OPHTHALMIC AND OTORHINOLARYNGOLOGICAL DEVICE MATERIALS Field of the Invention 5
Thisinventionis directedtoimprovedophthalmic and otorhinolaryngological device materials In

particular, tRigjRygixigRelates to soft, high refractive index acrylic device patetia @Aj{}
‘improved glistening resistance. 10 Background of the Invention With the recent advances in

small-incision s been Iaced on developing soft, foldable
materials swta%?a{fﬁ%&@&% ﬁé%%@géﬁtg%g Q ngg rtahEYIS R MA Ble? three
categories: hydrogels, silicones, and acrylics. In general, hydrogel materials have a relatively low
refractive index, maklng them less desirable than other materials because of the thicker lens 20 optic
necessary to Histgnbihegingentian ctive power. Conventional silicone materials generally have a higher
refractlve index than hydrogels but tend to unfold explosively after being placed in the eye in a folded
position. Exploswe f.0|dl otentlallygd the corneal endothelium and/or rupture the
natural lens capsuI(:In crylrllc%m féls afe d gﬁn‘ﬁ% us@tﬂ@yﬁﬂ)lca‘ﬂwgﬂm a tﬁBH refractive
index and unmmmnm@mogmogrmmmmammnuemmmnmm@mr isreibfesRatent No.
5,290,892 di e e materlal su se as an mtraocular lens
("IoL") mate%?lﬁ?h%g z'(f:ér% ggmgﬁgﬁélsggoﬁ Girdeus Brincip @é%é%ﬁ%rﬁ aVE, JTERPHER lic
monomers. Tgi@il@L%gtﬁa@léfaﬂﬂ%se 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 4s pnnC|paI components two acryllc monomers which are defined by the properties of their
respective hdza b ptigrromer is defined as one in which its homopolymer has a
refractive index of at Ieast about 1.50. The second monomer is defined as one in which its

homopolymer has agissisareitiandempeE iesiess iRBR RPOLA B STRESE IfdteTialgrials also
contain a cross- |I% chﬁﬁrs? onent Additionally, these materials may optional y contain a fourth

constituent, §iffe? RISPIRFEE ConSRHERING B olgahir ratarialsrsditaplaifomonomer.

These materize prefariidjahagasadotaligessrdlantazeunisiaing walghitel ariydopkiie component.
10 U.S. Pat(%:nt No. 5,69 discloses foldgble, high refractive index ophthalmic lens materials

containing atlea: oreg,ut 83'3?/?@ o? R nﬁﬁo % t‘ %mponents one aryl acrylic hydrophobic
monomer and one hydrophilic monomer. The aryl acrylic hydrophobic monomer has the formula 15 1

CH2 = C - CO0-(CHR)GeRetai2WBRSGH!: midiehh® Wil a relatively low refractive index,

making them less desirable than other materials because of the thicker lens

28

20 optic necessary to achieve a given refractive power. Conventional silicone
materials generally have a higher refractive index than hydrogels, but tend to
unfold explosively after being placed in the eye in a folded position. Explosive
unfolding can potentially damage the corneal endothelium and/or rupture the
natural lens capsule. Acrylic materials are desirable because they typically

25 have a high refractive index and unfold more slowly or controllably than
conventional silicone materials.

U.S. Patent No. 5,280,892 discloses high refractive index, acrylic

materials suitable for use as an intraocular lens (“IOL”) material. These

3  acrylic materials contain, as principal components, two aryl acrylic monomers.

The 10Ls 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.

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



m is 0-6; Y is nothing, O, S, or NR, wherein R is H, CH3, CnH2n1 (n=1- 10), iso-0C3H7, C6H5, or
CH2C6H5; and Ar is any aromatic ring which can be unsubstituted or substituted 25with
CH3, C2H5inGakd f4is9sC3H7, OCH3, C6H11, CI, Br, C6H5, or CH2C6Hp. The lens materials

ibed in the ' it ST B Tesh
described in the '095 Patent preferably have a glass-transition temperature ("Tg een about -20
and +25 C. 30 Flexible intraocular lenses may be folded and inserted through a small incision. In

_ general, a sof1FhaAERASHRSH LY dhe PP estiey eitbeisranasiveabaroapdienissertdthehrough an

increasingly sipallefonsisienisSelmeylisobreiRaghis matgy Gl appropriate
combination of 53t(|%rfn rﬁg flexibilit%/ and non-tacky surfalce p?ﬁ%ﬁ@sﬁ%%é%n?irgﬁsg %ctﬁ)%e inserted

through an infI€fh saf 2FLAAUL TeifiirdBactesinrgiaamnrgey is defingy emplemingiioh (PEG)
dimethacrylaties BoerkpNRHer i 0y Sy Blis SRiRG TRV ilTeelqhisAsHd|g fosmidations. See,

for example, L3, Pa}%?enct ’?’éf' 5,&23 095, 6,528,602; 6,653,422; and 6,353,069, Both the 5
concentration aRdntecii ?%E@@fﬁ\@[hﬁ&%ﬂéﬁ@g‘%\@mﬁﬁﬁ%t ofiglitiassiih

