 5y T g, o

macromonanenoner may be tuned by adjusting the 10
concentration of the refractive index nodifying group

MacrﬁHﬁﬁBr’nEﬂ‘éQﬁtthé Prebdif? lrf\ﬁeﬁﬂorpﬁ}%Plr{ége REASIEELOAT Wdigitus ehe range of

ures 2 show th at i t
from 2gi0AP 15 40P JOP RN ST BTAR GO 1 GEPSBPy g more
prefdrAhEi tBé rdné of BeH 50 @00 teraey,00mnoner at 37C. The
exi stence of this relationship allows one
manuf acturing a bi onedi cal device, such as an 10L, to
The mgcramenpmsroghdhe aresenty irgentioayimay 'be pathesissidy aesiskigaple
methoBfkhe®h inBe hdex. This is 15 particul arly advantageous
|n opti cal appllcatlons Further, in order to finely
ntrol the rat()of th refrwnlv
\S"fr‘F‘iﬂeﬁﬁs g?’gﬁ'ﬁgamﬂ ‘f"h'ﬁs {HESE (14 v”éol H‘cﬁ' x%x nh&nd/or
polynﬁaﬂsrabtmngmmr magfie a@itected Gf a bipxansgnapendmgner is to use a
hydr sqqybéggﬁ ezaghd CEP\EE%ER?%@;S%%%H{/IQ{OW gb?géoq a’ﬁ%/%e@%néable
groupefandaeiracsivé frndiex mastifying i aveurfr aigpattached i Secgiloxam pgskbone.
usm%?u;h ﬁﬁacﬁ RO iR Pndthes! i&%ﬂ;ﬁ% tr@éb%né@ﬂm th @rtPbradxakidld, Pheny/

ere ractlve I ndex nodi f group, D4AB, in t
funchienatissrbalyhiecyro@rar itaalikedneluge aﬁsﬁ gempsfsfvrst‘? Fliggphenol, allyl
phed & A8 dugBndl AR XréaddbicH) Myrﬁé@aﬁlel f[lﬁétfoﬁ@lrzéti %myu;neéda@rs or

macr onononer may be deter a Si S

the i oA A s Bl GElnaIY rAGHERR: RRYETe b lshes a

hydrekildtibe eedcash &l sutably neadests dontaiding preenyd grogss| i nked
polymers. Known curing processes may be used to 25
formthe crosslinked polyners. The crosslinking
process is preferably carried out in such a way that
the resulting network polyner is free or essentially
free of undesired constituents. A particular undesired
constituent is starting macronononers that have had
‘none of their WD 2007/128051PCT/ AU2007, 1000582 29
pol yneri sabl e groups incorporated into the network and
as such are potentially extractable fromthe resulting
network polyner after cure. In the case of photo
cross-linking, it is expedient to add an initiator
which is capable of - initiating free-radica
crosslinking. It is preferred that the initiators are
activated by light 5 in the visible spectrumrather
than UV range as this enables the use of frequencies
“to cure the polyner that are not harnful to the eye or
reti na. Exanples thereof are known to the person
skilled in the art; suitable photoinitiators which may
be nentioned specifically are benzoins, such as
benzoi n, benzoin ethers, such as benzoin nethyl ether,
benzoi n ethyl ether, benzoin isopropyl ether and
benzoi n 10 phenyl ether, and benzoin acetate;
acet ophenones, such as acetophenone, 2, 2-
di met hoxyacet ophenone and 1, 1-di chl or oacet ophenone;
benzi |, benzil ketals such as benZ|I dinethyl ket al

" o, o
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Particularly suitable photoinitiators, which are

usual ly used with UV | anps as |ight sources, are

acet ophenones, such as 2, 2-di al koxybenzophenones and
~hydr oxyphenyl 30 ketones, in particular the initiators
kggg@)ggggr t he trade nanes | RGACUREO651 and

2 1 1PCT/ AU2007/ 000582 30 |RGACURE(c)‘1‘éV4AU2297">°°’82
particularly preferred photoinitiator is | RGACURE0819.
The photoinitiators are added in effective anpbunts,
expediently in anounts from about O 05 to about 2.0%
by weight, in particular from,Q. 1 . BY yei ght,
based on the total anount ofM@r

macH . I'n_addi tign thqkp OTE; |@fét'c%ﬁ be 5
i ncg @ gd/ gr ontjo t he pol yner ‘kack Such
I Mmobi Eﬁ pol yner has the advant age of
reduci ng the avail abi’litly of photoinitilator residues
fromex=agti on post cure. The resultant P
cro<s<€f}KEb e cronnnﬂger can be |ntrodgced into a

nmoulid USi ng net hods kno per se, such?'as,
parti cul ar, ceswentji=snal{ nmetering, for exanple drop 10

w se. Altéetg w , _the macr onpno red in
cexanple in fthe c&@es h&ﬁ e 10L.
T @

sity, as f
In tthis case the macrenononer j;g cu cr §% °nked
in the |l ens capsule after injection.
cross-1inkabl e macronononers which are sui @ble in
accordance with the invention can be crosslinked by
“irradiation with ionisig&gsle Actinic radiation, for

exanple el ectron 15 beams, X-rays, W or VIS light, ie

tro etjc radiatign or particle radiation havin
 Tre SEGRRITE RN Dt Plaaend oRiBit 72020 GabogobErcabl

groupé weing Lhyﬁaﬁilyaamfrereléb{rdnarfmy beleditber t@rnmrhmms which are
ur,. or

silan%{ﬁr{re%%p%\ ngd,f Pr T 8 pf?r ct:tloinglrz%ﬂ o G'l({ 8?({)%18 brge%e\ilﬁ\frates before
they ske bubgettectot rivey ca:relnmlwtynmshtlcseﬂoe‘omethel mgmmemmereSurtable

cyclr%ﬁgi%&éﬁetsa@férﬁg bl %}dfglcﬁomg@%@afa%smg' &%éhmrnagde

otoiniti beén Tr'ecogni
tetramﬁwlcwiomawioesms t hdDel@pt h oftnrrerrytcvca@trlewxmwhe (Ds™),

pentsﬁ\erh@bwbénrgs@o;ame (698 ndaHea - @ym&mm&b rﬂnd the
rate’of curing are in direct correlation wt

tjion coeffic oncentration, o .
o R R avragla%apnorerﬁhsms@wuhng free
radice-lmlpogynﬁregsm@ gnmuprmamj odfrdcties indart hodit/ingegroups adlthangh the

ot LR AR LRGSR k2P ssovoe

throwgh@ydmmtlmkea@looan take place in a very short tine
in accordance with the invention, for exanple, in |less

In tHehetheiiés] WReBOMLSes BICH &Y aRlay, baodess 5r8@aboarrhékféU£re mol%
nnreﬂg{eferabl in |ess than 30 m nutes. form ng

valugshior 51 YATOHS StPRITYRRET BAEAEHeP the sphespes: abpyc gaed etc do not

neceﬁbémpdiredﬂl}%o&édpdmcw 10 inBegefOAORN ANBId @lak *Bi@ﬁrﬁﬂ&i Br Formula 1.
conono e nﬁéﬁbe [ cluded Wi | e generally t he

SN ‘f:f?eesé’FﬂpoftWeﬁ't of &% ohct masipgIangmer is
reactd@N‘fHeV&d biethgseaned reﬁbhartheaeé@rmrwmo‘s ,ma*clrtﬁﬁ&rorr?el d¥BY not

tion I I ncl uded. Pref bly the

necg3aat el et FhenBRekoorRsED i Laish aBiyi=den | Bareromdprouch
by wei ght of macronononmers of the present invention.
Macr onononers of the present invention may be used to
form bi onedi cal devices, preferably ophthalmc
devi ces. Such devices include 10Ls, corneal inlays,
corneal 5 onlays, contact lenses, and artificia
corneas. In a preferred application, macronononers of
the present invention are used to forminjectable, in
situ curable, accomodating 10Ls. In this application,
t he nechani cal and optical properties of a cured
pol ynmer of the macronononmers are preferably sel ected
to natch or restore t hose propertres of the natura

. o a1 A N~
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Fol | owi ng such techni ques and by sel ecting appropriate
characteristics, such as R and nodul us, 10Ls forned
from macronononers of the present invention may be 30
usedt ot r eat pr esbyopi a, nyopi aor hyperopi a. Anended Sheet
I 2007/ 128051PCT/ AU2007/ 00052 33
\5’5%0%30\\/\0 Preparation of functional cycl |P%?{$‘5S’§ WEd
by hydr 03| |yl ati on of

173, 5, 7-tetramet hyl cycl ot €t asi | oxane (D4H) The
product obtained by hydrosilylation reaction is a

the fébzbt@ﬁélmastfél%JQHél@ Wil meewgﬁ slsdiite ehari ih @hd RWMLOE proportions
A - Preparation of a

of 3 SUU} SRR B A RO EhAC | onal | ze by al | y!
met hacryl ate (D4Am 2g of
Onetapprogae ishipl wyphist denasincionafieed( Dasiomeasmei vio |svrégﬁ°ntnsnane

funcﬂ%ltg‘?é %leLregﬁt% of Botht %Heﬂgrbqo%% rBO)J Kable groups.

