3381F WO WO 2009/046235PCT/US2008/078646 OPHTHALMIC AND
- OTORHINOLBR¥NGOLOGICAL DEVICE MATERIALS Field of the Invention This invention is directed

to improvedvwephtivalenéesand otorhinolaryngological device materials, In pagieutangtiRigHpygntion relates
to soft, high refractive index acrylic device materials that have improved glistening resistance, 10

empiasis hoe b B B A R Rl tonoce.

In general, these materials fall into one of three categories: hydrogels, silicones, and acrylics. In
general, hydrﬁ.ga Qiieri?ls haye a relatively low refractive index, making them less desirable than
other materi '¥cker lens 20 optic necessary to achieve a given refractive power.

Conventjonal silicone materials generally have a higher refractive index than hydrogels, but tend to

unfold explosively aftgisbeipg,plagsd inithe qyaing folg@d qﬂgépgpegxp@@\{ﬁ %Egldinc%qan potentially
p e v

damage the corneal endothelium and/or ru tureé%%e natural lens capsule."Acrylic materials are
desirable beBEERARMBRIBgIE2bABVIER MigieTiateactive andiexain thimiouentiore religidg tr controllably
than _conventg,Qﬁgl ﬁiwn@ﬁm@ﬁndex Ua%ry‘ﬁé‘t%\)ﬂz%- e Cff?é’goﬁ%%“gﬁwﬁ%%'ve '“Fjex’
acrylic materials suijtable for use as an intraocular lens ("IOL") material. These 30 acrylic materials
contain, as pﬁﬁ%ﬂ@dﬁﬁé@ﬁ%y two aryl acrylic monomers. The IOLs made of these acrylic materials
can be rolled or folded for insertion through small incisions. U.S. Patent No. 5,331,073 also
discloses soft acrylic IOL materials. 35These materials contain as principal components, two acrylic
monomers 32BAFLRURNQN HEJONEIBEEPCT/US2008/078646 which are defined by the properties of
their respective homopolymers. The first monomer is defined as one in which its homopolymer has a
refractive index of atVisadhebesenisoivEmese dornaibinnismm sdizinet asgay, imoleebeds
homopolyme t iti ratur t,22 C. 5 These IOL materials also
contain a croésﬁ%nfﬁl@gqf%n%ﬁirﬁg é% |f§§n%a%{/8{é§,§gl %%éﬁ;r%?éa%gyn&%i%ha W %lgﬁ n%rfourth
constituént, difReréhtariieiehdansethredcoestialntbeatichatedsisvéallfrioio sohd adptiiieemonomer.
These materjglgprefesallahaye 2 WiabAblessthan it 15% by weight of a hydrophilic component,
10 U.S. Patent No. 5,693,095 discloses foldable, high refractive index ophthalmic lens materials
containing at least about 90 wt.% of only two principal components: one aryl acrylic hydrophobic

monomer and one hydyepérht, hpdmpel . b desybcahydraphapiomorgaeliamgformula 15
CH2 = C - CQO-(CHZ2)m-Y-Ar 20wherein: X is H.or CH3,; m is 0-6; Y is nathing, 0, S, or NR, wherein R
is H, CH3, Cn éﬁ’gﬁ@ﬂ {A ?ié*%@%ﬁ%@#éﬁ%ﬁ @ﬁ&&%’ﬁg%se of E»e%h) 188{ng Momatic ring
which can bephsulstiasadyotos aobitutec 25weth ©HcIR2HWeE 3K Chrisertishil, §licbtd C6H11, CI,
Br, C6H5, or 8 A | in.the '095 Patent preferably have a
gIass-trans.itirtg;r%_i'lt%ﬁrr:??){z| a‘?ﬁ%ﬁﬁ%ﬁw nggk%ﬁ?% a’rblé%-’gg ok gwdrﬁééx%é R {gg%ular lenses
may be folde¢n&d mgdpeivatraligh ketraaliaceidiont-m eyenisral faldedteonitiveriaE rpdyshe deformed to
2 greater extgrioRfatdnoanamiaeristhiyeyal earneieasaNCTAShoFIoR pefenic o

methacrylic materials typically do not have an appropriate combination of exibility and
non-tacky sUMHEERhIBPErGaRE BerMRY it Snatpdalssaredanimbinh becaussohey tipisilhs that required

for silicane 19k 2 FAGAFAHRNR AARKOLAASTRIT IRALYIRPAR corfrahiagyiang dlvcol (PEC)
dimethacrylates are known to improve glistening resistance of hydrophobic acrylic tormulations. See,
for example, (9T ePHRER RIBCOREIBIIE!I% 528,602; 6,653,422; and 6,353,069. Both the 5
concentration and molecular weight of PEG dimethacrylates have an impact on glistening
performance. Gengrally, gher; r weight PEG dimethacrylates (1000 MW) yield
copolymers with iry%%{/egag?ﬁggem psér?f%{r?fﬁglr?cé\( 5%?’@%0%%%%%%%@?%& 7 I'\)(X\é/)o), as
compared toTelRiFaisoRuitARIaNENhiFeE 8sdimieintiendates [en9qOIOMY)). matarakr, Bve®iEG 10
dimethagrylale chocRMEAINEAHEMC SIEADIR I DI ABIANS AINEN B ARVEd r. Addition of
PEG dimethac@lates also tends to decrzparlse Tﬂe moltgﬁlzﬂs and tens%?e{)ztgréﬂ%%wmg t%%ge?guning

copolymer. AlB8, RBdPAR il seerfY itECAiRRRihaaR Redolind gefrdaty festinsedibre with
hydrophobictaesylih eRAMRISidSsSummary of the Invention

U.S. Patent No. 5,331,073 aiso discloses soft acrylic 10L materials.

35 These materials contain as principal components, two acrylic monomers
1



Improved soft, foldable acrylic device materials which are particularly suited for use as 10Ls, but which
are also usefiligas vtber ophthalmic or 20 otorhinolaryngological devices, such as contact lenses,
keratoprostiasesodaaaal rings or inlays, otological ventilation tubes and raraistmslantsishave been
discovered. These polymeric materials comprise macromers containing hydrophilic side-chains. 25The

subject hydrgpilic éiged%tﬁﬂ@dnﬂﬁcfﬂé“EFE%W?%&W%@%Q&@Q%@'I’H% IRV qeylibrium water

content, high refractive index 10Ls. The use of a macromer having a hydrophilic side-chain allows
incorporatiorfitit HiepReMldelaf i MRIgHS i oPhINBi Y fsd ReMROPRY BV By didp R Frér as Py mer
formulation. fighepmalecidenniotsy drphilischedadisnisics A mee Ll halisiening

resistance ingredients than comparable weight fractions of lower molecular weight hydrophilic

polymers. THIE RANOPGIATEoRARI@ AlpEs HANHIRL IRARE AR (o 1RaRIRDAWedE cdd equilibrium
3381F WO WRe3a0RM4a7tahsld /LIS QRIS G @ /eaterrmanie Bbritdhintefragivedngry, and a

smaller mass intraocular lens that can be inserted through a smaller incisjgn. Detailed Description of

the Inventiorf2S€ M3HRERIS MRRAARIRIIN AL AN A IRPBRGRSHYEALs SHELHBEERBI™ a % (wiw)
basiSf("Wt-%ﬁnsITm@l@\daﬁsm@ﬁ| kal,s\flﬂfimei@r@@thvédnﬁremier;?t&amm?am@nsr:iﬁdmmmﬁi@g al) a
monofunctional acrylate or methacrylate monomer [1], b) a difunctional, acrylate qr, methacrylate
cross-linker fﬁ‘ftgﬁ‘ Iﬁ) %"ﬁﬁ?&?@’&wiﬁé}/%?dé-éﬂhﬁﬁ ﬁf&é&%ﬂ%ﬁ[&ﬁ%\%&h ﬁy%yle%{ r ﬁwe? of formula
[3a], [3b], [3djy{Bdbhiid3elhddredevice materials may contain more than one monomer [1], more than
one monomer [2], and more than one macromer [3]. Unless 15 indicated otherwise, references to each

ingredié{ht are intended to encompass multiple monomers or macromers of the same formula and
references to amoudts afeateehdNsd tb, 6&R05tbsoidesnimitieibeal higbnefrectiet éadeformula. Eli

20 wherein B.5,5 (e , - - LRI~ CH2CH3,
CH\IZVOﬂ?:\n:EbOD h tﬁ%ﬁﬂg l?)%lﬁ%%ﬁ)%?ﬁ%%ﬁ@?%ﬂ?ﬁet t’ég%%@é&g% iétt_)é_t}i’ggg@j su bstitutedOr
with -(CH2), RIirG{EM 2 e POMTH3IND08Mb, 2anrig CoyasophahiBmenpasd and- 088 338W WO
WO 2009/0452 3B il RaMNRE 8640 sﬁﬁ{r_s%cﬁéﬂﬂejsweﬁaﬂvef ths4hBdridafaH3, or

CH201-1; 5W; W' independently = 0(C11 )!d, (CH2)d, NCH3(CH2)d, 0(CH2)dCel-14, 0 (C H2C

H20)dGsH2, 0(C H2CH20)dC H2 , 10(C H2C H2CH2CH20)dC112, or nothing; J = (CH2)a,

0(CH2CH20)b, 0, or nothingX provided that if W and W' = nothing, then J 0 nothing; 10d =0-12;a=1

-12; b =1-24; 20[3c][3d],| 3381F WO WO 2009/046235PCT/U52008/078646 R7'1," R8 R65(Nz ., m
CHz = C - COO-(CHo)m-Y-Ar

20 whereint X isHor CHsz;
m is 0-8;
Y is nothing, O, S, or NR, wherein R is H, CH3, ChH2pn+1 {n=1-
10), iso-OC3H7, CgHsg, or CHoCgH5; and
Ar is any aromatic ring which can be unsubstituted or substituted
25 with CH3, CoHsg, n-C3Hy7, iso-C3Hy7, OCH3, CgH11, Cl, Br, CgHs,

or CHoCgHs.

The lens materials described in the ‘095 Patent preferably have a glass-

transition temperature ("T") between about ~20 and +25 °C.