performance ti@seenalicrize ofdy ghtiomaipadaiveio b REG siRaRaa e L0o VA vield
copolymers with, i ved glistening performance at low PEG concentrations (10- 15 wt%), as
compared to g%e@%%lé@@leﬁ@v%%ﬁ@%@d' Wé%ﬁsy‘ogigé? BB MRANERS:, IBWEREG 10
dimethacrylateaienedntpastarakiye narablietal nhikisdnthdrigheitagtve inMea@moMmeé- Addition of
PEG dimethqxéyglg% @%%;ﬁ?gl etﬁtdecrease the modulus and tensile strength of the resulting
copolymer. Also, higher molecular weight PEG dimethacrylates are generally not miscible with
hydropHébic acrylic monomers, 15 Summary of the Invention Improved soft, foldable acrylic device
materials which arepayti Spited:f S i t whi re also useful.as other ophthalmic
or 20 otorhinolar n@é&%g%ﬁv%éé%éggﬁﬁa?ggco%%é%?égrglségswéggt?ﬂfr% tﬁﬁg%%?\e%rw ings or
inlays, otolog?AtiaRAiatisMeumeaiefpin Loataininentet feast wesuliSfbwerés. Gfhesty palpmeric
materials corpgrsp &li-iegioenhiilo a Ntaipy Jygr ili % ck in,the polymer
backbone. Z%he% ,epifieﬁ*j?) bloglﬁrcmtéﬁgigg t%?(}eﬁ %aﬁ?gﬁ%ﬁ oft qulgens%nr? ?n\l/éenn({io%ngermits
solubilization WP HEREQMET wdidh ARy Reptiti O YiseREaRia Mpnepiss bizstios domautermulation
prior to polymerization. Higher molecular weight hydrophilic blocks provide glistening resistance at
lower hydrophilic block conc/gntrations compared to lower molecular weight 30 hydrophilic blocks. The
presence of the hydrophobig block composition in the macromer increases the macromer's solubility in
a hydrophobic copol @%q%@@(gﬁ%gwgmg hydrophilic ingredient concentration reduction
results in reduced equilibrium water contéfit, higher refractive index, and a smaller mass intraocular
lens that can be inserted through a smaller incision. The subject di-block and tri-block macromers
allow synthesi istening, resistant, low equilibrium water content, high refractive index 10Ls.
Detaile%f) Desi‘:’ﬁ% %ﬂé'of t%e%n@e%}g 3 Unless indicated otherwise, all component amounts are
presented on a % (W/W)’Ba‘ﬁﬂsg’g&t.%rig. 10The device materials of the present invention are
copolymers comprising a)'S ReYA tiSh A MRy wasseim il Ritsnfondmer 1N )-a difunctional
acrylate or methacrylate!&odeHiRkesHz), Gats) er SiHipEed-by; wibdock macromer [3] (which may be a
macromer of formula [3#i [ShyasiiRatiornifgelhhese HeamalBsims:awryr cuNaiymare than one
mononter [1], 15 more witin Chiz niytdsner CHantbor0rHH D ORG NTaMMasi[ 3+ Uniess indicated

otherwise, references t%e@hjggngent are intended to encompass multiple monomers or macromers
of the same formula and references to amounts are intended to refer to the total amount of all

MONOMers Of RRAGKMREIR F2AR LGB N the ‘095 Patent preferably have a glass-
transition temperature (“T;") between about ~20 and +25 °C.

30
Fiexible 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
35 strength, flexibility and non-tacky surface properties to permit IOLs to be

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



20 (11 wherein B =-(OCH2CH2)n-, -NH(CH2)0-, or -NCH3(CH2)0-; 25Ri= H, CH3, CH2CHS3, or _
CH20H; n=0-12; A = C6H5 or 0(CH2),-nC5H5, where the C6H5 group is optionally substituted with

-(CH2)nH, - Ehad sz &5H(C1-13)2, -CEHS5, -005H5, - CH2C6HS, F, Cl, ? =0-18; [2]
5wherein R2, R3 independently = H, CH3, CH2CH3, or CH20H; W, W' in epen 63(CH2)d
NH(CH2)d, NCH3(CH2)d, 0(CH2)dC6H4, 0(C H2CH20)dC H2, 0(C H2C HZCHZO)eICHZ

0(CH2CH2CH2C1120)(2C1-12, or nothing; J = (C1-12),, 0(CH2CH20)b, 0, or nothing, provided that if

W and W= nothingptigaifeneigidl T8E62: dindinbdifited -4 HIGHDRCRGHIEH2 1
Z1-C-c (CH2- Ct)CHZCIRIeI R"C=0 C=0 _
glistening resistance of hydrophoblc acrylic formulations. See, for example,

U.S. Patent Nos. 5,693,095, 6,528,602, 6,653,422; and 8,353,069, Both the

s concentration and molecular weight of PEG dimethacrylates have an impact
on glistening performance. Generally, use of higher molecular weight PEG
dimethacrylates (1000 MW) vield copolymers with improved glistening
performance at low PEG concentrations (10 — 15 wt%), as compared to lower
molecular weight PEG dimethacrylates (<1000 MW). However, low PEG

1w dimethacrylate concentrations are desirable to maintain a high refractive
index copolymer. Addition of PEG dimethacrylates also tends o decrease the
modulus and tensile strength of the resulting 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 ophthalmic 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 di-block or tri-block
macromers containing a hydrophilic block in the polymer backbone.