'ux condens Ut 10

0 dro . of Kar st edt cat aI . 1=
For RSB, BlerR i oR g gasrmowaﬁmef’w%ﬁm taiked as
depitied lin tcheexe Puder bkaghﬁle tHe ﬁ%e%adb&bhéh@dnsa’lrétw modified with

h f f th
A SRR PRt SR SR TR R posfebnl” ab” Pofaute pugn as
allyl gohduiTbe itraluged sildofiolNivBushareeid rthéreugegatot attach tpolybrerisable
gro:.@ersﬁlrgéc% TSNS A nrcg oqfé%%gﬁke%meﬂéble group such as

cry Ate were Tempve er re ressu
azlagligogn ﬂ@ﬁp@majhﬁmetmevi@teodww m@@rwcarkeqahlweu rer 5 Orethasfyloyl
anhélridet 0ol uene and stored at -15C. NVR spectroscopic data
or D4AAmis shown in Table 1. Exanple 1B - Preparation
g{ a cyclptetrasiloxane mononer functionalized by

oyl belirage (1RYAS) 054PCt / AU2007/ 000582
334 9. 474%$ lch dl@ Qz /1’(‘? § dry tol uene
La roundskbottJFﬁHfI ask equi an air condenser

and a drdehg tube. To this sol utgon was added 0.202¢g
of Kakstedt's catalyst ([Ptj= 3. ﬁfxlo 5 nmol/m). The
sgla\uz])n vvas heated V\,hl le stirring to 50C. A solution
of 24.64g al o!% eln 5rr1 of dry/t\Jou e was
added at suc jsal nal

t emupeatyat ur e of

/xfc¥ & addit hemyst he
reacti on was stlrred for an addltlonal | h and then
cooled to roomte ature., 2.0g of activated carbon
vvas added and 't he ture was aIIowedto stir for 45
tes, The uspen3|onwa filt og, I|} \

TMeagq\adljeé s re d uﬁ'ao
e e\rs de prBHUcT That vva \wed/i
10m. of dry t¢luene and 10 preci p| ate our|
into 25 of ymet hanol with stlrrl
preci pitjatettas allowed to settle and espem& ant
was decanteed. The precipitate was dried to gonstant
mass to obt ai n the product as a colourless oll
(15.911g). 'H NWR spectrosc %)éc data for D4AB i s shown
in Table 1. Exanpl es 1COERFMI215 Additi onal
functi onal i sed cyclic nononmers are shown in Table 1.

Altefriathsty, of ther diifearey 8hkiclidnalisedt henaardmonouried kmtmrgobat paraliei

15 fun& Br%%?ahg[\ ogéjcot ?)lc?e%' I|nd s@ﬁenper ?Oaﬁ( ﬁ-ﬁ Elhtn tagwpge%\{ad%/ may be

Ina range o

hydrpyltyiam by tQ t’ﬂ;e $llainetnnaﬂmm®mrcuyohe cstamoﬁom@mnplmraem;xture of .
prepared in toluene using a snall excess of the allyl
‘derivative (usually 4.5 nolar equivalents to 1 nole of
D41) at roomtenperature to 70C with a suitable
catalyst 20 (usually a Pt catal yst such as Pt Cl6. H20
or Karstedt's catalyst). Reagents for exanples 1H and
1J were prepared as follows: Synthesis of allyl pheno
for use in the synthesis of exanple 1H A solution of
Boron tribrom de (3.3m, 0.035np1) in dichloronethane
(40nl) was added dropwi se to the solution of
4-al Iyl ani sol e (4.00g, O 0269nDI) in dlchloronethane

o o —r~ o~ "



Table 1: Exanples "I A to 1J showing 1H NVR chemi cal
shifts of functionalised cyclic siloxane nononers

Exanpl e R= 1A 0.096 0.563 1.686 4.070 1.914 a:

0 (m 7(m 2(m 1(m 0(s) 5.5163(s) 6a,b

WO 2007/128051 PCT/AU2007/000382
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eugenol (11) and allyl benzene (4) or eugenol (11) alone is hydrosilylated onto the

silane macromonomer (5). The alcohol groups of the eugenol are further used to

introduce polymerisable groups by reacting with a suitable substance containing

polymerisable group such as azlactone, IEM, acryloyl chIoﬁde or methyacryloyl
5 anhydride. Two examples of Z are given as Z' and Z2

'TMSOJT %O% s{/O}b\ms o TmsOf\ ATS‘ }@;/0 %

Pt Catalyst

(13)

(1)

Pt Catalyst IEM or
Azlactche

ool
o Lost %/A%

i
' (14)
HO OMe

IEM or Azlactone

H
TMSO
‘ _/ "/‘Sl/OQ'\TMS 2= WNwo)Kf
a d\é /e @]
e
(149 22 &H
™

HO OMe zO

(12)

Scheme 3

The relative ratio of the hydrosilylated groups are control!_ed in the product by controlling
the feed ratio of the starting components. For example, as shown in Scheme 4,

10 controlling the feed ratio of allyl benzene to eugenol gives macromonomers with
predictable and controllable mol% ratios. |



b:
7.

6. 0708(s

55

™

S’/OLLS«' >\TMS

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

(%)

allyl benzene : eugeno!

1B 55 0.091 0.602 1.708 2.653

095 (---/ 0(mM 4(m 2(m O(mM 1-

17

Karstedt's catalyst T \

toluene, 40°C

7.372

HO,  PCHs

\_/
allyl benzene: eugenol theoretical compaosition | MW of resultant
feed ratio mol % macromonomer
100:1 a=80 b=18.80 ¢c=0.20 55 000
50:1 a=80 b=18.60 ¢=0.40 55000
251 a=80 b=19.20 ¢=0.80 55 000

Scheme 4

Instead of parallel functionalization with mixtures of similar phenyl functionalised allyi

derivatives, paraliel functionalization can also take place between dissimilar aliyl

derivatives, for exampie ally! alcohol and allyl benzene as shown in Scheme 5. The

alcohol groups are then modified to introduce polymerisable groups (eg by reacting

with

azlactone, IEM, acryloyl chlorde or methyacryloyl  anhydride).

Amended Sheet
IPEA/AU
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ally! benzene:allyi alcohol

~0 //o )_10\\ 100:1, 50:1
™S q S 7\TMS TMS
AN\ A

Karstedt's catalyst

O,
=80, b=20, MW=55 000 toluene, 40°C

®

2=80, b=19.80, ¢=0.20, MW=55 000
a2=80, b=19.60, c=0.40, MW=55 0CO

IEM (38)
toluene
rt,
ol /
s~ O Oﬁ\/y ~
A
a=80, b=19.80, ¢=0.20, MW=55 000
a=80, b=13.60, ¢=0.40, MW=55 000
(39)
Scheme 5

The pendent alcohol functional groups may react with a substance containing
‘polymerisable groups as described above. Alternatively they can be capped with inert
5 groups, for example as depicted in Scheme 6. Capping a portion of the pendent alcohol
groups with inert groups assists in""fUrther controlling the crosslinking density of the final
cured polymer, by reducing the number of free radically polymerisable groups that are

. introduced. '

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

and other appropriate molecules, as described above.



3(m (m 7(m 6(t) 4(s) WO

2007/ 128051PCT/ A. 112007/ 000582 36 ID -06 5 7 0. 058
o(m .0.510 6(m) 1.612 7(m) 3.406 1(t) 3.496 8(1)
3.6788(m 2.7751(s) 1E 5 0.076 0.459 0.891 1.420
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HO OCHj4

allyl benzene:eugenol

50:1 or 2511 /
TS i\ 3\65\/0‘)\”\"3 oomer= TMS/OTE/\i/OA)\L Loﬂ ,/O>\TMS
Karstedt's catalyst a\ b S\ ¢

ioluensg, 40°C

.

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

a=80, b=19.40, c=0.60, MW=55 000
\\\ a=80, b=19.20, c=0.80, MW=55 D00

o) 0, CHs P NS
toluene
r.t

(13)

a=80, b=19.40, c=0.60, MW=55 000
a=80, b=19.20, c=0.80, MW=55 000

Scheme 6

In a further alternative method of introducing phehyl and polymerisable groups to a
silane functionalised macromonomer, the introduction of polymerisable - groups is
performed in one step along with the infroduction of the phenyl groups. Such a method
is depicted in Scheme 7 where a Eugenol-lEM adduct is added to the hydrosilylation
mixture to introduce the polymerisable groups.
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N, 5 o(m 4(m 9(m) 9(m 0(s) " IF -0a 0. 007

0.429 1.495 3.452 0.034 \ 7(m o(m 6(m O(t)

7(m 55

WO 2007/128051 ' PCT/AU2007/000582
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allyl benzene:IEM-eugenol

ms \'Li TL ’OLrMS 21

Karstedf's catalyst

O
=80, b=20, MW=55 000 poluene, 40°C

) :
CHa H .
O N '
T \/\O
Z o ' a=80, b=19.20, ¢=0.80, MW=55 000

(36)

IEM-eugenot
(35)

Scheme 7

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

containing both RI modifying and polymerizable groups.