3G
Flexible intraocular lenses may be folded and inserted through a small

incision. In general, a softer material may be deformed to a greater extent so
that it can be inserted through an increasingly smaller incision. Soft acrylic or
methacrylic materials typically do not have an appropriate combination of
s strength, flexibility and non-tacky surface properties to permit |I0Ls to be

inserted through an incision as small as that required for silicone 10Ls.
2



R5 4 XI0 [3e] wherein for formulas [3a], [3b], [3c], [3d], and [3e] (collectively, "formula [3]") 5e = 1 -
50; X = -0-, N#3& 1 HNEOH3)-, -N(CH2CH3)-, or -N(C6H5)-: Y = -H, -(CH2)pOH, -CH2CH2N(CH3)2,
_-CH2CH2N(@HZ@E@&}CHZCH(OH)CHZOH -(CH2CH20)pCHS3, -(CH2GH2B 08 /07864
-(CH2CH20)pC6H5, or zop=1-12; q=1-230; T, T' independently = 0(CH2)d., NH(CH2)61,,
NCH3(CH2)cri 0(CH2)/tCsH4, 0(CH2CH20)drCH2, 0(CH2CH2CH20)d'CHZ2,
0(CH2CH2CH2CH20)d'CH2, or nothing; 15K = (CH2).,, 0(CH2CH20)6., 0, or nothing, provided that if
T and T' = nothing, felyeyleotiglyai=(@EE?; dirmethd@rybitesl @4, Rﬁb\mﬁi&hrﬁproﬁé"ZC(O)CH3

b mdependin I G B A B S e,
CHch(CHsslezméeﬂw@dr@?a@@@mzmm Q@mmmzmamezcaﬂm R& R8
independentlysnébridfot Bed i i<diter pelAfbaidng

Wo WO
20091046235PCT/US2008/078646 a" = 2-20. Preferrég(? monomers o%%)rrﬁﬁl\é [f]n a’r%’QﬁSge wherein: B
= -0(CH2)b- 8- @jeiaping Deatosmpace Gieaai Hge- of Argimeﬁ@eomaﬁz/ym@ﬁ%ﬁa]d m=0-4.

ioPreferred nyp@maIAiosmadal mnosRINNesy) \)%?er@?’mﬁreﬁ 08& s W, W
independentl O CH2)ci, O&C rF}dCGFl or nothing; 0(CH2CH20 rnot g pro ided that if W
and W' = notRfg° 2 e gE(f’S‘EP”Q?D%aWH 101‘- Wf@fe&ﬁe@maéﬂ’@m&é%‘ﬁ%rmula [3] are

those wherelmcﬂe%@aﬂ%é@%t PECOIGEREDN %tes(QHﬂ@dzﬂ/)mHﬁoxﬂféb@CW)
(CH2CH20) C61- =223, T, T mdm%gandent 0(CH2)b or nothing; K=0 CH2CH20)b or

nothing'’pro (@8 ?’fﬁnB"PﬂBWEﬁH Al 95RIE GtHFPidT‘é"’m%n-Ga high refractive

index copoiy.mer. Addition of PEG dimethacrylates also tends to decrease the
modulus and tensile strength of the resuiting copolymer. Also, higher
molecular weight PEG dimethacrylates are generally not miscible with
hydrophobic acrylic monomers.

Summary of the Invention

Improved soft, foldable acrylic device materials which are particularly

suited for use as IOLs, but which are also useful as other ophthaimic or

20  otorhinolaryngological devices, such as contact lenses, keratoprostheses,

corneal rings or inlays, otological ventilation tubes and nasal implants, have

been discovered. These polymeric materials comprise macromers containing
hydrophilic side-chains.

25 The subject hydrophilic side-chain macromers allow synthesis of
glistening resistant, low equilibrium water content, high refractive index I10OLs.
The use of a macromer having a hydrophilic side-chain allows incorporation
of higher molecular weight hydrophilic ingredients into a hydrophobic
copolymer formulation. Higher molecular weight hydrophilic ingredients are
3 more efficient glistening resistance ingredients than comparable weight
fractions of lower molecular weight hydrophilic polymers. This resulting
hydrophilic ingredient concentration reduction results in reduced equilibrium



b'=1-10; L =H, ClI, Br, -CH2C(0)C6H5, -CH2C(0)06H40H, -CH2C(0)C6H40CH3, or -CH2CH=CHZ2;
30R4, R5 indggperdeotly = H, CH3, or CH2CHS3; Re = -CO2CHS3, -CO2CH2CH3, -CN, or
-CONHCH2®H26b24613; RT, RS independently = H or CH3; and a" = 2- A21/8884&5WEQ WO
2009/046235PCT/U82008/078646 Most preferred macromers of formula [3] are those wherein: e =5 -
30; 5X = -0-; Ya QCHZ Hi?&i =4 15! T, T ind penden Lé{d‘]éc E3cr O ?HZ)d ,C61-14, or
nothing; EEH %r(g %?Hvr?g RIS B8 0 nothing; d'
=0-6;b' = 1thalctan IBP, hEdPedTaUs) 2GR Ie6BIdOCH3, or -CH2CH= CH2 R4, R5
independently = H, CH3, or CH2CH3; 15= -0020H3, -CO2CH2CH3, -CN, or
-CONHCH2CH2CH2CH3 R7 R8 |ndependently H or CH3; and a" = 2- 12. Monomers of formula [1]
are known angg g kabibe dvankiehods. See, for example, U.S. Patent Nos. 5,331,073
and 5,290,892. Many monomers of formula [1] are commercially available from a variety of sources.
Preferred monomers of formula [1] include benzyl methacrylate; 2- phenylethyl methacrylate;
3-phenylpropyl methdtgpiadicatas beise HoRUMRRN Sb RETIHNEH BiEnpseseoipiiten a

2-phenoxyetigyl W@t%@@d@t%%ﬁ? (2-phenoxyethoxy)ethyl methacrylate; 2-benzyloxyethyl
methacrylate; 2-(2- (benzyloxy)ethoxy)ethyl methacrylate; and 3-benzyloxypropyl methacrylate; and

their corresponding acrylates. Monomers of formula [2] are known and can be made by known

30methods. Many arg&ogunpisiafyaavsaligbles Pﬂeéer@gﬁﬁpom\%gtgg,{orml ethylene
glycol dlmethac'ﬁllate die hétene gI col dlmethaw%ate trlethélene glycol dlmetha 17!ylate

1,6-hexBned SN EIHE 12N RTUDSE P RANRS WIRSS, B SN R 8BIAer MIRIMES/bT8EA@butanediol

dimethacrylati#fuhetibealzacgtineeth ansthdicngthe aidetelimst {h?l@ﬁ@@%ﬁiﬂ@%ﬁtﬁf&dﬁef@s Most
preferred is 1 4 butanediol dlaﬁig}ﬁﬂ I\ﬁacro rs of formula 3é§a%be made by known methods They

are 5 commercmﬂly KRATARR StARE §ahd7@?{%@ ahdghiad3cl,
Macromonorfik of [Blehulé“ f8} danite n’mﬁdezhy m&a@tﬂalatmowwmﬁﬁﬁ@bi@rqmup to a
functional e e c d |IC or thacr lic mer F e, a hydroxyl
terminated &&3‘?{ %ﬂ me ll'a%cry n%gyr%i Synth r(3?5(?|§{;'\e ’\é% éﬁ@ S?rm,?ﬁz %ésan initiator Jo
containifg abﬂit@é@bﬁtbﬁm@g&hpemasﬂmemmpmwmm 1rﬁeadetétb\mm;)fnpexample
methacryloykshigside fbmatasniic Al maradue apasiamerdal, Ths (e mjapl hxdraeyl group may
also be reacted with other reagents, for example isocyanatoethyl me acryla eor vm;ﬁ benzyl chloride,
to produce aaEenints peRyintandadctgriaipr Sedhedatlanmeus. chadnrosmes;2F1eeeh, 3,862,077
and 3,842,058,4ip-£ntire contents of which are incorporated by reference. Alternatively, the
polymerization may be terminated with an aldehyde and subsequently reacted with methacryloyl
chloride to produce functional macromer b] (See for example, U. S. Patent Nos. 6,221,991 and
5,391,628). 20 Macromers of for ] can also be prepared using atom transfer radical
polymerization (ATRP) conditions. For example, a hydroxyl terminal 25 initiator (hydroxyethyl
bromoisobutyrate) can combined with copper® halide and a solubilizing amine ligand. This can be
used to initiate the polymerization of an acrylate or methacrylate monomer. The resulting hydroxyl
terminated poly(acrylate) or poly(methacrylate) can then be reacted with methacryloyl chloride or
isocyanatoethyl methacrylate. See, generall§} U.S. Patent Nos. 9 3381F WO WO
2009/0456235PCT/U82008/078646 5,852,129, 5,763,548, and 5,789,487, and Neugebauer, et al.,
"Densely-grafted and double-grafted PEO brushes via ATRP. A route to soft elastomers,"
MacromolectB8rein3, 36, 6746-6755; Ishizu, et al., "Aggregation behaviors of AB-type
brush-block-brush CORS qu di aterials Science 2004, 39,
4295-4300; Kurjataggtoglm @élgr):thegg@o}?%éol m%%ﬁp(%aﬁgb%{gﬁohg ethylene glycol) methyl
ether methacrylatef*an EHM@'E’&JT%I? HefitHia comb-like block,” Polymer 2004, 45, 6111-6121;
and Wang, et al., "hagife-Atpm Transfer Radical Polymerization of Methoxy-Capped Oligo(ethylene

glycol)
25

{0

A = CgHs or O(CH2)mCesHs, where the CgHs group is optionally
substituted with ~«(CHy)oH, -O(CH2),H, -CH(CH3)s, -CsHs, -OCsHs, -
CH,Cg¢Hs, F, Cl, Br, or I: and

m=0-18;



io Methacrylate in Aqueous Media at Ambient Temperature,” Macromolecules 2000, 33, 6640 - 6647.
Alternatively, eatalyic chain transfer reagent may be used in conjunction with living polymerization