25 The specified block architecture of the macromer of the present
invention permits solubilization of higher molecular weight hydrophific blocks
in a hydrophobic monomer formulation prior to polymerization. Higher
molecular weight hydrophilic blocks provide glistening resistance at lower
hydrophilic block concentrations compared to lower molecular weight

30 hydrophilic blocks. The presence of the hydrophobic block composition in the
macromer increases the macromer’s solubility in a hydrophobic copolymer
formuiation. This resulting hydrophilic ingredient concentration reduction
results in reduced equilibrium water content, higher refractive index, and a

3



XX .II YY pa]; CH2CH3R4 00 R4CH3CH2 If1lll 111 11l C-CH2C-CH2 ) C-C Z2C-C CH2-C )CH2-C llel
51\ 11 0=--C 0=CR125C=0 C=0 1l XXXX 1111 YYYY WO 20091046243PCT/US2008/078660 [3b]; O

R4HHO H(G@3dsdufe24CH2- ) 114-(CH2)80-C-C-Rt Il le CH2 5[Sc]; Or QighR4QRdRaskH0 -¢

smaller mass intraocular lens that can be inserted through a smaller incision.
The subject di-block and fri-block macromers allow synthesis of glistening

resistant, low equilibrium water content, high refractive index {OLs.

5 Detailed Description of the Invention

Uniess indicated otherwise, all component amounts are presented on a
% (wiw) basis ("wt.%").

10 The device materials of the present invention are copolymers
comprising a) a monofunctional acrylate or methacrylate monomer [1], b) a
difunctional acrylate or methacrylate cross-linker [2], and ¢) a di-block or tri-
block macromer [3] (which may be a macromer of formula [3a], [3b], [3c],
[3d],0r [3e]). The device materials may contain more than one monomer [1],

15 more than one monomer [2}, and more than one macromer [3]. Uniess
indicated otherwise, references to each ingredient are intended to encompass
multiple monomers or macromers of the same formula and references fo
amounts are intended to refer io the total amount of all monomers or
macromers of each formula.

20

R‘!
/l\(o
B\A
[1]
wherein
B = -O(CHg)n-, -{OCH2CHz)n-, -NH(CH2)y-, or -NCH3(CHz)a-;
25 R' = H, CHs, CH,CHs, or CH,OH:

n=0-12;

A = CgHs or O(CHz)mCsHs, where the CgHs group is optionally
substituted with —(CHQ)nH, "O(CHz)nH, -CH(CH3)2, -CeH5, -0CgHis, -
CH,CeHs, F, Cl, Br, or I, and



Il 1l fe-c-oto-roa-LC-cH2 ) c-c ell) 11,-(cH2)a0-c-c-RE el | A511 CH2010=0 =CCH2 X 10 [3d] O
R4ReR6 111 R9--21-Cll -C ( CH2-9 )e C H2-C -L | R56--=0T.0 1 xixi 11 v,r, [3e] 15 wherein for

formulas [3ad3bdsA361443d], and [3e] (collectively, "formula [31") a indepggdantbios/drseks: Z1 =
-(OCH2CH2)p0-, -(OCH2CH(CH3))p0-, -(NHCH2CH2)pNH-, or -N(COR2)CH2CH2)p0; 20X =0, NH-,

N(CH3)-, N(CH2CH§%1 @r Y,= -(CH2)pH, -CH2C(CH3)2; -CH2CH2N(C5H5)2,
_CH2CH(OH)CH2086R5, Z(M42CH20)pC6HS5, -(CH2)tCEHS, or -(CH2)t0CHI-15; 72 =
-(OCH2CH2)p0-, -(OCH2CH(CH3))p0-, -(NHCH2CH2)pNH-, or 6
-0(CH2CH2(CORT7)N)b-R8-(N(CORE)CH2CH2)dO-,

‘¢

N
W, _0O
I g3

[2]

s wherein
R R® independently = H, CHj;, CH,CH3, or CH,OH;
W, W' independently = O{CH,)4, NH(CH>)q, NCH3(CHy)a, O{CH)4CsHa,
O(CHzCHz0)yCHz, O(CHzCH;CH0)3CHy, O(CH2CH2CH2CH20)4CHo,
or nothing;

10 J = (CHg)a, O(CHZCHZ0),, O, or nothing, provided that if W and W' =
nothing, then J # nothing;
d=0-12;
a=1-12;
b=1-24;

is

o R* CHy GH,
H(CH,)4 ZI‘——ECE—([:—{-CH2~C|:%CH2—!:I‘
lias €|::O (I::O
X x
v
[3a};
20
CH, CHs ¢ 4 CHy
g—cm%a’:—cn—g ci;—g——z%—-lé———é CHz_é+CH2“g
Ozé D*“—'"*fl: ° R 8 Czeo é::o