An example of this is scheme 8 which shows the synthesis of eugenol functionalised D,
(D4F). D7 is then ring opened in the presence of octamethylcyclotetrasiloxane (Da), aly!
benzene functionalized tetramethylcyclotetrasiioxane  {D,/*®), and end group
hexamethyldisiloxane (HMDS) to give the premacromonomer (20). Polymerisable
groups are attached to the alcohol groups of the eugenol by reacting with suitable
polymerisable molecules (eg azlactone, IEM, acryloyl chloride or methyacryioyl
anhydride). Two examples of Z are given as Z' and Z2.



1G 6_,9 0.078 0.372 1.455 3.270 3.177 2.9388(m
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HO OMe

OMe _ ' Me
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(15) (19)
TFOH
TMSO //o /'// / ™S / //o // O\
<\S{\ jTS' OTtgr© MS IEM or S“\ J S| f(s/- MS
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1) H 2 |
N
). Q 7t = \TI/ \/\O)J\f
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7= § n
! NS
)17< \ir\
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 D", respectively).
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Scheme 9

A combination approach may also be used to prepare the desired siloxane polymers. in
addition to functionalised cyclosiloxane, D4 is added to the ring opening mixture, such

5 that phenyl groups are introduced to the macromonomer by ring opening polymerisation
and polymerisable groups are introduced by functionalization of silane groups in the
macromonomer as shown in Scheme 10. Again similar to the above routes, the
polymerisable groups are introduced in one or multiple steps. Two examples of Z are
given as Z' and Z2



.2 55 11 55 7 0.063 0. 565
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muso--d -0\ [ /N[ [ o
HMDS, D", Dy fs\ i\? O/b 5\' >C\TMS
TiOH
(17
S

{8)
Pt Catalyst

/ / IEM or Azlacione / / ]
*rmso.JC ot<\5<,o>‘é s/} r/o s TMSO<\ i tb//oﬁ/i >\TMS

wg s g

Scheme 10

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

polymerisation step.
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Scheme 11

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

polymerisable siloxane macromonomer of high refractive index.
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| . ' N” o
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Sn Catalyst c OMe
(amn

Pt Catalyst

D4

o Lo\t ] [ o)) D,*® (15) ~{_/ o
= 8 JYSI si—© sa’o)\a% \ Si .
\ \ /b c ! DVTMDS 4

b
MeO_~ D_“ MeO-_y
S /"
j\ | j\ 27)
(28) NH

o HNH o H
X Y
Schemes 12

Scheme 13 shows a 'two step’ synthesis. Another D4" phenyl derivative is first prepared
by hydrosilylation of allyl phenol wifh D4 with allyl phenol. The functionalized
cyclosiloxane (31) is then ring opened with D48, D4 and an end group. The phenolic
hydroxyls are capped with IEM fo afford a polymerisable siloxane of high refractive
index.
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Scheme 13

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

Amended Sheet
PEA/AU
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reacted with dichloromethylsilane to form pentamethyloyclotrisiloxane, which is
subsequently functionalised with a phenyl or polymerisable group. Altematively
monofunctional  cyclotetrasiloxanes may be prepared by  using 1,_5-
dihydroxyhexamethyltrisiioxane instead of 1,3—dihydroxytetramethyldisiloxane in the
above-mentioned reaction. In addition, difunctional derivatives may be prepared by
using dicﬁlorosilane instead of dichloromethylsiltane. Then the phenyl and
polymerisable functionalized cyclosiloxanes are ring opened in the presence of Dy to
obtain the desired macromonomer containing'both Rl maodifying and polymerizable

groups. An example of this is scheme 14.

Me

| | CI~Si~CI \/Si"‘O\ H
7
HO — Si—O—§i—0H ——H—» o s
4
_—Si—0 =R

R = refractive index
modifing group or
polymerizable group

Gi—si=cl- >~ > / \ TN g
H R= pheny] or ether/EtaN O\ /SI\
polymerizable group R r.t. 3h _—Si—0

I |
R"‘—'Si‘*O‘(‘Si—'O)‘fSi—O\ Si~—R’
N A

Scheme 14
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b: 6.1412(s); 12 1.9546(s) WO
20071128051PCT/ AU2007/ 000582 37 Exanple 2 - Ring
openi ng pol ynerization (ROP) of functional cyclic

si | oxanes Functional cyclic siloxanes were subjected
to rin openlng pol yneri zation in the presence of
o%P&WBg #1lcycl ot etrasi | oxane (D4) to obt ai nPERAFRER00s82
pol ysi | oxanes with pol ynerigzabl e and refractive index
nodi fying groups. Different end groups were 5

i ntroduced usi ng a variety of end group bl ockers. The

* Tho PR WA 0 Rl SR RAPO0 b1 Rl ol Aol B0GCs,

, Ut "are %o
adjustipgethef rrbaaseratlacmfd refilaetives lraiep(dr,noemdwgsgm\mw gebstwnts in the
acienbiacedure is illustrated in the follow ng schene,
mlh\RﬁlCﬁRlsZor Rl M R=-H-CH3 -CH2CH3
G-- CH :
When functionalising a macromonomer having silane groups the relative ratio of the
refractive index modifying group reagents and the free radically polymerisable group
reagents can be 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 medifying group substituent in the ring opening

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

“the reacﬁon feed and the refractive index of the resultant macromonomer at 37°C. The

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

Further, in order to finely control the molar ratio of the refractive index modifying group
and thus the refractive indek of the macromonomer, efficiency of the ring opening
polymerization may be accounted for. Figure 3 shows a calibration curve between the
malar 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, D48, in the
macromonomer (vertical axis). The molar ratio of refractive index modifying group
incorporated in the macromonomer may be determined by NMR analysis.

The macromonomers of the present invention may be cured via free radical
polymerisation to form crosslinked polymers. Known curing processes may be used to
form the crosslinked polymers.

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

undesired constituent is stérting macromonomers ' that have had none of their
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di met hyl si | oxane, nethyl phenyl propylsil oxane, and

met hyl propyl net hacryl ate sil oxane, with

t |§ilyl end groups. A stock solution was made
%bgﬁ%gg iexanethyld|5|loxane in 270. 34g D4PCHAURRY0BS82
2,4,6,8-tetrarnethyl-2, 4, 6g8-tetra(propyl-3-phenyl)cyc
| otetrasil oxane, 39.8ng 2, 4,6,8- 15

tetranethyl 2,4,6,8-tetra(propyl-3-nethyacrylatel)cyc

polyeiEiabR zg sopene oré R W o ﬁé‘q} ol BRd ' 328081 are potentially

eﬂﬁﬁ@%@ﬁ@mﬁ?ﬁdﬁ%ﬂ@ﬁk@ﬁ@mgméWmeé@ﬁQﬁmwm were mi xed
together with 1.56g of dry toluene in a 25m round
in thB @hdeodh ghoas krobeiBindA R iaEgRaicat ts@Nes thitidkdHuhi®f is capable of

initelifq {34 R RAn R HER PRl Srafaa sratpd o ae ey & gnt
in thalvurhsima;pmtrﬁml rlatien thepacl Vi dengei gghthis diablasdhe Ls® bf egtenties to

cureg@ﬁsp({lﬁdértﬁ%t'a?%nﬁtq?afrr%ful%t?e S re %[ e m xture was then

I 'Uene an Redtral i sed with 250ny of
sodi um car bonate after which the solids was filtered
Exargples Hiveed a1 diewpdpdie derseReskdiptda the @ty suitalig photoinitiators
whicR Uilﬁéyf &@%dﬂﬂorﬁ%&@édﬁgfcﬂtﬁ &8 H@Mzdﬁﬁéj‘r ioﬁnﬁzme}éi mﬁbm, F&ﬂmlq ethers,
t ol.uene a ro 0 of et il st
suchggs; hERZolR me‘%’l’%/i 819 SS57YIa e y\,\géer IbP%%H'SPBmQ@ﬁ?Weé and benzoin.
pherQ'V%lth’elrgbhd ahzbine asetpieMatanphatemant edeh B@eacetophenone 2,2-

r t i 0 t ens ere ted as ne
amSIARIARERGE B A A R R RS o S50 O Yol ks
benzil dirhegby! ketatland b@musilaﬂnw ketdlt camphdrauinche, antheagginones, such as

2SN, 00 S 00, MR ¢

chiofpaptfiaquipneey |a5do psreriaptheageinoned BriB8mTYo rtfamwvlphosphme

-benﬁ&fﬁﬁéfs!pﬂﬁw%%e%l %@%x&hﬁl@’é@@trﬁ%tﬁﬁ$ﬁzﬂ}lﬂ%ﬂwe’ﬂ¥l ﬂéépNMB ox:de

l'e 2Y - Preparation
Eos:A QQranRg%qﬂ FUPR N25aBoS gl %ﬁloglnpggRose Bengal and Erythrosm

benzbpBerbn¥s, Ny 1-shch, 3, 3ad et f!?dﬁﬁbgbbéln@h& | oxdge 1 g 25 349(N,N-

dlmeél;(ympégg%opgﬁlaor@ 31‘%15%{; ﬁ(?q?éeé%gp xanthé]nes acnglge derl\)/gtlves

-pherilazBleCklerwat}&/bs,l alindxading ederivatvbd\dndi $pheman e 2gdrogdnedione 2-0-
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0 irred for ours, filt d_and
Paﬂeaﬁﬂgﬁ%'ﬁas{gae%c%?%awswwa%asﬁa%,SUPEw%w%ws'ﬁlﬁ?@w%fces are
|RGA9UR§®31@nEom ephiidgate dudh asetdianseén 5%6!;)n BTBRd fluorones
uct was allowed to settle overni ght, supernatant