techniques tovpradwggsseethacrylic macromonomers of formula [3d]. See f %@%%%%[}éogpan, J. etal.
Macromolecules 2002, 35, 8954-8961, or Bon, S. A. F. et al, J. Polym. 15 Sc., Polym. Chem. 2000, 38,
2678. Macromers of formula [3e] may be produced, for example, by polymerization in the presence of
a thiol functional chain transfer agefft followed by reaction with methacryloy! chloride or
isocyanatoethyl methacrylate. Fo Ble, see Chen, G.-F. et al. Macromolecules 1991, 24, 2151. 20
OCH3 0 0 cH2 cH2 g CH3 [3c] [3d] e copolymeric materials of the present invention contain a total
25 amount of monomer [1] in an amountfrom 70 to 98 %, preferably from 80 to 95 %. The difunctional
cross-linker [2] concentration can be on* der of 0.5 to 3 % of the total concentration, and
preferably from 1 to 2 %. 3381F VVO W 2099/046235PCT/U82008/078646 The materials of the
present invention have at least one macfom&’ of [3]. The total amount of macromer [3] depends on the
desired physical properties for the device materials. The copolymeric materials of the present invention
contain a total of at least 0.5 wt % and ¢gn contain as much as 15 % of macromer [3]. Preferably, the
copolymeric device materials will containl - 10 wt% of macromer [3]. More preferably, the device
materials will contain 1 - 5 wt % of macromer [3]. Most preferably, the device materials will contain 2 -4
wt % of mackgmgtis]- i0The copolymeric device materials of the present invention optionally contain
one or more ingrediepts selected from the group consisting of polymerizable UV absorbers and
polymerizable coloBnt& PRERPEDEHY advideHmdtdtiAl idf, the GHE&RIHt invention contains no other
ingredieqts besidesyy fL [ 2], t e{rjéf nd?fl?_? optional
o oAy a2 NCRELC T R e e

15polymerizable UV _absorbers and polymerizable colorants. 'are known. A
suitable reactive U\PHpE6fdr@di<Ha - HyirslefBaald:RuGiHs Q@AM inz0Marhle,
commercially availaplg@giagylethallyl Tinuvin P ("oMTP") from Polysciences, Inc., Warrington, 20
Pennsylvania. UV apsarbers are ﬁqupicaIIy resent in an amount from about 0.1 - 5 %. Suitable reactive
blue-light absorbing ¢o ;.'J%lmci% s & deEBRBNBANRICSIdes thatN0/\5240/¥32 . Blue-light
absorbers are typicadithprgsehainn @mamgit from about 0.01 - 0.5 %. When used to make las, the
device 1rﬂnaterials of éhze&[e nt invention preferably contain both a reactive UV 25absorber and a
reactive colorant. In order to form the device material of the present invention, the chosen
ingredients [1], [2], ard1[3],1@ong with any of the optional ingredients, are combined and polymerized
using a radical initi tgr{o_iai&i,ate 30 polymerization by the action of either heat or radiation. The device
material is preferably polymetized in de-gassed polypropylene molds under nitrogen or in glass molds.
3381F WO WO 2009/046235PCT/US2008/078646 Suitable polymerization initiators include
thermal initiators and photoinitiators. Preferred thermal initiators include peroxy free-radical initiators,

such as t-butyl (peroxy-2-ethyl)hexaRqoate and di-(tert-butylcyclohe?(yl) peroxydicarbonate

(commercially availatgl as,Perkadox(r) 16 from Akzo 5 Chemigal, Inc., Chjcago, lllinois). Particularly
in cases where the fat Oials of the prgsent invention do not cpnt q -light absorbing
chromophore, preferred photoinitia include benzoylphosphi ¥ide ifitiators, such as

2,4,61rmethyl-benzoyldiphenyl-pMosphine oxide, commercially wvailable as Lucirin(r) TPO from BASF
Corporation (Charlotte, North Carolina). Initiators to are typically present in an amount equal to about
5 % or less of the total formulation weigh@ d more preferably less than 2 o34 the total formulation.
As is customary for purposes of calculating component amounts, the initiator weight is not included in
the formulation weight % calculation. 15The particular combination of the ingredients described above
and the identity and amount of any additional components are determined by the desired properties of

the finished device materi%[. 1§ a prefefre podiment, the devicgimaterials of the present invention
are used to make 10Ls havigﬁkarmpt'cé i ter of 5.5 or & designed to be compressed
or stretched 20 and inserted through 5.11@ incision size§ o r less. For example, the

macromonomer [3] is combined with a moho-functional acrylateY)i(or %ethacrylate monomer [1], a
multifunctional acrylate or methacrylate cross-linkér [2], a reactive UV absorber and a reactive colorant
and cdfolymerized using a radical initiator i34 suitable lens mold. 25 The[dd¥ice material
preferably has a refractive index in the hydrated state of at least about 1.50, and more preferably at
least about 1.53, as measured by an Abbe' refractometer at 589 nm (Na light source) and 25 C. Optics
made from materials having a refractive index lower than 1.50 are 30 necessarily thicker than optics
of the same power which are made from materials having a higher refractive index. As such, IOL
optics made from materials with comparable mechanical properties and a refractive index lower
3381F WO WO 2009/046235PCT/1182008/078646 than about 1.50 generally require relatively larger
incisions for IOL implantation. The proportions of the monomers and macromer to be included in the 5
copolymers of the present invention should be chosen so that the copolymer has a glass transition
temperature (TO not greater than about 37 C, which is normal human body temperature. Copolymers

having glass transition temperatures higher than 37 C are not suitable for use in foldable 10Ls; such
lancac cniild aonhvy be rolled ar folded at temneaeratiirace abhove 27 C and woiild 10 not 1inroll or 1infold at



IScalorimetry at 10 C/min., and is determined at the midpoint of the transition of the heat flux curve.
For las and o#isetraplications, the materials of the present invention must exhibit sufficient strength to
allow devicewoadeaéibeem to be folded or 20 manipulated without fractupigg.p§has shggopolymers of
the present invention will have an elongation of at least 80%, preferably at least 100%, and most
preferably greater than 110%. This property indicates that lenses made of such materials generally will
not crack, tear or split when foldeck’Elongation gf polymer samples is determined on dumbbell shaped
tension test specimens 25 m fotallength, length in the grip area of 4.88 mm, overall width
of 2.49 mm, 0.833 mm widthRogthe ffarrow section, a fillet radius of 8.83 mm, and a thickness of 0.9
mm. Testing is performed on saﬁ1plé’s at ambient conditions using an Instron Material Tester (Model
No. 4442 or equivalent) with a 55 Newton load cell. The grip distance is set at 14 mm and a 30
crosshead speed is set at 500 mm/minyBzand the sample is pulled until failure. The elongation (strain)
is reported as a fraction of the displacement at failure to the original grip distance. Since the materials
to be tested are essentially soft elastomers, loading them into the Instron machine tends to 3381F WO
WO 2009/0482858C TuUe 00846 186} 6 Ibhkadh¢sa haakl¢3 &P cetizaiiedhe Stankuia 1§ )material sample
a pre-logd is placedeupqn_tgg_sample. This helps to reduce the slack and provide a more consistent
reading. Once the sample is pPre-loaded to a desired value (typically 0,03 to 0.05 N) the strain is set to
zero and the test be§inrOrhdlhodiliGsis cal(ladeQ s ither ifdtEatineous slope of the stress-strain
curve at 0% strain (WQUHQL?@%?FLI@F?")- zoél_%m@_qa 250/& ngplzrl'g&é r@!-]r 0 % strain ("100%

modulus). IOLs made of the ophthalmic device materials of the eﬁtzlnv Ation 10 are more resistant
to glistenings than O%PWQE*AQHéﬂﬁeﬁﬁﬁs%Mwe@hbﬁdﬂd@ﬁgfﬁo the following test. The
presence of glistenings is measured by placemens of a lens or disk sample into a vial or sealed glass
chamber and adding deionized water or a‘batagegd salt solution. The vial or glass chamber is then
placed into a water 4@t QridpeaieeHg 45 C. Samples 15 are to be maintained in the bath for a
minimu!m of 16 hourszaqq“plr;jj‘erably 24 2 hours. The vial or glass chamber is then cooled to ambient
tempera({ure for a miinimum 6f 60 minutes and preferably 90 30 minutes. The sample is inspected
visually in various o arigte2800off angle lighting to evaluate clarity. Visualization of glistenings is carried

out at ambient temperait [ light 20.micrqsc | ificatio t Ox. A sample is
judged to have mara;" ﬂﬁgﬁ%@%’gpﬁ%%%é %%#ﬁﬁ%%&%&gﬁ ﬁp@%ﬁ%&’@ﬁo to 100 % as
many glistenings ad4bseAEdMacont o ApRIgBasdd) obi 65 RERIMOK LpheAediagrylate, 30
weight % 2-phenylelhylmet gctylate, 3.2 weight % 1,4-butanediol diacrylate, and 1.8 weight % oMTP.
Similarly, a 25 sample is judged to have few glistenings if there are approximately 10 % or more
glistenitigs relative Tﬁgﬁahn@%ﬁs@h@m Cofirordaintlesondsthibas I§ Tualyed'ts have very few
glistenings if there @s’iﬂ?ﬂﬁ@!%ﬂ@@%&%r@; more glistenings relative to a control sample. A sample is
judged to be free of glistenings if the number of glistenings detected in the eyepiece is zero. A 30
sample is judged t°b& Sub&antially free of glistenings if, at 50 - 200x magnification, the number of
glistenings detecteg'ie the ggepiece is less than about 2/mma3. It is often very difficult to detect
glistenings, especi I|y_fi{ su,g;f ices and edges where more defects and debris have formed, so the 14
3381F WO WO 2009/046285PCT/US2008/078646 sample is rastered throughout the entire volume of
the lensy varying thie mbigiifidatjoit I@{© (861:, 00xE(appHre s diapjtagm. and the field
conditions (using both bright field and dark field conditions) in an attempt to detect the presence of
glistenings. The copolymers of the present invention mostipreferably have an equilibrium water
content (EWC) of 0.5 - 3.0%. EWC may be gravimetrically @ ine parison of dry and
hydrated sample weighC(Biys,Hhe Hry-Crtie )egiuttH-abtained, thentie sample is placed in a
suitable container IO?S%%%% llibrated in de-ionized H20 at a prescribed temperature for at least 24 h.
The sample is then % m the de-ionized H20, excess surface water is removed and the
sample is weighed REWR isirtidpemitertipy thelfoltmgnCiosaiia: OHEBIG,ciRwtbycmagry) / wthyd] x
100 1510Ls constructed ' teri resent invention can be of any design capable
of being stretched or comqér%gggﬂ?rﬁ%@%m%ﬁ@%@@?a? that can fit through a 2-mm incision. For
exampte, the 10Ls Barr b6 OftiHat-i€ RoGhipCid: a-Ohe-pie CEOMHIGR Hp@iGaEHIESGN, and comprise optic
and haptic compongnts,&T; Tof L.Rortan wWhj rv. lens and the 20 haptics are
attached to the opti% éﬁd ﬁ%ﬁ%@%@i‘hgﬁ h%st\}q@g%) icih é%?&t&ggf place in the eye. The optic and
haptic(s) can be of ¥h& sérhk)erdéfstent material. A multi-piece lens is so called because the optic and
the haptic(s) are made separately and then the haptics are attached to the optic. In a single piece lens,
the optic and the haptics are formed out of one piece of material, 25Depending on the material, the
haptics are then cut, or lathed, out of the material to produce the 10L. In addition to 10Ls, the
materials of the present invention are also suitable for use as other ophthalmic or
otorhinolaryngological devices such as 30contact lenses, keratoprostheses, corneal inlays or rings,
otological ventilation tubes and nasal implants. 3381F WO WO 20091046235PCT/US2008/078646