R4, R5, R6 independently = H, CH3, CH2CH3, CH2CH2CHS3, CH(CH3)2, CH2CH2CH2CH3, or
CH2CH(CH3)2; R7 = CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, CH2CH2CH2CHS3, Or
5CH2CH(C@3sBam 2, (CH2)2, (CH2)3, (CH2)4, (CH2)5, or (CH2)5;1Q:'13rU'S§(91?' sz - 200,
provided that p e; t=0 - 6; 10R9 = CH2=C(R6)C(0)-, CH2=C(R6)CO2CH2CH2NHC 63 or
CH2=CHC6H4C(0)0H2=0HC6H4CH2; and L = H, ClI, Br, -CH2C(0)CH3, CH2C{(0)C(CH3)3,
-CH2C(0)C6H5, 90 -CH2C(0)C6H40H, -CH2C(0)C6H400H3,, Or CH20BBEH2. is Preferred
monomers of formula [1] are those wherein: B = -0(CH2)b- or -(OCH2CH2)n-; R1 = -H or -CH3; 20n =
1-5; A=-C6H5, 0(CH2)mC6H5; and m = 0 - 4. Preferred monomers of formula [2] are those wherein:
25R2, R3 independently = H or CH3; W, W' independently = 0(CH2)d, 0(CH2)dC6H4, or nothing; J =
0(CH2CH20)b or nothing, providﬁ tl|=q‘at if W Eﬁd \lgﬂj nothinﬂ, then J 0 nothing; d =0-6; and 30b =1 -
e

10. Preferred macrgge)s-off it °>33 Rigins.adindepgndently = 1 - 12; Z1=
-(OCH2CH2)p0-, or -(OCH2CH(CH3})p0-; I .

i
<|:xo CH,
X
|
Y
. [3¢c];
or
e il Pr
Ré—C—C—O(CHy)g— Ci:—CHzg—(}:w WZZ—C——?—%CHZ-—?%— -(CHz)aowcmﬁmRB
e [-]
CH, o:clz Rr® R® G CHy
x X
v y
10
[3d]
iR
R’—-Z’—C—?—ECHEHQ—}—CHZ—?—L
RS ¢=0 c=0
i
x% x1
oo

[3e]

wherein for formulas [3a], [3b}], [3c], [3d], and [3e] {coliectively, “formula [3])

a independently = 1 -18;

Z'= ~(OCH2CHy),0-, (OCH;CH(CH3))pO-, -(NHCH2CHz)NH-, or
-N(COR")CH,CH),0;

20 = O, NH-, N(CHs)-, N(CHzCH3)-, or N(CgHs)-:

Y= «(CHg)aH, -CH2C{CHa)z; -CH2CHaN(CgHs)s,
~CH;CH(OH)CH20CgHs, -(CH2CHZ0),CeHs, -(CH2):CeHs, or
~(CHz):OCgHs;

Z*=  (OCH,CHy),0-, -(OCH,CH(CH3}))pO-, -(NHCHCH2),NH-, or

8



X =0, or N(CH3)-; 5Y = -(CH2)tC6H5, or (CH2)10C6H3I Z2 = -(0CH2CH2)p0-, or
-(OCH2CH(CH3))p0-; R4, R5, R6 independently = H, CH3, or CH2ChlI3I p= 20 - 250; e = 5- 150,
provided thayg 2666131 - 4, R9= CH2=C(R6)C(0)-, or CH2= C(R6)CO (%gﬂ)_]’gé% and L =
H, Cl, Br, -CH2C(0)CH3, CH2C(0)C(CH3)3, -CH2C(0)C6H5, -CH2C(0)C )C6H40C
H3;, or CH2CH=CHZ2, 15 Mos“:oreferred mapromeras of formyla‘[:'] are those wherein: a independently

= 1 -4; = -(OCH2CH2)p0-; Z85H-(C@RINpaRIsIMEQROEH2E B0 R4, R5= CH3 R6=H or
CH3; 25p = 30 - 120R&, RiORiQQde@Wd@ﬁﬂSI"'aI P{'SC?-I@ CHICR, R F@%@)

CH2= C(R6)COZCH2CH2IEI§‘%%& CH2C(O)06H5 -CH2C O)C6H4O
-CH2C(0)C6H40OCH3" 30 gﬂf‘fﬁ& on f&#7ormula [1] are known and can be made by
known methods. Se®for exaﬁgplezlwzsl—igatemzwpgwﬁsjc@ﬁ@ﬁm,5@9@@9ggwamwomers of
formula [1] are commermalg(%\q_é‘@ﬁ rom a variety of 5 sources. Preferred monomers of formula [1]
include benzyl methacrylate;, yiéthyl methacrylate; 3-phenylpropyl methacrylate; 4-phenylbutyl
methacrylate; 5- pheRyIpen@%dﬂhﬁg}yl&f&iﬁspt@ﬁg)gy@w neherdpte; 2- (2-phenoxyethoxy)ethyl
methacrylate; 2-ben rrg7:,yJ.0xy thyjsabethacrylate 2-(2- (benzyloxy)ethoxy)ethyl methacrylate; and

3-benzyloxypropyl methacrylate; ™
e= 1-200, provided that p 2 &
t= 0~ 6;
10 R = CH=C(RY)C(0)-, CHz=C(R®)CO,CH,CHNHC(O)-, or

CH2=CHCsH4C(O)CH2=CHCsH4CH2; and
L =H, Cl, Br, -CH;C(O)CHj;, CHC(O)C(CHs)s, -CH2C(O)CgHs,
o O
-CH2C(O)CsH4OH, -CHZC(O)CsH4OCHs, : , of
CHQCH=CH2.

Preferred monomers of formula [1] are those wherein:
B = -O(CHz)y- or (OCH2CHa)p-;
R'=-H or -CH;
20 n=1-5;
A = -CgHs, O(CHz)mCsHs; and
m=0-4.