' S“C'H%%'%\'i’]\l“e‘g aRdN &A1 ¥l ved to 25 obtain a clear and

viscous oil, 1.23g. The conposition of the copol yner
Parﬁmalarl;asurﬁaidldz cphstoirmlatmret wiicls | drexenelly7 ds@Dmith/ 0y lamps as light

th n I X
soullEL Rt BOGRHAIoRRE, Sbb B BB o S BRegR R R hutmypeny
ketohvbs, ZOQ@BClath@fmammkveNm padsx tHe 48&3 nakxa IRBAC2RA®E51 and
Preparati on of a siloxane copol ynmer by ROP of Da, D4H
and D4A13 WD 2007/ 128051PCT/ A1J2007, 1000582 39 A
stock solution was prepared of 9.18g
1,3-divinyl-1,1, 3, 3- tetranethyld|5|loxane in 270. 349
D4. Anot her stock sol ution was prepared of 7.24g D4H
in 92.47g D4. 1.00g of the
1,3-divinyl-1,1, 3, 3-tetrarnet hyl di si | oxane st ock
solution, 0.30g of the D4H stock solution and 1.74g
D4 exanple 1B ver e n1xed |n 10nﬂ of anhydrous toluene
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groups al ong the backbone, illustrate that polyners
with high refractive index can be prepared by this
nmet hodol ogy. Structurally simlar polyners with
pol yneri zabl e groups WD 2007/ 128051PCT/ AU2007/ 000582
4‘% al 9 t he backbone coul d be prepared by the

8[2?"/ %3f suitable cyclic nmonomer (eg 04"‘)CT|/4{{2607{0W982
pol ynmeri sation as in exangpes 2K to 2Y. Exanpl es 2Z
to 2AD il lustrate internmedi ate nmacronononers suitable
for further reactions with reagents bearing

IRGAgt%b'(ﬂél‘@ﬁ bzahl %as.c&ang em&ééﬁg? %OQ&ﬁﬁgeoP%Q lR@A%‘Jl?é?ﬁwS Phe

above m macr onononer
photgnidaterstare mddert inogifectiebdrmounts, Wssdlemtlysm &mounty frame @bt 05

i t
Ry e
amoyis 8 groseAIn agrogupgMer. 21 gdggion fh?ﬁ pwrpm@m gerp3pe
incordordtedlgratted ontd th&YbiVRier Babhdde2sdeh IndBbilisation of the polymer

has the advantage of reducing the availability of photoinitiator residues from extraction
post 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. Alternatively, 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 example electron
beams, X-rays, UV or VIS light, ie electromagnetic radiation or pariicle 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
been recognised that in most cases the depth of penetration of the radiation into the
cross-linkable macromonomer 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 piace in a very short time in accordance with the invention, for
example, in less than twelve hours, preferably in less than an hour, more preferébiy in
less than 30 minutes. '

in forming the polymer, the macromonomer is preferably used witheut 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



<)

10

15

20

25

20 DVTMDS 0. 0022 2.23 0.94 2E DVTMDS 0. 0021 2. 23
0. 59 2F REDS 0.0034 3.14 2.01 2G REDS 0. 0064
1.57 0.94 2H REDS 0. 0269 1.77 4.23 21 HEDS

0. 0278 31

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 IOLs, corneal inlays, corneal
onlays, contact lenses, and artificial corneas. |

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

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

polymer decreases.

A relevant optical property for an 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 to 1.5,
more preferably in the range of from 1.421 to 1.444, and most preferably in
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the range of from 1.426 to 1.440. The RI may be chosen depending on the refractive
error being treated by the 10L.

When used as an injectable material the macromonomers should have a viscosity
less than 150,000 cSt and more preferably less than 80,000 cSt 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
ultraviclet absorbers and pharmaceutically active compounds, such as those that
inhibit or kill the cells associated with PCO (Posterior Capsule Opacification).

When used as an injectabl.e, in situ curable, accofhmodaﬁng I0OL, 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 pe‘ribhery of the anterior
capsule. Through the small corneal incision and peripheral mini-capsulorhexis, the
lens core (inciuding thé cortex and nucleus) are extracted. The composition including
macromonomers of the invention is injected into the intact lens capsule using a fine
gauge (e.g. 29-G or finer) cannula and syringe to reform the lens. The composition is

then cured, such as by exposure of the eye to visible or ultra violet light,

Following such techniques and by salecting appropriate characteristics, such as R)
and modulus, 10OLs formed from macromonomers of the present invention may be

used o treat presbyopia, myopia or hyperopia

Amended Sheet
IPEA/AU
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Examples

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

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

The product obtained by hydrosilylation reaction is a siloxane compound represented by

the following scheme:

]
3
- — —o0.
4KL3 R OH ~oH —@ _Q_OH
1 R
/ ! OCH
Hogeo 8 A 2 si-q, fJ_ ! —0 e
SO — e 5~ OH ——N .
\'Si‘o 0 J:/Si,o ‘;‘o : N\
H -Si. =Si
H
/ R f 7\ OCH;
C/\ o -—Q
R /_\ OYHV\O)Y \SI/
| /\
OCH;
o ?
}]><N/\ __0\/<
o H

Example 1A - Preparation of a cyclotetrasiloxane monomer functionalized by allyl
AM
)

methacrylate (Dy
2g of tetramethylcyclotetrasiioxane (D4H) was dissolved in 40ml of dry toluene in a
round bottom flask equipped with a reflux condenser. To this solution was added 10
drops (0.180g) of Karstedt's catalyst ([Pt}= 3.4x10"° mol/ml). The flask was shrouded in
aluminium foil to exclude light. 4.62g of distilled allyl methacryiate was added dropwise
from the top of the condenser. The solution was then heated up to 60°C for 18 hours.
Anaiysis by NMR showed the reaction to be complete. The solvent and residual allyl
methacrylate were removed under reduced pressure at room temperature. The product
was taken up in 50ml of dry toluene and stored at -1 5°C. M NMR spectroscopic data
for D4 is shown in Table 1.

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

benzene (Ds"®
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9.746g of D4" was dissolved in 10mi 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 (JPt]= 3.4x10° molimi). 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 femperature of 58-60°C. After the addition, the reaction
was stirred for an additional 1h and then cooled to room température. 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 io
obtain the crude product that was then re-dissolved in 10ml of dry toluene and
precipitated by pouring into 250ml of methanol with stirring. Then the precipitate was
allowed to settle and the supematant was decanted. The precipitate was dried to
constant mass to obtain the product as a colourless oif (15.911g). ‘H NMR
spectroscopic data for D8 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 Ljsing a variety of catalysts
and in a range of different temperatures. Typically the functionali-sed cyclic monomers
were prepared in toluene using a small excess of the allyl derivative (usually 4.5 molar
equivalents to 1 mole of D) 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 foliows:
Synthesis of allyl phenol for use in the synthesis of example 1H

A solution of Boron tribromide (3;3ml, 0.035mol) in dichloromethane (40ml) was added
dropwise to the solution of 4-allylanisole (4.00g, 0.0269mol) in dichloromethane (45mi)
which has been cooled to -76°C in an acetone/dry ice bath. The reaction mixture was
allowed to warm to room temperature and stirred for 24 hours. The mixture was diluted
with dichloromethane (20ml) then cooled to -76°C before adding saturated sodium
carbonate solution and adjusted the pH to 7-8, water (30ml) was added to aid mixing.
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The mixture was extracted with dichloromethane and solids removed by filtration. The
organic fraction was washed with saturated sodium chloride solution, dried over
magnesium sulfate, filtered and solvent removed to give dark brown oil, 3.09g, 83%.

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

5 Synthesis of isocyanatoethylmethacrylate derivative of eugenol for use in the
synthesis of example 1J
Dibuty! tindilurate (100ul, 23mg/m! in toluene) was added to a solution of eugenol
(5.00g, 0.0305mol) and isocyanatoethylmethacrylate (4.74g, 0.0305mol) in toluene
(50ml, dried over CaHz). The reaction mixture was stirred at room temperature for 9
10 days after which it was added dropwise into 600ml of n-pentane and the precipitate was
collected under vacuum filtration to obtain a white powder, 8.65g (89%).
Tahle 1: Examples 1A to 1J showing "H NMR chemical shifts of functionalised
cyclic siloxane monomers
Example | R= 1 12 3 4 5 6 7+
1A 5 0.096 | 0.563 | 1.686 | 4.070 | 1914 | a
—0 o(m) | 7(m) {2(m) |1m) |O(s) |[5.5163(s)
_ Bab
© , ' b:6.0708(s
)
1B 5 5 0.091 | 0.602 | 1.708 | 2.653 | 7.095
5 O(m) ;4m |2(m) |Om) |1-
\. / 7.372
5 5
4(m)
1C g Ny _ 0.042 | 0484 | 1.536 | 3.460 | 4.276
3m) | (m) 7(m) | 60 4(s)
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exanpl es 2A to 2AD Exanple No. End group Mol %in
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D4 D4A13 D4.41,1 Gther Mol % Mv Mh PD