The invention will be further illustrated by the following examples, which are intended to be illustrative,
hiit not limitina EXAMPIE 1 R All monomere crnce.linkare and initiatare were niirchaced from




properties, Tg, EWC, glistening resistance, and refractive index were determined according to the
methods desti#iedéhove. The results are listed in Table 2. Table 1 Formulation Component Detail |
Cl _ PEA (Wi p®2A4624%) PEMA (Wt%) BzMA (wt%) BDDA (wt%) UV 13 ¢t aikiPseat%o)
PolyPEG- MA 4.1k (wt%) PolyPEG- MA 10.3k (wr/o) 0 65.0 30.0 3.2 1.80.0 163.1-29.1-3.1 1.7

3.0 a" = 2-20.

Preferred monomers of formula [1] are those wherein:
B = -O(CHp)y~ or {(OCHCHy)n-;
5 R' = -H or -CHg;
n=1-5;
A = -CgHs, O(CH2)mCsHs; and
m=0-4

o Preferred monomers of formula [2] are those wherein:
R?, R®independently = H or CHa;
W, W' independently = O(CHz)q, O{CHz)qCsH4, or nothing;
J = O(CH,CH,O), or nothing, provided that if W and W' = nothing,
then J # nothing;
15 d=0-6; and
b=1-10.

Preferred macromers of formula {3} are those wherein:
e=2-40;
20 X = -0- or -N{CHa)-;
Y = (CH2CHZ0)4CH3, <(CHzCH20)4H, or -(CHCH20)4CsHs;
g=2~23;
T, T’ independently = O(CHz)q or nothing;
K = O{CH,CH,Q): or nothing, provided that if T and T' = nothing, then
25 - K # nothing;
d=0-8;
b'=1-10;
L = H, Cl, Br, -CH,C(O)CgHs, -CH2C(O)CsH4OH, -CH2C(O)CsH4OCH;,
or -CH-CH=CHos;
30 R* R®independently = H, CHa, or CH.CHa;
Rg = -CO,CHj3, -CO,CH,CHa3, -CN, or -CONHCH,CH,CHLCHs;
R’, R independently = H or CHs; and
a’'=2-12.



-261.1-28.2-3.0-1.76.0-359.2 27.3 29-1.69.0-489.00 -1.00--10.00 6 78.99---1.00 - -
20.00 - 6 67.2®1POMD 10.00 1.52
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Most preferred macromers of formula [3] are those wherein:
e=5-230,
5 X =-0-
Y = (CH;CHz0),CHs;
g=4-15;
T, T independently = O(CHa)g, O(CHa)yCsHs, or nothing;
K = O(CH2CH,0)y or nothing, provided that if T and T' = nothing, then

10 K # nothing;
d'=0-86;
b'=1-10;

L= H, -CHQC(O)CeHs, -CHzC(O)CsH4OCH3, or -CHzCH=CH2;
R* R® independently = H, CHa, or CH,CHs;

15 Rg = -CO,CH3, ~CO,CH.CH3, -CN, or -CONHCH,CH2CH>CHs;
R’, R® independently = H or CHs; and
=212

Monomers of formula [1] are known and can be made by known
20 methods. See, for example, U.S. Patent Nos. 5,331,073 and 5,290,892.
Many monomers of formula [1] are commercially available from a variety of
sources. Preferred monomers of formula [1] include benzyl methacrylate; 2-
phenyiethyl methacrylate; 3-phenylpropyl methacrylate; 4-phenylbutyl
methacrylate; 5-phenylpentyl methacrylate; 2-phenoxyethyl methacrylate; 2-
25 (2-phenoxyethoxy)ethyl methacrylate; 2-benzyloxyethyl methacrylate; 2-(2-
(benzyloxy)ethoxy)ethyl methacrylate; and 3-benzyloxypropyl methacrylate;

and their corresponding acrylates.

Monomers of formula [2] are known and can be made by known

3 methods. Many are commercially available. Preferred monomers of formula
[2] include ethylene glycol dimethacrylate; diethylene glycol dimethacrylate;
triethylene glycol dimethacrylate; 1,6-hexanediol dimethacrylate; 1,4-



--1.01-766.47-19.9910.001.52--2.02-865.48-19.999.99 1.52 -3.01-964.47 - 20.02 9.99
1.51 4.00 - 388680 - 19.99 10.00 1.50 - 5.01-11 97.99
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butanediol dimethacrylate; 1,4-benzenedimethanol dimethacrylate; and their
corresponding acrylates. Most preferred is 1,4-butanediol diacrylate.

Macromers of formula [3] can be made by known methods. They are

s commercially available in some instances and can be made by known

methods. Macromonomers of formula [3] can be made by covalently attaching

a polymerizable group to a functional end group of a linear or branched

acrylic or methacrylic polymer. For example, a hydroxy! terminated poly(atky!

methacrylate) may be synthesized by anionic polymerization using an initiator

10 containing a protected hydroxyl group, that following deprotection, is reacted

with, for example, methacryloyl chloride or methacrylic acid to produce

macromer [3a]. The terminal hydroxyl group may also be reacted with other

reagents, for example isocyanatoethyl methacrylate or vinyl benzyl chioride,

to produce a terminal polymerizable group. See, generally, U.S. Patent Nos.

15 6,221,991, 3,862,077 and 3,842,059, the entire contenis of which are

incorporated by reference.  Alternatively, the polymerization may be

terminated with an aldehyde and subsequently reacted with methacryloyl

chioride to produce functional macromer [3b] (See for example, U. S. Patent
Nos. 6,221,991 and 5,391,628).

CHs CH,
)%],O H OWJL
\/\’\Qfe W
© [t 2 o) [0 2 ¢ ©
ey

20
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Macromers of formula [3c] can also be prepared using atom transfer

radical polymerization (ATRP) conditions. For example, a hydroxyl terminal

25 initiator (hydroxyethyl bromoisobutyrate) can combined with copper(l} halide
and a solubilizing amine ligand. This can be used to initiate the polymerization

of an acrylate or methacrylate monomer. The resulting hydroxyl terminated
poly(acryiate) or poly(methacrylate) can then be reacted with methacryloyl
chloride or isocyanatoethyl methacrylate. See, generally, U.S. Patent Nos.

9
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5,852,129, 5,763,548, and 5,789,487, and Neugebauer, et al., “Densely-
grafted and doubleégrafted PEO brushes via ATRP. A route to soft
elastomers,” Macromolecules 2003, 36, 6746-8755; Ishizu, et al.,
"Aggregation behaviors of AB-type brush-block-brush amphiphilic.copolymers

s in aqueous media,” Journal of Materials Science 2004, 39, 4285-4300;
Kurjata, et al., “Synthesis of poly[dimethylsiloxane-block-oligo(ethylene glycol)
methyl ether methacrylate]: an amphiphilic copolymer with a comb-iike block,”
Polymer 2004, 45, 6111-6121; and Wang, et al., “Facile Atom Transfer
Radical Polymerization of Methoxy-Capped  Oligo(ethylene  glycol)

10 Methacrylate in Aqueous Media at Ambient Temperature,” Macromolecules
2000, 33, 6640 — 6647. Alternatively, a catalytic chain transfer reagent may
be used in conjunction with living polymerization techniques to produce
methacrylic macromonomers of formula [3d]. See for example Norman, J. et
al. Macromolecules 2002, 35, 8054-8961, or Bon, S, A. F. et al. J Polym.

ts  Sci, Polym. Chem. 2000, 38, 2678. Macromers of formula [3e] may be
produced, for example, by polymerization in the presence of a thiol functional
chain transfer agent followed by reaction with methacryloyl chioride or
isocyanatoethyl methacrylate. For example, see Chen, G.-F. et al
Macromolecules 1991, 24, 2151.

20
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The copolymeric materials of the present i.nvention contain a total
25 amount of monomer [1] in an amount from 70 to 98 %, preferably from 80 to
95 %. The difunctional cross-linker [2] concentration can be on the order of

0.5 to 3 % of the total concentration, and preferably from 1 to 2 %.

10
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The materials of the present invention have at least one macromer of

[3]. The total amount of macromer [3] depends on the desired physical

properties for the device materials. The copolymeric materials of the present

invention contain a total of at least 0.5 wt % and can contain as much as 15

s % of macromer [3]. Preferably, the copolymeric device materials will contain

1 — 10 wt% of macromer [3]. More preferably, the device materials wil

contain 1 - 5 wt % of macromer [3]. Most preferably, the device materials will
contain 2 — 4 wt % of macromer [3].