Preferred monomers of formula [2] are those wherein:
25 Rz, R® independently = H or CHj;
W, W’ independently = O(CHg)g, O(CH2)4CsHa, or nothing;
J = O(CH,CH20)s or nothing, provided that if W and W’ = nothing,
then J # nothing;
d=0-86; and
30 - b=1-10,



10and their corresponding acrylates. Monomers of formula [2] are known and can be made by
known methods. Many are commercially available. Preferred monomers of formula [2] include ethylene

glycol dimetharsyaigidigthylene glycol dimethacrylate; 15 triethylene glyg@ﬂg%mﬂﬁ%l te;
1,6-hexanediol dimethacrylate; 1,4- butanediol dimethacrylate; 1,4-benzenedimethanol dimethacrylate;

and their corrgsponding acrylates. Mast preferred is 1,4-butanedijol diacrylate. Macromers of formula
[3] can be mfofé)fgyﬁﬁgﬂﬁc é‘?ﬁ&%gﬁ?ﬁﬂiﬁféﬁ%&t PF5ri0f- 5] can be made using controlled
radical polymerizatienimiethastsedtyr e4amtde, macromers of structure [3a] and [3b] may be prepared
by atom transfer radjgal p rizatio (ATR% fr%e% lic.nonomers using polyethylene
glycol-based initiatc(#g. A&%ﬁgﬁégﬁg@& Sf GE (r%a‘? n Q%gép\ségh terminal bromoisobutyrate group(s)
is combined with 2Xcefher(INKalite;and a solubilizing amine ligand to polymerize a selected

methacrylate monorper, ( the desi ujar.weight has been obtained a radical scavenger or
! sl

catalytic chain transfer reage ea methacrylic polymer with unsaturated end
groups. See for exafipte-(QEaBHI)Q-ahMQEIOIdETikg)2002, 35, 8954-8961, or Bon, a 30A. F. et
al. J. Polym. Sot, PWHRC@?%O%%%Q!C{%%T% 6_=7§ H Mglc&fq;_@ 3(?f formula [3c] _and [3d] may be_
prepared by atom transfer radical polymerization ?AfRP) of methacrylic or acrylic monomers using 9
WO 2009/046243P@TFUP088I78660 polyethylene glycol-based initiators.In these cases, termination
with a hydroxyl-funcéi@wgwqig@rryrgm% W\%'fjé a deroxyl terminated poly(acrylate) or
poly(methacrylate). This product can then be reacted with methacryloyl chloride or isocyanatoethyl
methact{late. See, E}én]ef’aﬂy, U.S. Patent Nos. 5,852,129, 5,763,548, and 5,789,487, Macromers
of structure [3e] maR&BmzﬁGMFH@y,QSPmHE&@RQG’@@HQQNWE@W 4Ad RP). For example, a

methacrylate monomer is combined with copper(l) halide, amine ligand and solvent. Polymerization is
10 initiated with a nﬁﬁdig{géfed%&%g ég%@-@?ﬁ%"&éirv‘ E@%@Qﬁl&‘fde. Once the desired
conversion has been achieved, an end-capping agent is added ¢o produge a methacrylic polymer with
desired terminal end group functionality. The protecting group. maved from the polyethylene
glycol-based initiator and the product palymer is esterified wit \mplesmethacryloyl chloride or
isocyantoethyl meth"&'&%fg) 5‘195?@‘ @ﬁ%&ﬁfﬁ‘t%ﬁﬁamomeh[cﬂ has the stflicture: CH2CH3CH3
00 CH3CH3CH2 I--gHHZ fH=FH2 ) C-C-0(CH2CH20)F-C-C Illl 11 CH2-0) CH2-C lli ilellle 0=C
Or-CCI—!?OllSO:O 0=011 00 Il CH2CH2

Most preferred macromers of formula [3] are those wherein:
a independently = 1 ~ 4;
Z' = (OCHZCH2),0-;
20 X= 0
Y = (CHz}CeHs;
Z% = (OCH,CHy),0-;
R* R®= CHy;
R® = H or CHa;
25 p=30-120;
e = 10 - 100, provided that p is 2 ;
t=1-2;
R® = CH.=C(R%C(0)-, or CHz=C(R®CO,CH,CHNHC(O)-; and
L = H, -CHxC(0O)CsHs, -CH,C{O)CeHsOH, -CH,C(O)CgH4OCHs;,,
39 CH,CH=CH;,



20 This macromer can be synthesized in two steps from poly(ethylene glycol) (Mn 1500) as in
Example 1 below. In the first step, poly(ethylene glycol) is esterified with 2-bromoisobutyryl bromide in

the presencg;gf-myigliegs The 25 purified product is then used to initiate p@&mﬁg%g%q??gﬂ
- 2-phenylethyl methacrylate (PEMA) by ATRP, and the polymerization is terminated with a radical

scavenger to create unsaturated end groups. The copolymeric materials of the present invention
contain a total amount of monomer [1] in an amount from 65 to 95 %, and preferably from 70 to 90 %.