(ED 37C) Vi scositcyatnBhopess:
2A DVIMDS 79.5

20.5 17380 11516 1.51 1.44969 26 DVIMDS 83.6 16.4
1D —-O\/G\ 0.058 { 0.510 | 1.612 | 3406 | 3.496 | 3.6788(m) | 2.7751 (s_)
5 OH om) |6m) |7(m) |10 |8
1E /5 0.076 | 0.45@ | 0.891 | 1.420 | 2.120
—N\s 6(m) {4m) |Sm) !9m) |0
1F —O\Si/ 0.007 | 0429 { 1495 | 3.452 | 0.034
5/ \5 7(m) 1 0(m) | &(m) |OW 7(m)
1G —0 \/6<? 0.078 | 0.372 § 1455 | 3.270 | 3.177 | 2.9388(m) | a: 2.4026
5 Zab 5(m) | 4(m) | 5m) |6(m) | 5(q) (ak
b: 2.5835 ()
1H L 0.067 | 0.526 | 1.5673 | 2.464 | 6.5- | 0.8239
—Q—OH 4 7 9 o 7.2 '
5 5
3 G 0.063 | 0.565 | 1.630 | 2541 | 6.529 | 3.8245(m) | 5.5371(s)
OH om) | 5m) |2m | im) |6
h 6.896
OMe 8(m)
[
1J 5 & o 0.057 | 0.561 : 1.643 | 2.575 | 6.431 | 6.9133~ : 3.7826(m);
- O/U\ , 4(m) ) 9m) |7(m) ;&(m) |- 7.0204(m) -
\_7 6.787 8
s .
on;se 8(m) 5.4034(bs);
9 3.5635(m);
10 4.2719(1);
k] a:
5.5984(s)
b: 6.1412(s);

12 1.9546(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, typé of base, acid, Lewis acid, and exchange resin.

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

R

\,s/i—'o‘ / l\L u—o /—/ Z%
S8l

o] Si~ 4 end group blocker
- b \s. S rop e, R,s( {~:\r0~}(~5,—0}(
/ omsi _/_/ o—s. TIOH
I \H

S

\

N

RIM

R= ——H Z= . RIM =

—0 A
—CHs \ﬂ/g OCH _Q

(o]
—— H .
CH,CH3 OGHs —'< ’>—OH —-Q_OH
—< />—o R i
—_—C===CH .
g“"_‘ 2 \n/N\/\O/u\(

OCH;3

~Croplen.

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

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

A stock solution was made of 8.009'hexamethyldisiloxane in 270.34g Dy. 1.78g of
2,4,6,8-tetramethyl-2,4,6,8-tetra(propyl-3-phenyi)cyclotetrasiloxane, 39.8mg 2,4,6,8-
15  tetramethyl-2,4,6,8-tetra(propyl-3-methyacrylatel)cyclotetrasiloxane, 2.69g Ds, and



10

156

25

2F HEDS 81.0 19.0 90628 4CO222. 26 2G HEDS 82. 3
17.7 36237 258921.40 1.4444 2H HEDS ; 50.8 49.2
| 12657 6567 1.90 1.4876 21 HEDS 27.7 72.3

WO 2007/128051 PCT/AU2007/000582

38

0.079g of the hexamethyldisiloxane stock solution were mixed together with 1.56g of dry
toluene in a 25ml round bottom flask under an argon atmosphere. 50ul of trifluoro-
methanesulfonic acid was quickly added whist stirring ahd the flask immediétely
covered with aluminium foil to exclude light. The reaction mixture was left stirring for 5
days. The mixture was then diluted with 5ml toluene and neutralised with 250mg of
sodium carbonate after which the solids was filtered off and solvent removed. The crude
mixture was purifiéd by precipitation by redissolving in 5ml toluene and added drop wise
to 40ml of ethanol whilst stitring. The precipitate was allowed to settle overnight and the
supernatant decanted. The precipitation steps were repeated as necessary. All
solvents were removed under reduced pressure to obtain a clear and viscous oil. It was
found to have viscosity of 14550 cSt, Mn 52100, Mw 89034. The polymer contains
80.86moi% dimefhylsiloxane, 18.81moi% methyl phenylpropylsiloxane, and 0.33mol%
methyl propyimethacrylate siloxane as determined by "H NMR.

Example 2Y — Preparation by ROP of Dy, D4® and D, EuEM

A stack solution was made of 9.18g 1,3-divinyl-1,1,3,3-tetramethyldisiloxane in 270.34g
Ds. 0.369g of D4™"™M from example 1J, 3.615g of D" from example 1B, and 0.35¢g of
the 1,3-divinyl-1,1,3,3-tetramethyldisiloxane stock solution were mixed together in a
25mi round bottom flask under N, atmosphere. 200ul 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 letft stirring
at room temperature for a further 16 hours. The mixture was diluted with 5ml of dry
toluene, added 300mg of Na,COj3, 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 settle overnight, supematant decanted and solvents removed to
obtain a clear and viscous oil, 1.23g. The composition of the copolymer was as follows:
Dimethylsiloxane ~ 77.80mol%,  methylphenylpropylsiloxane  21.45mol%  and
methyleugenol-IEM siloxane 0.75mol% with- Mw of 38517, Mn 20225 and refractive

- index 1.4553.

Example 2AA - Preparation of a siloxane copolymer by ROP of Dy, D" and D/
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5358 3209 1.581.50711 2J HEDS 4.3 95.7 3334 2408

1.38 1.52271 2K DVIMDS 89. 26 10.47 0. 27 68462 27395
2.50 1.4310 2L DVTMDS 82.52 16.28 1.20 65933 j 31180
2.11 1.44333 1840 WO 2007/128051PCT/ AU20071000582 43
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A stock solution was prepared of 9.18g 1,3-divinyl-1,1,3,3-tetramethyldisiloxane in
270.34g D4. Another stock solution was prepared of 7.24g D4 in 92.47g Da. 1.00g of
the 1,3-divinyl-1,1,3,3-tetramethyldisiloxane stock solution, 0.309'01c the D," stock
solution and 1.74g D4*® from example 1B were mixed in 10rhl of anhydrous toluene.
14.7ul of trifluoro-methanesulfonic acid was added and the mixture was allowed to stir
at ambient temperature for 3 days. 2.0g anhydrous NayCOs 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 40ml ethanol with vigorous stirring. The product was allowed to settle and
the supernatant was decanted. The residual solvent was removed under_vacuum to

obtain the product as a clear and colourless oil (5.364g).

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

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

Examples 2A to 2AD

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 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 H:SO,,
trifluoromethanesulfonic acid, trifluoromethanesulfonic acid in acetic ahhydride) in
toluene or as neat mixtures at room temperature fo .110°C. Typically,

trifluoromethanesulfonic acid is used in the range of 60 — 200u1/3.5g Ds.

The details of starting materials and the resulting macromonomers of various examples

“are setout in Tables 2 and 3 respectively.

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

prepared by this methodology. Structurally similar polymers with polymerizable groups
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1. 80 1.44556 1140 2P HMDS 81.58 18. 15 0. 27 26239
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along the backbone could be prepared by the addition of suitable cyclic monomer (eg

D/ into the polymerisation as in examples 2K to 2V.

Examples 2Z to 2AD illustrate intermediate macromonomers suitable for further
reactions with reagents bearing polymerisable groups, such as described in Schemes 8

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 D, D/ D™ | Other | mass(g)
éA b\/TMDS . 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 2.23 0.59
2F HEDS 0.0034 3.14 2.01
2G HEDS 0.0064 1.57 0.94
24 HEDS . 0.0269 1 a7 4.23
21 HEDS 0.0278 0.75 5.44
24 HEDS 0.0272 0 | 6.00
2K DVTMDS 0.0110 382 229 0.030




16262 1.61 1.4466 320 20 HVDS 79.9 19.9 0. 20 28271
17532 1.61 1.44584 2R HMDS 80. 15 19.55.0. 30 95813
48231 1.99 1.44528 2S HVDS 80.08 19.80 0.12 61494
39001 1.58 1.44775 1910 2T HMDS 80. 86

WO 2007/128051 PCT/AU2007/000582 -
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2L DVTMDS 0.0263 3.57 2.30 0.052 |
2M DVTMDS 0.0010 143 0.92 £.0096
2N DVTMDS.. 0.0013 1.44 0.92 0.0096
20 DVTMDS 0.0014 1.44 0.92 0.0096
2P HMDS 0.0009 1.43 0.92 0.0056
2Q HMDS 0.0009 143 0.92 0.0096
2R HMDS 0.0012 1.79 1.15 0.015
2S HMDS 0.0016 179 1.51 0.154
2T HMDS 0.0023 277 1.78 0.040
2U HMDS 0.0050 2.86 1.78 0.040
2V HEDS 0.0089 1.30 0.84 | 0014
2W HECS 0.1186 18.25 12.00 0.27
2X DVTMDS 0.0038 1.26 0.71 D 0.02
2Y DVTMDS 0.0115 3.95 2.60 Do 0.37
27 HMDS 0.0011 1.19 0.71 DS 0.23
2AAY DVTMDS 0.0330 8.20 1.74 D" 0.02
2AB DVTMDS 0.0330 1174 779 D 0.43
FAC DVIMDS 0.0330 1215 779 D 0.02