1o The copolymeric device materials of the present invention optionally
contain one or more ingredients selected from the group consisting of
polymerizable UV absorbers and polymerizable colorants. Preferably, the
device material of the present invention contains no other ingredients besides
the monomers of formulas [1] and [2], the macromer [3)], and the optionai

15 polymerizable UV absorbers and polymerizable colorants.

Reactive UV absorbers are known. A suitable reactive UV absorber is 2-
(2'-hydroxy-3"-methallyl-5'-methylphenyl)benzotriazole, commercially available
as o-Methallyl Tinuvin P ("oMTP") from Polysciences, Inc. Warrington,

20 Pennsylvania. UV absorbers are typically present in an amount from about 0.1
- 5 %. Suitable reactive blue-light absorbing compounds include those
described in U.S. Patent No. 5,470,932, Blue-light absorbers are typically
present in an amount from about 0.01 - 0.5 %. When used to make ICLs, the
device materials of the present invention preferably contain both a reactive UV

25 absorber and a reactive colorant.

In order to form the device material of the present invention, the
chosen ingredients [1], [2], and [3], along with any of the optional ingredients,
are combined and polymerized using a radical initiator to initiate

30 polymerization by the action of either heat or radiation. The device material is
preferably polymerized in de-gassed polypropylene molds under nitrogen or in

glass molds.

11
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Suitable polymerization initiators include thermal initiators and
photoinitiators. Preferred thermal initiators include peroxy free-radical initiators,
such as t-butyl (peroxy-2-ethyhhexancate and di-(tert-butylcyciohexyl)
peroxydicarbonate (commercially available as Perkadox®™ 16 from Akzo

5 Chemicals Inc., Chicago, Hliinois). Particularly in cases where the materials of
the present invention do not contain a blue-light absorbing chromophore,
preferred photoinitiators include benzoylphosphine oxide initiators, such as
2,4 6-trimethyl-benzoyldiphenyl-phosphine oxide, commerciaily available as
Lucirin® TPO from BASF Corporation (Charlotte, North Carolina). Initiators

10 are typically present in an amount equal to about 5 % or less of the total
formulation weight, and more preferably less than 2 % of the total formulation.
As is customary for purposes of calculating component amounts, the initiator

weight is not included in the formulation weight % calculation.

15 The particuiar combination of the ingredients described above and the
identity and amount of any additional components are determined by the
desired properties of the finished device material. In a preferred embodiment,
the device materials of the present invention are used to make 10Ls having an
optic diameter of 5.5 or 6 mm that are designed to be compressed or stretched

20 and inserted through surgical incision sizes of 2 mm or less. For example, the
macromonomer [3] is combined with a mono-functional acrylate or
methacrylate monomer {1], a multifunctional acrylate or methacrylate cross-
linker [2], a reactive UV absorber and a reactive colorant and copolymerized
using a radical initiator in a suitable lens mold.

25

The device material preferably has a refractive index in the hydrated
state of at least about 1.50, and more preferably at least about 1.53, as
measured by an Abbe' refractometer at 589 nm (Na light source) and 25 °C.
Optics made from materials having a refractive index lower than 1.50 are

30 necessarily thicker than optics of the same power which are made from
materials having a higher refractive index. As such, IOL optics made from

materials with comparable mechanical properties and a refractive index lower

12



10.01 1.50 1.80 - 3.00 - 3381F WO WO 2009/046235PCT/US2008/078646 Table 2 Tensile and
Thermal Propegtiesy@EWC and Glistening Test Results ID Tensile Strength (MPa) Strain at Break
(MPa) Yourg's MadedeesiMPa) 100% Secant Modulus (MPa) EWC (%) Glisteningsdgdfs) RI (22 C,
dry) 0 8.12 104 57.30 7.51 0.30 Many 9.5 - 1 8.34 114 40.87 6.39 0.66 None 6.6 1.5537

than about 1.50 generally require relatively larger incisions for IOL

implantation.

The proportions of the monomers and macromer to be included in the

5 copolymers of the present invention should be chosen so that the copolymer
has a glass transition temperature (Tg) not greater than about 37 °C, which is
normal human body temperature. Copolymers having glass transition
temperatures higher than 37 °C are not suitabie for use in foldable 10Ls: such
lenses could only be rolled or folded at temperatures above 37 °C and would

10~ not unroll or unfold at normal body ftemperature. It is preferred to use
copolymers having a glass transition temperature somewhat below normal
body temperature and no greater than normal room temperature, e.g., about 20

- 25 'C, in order that IOLs made of such copolymers can be rolled or folded
conveniently at room temperature. T, is measured by differential scanning

15 calorimetry at 10 °C/min., and is determined at the midpoint of the fransition of

the heat flux curve.

For IOLs and other applications, the materials of the present invention

must exhibit sufficient strength to allow devices made of them 1o be folded or

20 manipulated without fracturing. Thus the copolymers of the present invention
will have an elongation of at least 80%, preferably at least 100%, and most
preferably greater than 110%. This property indicates that lenses made of such
materials generally will not crack, tear or split when foided. Elongation of
polymer samples is determined on dumbbell shaped tension test specimens

25 with a 20 mm total length, length in the grip area of 4.88 mm, overall width of
2.49 mm, 0.833 mm width of the narrow section, a fillet radius of 8.83 mm,

and a thickness of 0.9 mm. Testing is performed on samples at ambient
conditions using an Instron Material Tester (Model No. 4442 or equivalent)

with a 50 Newion load cell. The grip distance is set at 14 mm and a

30 crosshead speed is set at 500 mm/minute and the sample is pulled until
failure. The elongation (strain} is reported as a fraction of the displacement at
failure to the original grip distance. Since the materials to be tested are
essentially soft elastomers, loading them into the instron machine tends to

13
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make them buckle. To remove the slack in the material sample a pre-ioad is
placed upon the sample. This helps to reduce the slack and provide a more
consistent reading. Once the sample is pre-loaded to a desired value
(typically 0.03 to 0.05 N) the strain is set to zero and the test begun. The

5 modulus is calculated as the instantaneous slope of the stress-strain curve at
0% strain (“Young's modulus”), 25% strain ("25% moduius™) and 100 % strain
(*100% modulus).

IOLs made of the ophthalmic device materiais of the present invention

o are more resistant to glistenings than other materials. Glistenings are
measured according to the following test. The presence of glistenings is
measured by placement of a lens or disk sample into a vial or sealed glass
chamber and adding deionized water or a balanced salt solution. The vial or
glass chamber is then placed into a water bath preheated to 45 °C. Samples

1s  are to be maintained in the bath for a minimum of 16 hours and preferably 24
+ 2 hours. The vial or glass chamber is then cooled to ambient temperature

for a minimum of 60 minutes and preferably 90 + 30 minutes. The sample is
inspected visually in various on angle or off angle lighting to evaluate clarity.
Visualization of glistenings is carried out at ambient temperature with a light

20 microscope using a magnification of 50 to 200x. A sample is judged to have
many glistenings if, at 50 — 200x magnification, there are approximately 50 to

100 % as many glistenings as observed in conirol samples based on 85
weight % 2-phenylethy! acrylate, 30 weight % 2-phenylethyl methacrylate, 3.2
weight % 1,4-butanediol diacrylate, and 1.8 weight % oMTP. Similarly, a

25 sample is judged to have few glistenings if there are approximately 10 % or
more glistenings relative to the quantity observed in control samples. A
sample is judged to have very few glistenings if there are approximately 1 %

or more glistenings relative to a control sample. A sample is judged fo be free

of glistenings if the number of glistenings detected in the eyepiece is zero. A

36 sample is judged to be substantially free of glistenings if, at 50 - 200x
magnification, the number of glistenings detected in the eyepiece is less than
about 2/mm®. It is often very difficult to detect glistenings, especially at

surfaces and edges where more defects and debris have formed, so the
14
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sample is rastered throughout the entire volume of the lens, varying the
magnification levels (50 - 200x), the aperture iris diaphragm, and the field
conditions (using both bright field and dark field conditions) in an attempt to

detect the presence of glistenings.

The copolymers of the present invention most preferably have an
equilibrium water content (EWC) of 0.5 — 3.0%. EWC may be gravimetrically
determined by comparison of dry and hydrated sample weight. First, the dry
sample weight is obtained, then the sample is placed in a suitable container

10 and equilibrated in de-ionized HzO at a prescribed temperature for at least 24
h. The sample is then removed from the de-ionized H,O, excess surface
water is removed and the sample is weighed. EWC is determined by the
following formula: %EWC = [(Whyyg - Wigry) / Whnya] X 100

15 IOLs constructed of the device materials of the present invention can be
of any design capabie of being stretched or compressed into a small cross
section that can fit through a 2-mm incision. For example, the IOLs can be of
what is known as a one-piece or multi-piece design, and comprise optic and
haptic components. The optic is that portion which serves as the lens and the

20 haptics are attached to the optic and are like arms that hold the optic in its
proper place in the eye. The optic and haptic(s) can be of the same or different
material. A multi-piece lens is so called because the optic and the haptic(s) are
made separately and then the haptics are aftached to the optic. In a single
piece lens, the optic and the haptics are formed out of one piece of material.

25 Depending on the material, the haptics are then cut, or lathed, out of the
material to produce the IOL.

in addition to 10Ls, the materials of the present invention are also
suitable for use as other ophthalmic or otorhinolaryngological devices such as
30 contact lenses, keratoprostheses, corneal inlays or rings, otological ventilation

tubes and nasal implants.
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The invention will be further illustrated by the following examples, which

are intended to be iilustrative, but not limiting.
EXAMPLE 1

All monomers, cross-linkers and initiators were purchased from
commercial sources. Macromer [3] (“polyPEG-MA") was synthesized from
poly(ethylene glycol) 550 monomethyl ether monomethacrylate (“‘PEG-MA
550"). Two macromer [3] molecular weights were used: “polyPEG-MA 4.1k”

1w (GPC M, 4,112, M/M, of 1.80; e = 7 (calculated as 4112/550)) and
‘polyPEG-MA 10.3k™ (GPC M, 10,300; Myw/M, of 1.44; e = 19). 2-phenylethyl
methacrylate (PEMA) and benzyl methacrylate (BzMA) were each passed
through basic alumina and degassed with N prior to use. 2-Phenylethyl
acrylate ("PEA"), benzyl acrylate (“BzA”), and 1,4-butanediol diacryiate

15 ("BDDA") were purified by column chromatography prior to use. 2,2-
Azobisisobutyronitrile ("AIBN”) was recrystallized from methanol prior to use.
Di-(4-t-butylcyclohexylyperoxydicarbonate (‘Perkadox®168"), 2-(2'-Hydroxy-3'-
t-butyl-5"-(3"-(2"'-hydroxy-3""-methacryloyloxypropoxy)propoxy)pheny!)-5-
methoxy-2H-benzotriazole (“UV13"), and ortho-methallyl Tinuvin®P (“oMTP")

20 were used as received.