The difunctional crositiokesi2]sforsenuatipy] cae beenihesidesnf - Hriad? %wiheatal
concentration, and prefegably from 1 to 2 %. materials of the present invention have at least
one macrom@%%%&?ﬁulz? Fﬁy 1{?1% ?Wgaﬁodﬁtsofg?gﬁ%rm%]sd%%&%g Githe’ g&Qréazphysical
properties foMheylevicemeteriafioifhelzdppraasenmaissially elvbitalslepfasens ipuestipafcontain a
total of at lea t % an n contain as much as 35 %.af macromer [3]. Preferably, the copolymeric
device rﬁater%@v%fbo% gffg\%%cc%‘é%vot%e{ﬁ r%g%l%?ré? [é)]] m%?gf%rgf‘é} IW%%E‘&%%{%%HC device
" materials willdentgietily - 20ett@cofiatacroiaphgBlyltEihe copelymasitatievicé-prateyiblstyf the present
invention opt; IOl ' ' le from the group,.consisting of
polymerizablem %ﬂ\’{/%;gggr[gér?gﬁéqa{)ﬁ%%mﬁﬂgﬂ%%}%gfﬁg %re%g%gﬁ/ﬁ"t%em e%%%%@%ri% of the
present inveﬁamheamaﬁjnaydﬂﬁbyfmgﬁbm;éa@es@ésemamwhwrmmwms;m@d [2], the
macromer [3Ibéﬂgﬁ'6§y%ﬂ%®l)éﬁﬂﬁ"¥ﬂ§ﬁ%é\%§t&v_ é&?&%@@éﬁf}g&r«gg%@ﬂ”ﬁ?&ﬁaﬁﬂﬂéﬁs-

Reactive UV absorberS are known. A suitable reactive UV absorbe
(2'-hydréxy-FRdhRingersesnonding aspiai@szotriazole, commercially available as o-Methallyl Tinuvin
P ("oMTP") from Polysciences, Inc., Warrington, 25 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. PXIRRPRIE'S 27 dYin (el igist AGSyrBeANdredyhibsIynadadnt iknaamount from
about 0.01 - MbtPodd/ hemugestéoonakeethsy tisatisyiee PRIRNIRLY ChEMMESeHT 1BMANNPN preferably

contain both g reactive UV 30absorber and a reactive colorant. In order to form the device material
of the presertinHdH, & SvaRrdimsinapylass; digthyjenr syanhdimeias gitional
ingredients, tittodenznegiyesl palimethiaediuaing 3 BeissbiRERIDr WitstiienRiynerization by the
action of either heat or, radiation. The deyice material is preferably polymerized in de-gassed
polypropylenhbéuﬁ?o s'%lng’gnl?%#%%%lﬁ?ﬁ ir)( 'é%?@ﬁgﬁ@.mg{hgﬂﬁgﬁﬁﬁm}%ﬁﬁ&?ﬂﬁﬁ%@t‘&rs include
thermal initiatorsespdpdiogattiddes., Rviefer preférestha mitibiorsniadioddgaeyege free-radical initiators,
such as t-butyl (perwry-2-ethyl)hexanoate and di-(tert-butylcyclohexyl) peroxydicarbonate

(commercially available as Perkadox(r) 16 from Akzo io Chemicals Inc., Chicago, lllinois). Particularly
in cases where the Megeomiersf the gossria infadntzanddeotradiinbg bkreslight miztboaing

chromaphor (it ' j ide. injtiators, such as
b et e e e B b B R SRR AT from masr
Corporation [C#ARdiRe, Ntrh SXFOME). MAGEROIS S5 CArstrsicatty [frelsemdn[3hlameynbequal to about

> % or less qlilicafata! By Ao MR ABRA BB IDILeIERILIeTA A 256 Rldfigipjatiormulation.

As is customary for purposes of calculating component amounts, Initiator weight i1s'not included in

the formulatiBPRRTRPRS4 ERIEUREIRLNY B TR Prrathrasadb intiatersn oftFaangfeassionaiescried above
and the idengffLABHHAC PRGN \AY askhlionabramnensiiafe JrigprIned by he-dasiias properties of

the finished device material. In aFfreferred embodiment, the device materials of the present invention

are uséd to HAREeI) SRUGRMPAR GhRoWRiFRG: 8rENs JanRehieh RO AR FegeleBiedompressed
or stretched Afethachnses tefdhopvan suttical ineisigasieas RloleimPrJRSShE H-R*asBele, the

comhjned with a mono-functional acrylate or methacrylate monomer [1], a

macromonome{jﬁ?a [
multifunction®? R%it@ SRR SERNENO R s SriRAMIG ChAIB ARRUSTEN  apephbds Addetiéactive colorant
and copolymenizedeisingreethdicalititatgrrisra withabiesisameldedd grolhe deges naterial

preferably has a refractive index in th drated state of ast about 1.50, and more preferably at
least about 1%31,11;5)!9 ALY y%tnaig%gcfgwgi?&‘ﬁ@fefé{) Sé%rﬁ# '%%ﬁ?as%%%?! d25C. 12
3 A F.etal J Polym. Sci., Polym. Chem. 2000, 38, 2678.