18.81 0. 33
20.2 0.25
0. 20

89839 51575 1.
25193 16864 1. 49

89034 52100 1.71 14550 2U HMDS 79.6

95597 53927 1.77

WO 2007/128051
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2WHEDS 78.7 21.0 0. 34
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11.18 ‘ 7.00

74 13810 2V HEDS 80.2 19.6
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Table 3: Molar percentages and characteristics of macromonomers of examples

2A to 2AD
] Moi% in product by '"H nmr GPC
Example ' Rl (@ | Viscosity
No. | Cnd SO - - Mol 37°C) | (esY
Dy D, D, Other o Mw Mn PD
2A DVTMOBS 795 20.5 1738C | 11516 1.51 1.44969
2B DVTMDS 83.6 16.4 16958 9360 1.81 1.44107
2C DVTMDS 86.8 13.2 19580 | 11743 1.67 1.43508
2D DVTMDS 88.2 11.8 22490 | 12050 1.87 1.43212 .
2E DVTMDS 92.8 7.2 18138 | 13060 ! 1.39 1.41964
2F HEDS 81.0 19.0 99628 4C022 2.26
2G HEDS 8§2.3 17.7 36237 | 25892 l 1.40 1.4444
2H , HEDS 50.8 49.2 12657 6567 1 90 1.4876
21 HEDS 27.7 72.5 5358 3209 1.58 . 1.50711
2J HEDS 4.3 95.7 3334 2408 1.38 1 .522l71
2K DVTMDS | 89.26 10.47 0.27 68462 | 27395 | 2.50 1.4310
2L DVTMDS | 82.52 16.28 1.20 65933 | 31180 2.11 1.44333 1840




1. 44797 2X DVTMDS 83.91 15. 96 0. 13 32450 17943 1.8
2Y DVIMDS 77.80 21. 45

0. 75 38517 20225 1.9 1.4553

2Z HVDS 77.84 18.73 ad' 343 1.45783 T 2. AA DVTMNDS
95.28 4. 47
WO 2007/128051 PCT/AU2007/000582
43
2M DVTMDS | 81689 | 1792 | 0.39 45773 | 21875 | 2.09 ] 144598 | 1560
2N DVIMDS | 8205 | 17.75 0.20 33355 | 18061 | 1.85 | 1.44564 ] 930
20 DVIMDS | 82.07 | 17.75 0.18 38240 | 21197 | 1.80 | 1.44556 | 1140
2P HAMDS | 8158 | 18.15 | 027 26239 | 16262 | 1.61 | 1.4460 320
2Q HMDS 79.9 159 0.20 28271 | 175632 | 1.61 | 1.44584
2R AMDS | 80.15 | 1955 | 0.30 05813 | 48231 . 1.09 | 1.44528
28 AMDS | B0.08 | 19.80 | 0.12 £1494 | 39001 | 1.58 | 1.44775 | 1210
2T HMDS | 80.86 | 18.81 0.33 89034 | 52100 | 1.71 14550
20 HMDS 796 20.2 0.25 89839 | 51575 | 1.74 13810
2V HEDS 80.2 196 0.20 25193 | 16864 | 149
W HEDS 78.7 21.0 0.34 5597 | 53927 | 1.77 | 1.447%57
!

D EU- L -

A
2X DVIMDS | 8391 | 15.96 . ew | 013 | 32450 | 17943 | 1.8

Do
2y DVIMDS | 77.80 | 2145 av | 075 | 38517 | 20225 | 19 | 1.4553

_ o 1.45783 !
27 HMDS | 77.84 | 1873 D, 3.43 ; :
" i “11.41853
2AA | DVTMDS | 9528 4.47 D, 0.25 | 54095 | 35621 | 1.52 . 4470
. +

2AR | DVIMDS | 525 457 DS | 1.8 [ 20527 | 12200 | 1.67 :




0.

25 54 095 35 621 1.52 1.41856 -1t 4 470 2AB DVTMDS

52.5 45.7 D4 20 527 12 290 1.67 WD

2007/ 128051PCT/ AU2007/ 000582 44 2A. 0 DVTMDS 39.3 59.1
Dy21j 1.6 11 425 5 327 2.14 2A0 DVTIVIDS 797 20.10
Dy 0.25 44 889

WO 2007/128051 PCT/AU2007/000582

a4
2AC | DVTMDS | 39.3 59.9 D | 16 11425 | 5327 | 214
2AD | DVIMDS | 797 | 20.10 D | 025 | 44689 | 35283 | 1.27
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Example 3 - Synthesis of silane functionalised prepolymers

in examples 3A to 3D silane functionalized prepolymers were prepared by ring opening
polymerization of Ds with D4 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 introduced by using a variety of end group biockers. The ROP occurs under
different conditions by using a range of catalysts, which include, but are not limited to,

type of acid, Lewis acid, and exchange resin.

H CH, /Hau £Hz\
\ Si—C Si- O
4 \
_ + /3| _s|\ —
o/

3
CHa R.
R

S,' 3C\ ’CH—. "L -‘CH3 \
§
e - \

Example 3B - Preparation of silcxane copolymer containing 20-30 mol% siane
functional groups '

1.003g HMDS, 44.205g D/ and 129.03g D4 were dissolved in 200m! toluene. 260yl
triflucro-methanesulfonic acid was added. The solution was allowed to siir at ambient
temperature for 7 days. 25.0g anhydrous sodium carbonate was added and the mixture
was allowed o stir at ambient temperature for 3 hours. The mixture was then filtered

through glass filter paper on a sintered glass filter. The filtrate was added drop-wise to
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35 283 1.27 1-21 .3 C *19.4C Exanple 3 - Synthesis
of silane functionalised prepolyners In exanples 3A to
3D silane functionalized prepolyners were prepared by
ring opening polymerization of D4 with DAH as shown in
t ] w ng schene. The ratio of silane 5 functional
\angoglllg ong the backbone was control | ed toayPGPYovess
m)dl f| cation with pol ynerigabl e and refractive index
nodi fying groups in later steps. Different end groups
are introduced by using a variety of end group
400n9'e%%8r SThe a@ ARG eREE and hd RIF £RNLbLARS Mber
a ran cat a sts I nc but are not
Vacuﬂlm@?b@lft@deﬁw@uﬁﬁs%ﬁl (@04- E%W)s aC| d, and exchange
resin. Exanpl e 33 - Preparation of siloxane copol yner

rabi b REalY o3 s RN EB SRR et e i ssol ved in-

200mL t ol uene. 2600 trifiuoro- nethanesulfonic'acid was

alER mpItNe 0T UTTER &%, 41 | OWNIMRQIa®E 1 T etscag'w &8 15
terrperature for |7 days._25. Q anEygr_ous sodi um
cEP¥BReE e |was ad(‘]’é!dﬂi‘{Wthe ﬁ‘lcﬂi* r @Mas| al | owed to
stir at arrbi ent tenperat ure for 3 hours] The m xture

s—then—f hr-otgh ket onma
S n"f‘er ed cICaHss f| PFer etql [ tr a%"ggvvas% eod
dfop-w se jto 2007112 051PCT/ AU20071000582 45 400ni
efsganol . T supespat ant j\wassodecamnsed andgd he resi due
was evaporjated under vacyumto optain ajclear
colourlesy oil (1104.108q). Tablel4: Summry of results
of 3@xanpl §L3A 118830 Exan®@Enunpeb8R = MW mai % by | I H
NMR 1H vaﬁz data|Viscosity (cSt) Si (CH3) 2Si H
3A-CH3-19.18 0-069-4.-68-16100-3B :

3D CH;  129.0 0069 4.68 853

Exampie 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.

- R / .
TMSO- s/i/O [ ,ﬁ/o 7 FMSO /O // o>\rms
LT ™S ————— . S§
\ A \ \ b

Pt cat.
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CH3 28.0 0.069 4.68 880 3C CH3 28.18 0.069 4.68 2610
3D CH3 29.0 0.069 4.68 853 5 Exanple 4 -
Functional i zation of silane prepol yners The

prepol yners prepared in exanples 3A to 3D were
functionalized by allyl conpounds via hydrosilylation
t §O4 MY &dtce pol yneri zabl e groups and ref r abET¥e0pHER
nDdlfylng groups in one orggdwo steps. The
hydrosilylation is illustrated in the foll ow ng

schenme. WO 2007/128051PCT/ A112007/ 000582 46 Exanpl e

| f I I ith
X1 O 3 =00 6 0t RSP P ST 1R e yhrer
(exanmpl e 3B) was di ssolved in 20mL of toluene in a

3. 005@ oo RePA sitist RRbIlmasiexaebieraes vadi didsoRed Qﬂﬂﬁﬁl%ﬁo{uene ina

of all EI benzene (AB) was added, foll owe

50m&tﬂm%°8@m+{eﬁ egipped w%ﬁ a15p8tenssr U -Péte P'@'W@Pwe a8) was
addéc{ I?Etﬂawed %yéh OEullé?'}@ert 35;3?515%’( S@Ihu@h ANtoliR e FPh = 24 xafos M),

uot was renoved and
The gpiCLe pigs et 3t A7 T idan dapl af ol n SRutgesisaIoy ey &nd
dneaslwgwé éfwéartehﬂ viscoub toitnt "H NIYREdn0@n shdvedl thaB 810 kultant

POV B R oL LR e i B oeed P EPE ety

groupet Trssalaﬂtyt&dzenmﬁmmmliedmom wss aot isobedmedicati 6t was
use ?{ ah E@erpxreﬁﬁ Rt {hgrb eﬁJ rﬁr}le 430 Addi t | onal
a enzene uncti |ze 1ane prepol yners were
prepared in exanples 4A to 4H the results of which

AddmfbﬁalSeﬁﬂyllbérhﬂenerfuﬂ'@bh@iz& sEéﬁUTprle@olﬂrﬂwers Eﬁl‘%b?@g&?_hﬂ@?@ﬂﬁles |
of a. sl i al coho g o
AR aHL e Sﬁ’?ﬂﬁ%ﬁﬂﬁe@%& E&gﬁ!ﬁ% AE was dissolved in

20mL of toluene. 2.241g of allyl alcohol (AA) was
Exaﬁfﬂ)@@ﬁb f ﬁﬁﬂc@&ﬁéjlzgﬁbn]& Q@%arﬂ:f Fgr%@él%w@fd\tmﬂ? a@@él@eﬁcﬁt

solution 15 in tol uene he

sol uti on was heated at 4OC for 19 hours. The sol uti on
4.04tgsof cthe| slidng @repotymetr exfimatply @Eawds HissOlyeofin 20til \vitt@dene.