Polypropylene molds were vacuum de-gassed at 90 °C prior to use.

The molds were placed in a nitrogen atmosphere glove box immediately after
degassing. The monomer(s), macromer, and cross-linker were combined as

25 indicated in Table 1. AIBN or Perkadox®16S initiator was added (0.5 -2.0wt
%]}, the solution was mixed thoroughly then placed under low vacuum to
remove any trapped air bubbles, back-flushed with nitrogen, and immediately
placed in the glove box. The monomer formulation was dispensed into
vacuum de-gassed polypropylene molds using a syringe equipped with a 0.2-

w  pm PTFE filter. The filled molds were placed in a convection oven for 1 hr at
70 °C, then 2 hrs at 110 °C. The resulting polymer samples were removed
from the molds and extracted in refluxing acetone for 6 hours, rinsed and air

dried, then placed under vacuum at 70 °C for at least 15 hrs. Tensile
18
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properties, Tq, EWC, glistening resistance, and refractive index were
determined according to the methods described above. The results are listed
in Table 2.

17



1,5622 23 9.70 184 56.25 3.56 1.25 None - - 24 10.29 184 62,28 4.03 1.06 None 13.347 - 25 - 0.93
None - 1.563883884F WO WO 2009/046235PCT/US2008/078646 EXAMPLE 2 The copolymers
shown in TaBleB)agHiehscontained varying sizes of PEG-containing additine {RPEG$M48680,
PolyPEG-MA 4.1k, and PolyPEG-MA 10.3k), were prepared in the manner described in Example 1.
Tensile properties, EWC, glistening resistance, i defractive index were determined according to the
methods described above. The resgl{s,a[RisieFddh ﬁe‘hﬂ?@iﬁi? 10Comparative Examples
Formulation Component Detail ID BzA (wt%) BDDA (wt%) PEG-MA 550 (wt%) Po4/PEG-MA 4.1k
(wt%) PolyPEG-MA 10.3k (wt%) 26

o | PEA | BzA | PEMA | BzwA | BDDA | Uvi3 | owrp | POWPEG- ) Fol/PES-
(wiin} | (wit%) (wt%) (wi%) | (wi%h} (wt%) | (wt%) (Wt¥%) (wi%)
o | 850 | - 30.0 - 3.2 - 18 0.0 -
1] 634 - 29.1 - 3.1 - 1.7 3.0 -
2 | 614 - 28.2 - 3.0 - 17 6.0 -
3| se2 | - 27.3 - 29 - 16 9.0 -
4 | 8900 | - - - 1.00 - - 10.00 -
s | 7899 | - - - 1.00 - - 20.00 -
& | 6748 | - 2000 | 1000 | 152 - - .01 -
7 | se47 | - 1999 | 1000 | 152 - - 2.02 -
8 | 6548 | - 1999 | 999 | 152 - - 3.01 -
o | 6447 | - 2002 | 989 | 151 - - 4.00 -
10 | 6350 | - 1999 | 1000 | 150 - - 5.01 -
M - | o798 - - 101 - - 1.00 -
12 1000 | 88.01 - - 100 - - 1.00 -
13| - | 9650 - - 150 - - 2.00 -
14| - | e549 - - 1,50 - - 3.02 -
15| - | o598 - - 2.00 - - 2.02 -
16| - | 9496 - - 2.03 - - 3.01 -
7 - | sods - 500 | 150 - - 3.02 -
18] - | 9547 - - 151 - - - 3.02
19 - | e34e - 201 | 151 - - 3.03 -
20| - | o324 - 225 | 151 - - 3.00 -
21| - | ez49 - 301 | 151 - - 3.00 -
22| - | 9147 - 400 | 151 - - 3.01 -
23| - | 87.09 - 750 | 151 - - 3.00 -
4 - | 8549 - 1001 | 150 - - 3.00 -
26| - | 8368 - 1001 | 150 | 180 | -~ 3.00 -
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93.47 1.515.02--2793.47 1.51 5.02-2893.491.51- 5.00 Table 4 Comparative Formulation
Tensile and Tizenmardroperties, %EWC and 15Glistening Test Results ID Tensile Strength (MPa)

Strain at Breakb @viPa)e¥saing's Modulus (MPa) 100% Secant Modulus (MBa} EWod¥ar plistenings RI
(22 C, dry) 26 6'87 Mt Ear=0.59 Many 1 .5598 27 lllall 189

Table 2
Tensile and Thermal Properties, %EWC and Glistening Test Results

Tensile Straip at Young's ;:gﬁt EWC . . RI

ID Strength Break Modulus Modulus (%) Glistenings | T,(°C) (22 °C,
(MPa) {MPa) {MPa) (MPa) dry}

G 812 104 57.30 7.51 0.30 Many 9.5 -
1 B34 114 40.87 6.3¢ 0.68 None 6.6 1.5837
2. 6.23 110 18.89 4.94 1.68 None 2.4 1.5513
3 - - - - 2.69 None -0.9 1.5480
4 1.56 163 1.56 0.85 3.92 None - 1.5457
5 0.e2 132 1.02 0.83 8.78 None - 1.6375
& 8.53 174 48.07 3.63 0.50 Few - 1.5562
7 8.57 177 37.57 322 0.75 Nore 7.5 1.5553
8 7.65 173 28.43 278 1.00 None - 1.5545
9 7.39 174 23.95 252 1.32 None - 1.5538
10 6.42 167 18.53 2.27 1.81 None - 1.5628
11 9.77 252 39.94 2.20 0.48 Few - 1.5644
12 8.53 246 2562 1.73 0.48 Few - 1.5633
13 8.20 183 1290 1.62 0.85 Very Few - 1.5633
14 6.24 183 10.25 1.51 1.10 None - 1.5821
15 B.91 160 12.39 2.1 0.81 Very Few - 1.5630
16 §.69 158 11,64 210 1.08 None - 1.5615
17 10.73 201 58.72 3.40 0.89 None - 1.5620
18 9.41 197 38.55 2.72 1.37 Very Few - 1.5610
18 B.91 190 38.54 2.75 1.08 Noneg - 1.5620

20 8.91 190 30.52 2.39 0.91 None - -
21 9.60 192 4532 295 1.02 None - 1.5622
22 9.88 191 50.74 319 1.00 Nong - 1.6622

23 9.70 184 56.25 3.58 1.25 None - -

24 10.29 184 62.28 4.03 1.06 None 13.347 -
25 - - - Co- (.93 None - 1.5636

HY
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16.25 1.85 1.50 None 1.5604 28 Slal 199 25.32 2.22 None 1.5595 EXAMPLE 320 The
copolymers 8B®WIWR Table 5, which contained varying molecular weights of the polyPEG-MA additive:
"polyPEG-MA3BR4EERC Mn 3570; Mw/Mn of 1.42; e = 6), "polyPEG-MRGARIZMSFS 4N 4012;
Mw/Mn 1.54; e = 7), "polyPEG-MA 4141" (GPC Mn 4141; Mw/Mn 1.50; e = 8), and polyPEG-MA
253708 (GPEW@@;NV"/M” 1.49; e = 7) were prepared in the manner described in Example 1.
Tensile properties, EWC, glistening resistance, and refractive index were determined according to the
. methods described above. The results are listed in Table 6. Table 5 Formulation Component Detail ID

BZA (M%) BZMA (M3 SORA M%) REGMA F50IEMY0)RielyRERaiMA SEFYiNY I ULROBPEG- MA
4012 (wt%) PolyPEG- MA 4141 (wt%) PolyPEG- MA 3768 (wt%) 29 85.4 .

20

25

PEG-containing additive 8PEG—MA 550, PolyPEG-MA 4.1k, an7d PolyPEG-MA
10.3k), were prepared in the manner described in Example 1. Tensile
properties, EWC, glistening resistance, and refractive index were determined
according fo the methods described above. The resulis are listed in Table 4.

Table 3
Comparative Examples Formulation Component Detail
D BzA BODA PEG-MA PolyPEG-MA | PolyPEG-MA
(wi%) (wi%) | B50 {(wi%) | 4.1k {wi%) 10.3K {wi%)

26 83.47 1.51 5.02 - -

27 93.47 1.51 - 5.02 -

28 83.45 1.51 - - 5.00
Table 4

Comparative Formulation Tensile and Thermal Properties, %EWC and
Glistening Test Results

R . N 100%
D S?::;teh Sg?;:kat ;{ﬂg:Z?uss MS :;ZR: s E?;:S Glistenings (22 ,gf dry)
{MPa) {MPa} {iPa) {MPa)
26 6.87 191 12.79 1.64 0.58 Many 1.5688
27 7.49 189 16.25 1.85 1.50 Nene 1.5604
28 8.92 199 25.32 2.22 2,36 None 1.5585
EXAMPLE 3

The copolymers shown in Table 5, which contained varying molecular
weights of the polyPEG-MA additive: "polyPEG-MA 3570" (GPC M, 3570;
M,/M;, of 1.42; e = 8), “polyPEG-MA 4012" (GPC M, 4012; M\/M, 1.54;e =7), .
“polyPEG-MA 4141" (GPC M, 4141; Muw/M; 1.50; e = 8), and polyPEG-MA
3708 (GPC M, 3708; My/M, 1.49; e = 7) were prepared in the manner
described in Example 1. Tensile properties, EWC, glistening resistance, and
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9.991.523.02--- 3083.469.991.515.03 ---3178.4910.011.5010.00 - ---3273.50 10.00 1.51
15.00 - - - 338858/20.00 1.50 20.00 - - 34 85.46 10.00 1.53
WO 2009/646235 PCT/US2008/078646

refractive index were determined adcording to the methods described above.