Macromers of formula [3¢] and [3d] may be prepared by atom transfer

radical polymerization (ATRP) of methacrylic or acrylic monomers using
9



Optics made from materials having a refractive index lower than 1.50 are necessarily thicker than
optics of the same power which are made from materials having a higher refractive index. As such,

IOL optics masieyfkgsismgterials with comparable mechanical properties apg-gyrefsagtivgdndex lower
5than about 1.50 generally require relatively larger incisions for IOL implantation. The

" proportions of the monomer ang macromer to be ingluded in the copolymers pf the present invention
should be chBQQ’r?%%? tﬁg' &8 Bﬁﬁ%gr B rg'glag% ?ﬁ%%‘?tiocﬁ?g%pgg dpea%)a) Vn‘fg graeater than
about 37 C, vyt iy Ffarméid halnmaimzogateime eiatdsea Copabyry desininaterighads femktegn
temperatures higher,than 37 re nqt suitable for use jn foldab ; h only be
rolled or folded tofgmqueﬁpa ﬁfp’qu?gﬁo\,%% Elr%&rg%&wg?ﬁd {ﬁéﬁ u%%o?%o%%%o%ﬁt ﬁ%ﬁ%@%ﬁf
temperature. ¢hisnrefernébtyaisatoEthyb pobihanylatein Paey genemibitichSeMptantilesomewhat
below ngrma b{z}dg I an normal room temperature, e.g., about 20 - 25 C,
in order that %0 S ﬁgﬂ%@ﬁﬁ@%ﬁ%@gﬁe rolled or folded conveniently at room temperature.
-19 is measured by differential scanning calorimetry at 10 C/min., and is determined at the midpoint of

the transition of 20thg-heatflux Bvré.’ﬁucturgcllééph?a?néiléghﬁé ahelicatiansy the majenrieof the present

invention must exhibit sufficient strenégl to allow devices made of them to’be folded or manipulated

without fractuddéeal rRRIYRE EEpbRIMEN BFthefte SMRIEntHIMetaMIaice BeRIGIRYaton of at least
80%, preferapiyasilRastiip Yoruesmasiine farahly agerierdhansbhei. Eupmanaiisindcates that

lenses made of such materials generally will not crack, tear or split when folded. Elongation of polymer

samplegtis deRdiftEE il dRinfBBRA-Sraissted Reyrtbulens ANERERAASG 6tRtel @ ¥hgth, length

in éhe gr;psaggmmiél-%mhtt%/eaa&wédgfg@ﬁva%%ﬁwbeéife?aamwid,thaaaf té\mttaerp@@gectionaa fillet
radius of 8.83 mm, and a thickness .9 mm. Testing is performed on samples at ambient conditions
using an Instn@?ﬁa‘%ﬁgp? s¥8rRR$?8088?|\?oF‘2ﬁfHE°6¥P 3 gf@ﬁf) \Wl‘% a%??é\%ﬁ%ﬂ"ﬂ@%% ll. The grip

distance is sejratip4 fanténsadtl3 Tresshesdapreeddrosgt as5AAenmisrivatedantidire saenple is pulled

until failure. The elgngation (strain) is repqrted as g fraction pf the displacement at failure to the
original grip aqgﬁgﬁ%ﬁc%&ﬁgirﬁé?gﬁa@%@%é ?@s%et SR %s%%ﬂﬁ ?Yy seofffse%%{t%ﬁggswé%ding them
into the Instrdfomaaahinieendihax fyiomdleh kbréte buddeydotoethylmiibaslgdaten the material sample a
pre-load 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 belgum pTéfemeodenuisddiuiotl aecrameid i srantisctitgchiope of the stress-strain
curve at i00% strain ("¥aung'sinodulys’y, 25% strain ("25% medulus"3and 100 % strain ("100%
modulus). 10Ls méhe@@%&g algu @I,@Mjlg%uﬁai i pﬁym: sent invention are more
resistant to glisteningﬁgha@gﬁwer maﬂ@‘gials.Glisteningsia,ge 15 %n_é@su according to the following
test. The presence of d]istenidgs is measured by placement of & lens ér disk sample into a vial or
sealed glass chamber gnd adding deionized water or a balanceg salt gglution. The vial or glass
chamber is then placed, into ayyater bath preheated to 45 C. ngples@re to be maintained in the bath

for a minimum of 16 haurs andl preferably 24 20 2 hours. The Vial or dlass chamber is then cooled to
ambient temperature#or-a rinimqum of 60 minutes and prefe I59 minutes. The sample is
inspected visually in s@rigud angle or off angle lighting to evalia rity. Visualization of

glistenings is carried out at ambient temperature with a light microscope using a magnification of 50 to
200x. A sample is judged to have 25 many glistenings if, at 50 - 200x magnification, there are
approximately 50 to 100 % as many glistenings as observed in control samples based on 65 weight
AD 2-phenylethyl acrylate, 30 weight % 2-phenylethyl methacrylate, 3.2 weight % BDDA, and 1.8
weight % OMTP. Similarly, a sample is judged to have few glistenings if there are approximately 10 %

or more glistenings JBiteiaiiedmérecamnantitys phseisieddnisonitolssapepiesmAmaipieyiejedged to have
very few glistenings if there are approximately 1 % or e glistenings relative to a contrql sample. A
sample is judgr&&%ﬁ dﬁ"f?e@& aﬁs'fgﬁﬁ@@'f’fﬁ%ibﬂ%ﬁgﬁ&?&%ﬁ%ﬁ 88?5%&34?1”{?\@%98 iece is zero.
A sample is juslgatkiifidd wichsBistamibsytitemofigbstihingstiicap &3 e2R20pimagifieatidre the number
of glistenings detected inéhe e)(ep{' ceis Iesés tthan a%b(%ut 2/rpm3. Iti .oftenfv r déffi lék tg detect
glisteninzés, egb'g I%fy%fto Llllﬁgc S aﬁ%‘ eaags whefe more tefecrs and Qekg)ris%é{?e%rmeyg, so the
sample is rasm&UMa@dﬂEMA)ehﬁrA'ﬁﬁﬁmdfm_mﬂmwgmhb m_eagtﬁi_madomiﬂb\mls_(SO -
200x), the aperturs Ilggac{;%q%égg@m%%get%gm %%@1@@.@ g both bright field and dark field