2. 24C!ﬁ ol?)ggki P@er eggﬁ\ﬂwa;r Qﬁderq ?éﬁéweed W?O&}I OF kgr%tefd% C&FQ&% ion

rou ass
in teliemecfRi =f 3.4 e 0™ NBJ Thﬂ/\é@!uty@n WraBthEatadoat 40‘?Co‘algh9 &ours. The

solugor?%@@cla?éfeﬁqeWBQthrﬁggrafdre LRE -1 g&q f’ ?ﬁgﬁgl%ﬁor o Q8 ddded.

to contaln

The yixignevps sties! for M%éﬁz*&nefﬂzﬁﬁ%ﬁ vhzomm% titorpepsrion alass
sinté¥kd Bflllte|a|f81m%|d b AghESH #Hrbddf aSh. bQﬂl‘rﬁ Wd‘?&f?ﬁloMWVFmﬁMerbeThe

reacted wth reag ents contalnin yneri sa groups

produgt WEEnfcHBE e st CP5a10 e hal-fr gggﬁmoﬂw@maiceho! 17.01mol%

awﬁaﬁehéaﬂ@kzegﬁsma&ﬁ@thed silane prepol yners were
prepared in exanples 41 and 4K, the results of which

are set .out in Table 5. WO
The28ly7 El8ob IPCTali28D Bl 0 B8oliheTatrkae e rSanterhmijth ofeagents

contafiiy foiyntdrisENB RIS téHorh o IR RAE Qﬁ'ﬁe present invention.

Additional functionalized silane prepolymers were prepared in examples 4l and 4K, the

results of which are set out in Table 5.



Prepolynmer (9) R (g) Catalyst (pi) nol% by '"H NWVR

Rl (23C) 4A () 5.011 7.494 H2Pt C16, 160 6. 00/ 0 AB; 22% .
Si-H 4B __ 0 3.032 4.613 H2Pt C15, 100 8. 5% AB; 20%
Si-H 4C 0 3.066 1.271 Karstedt's, 100 19% Si-H
1.43168 4D r% 3.021 0.089 Karstedt's, 120 12. 98% AB;

14.91% Si -H 1. 44428 4E (-) 3.007 1.034

WO 2007/128051 ) PCT/AU2007/000582
47

Table 5: Summary of results of examples 4A to 4K

Prepolymer mol% by 'H
Example R= (@) R {g). Catalyst (1) NMR RI(23°C)
e}
7 6.00% AB; 22%
4A —<:\> 5.011 7.494 | H2PICIB,160 °S . °
— i
7\ 8.5% AB; 20%
4B 3.032 4.613 H2PtCI5,100
= Si-H
VRN 9.5% AB; 19%
4C “O 3.066 1.271 Karstedt's, 100 SH 1.43168
— . i
N ' 12.98%
4D ~—<\ ) 3.021 0.089 Karstedt's, 120 . 1.44428
= AB;14.91% Si-H
RN 17.32% AB;
4E 3.007 1.034 Karstedt's, 100
== , 11.38% Si-H
7\ ) 18.73% AB;
4F 3.036 1.030 Karstedt's, 120 ¢ 1.4484
== I 10.88% Si-H
2087%
4G —@ 3.001 1.148 - | Karstedt's, 120 ) i 1.45272
AB;8.90% Si-H
4H 3.053 1.275 Kearstedt's, 120 1.45484
- = 6.3% Si-H
_ 5.88% AA,
4] - —OH 2.012 0.158 Karstedt's, 100
20.9% AB
] . 10.72% AA;
43 —0H 4.041 2.241 Karstedt's, 100
17.01% AB

|




“Karstedt's, 100 17.32%AB; 11.38%Si-H 4F ._...c)

3.036 1.030 KarStedt's, 120 18.73% AB; 10.98% Si -H
1.4484 4G 41 3.001 1.148 Karstedt's, 120 20. 87% AB;
8.90% Si -H 1.45272 4H/ \ 3.053 1.275 Karstedt's, 120
21.159%AB; 6.3% Si-H 1.45484 41- _ - 2.012 0.158"

Karstedt's, 100 5.88%WAA; 20.9% AB - 4J -OH 4.041
2.241 Karstedt's, 100 10. 72% AA;

WO 2007/128651 PCT/AU2007/000582
48
\_/ OH 5 | : | sosis |
4K \_\ : 3.007 6.325 Karstedt's, 100 29.20% Eu 1.48548 |
OMe .
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Example 5 - Preparation of siloxane methacrylate from siloxane eugenol
derivative and IEM

OH MeO
MeO ®
)\ O\/\N”C//O
i N/
|

a /b\ c
= [/ |
S N"0oMe
0
o=
H

Isocyanatoethylmethacrylate (4.66g of a2 0.230g I1EM in 21.68g of toluene), allyl benzene
and eugenol functionalized polymef (0.880g; a=77.8%, b=18.7%, ¢=3.5%; RI=1.4578 at
21°C), and dibutyltindilaurate (25u!) were mixed and stirred at room temperature for
17h. The reaction mixture was precipitated into methanol. The precipitated polymer
was collected and evaporated to dryness to afford an oif (0.883g). 'H NMR analysis
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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17.01% AB WD 2007/ 328051PCT/ A1. 120071000582 48 .
3.0076. 325Karstedt's, 10029.20% Eul. 48548 Exanpl e
5 - Preparation of siloxane nethacrylate from sil oxane
eugenol derivative and | EM 5

I oethylnethacrylate (4.669 of a 0.230
2%8% %#0 t ol uene), ally' benzene and eugenBf st
functl onal i zed pol ymer (04880g; a=77.8% b=18.7%
c=3.5% RI=1.4578 at 21C), and dibutyltindilaurate
(25p1) were m xed and stirred at roomtenperature for

Exarf_:rélla GThq:JﬁﬂﬁﬂéI&Btla?\ X&fursﬂal"@s ﬂ%‘b@ﬁr‘n@r& aﬁfdpdlﬁ%@nzabha and

hanol reci pitated éner was col | ect ed
TefraéVH‘bWéW‘i'iV'ﬂﬂ?”ﬁé‘§§ Viga a?'r%q' ydrestylptien. 883g) . 1H
NMR anal ysis 10 gave the desired 1EM'functionaIized

A mi{;regcf hy rosgﬁg@:ngn ofg)@ @t@&n{hgglf(?%@%g\mgp !‘;%rfEchmrq | vas ndex

of the polynmer was 1.458 at 21C
2007/ 128051PCT/ AU2007/ 000582 49 Exanple 6 -

Functionalization of silane prepol yners by R
polyzerlzable and rghracis ve i ndex nDdlfylng gr ups
&2§§Q dr osi ?atlon A nlxe in
TMSon t M§ n?1m§WT—h1mb -mﬁ
™ s /o rsth dt SNkl ARVt TV s )i s
Functionalization of a silane prepol yner th aIIyl

benzene and eugenol (13:1) 3.01g of silane grepol yner
contai ning 28 nol % sil ane groups (exanple 3B), 5.69g
of allyl benzene and 0.637g of eugenol were dissolved
Examipl260it Ruottipealzation of & 6ifeher mapadyrbertwitinallyl berkeeg @ng pagenol
dyth a condenser and gas inlet tap under N2. 100pl of
arstedt's 10 catal yst solution in toluene (pt} = 3.4
Xx 10 M was added to the solution and the m xture was
3. 01§tdfrsr1§@b BlepdiPfetiestesinihg 28NeEoIvD Bildner goupsy (ekbmPIFRBING BBy of

AV EREANE 07 ST S o SRRt s P RES r 2oE B 8 asn punc

. botterh fidsi3edldpret vaibta mtjermlsem antgas anhd tagt indee il f BlOuBoth Barskedt's

cata \R/{a{ ‘é&u% ﬂ;]htotugﬁe ?[‘?ﬁ S‘I(f 4 }\Az%vz?%?%o%fe% dthg s%fl}n}ﬁﬁr r%d the

enoved rate
mnnuwmas stipred @t 4Q@IUNGEr N2 p@mnéoraﬁm by mm uni! e the Sl—H groups
wers HoHEGh&S r(sz%aso’q J) co%& 1) fo%%m&é?gtﬂre followed by
sat ur at ed dried over

addijen 68000 aewa q&ﬂ&@rar}deﬁwéépr&r@ Ngf@rfﬂ@*%hu the gargon was

ﬂter%h%?ff The éo%ﬁt' \Nasv.%Hona #B6h b 5K dhe plodtR2Gas Tken up in
ymer was found to contain 26.05 SEV/ aI&been en