The resulis are listed in Table 6.

Table &
5 Formulation Component Detail

o | Bz | sema | mooa | PR | RLTCS | Wasors | maeter | WAoTos

(wt%) {(wi%) {wt%) {witle) (wi?%)
20 | 8547 | 980 | 152 3.02 - - - -
30 83.46 9.89 1.51 5.03 - - - -
3 78.49 10.01 1.50 10.00 - - - -
32 73.50 10.00 1.51 15.00 - - - -
33 88.50 10.0¢ 1.80 20.00 - - - -
34 B5.46 10.00 1.63 - 3.00 - - -
1 83.47 14.02 1.50 - 501 - - -
36 | 8538 | vo9 | 18 - - 3.02 - -
37 | 8547 | 1000 | 150 - - - 3.03 -
38 | 8540 | 10,01 | 152 - - - - 3.07
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3.00---3583.4710.021.50-5.01-- 3685.389.99 1.61 -3.02- 37 85.47 10.00 1.50 - - 3.03 - 38
85.40 10.01 BB F-WO3.07 3381F WO WO 2009/046235PCT/US2008/078646 Table 6 Tensile and

_Thérmal Proportims/04QBE5C and Glistening Test Results PCT/US2008/078646

Table 6
Tensile and Thermal Properties, %XEWC and Glistening Test Results
Tensile Strain at Young's ; ebf ;::t EWC ' . Ri
il Strength Break Modulus Moduius (%) Glistenings {22 °C,
(MPa) {MPa}) (MPa) {MPa) dry})
28 8.26 175 38.99 3.42 D.48 Many 1.5631
30 6.67 170 18.07 2.33 0.55 Many 1.5611
31 394 181 9.25 1.51 0.79 Few 1.5566
32 279 134 8.44 1.42 1.19 Very Few 1.6518
3 241 128 2.58 1.47 3.38 None 1.5493
34 8.23 167 46.35 2.94 0.74 None 1.5630
35 7.47 168 26.6¢ 3.04 1.21 None 1.5608
36 8.60 163 45.02 4.29 0.88 None 1.5628
37 8.19 167 45.24 4.04 0.90 None 1.6627
38 8.94 173 44.30 4.07 .79 None 1.5626

This invention has been described by reference to certain preferred
embodiments; however, it should be understood that it may be embodied in
other specific forms or variations thereof without departing from its special or

w  essential characteristics. The embodiments described above are therefore
considered to be illustrative in all respects and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the foregoing

description.

22



ID Tensile Strength (MPa) Strain at Break (MPa) Young's Modulus (MPa) 100% Secant Modulus
(MPaj EWC 1%) Glistenings RI (22 C, dry) 29 8.26 175 38.99 3.42 0.46 Many 1.5631 30 6.67 170
1807233055 Many 1.5611 31 3.94 151 9.25 1.51 0.79 Few 1.5566 32 2.79 134 8.44 1.42 1.19

Claims
1. A polymeric ophthalmic or otorhinolaryngological device material comprising -

a)' 70 to 88 % (wiw) of 2 monofunctional acrylate or methacrylate monomer of formﬁia (1]

I1]
wherein
B = -O(CH,),- ,~(OCH2C.H2)"-, -NH(CHy),-, or -NCHg{CHo) s
Rl=H, CHa, CHZCHa, or CH,OH;
- n=0- 12

{CHa}s, ~CgHs, -OCEHS, CHyCgHs. F, Cl, Br, or I; and
m={-18;

b} 0.5 10 3 % {whw) of & difunctional acrylate or methacrylate cross-linking monomer of formula 21

23

A= CgHg or O(CH,),,CeHs, whers the CgHs group is optionaliy subst:tuted with -(CHp) H, -O(CH,),,

H, -CH



Very Few 1.5518 33 2.41 126 2.59 1.47 3.38 None 1.5493 34 8.23 167 46.35 3.94 0.74 None 1.5630
35 7.47 169 26.69 3.04 1.21 Nore 1.5608 36 8.60 163 45.02 4.29 0. 88 None 1.5626 37 8.19 167
45.24 4.04 0.90 None 1.5627 38 8.94 173 44.30 4.07

wherein

R2, R¥ independently = H, CHg, CH,CHj3, or CH,0H; :

W, W independently = O(CHy)y, NH(CHg)s NCH3(CHL), O(CH,)eCaHy O(CH,CHL0,CH, O
(CH,CHLCH,03,CH,, O(CH,CH,CHLCH,0) CH,, or nothing;

J = (CHa)p, O(CHLCHLOYy, G or nothing, provided that if W and W' = nothing, then J # nothing;

d=0-12;

a=1-12 and

b=1-24

and .
¢} 0.5 to 15 % {wiw} of a hydrophilic side-chain macromer of formula [3a], [3b], [3c], [3d], or [3e]:

e
X X0
Y , , Y ,
[3a] [3b]
o R CHy O
“‘fkr-ww y RZWH
e e R e
B "x "o
Y 7 Y . .
{3c] [3d],
7 o
“%\E sy
r® &
Ryo
3 |
[3e]

wherein for formulas [3a}, [3b], [3c), [3d], and [3e):

e=1-50;
X = -0-, NH-, -N{CHz}-, -N{CH,CHg)-, ar -N(CgMs)-:

Y = -H, ~(CHp)OH, ~CHaCHoNICHg), -CHaCHN(CH,CHg)s, ~CHaCHIOH)CH,OH, ~(CH,CH,03,CH,,
(CHoCH,O)H, ~(CHCHy0)4CaHs, oF

24



0.79 None 1.5626 This invention has been described by reference to certain preferred
embodiments; however, it should be understoad.tig} A may be embodied in other specific forms or
variations thereof without departing from its special arjn-essential characteristics. The embodiments
described above are therefore considered to be illustrative in all respects and not restrictive, the scope
of the invention being indicated by the appended claims rather than by the foregoing description.
Claims 1. &pefymeric ophthalmic or otorhinolaryngological device material comprising a) 70 to 98 %
(w/w) of agronafemctional acrylate or methacrylate monomer of formula [1]: wherein B = -O(CH2)n-,
(OCH2CH2)T:, kﬁdbb(@ﬁéz)m-,=omﬁwgé%k@i@@ﬁngﬁ%)o?@H2@9‘;"?@??—@2%@‘: C6HS5 or
0(CH2)C6185, Gih@it 86 1IP5-ghdia G idhatty s IS rﬂg\ d with -(CH2)nH, -Q(CH2)nfrl, -CH (CH3)2,
-C6HS5, -086HEHao1PPes A% Py (S, BNVPTaRavReL B2 4 ?Bf%.g Pét %”3% Egﬁfwg% H ifinctional
acrylate offfetRacrylate cross-linking monomer of formula [23: - 12/ wherein R2, R3 independently =
H, CH3, cg{r:z*dﬁ:e, or CHZOH; W, W' independently = 0(OH2)d, NH(CH2)d, NCH3(CH2)d, O(CH C
2,H6 - 6 4.0( H %@_pﬂ,o ) oH20)d0 H PEEIO)AOLE tiRg; J =
(CH2)p, O%C—@%%d)‘z‘&) / no%hé%%o%%%gsﬂ%?‘?ﬁ V\%’a% W%tt@hkidn%gfthen 3% nﬁﬂg; d:%-lz; a=
1-12;and b =1 - 24; and c) 0.5 to 15 % (w/w) of a hydrophilic side-chain macromer of formula [3a],

[3b], [3c], [3d], or [3e]: [3b] [Sc](3d], O [3g] whereifor formulas [3a], [3b], [3c], [3d1, and [3e]: e =
Y

1 -50; X = -0-, NH-, -N(CH3)-, -N(CH2C = , -CH2CH2N(CH3)2,
-CH2CH2N(CH2CH3)2, -CH2CH(OH)CH (CH2 H3, -(CH2CH20)dH,
-(CH2CH20)dCBHS5, or : ,

; Ot -CH,CH=CHy; :

R4, RS independently = H, CHs, CHaCHs, CHaCH,CHg, CH(CH3)p, CHZCHRCHaCH, o CHaCH(CHgl:
Ry = ~CO,CH3, -CO2CH,CHa, ~CN, or -CONHCH,CHaCH,CH; :

R7, R8 independently = H, CHj, CH,CHy, or CH;OF;

M = -{CHy)— and : '

a"=2-20.

2. The polymeric device material of Claim 1 wherein for the monomer of formuta [11:

B = ~O(CHy), 0f ~(OCHoCHo )3
RY = -H or <CHj;

n=1-5;

A = -CgHg, 0{CH)mCeMsr and
m=0-4,

3. The polymeric device material of Claim 1 whersain for the monomer of formula [2]:

R2, R? independently = H or CHa;

W, W' independently = O(CHy)y, O(CH3)CgHy. or nothing; .