10m o PRSP0 G SHOT o A FEt ST A P KRGO then
satu@ated NaCR$30Ha) Sidrinerioly Mg OIVRI engrotiie waaf deet invdr reduced

progs(F Beigd Bbe e iLy Bt dsconn o deRE” 18P BREmELgs fune

to goadips 26005 ansitiragliythenremeer 2.00f mblbe mmehtanmvb‘n% omoi%
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(23.prepol ynmers in exanples 6A, 6B, SC, 6E and 6F may be
reacted with reagents containing polynerisable groups
to form nmacronononers of the present invention. Table
Thegsilape PEROYMERaY bEUepated Milbranginis CEIRIRB0 R VEEssphie groups
to fAYBSRadbRionomers of the present invention.



polymer (g) R= Mass first allyl derivative (g) ,. Mass
second al ly! derivative (g) R Functional- isation

nmol % by11-1 NWVR 6A 2.00 3.79 -H2Q /OH Owe 0.21

14. 6mroN 0 AB and 6. 3nol % EU 6B 2. 00 0 3:79 -H2Q CH /
Ove 0.10 10.4nol% AB and 1.2nmol % EU 6C 3.01 CH2- 1

WO 2007/128051 PCT/AT2007/000582
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Additional examples 6A to 6F are shown in Table 6. Again, the prepolymers in
examples 6A, 8B, 8C, 6E and 6F may be reacted with reagents cantaining

polymerisable groups to form macromenomers of the present invention.

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

Example Mass pre- R= Mass first R’= Mass Ri Functional-
polymer {g) allyl second isation mol%
derivative allyl by 'H NMR
(e)] derivative
(9)
BA 2.00 CHz= 3.79 4<— 0.21 14.6mol%
! —H,C OH
2 2 \:%‘ ) AB and
( = OMe 6.3mol%
EU
6B 2.00 ChHp— 3.79 = 0.10 10.4mol%
HQC‘QOH AB and
O OMe 1.2mol%
EU
6C 301 CHy= 5.6 = 0.637 | 14727 | 26.06mol%
1 —Hzo OH
= \_/ AB and
| yZ OMe 2.0mol%
EU
) CHz— 3.79 § . 0.10 10.67mol%
6D 2.00 2 o : . ’ku’\’“\g* o d/n
| = OMe an
NF ¢.23mol%
EU
6E 2.00 CHz— 3.79 - —CH,OH 0.037 | 1.4485 9.7mol%
= ' AB and
| 2 2.2mol%
AA




---. 569 -H2C/ OH Owe 0.637 1.4727 26. 050l % AB and
2.0mol % EU 6D 2. 00 3.79 --H .0 Owe 0.10 Hg 10.67m1%
AS and 0.23nmol % EU SE 2.00 CH 2- 3.79 -CH20H 0. 037
1.4465 9. 7nol % AS and 2. 2npl % AA WO

2007/ 128051PCT/ A1J20071000582 51 8F 2.00 CH2- 3.79
-CH2OH

WO 2007/128051 ) ’ PCT/AU2007/000382
51
5F 2.0 CH— 3.79 — e 0019 | 14460 | t22mol%
l x ABard 3.8
P | mol% AA |

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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L7 -- mol % AA It WII be understood

that the i nventl on di scl osed and defined in this

specification extends to all alternative conmbinations

of two or nore of the individual features nentioned or

evident fromthe text or drasd ngs. Al of these

di fferent conbinations 5 constitute various

alternative aspects of the invention. MCSLLP 52

CLAI M5 1. A macronnononer of A formula 1: (1) 5

wherein RIMis a refractive index nodi fying group; Z

i 9. a fAeeadr@fbsdhéof torRGihgabl e group; K is a spacer

group; L is optional and is a spacer group; io each R

I's independently sel ected froman RM a | ower al kyI

gr oup % e]n o(ﬁ \Z; is\a Iar age of
macr oRoAbNE g:aa/@
ml % R b (sl a nyl rlper tage ﬁbnner
which is in the rane \tolcg Lol % d &is a
nol ar percentage of the rmlMormn Mr whi ch s in the
range of fromO to 2 nol% and d|is a nolar percentage
of the macronononer which is in #he range of fromO to
2 nol c/ o;

<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 alkyl group, hydrogen or

Z,

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

95 mol%;

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

99 mol%;

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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20 with the proviso that ¢ and d are not both 0 nmol %
MCSLLP 53 the macronononer havi ng, when cured into a
pol ymer, a nodulus at 37C of |ess than 50 kPa. 2. A
macr onononer according to claim1 having, when cured MCSLLP
into a polyner, a nodulus at 37C of |ess than 10 kPa.
5 3. A macr onononer accor di ﬁ-’& to claim 2 having, when
the enacesmomimeahadhy nehen auraadintaa polyBéc Dmddess &h3TrCSof less
th kE@ b 4. A macrononomer according to any one of the
ahpQER®i ng clai ms wherein each RIMis independently
sel ected fromthe group consisting of a substituted or

un i tut romatij.c graou fluorjnated gr.oup, a
2. o BUBBBHBMR PPl 4B oo P e Piifia pBymer, 2
modatlumdtsy7°@rd lesstbaphOrkPaont ai ni ng group. 5. A

macr onononer according to claim4 wherein each RIMis

a substituted or unsubstituted phenyl ring. 6. A :
3. maérroatmomeonss cacdiding toocleinai2nhaving, vherwbanediintoeapblyRer, a
mOLLLI?lé# gl%eipé%ﬁé)#lt ar?%lk%%t. ed froma RIM a lower alkyl or

ydr ogen. . A"macr onononer accordi ng to any one of

" the preceding clainms wherein each Z is an

et Ry, L&al - .
4 R HR e E Lo e b BB ATRARNE bherein each
RIMedg Hindepandestly nsiigead eiomy theelgrote dednsiatinphef gr caubpstituted or

i.Ski .a_line . e r_c ic | . ,
uns RIS | 8itic2atouBe 3 muBlRRERciouRT 26t coftifing bromine.
iodime toe chiatinamtam(s ahdta sulhed c2btaininggeoup: nore of an

ester, anide, urethane, carbonate, thioester or

-C(S)-NH-. 9. A nacronononer according to claim8
5. wharmaerogrobmeriascardingvsr claink ¢l wbéreirheath RiMl ia a substituted or

- - reinnis an integer 1, 2, 3, 4 or 5 10.
uns?&é%%@%ﬁm\nsaccor ding to any one of the preceding
clainms wherein each L is a |ower alkyl of the fornula .
_( - i L I I . .
6. 1 R dSomafftes ddobiry BBt F3Fs, hinsfein dacfh €l degShdenty
selepteeldamnn adgRIM, & loerehalkiyhar hydragfanact i ve i ndex at 37 Cin
the range of fromgreater than 1.33 to 1.60. MCSLLP
54 12. A macronononer according to any one of the
7. pr&deairagosbaiengchendinggtozanyi ensoeld thy prec@iny okirhe séherein each
: 3 macr onononer according to
Z'3t@ﬁ?@%’%‘@&%”%‘“ﬁ#ﬁ%@?ty at 25C of from 1,000 cSt
to 60,000 cSt. 5 14. A conposition curable into a
bi i [ j [ ' .
8. ¢RI Ronger BEcoRild 1y A\ BAHATRORERG BERAS 4hBfkin cach
K isdodapegdantiy selettad rfrad thrugmiop eonrisiing of a libéar, bsanabkedaor cyclic

o RERNEA A8 et B BB et g oot

by ovietar nedre i aa estarc amided atdthand, _hraveite, ahiokstes of OC(B)dNH-.
fromthe conposition of claim14.  18. An
accommodating intraocul ar 1ens for correctin
9. 1 oPTRRTIPTBNEMES AR (G/RaiToR WARTRIFARTS 't Adower alkyl of the
formiu@d LEH Ve viauigih Pfs aiinfyger 1f Braredodfs.om t he
conposition of claim14. 19. An accommobdati ng
i ntraocul ar | ens accordi g_% toclaim18 forned in situ.

10. 1 5ASOAGIRROBPMET AGRYIGENG: oGV RN PR Preeeding ciaims whgrein each

L is bhewERaIK| 3% tnd RraliAN CREFRTWREASH Rds bRtiRRGEM &, 3 81y 5.
for correctlng refractive error in an eye, or

mai ntai ning the refractive power of an eye.
1. A macromo%omer accorgmg to ar?y one of the pr%eding claims having a

refractive index at 37°C in the range of from greater than 1.33 to 1.60.
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12. A macromonomer according to any one of the preceding claims having a

viscosity at 25°C of less than 150,000 cSt.

13. A macromonomer according to claim 12 having a viscosity at 25°C of from
1,000 ¢St to 60,000 cSt.

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 claim 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.