J = O{CH,CH,O), or nothing, provided that if W and W = nothing,
then J # nothing;

d=0-86 and
‘h=1-10

4. The polymeric device material of Claim 1 wherein {or the macromer of formula [3]:

e = 2-40;

X = -0- or -N{CHiz)-;

Y = (CHpCHL0),CHa, ~{CH,CHRO)H, or -{CHZCH,0)CgHs:

g=2-23;

T, T independently = O(CHg)y or nothing; . _

K = O(CH,CH,0)y or nothing, provided that i T and T° = nothing, then K # nothing;
d=0-86 '

p=1-10;

H, G, Br, -CH,C{0)CgHs, -CH,C(O)CaH40H, -CHoC{O)CEHLOCH,,

L
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p=1-12; g =1-230; T, T' independently = 0(CH2)e, NH(CH2)e, NCH3(CH2)e, 0(CH2)eC6l-14,
0(CH2CH20)eCH2, 0 (CH2CH2CH20)eCH2, 0(CH2CH2CH2CH20)eCHZ2, or nothing; " K = (CH2),.,
0(CH2CH20)b., 0, or nothing, provided that if T and T' = nothing, then K # nothing; d'=0-12; a'=1-12;
b'=1-24; L = H, CI, Br, -CH2C(0)CH3, CH2C(0)C(CH3)3, -CH2C(0)C6H5, - CH2C(0)C6H40OH,
- -CH2C(0)C6H40C QHZCH =CH2; -R4, R5 independently = H, CH3, CH2CH3, CH2CH2CH3,
CH(CH3)2, CH2 %ﬁi §e‘n9 %HggH& 3&% Re = -CO2CHS3, -CO2CH2CHa3, -CN, or
-CONHCHZCHZ@HZQQG 5 p@,@ 5é QJﬁéHQJ,—_[ZCHS or CH20H; M = -(CH2)2-; and
=2-20. 2. The Fpolamaé&,dﬁwge m@teﬂglagj Claim 1 Whéreih for the monomer of formula [11: B =
-O(CH2) or -(OCkI2CHR),-; R1= -H or -CI-13; n=1-5; A = -C6H5, 0(CH2),,C6H5; and m=0-4. 3. The
polymeric device material of Claim 1 wherein for the monomer of formula [23: R2, R3 independently =
H or CH3; %, e ReEserifiqeraegpe LR, Eupret d6 hamaeprotignyesd(CH2CH20)b or nothing,
provided that |fW W' = nothing, then J # nothing; d =0 - 6; and b = 1 - 10. 4. The polymeric device
material of CIa|m>gl_W ierein for the macromer of formula [33: e = 2 - 40; X = -0- or -MCI-13); Y =
(CH2CH20)CCH3;=(@H§QW;Q)QJ-| or -(CH2CH20)qC6H5; q=2-23; T, T' independently = O(CH2)e or
nothing; K = O(CH2@H29)b, or nothing, provided that if T and T' = nothing, then K # nothing; d' = 0 - 6;
b'=1-10; L = H, TF, Bezr@ERG(0YTBHE, CCHRGHE SHADIHG:-CH2C(0)C6H40CH3, or -CH2CH=CHZ2;
R4, R5 mdependémRAGHbP@%owmm@we%aﬁf 0B2ECHS P @R BH2CHBNI@N, or
-CONHCH2CH2 ,F| E?‘B R7, R8 independently = H or CH3;-and a" = 2- 12. 5. The polymeric device
material of ClalmL4_\M ﬁle{&'})& lpe macrefmet, ok (rgru@H[%Le F? -30;
R4 RS mdependenﬂy H, CHa, or CH,CHy;
Rg = ~CO,CH;, -CO,CH,CHg, -CN, or ~CONHCH,CH,CH,CH;
R7'R8 independently = H or CHg; and
a"=2-12,
6. The polymeric device material of Claim 1 wherein the monomer of formula 1] is selected from the group consisting
of benzyl methacrylate; 2-phenylethyl methacrylate; 3-phenylpropyl methacrylate; 4-phenylbutyl methacrylate; 5-
phenylpentyl methacrylate; 2-phenoxyethyl methacrylate; 2-(2-phenoxyethoxy)ethyl methacrylate; 2-benzyloxysthyl
methacrylate; 2-{2-(benzyloxy)ethoxy)ethy! methacrylate; 3-benzylaxypropy! methacrylate; banzyl acrylate; Z-phe-
nylethyt acryiate; 3-phenylpropyl acrylate; 4-phenylbuty! acrylate; S-phenyipenty! acrylate; 2-phenoxyethy! acrylate;

2-(2-phenoxyethaxy)ethyl acrylate; 2-benzyloxyethyl acrylate; 2-{2-(benzyloxy)ethoxy)ethyl acrylate; and 3-benzy-
loxypropy! acrylate.

7. The polymeric device material of Claim 1 wherein the monomer of formula [2] is selected from the group consisting
of ethylene glycol dimethacrylate; diethylene glycol dimethacryiate; iriethylene glycol dimethacrylates; 1,6-hexanediol
dimethacrylate; 1,4-butanediol dimethacrylate; 1,4-benzenedimethano dimethacrylate; ethylene glyco! diacrylate;
diethylene glycol diacrylate; tristhylene glycol diacrylate; 1,6-hexanediol diacrylate; 1,4-butanadiol diacryiate; and
1,4-benzenedimethanol diacrylate.

8. The polymeric device material of Claim 1 wherein the amount of monomer [1] is 80 to 95 % (wiw}.

8. The polymeric device material of Claim 1 wherein the amount of hydrophilic side~chain macromer is 1 to 10 % (wiw).

10. The polymeric device material of Claim 9 wherein the amount of hydrophilic side-chain macromeris 140 5 % {(whwr),

11. The polymeric device materiai of Claim 10 wherein the amount of hydrophilic side-chain macromeris 210 4 % (wiw),

12, The polymeric deviee material of Claim 1 wherein the hydrophilic side-chain macromeris a macromer of formula {3a.

13. The polymeric davice material of Claim 1 wherein the hydrophilic side-chain macromeris a macromer of formula fabl

14. The polymeric device materiai of Claim 1 wherein the hydrophilic side~chain macromer is a macromer of formula f3cl

15. The polymeric device material of Claim 1 wherein the hydrophilic side-chain macromer is a macromer of formula [3d].

16. The polymeric device materiai of Claim 1 wherein the hydrophilic side~shain macromer is a macromer of farmula [3e].

17. The polymeric device material of Claim 1 further comprising an ingredient selected from the group consisting of a
polymerizable UV absorbers and a polymerizable coloranis.

18. The polymeric device material of Claim 17 comprising 0.1 - 5 % (w/w) of a polymerizable UV absorber and 0.09 -

26



X =-0-; Y = (CH2CH20),ICHS; g= 4- 15; T, 7 independently = 0(CH2)6,, 0(CH2)6C6H4, or nothing; K =
0(CH2CH20)6, or nothing, provided that if T and T' = nothing, then K # nothing; d'=0 - 6; b'=1-10; L =
H, -CH2C(0)C6H5, -CH2C(0)C6H40OCH3, or -CH2CH=CHZ2; R4, R5 independently = H, CH3, or
CH2CHS3; R6 = -CO2CH3, -002CH2CH3, -CN, or -CONHCH2CH2CH2CH3; R7 R8 independently = H
or CH3; and %5%/21,2 6; Th(la rﬁolgmeric device material of Claim 1 wherein the monomer of formula [1]
is selected from HE G35 LERLI&HYBPBEh 2y methacrylate: 2-phenylethyl methacrylate:

3-phenylpepyimethacryate; 4:pheMbuvmeihachiale: s phen JQ&%%%@%%I“%%%‘“??clai :
2-phenoxyethyd medhaceyiate; 2nk 3PQ§WM%RPP&M%%F"B&&Q m@%&a{ [€ak- a@ﬁ&%ﬁ%@ﬁéb%@i&@%&i
2-(2-(benzyloxyathmaseshylsreibasstate; S-benzHaxypremethacndate; benzyl acrylate;
2-phenylethyl acrylate; 3-phenylpropyl acrylate; 4-phenylbutyl acrylate; 5-phenylpentyl acrylate;
2-phenoxy8tHyl el cp ot rianceyetireigpétnybaeripleadhorbemzydoryetmdtachyiabiim 1 whersin the
2-(2-(benzylo‘3€¥'§%ﬁﬁﬂﬁ<@éﬂ’f SERNANST S EYBP SHRASH FOPY MacipHRec st bolpateiic iefeviceontact
material of CI&iT L RSP S TS hTBRGTHEPSfONAT Yoy R Yautica e e 6FaipPEisisting of
ethylene glyceldi | : i late: triethylene glycol dimethacry|ate,
QA i i e bt A SR A i
ethylene glycol diacrylate; diethylene glycol diacrylate; triethylene glycol diacryiate; 1,6-hexanediol
diacrylate; 1,4-butanediol diacrylate; and 1,4-benzenedimethanol diacrylate. 8. The polymeric device
material of Claim 1 wherein the amount of monomer [1] is 80 to 95 % (w/w). 9. The polymeric device
material of Claim 1 wherein the amount of hydrophilic side-chain macromer is Ito 10 % (w/w). 10. The
polymeric device material of Claim 9 wherein the amount of hydrophilic side-chain macromeris 1to 5
% (w/w). 11. The polymeric device material of Claim 10 wherein the amount of hydrophilic side-chain
macromer is 2 to 4% (w/w). 12. The polymeric device material of Claim 1 wherein the hydrophilic
side-chain macromer is a macromer of formula [3a]. 13. The polymeric device material of Claim 1
wherein the.hydrophilic side-chain macromer is a macromer of formula [3b]. 14. The polymeric device
material of Claim 1 wherein the hydrophilic side-chain macromer is a macromer of formula [3c]. 15.
The polymeric device material of Claim 1 wherein the hydrophilic side-chain macromer is a macromer
of formula [3d]. 16. The polymeric device material of Claim 1 wherein the hydrophilic side-chain
macromer is a macromer of formula [3e]. 17. The polymeric device material of Claim 1 further
comprising an ingredient selected from the group consisting of a polymerizable UV absorbers and a
polymerizable colorants. 18. The polymeric device material of Claim 17 comprising 0.1 -5 % (w/w) of a
polymerizable UV absorber and-0.01 - 0.5 % (w/w) of a polymerizable colorant, 19. Process for
preparing a polymeric ophthalmic or otorhinolaryngological device material according to claim 1
wherein the ingredients [1], [2] and [3] along with any further optional ingredients are combined and
polymerized using a radical initiator to initiate polymerization by the action of either heat or radiation.
20. An ophthalmic or otorhinolaryngological device comprising the polymeric device material of Claim
1 wherein the ophthalmic or otorhinolaryngological device is selected from the group consisting of
intraocular lenses; contact lenses; keratoprostheses; corneal inlays or rings; otological ventilation
tubes; and nasal implants. 21. The ophthalmic or otorhinolaryngological device of Claim 20 wherein
the ophthalmic or otorhinolaryngological device is an intraocular lens.
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