0

conditions) in an attemp etect the presence of glistenigs. The copolymers of the present
invention most preferably have an io equilibrium water content (EWC) of 0.5 - 3.0%. EWC may be
gravimetrically determined by comparison of dry ang hydrated sample weight. First, the dry sample
weight is obtained, then the sample is placed in a suitable container and equilibrated in de-ionized H20
at a prescribed temperature for at least 24 h. The sample is then removed from the de-ionized H20,
excess surface iswater is removed and the sample is weighed. EVVC is determined by the



following formula: %EVVC = [(wthyd - wtdry) / wtdyd] x 100. 10Ls constructed of the device
materials of the present invention can be of any design capable of being stretched or compressed into
a small crosg@9sseslipasthat can fit through a 2-mm incision. For examplexdia:dkseapshe 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 haptics are attached to the optic and are like arms that
hold the optic in its proper place in.the eye. The gptic and ha ic%s can be of the same, or different 25
material. A muIti-pii&ée?e??sgésgged'éﬂe@%85'%ec%ﬁﬂ78pﬂf:e§ﬁ§{tﬁ \)ﬁg%ﬁ&s‘f%r}%ama%ﬁ%te arately and
then the haptiescang aftacheshienthe optic. amawsmdlerpiébadeds harmp peedack e frapticd are formed
out of one piec rial.. Depending on the material, t ics ar. I%e , out of the
material to p§8§16():f0 °fha§l%ﬁv.‘ EBBE"”?%géSéﬁTﬁkt%ﬁ%fL%?? §nr?1%?éér%a %gftgt égﬂ)ﬁtgge%ﬁ%wéﬁr?tion are also
suitable for U3& ds dtiteoidplethetmhicoocetdrainsi aanagpletsicat tduice s dach %s contact lenses,
keratoprostheses, corneal inlays or rings, otological ventilation tubes and nasal implants.- The
invention will be further illustrated by the following examples, which 5are intended to be illustrative, but

not limiting. Al Maohenaéesialsodsthigkeresatitidventiri baver dhieast HsqvareRcpuNgGiaged from
commercil soys.FgeHieRa dhEALGNEEI 25003000500 andipolusthdane olyco

monomethylether (average Mn 2000) O were purchased from Aldrich and used as received.
2-PhenylethyR misierlpipRer ipE faainemeayise ynatedaie ry AR ¢eorers aeienamsetiethrough basic

alumingand dlegasses Wil ZBrRIifCA e 2P Renviathyaclaisd REA b diary bagilrte (BzA) and
1,4-butanediol diacrylate (BDDA) were purified by column chromatography prior to use. N,N,N',N',N"-

15 pentametA§IAatTyIeh&FRIGME (BUDEEASRRY. died R aRimI AR dalsIYE Wlim distilled

prior to use, Agatame Nd-taipepemerr packoRhbiel WIloR mefesianed theheopidlyenbax. All reaction
manipulations were performed jn a N2,fill$§l gI%W%,2-Azobisi§f)utyronitrile (AIBN) was
recrystallizedRIFPHAIRIRSE SAbCRNRR. Rirotte [CASTRHBRE bthighest 20purity available and

used as received. EXAMPLE 1. Initiator Synthesis 25Esterification of poly(ethylene glycol) (PEG) 1500

with 2- bromoisobu\%ﬁate 30An oven dried 250 geﬂ" t re?- eck roundtbottgrr;r%i g)lgsk r gg e{lifted with 60
mL addition funnel ﬁg‘ﬁﬁ‘é’%%?féﬁt gyrgﬁdrga{ Afometer a%rgat%rp ahd glass s(fgpper. The flask was -

charged withc2®ig (p8e3 mmoipod REPetidtls 180ariedf oy diou sg@HPC Laresmlied oil (43.2
mmol) of pyridine, and 0 ). of 2-br i tyryl ide wa ' addition
funnel. The 22 Wv%@za%isgéléﬁaéné‘??r%g rﬁ]’é%rgsec? ﬁ]%ﬁ%%ég%%&%&gg'utyry%ﬁer%%r%ig}eq&v%s added

dropwise to thevicokaisolakiohtbegrraeaninyentiameenisistringtifecingrdsientyfesidasved and the

reaction wasgirg 070413 WAdEANZDIANKeH, THe (PRCALfBILFS atas oied apcbit firate was

concentrated. The crude product was dissolved in a small amount of CH2012, loaded onto a short
basic ammin@@ylgiizable l\tedseithartzod polecskatteealPtdeted and the solvent was removed

using a rotary evaporator. The 10 resulting solid was dissolved in CH2012 and precipitated into a

large excess of 1/1 hexane/diethyl ether. The product was dried overnight under vacuum to yield 20.6
g (59%) of a white FRRREEVE1EN ABRATRE SoRRHEGYN. 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,
25 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. 5470,932. Blue-light absorbers are typically
present in an amount from about 0.01 - 0.5 %. When used to make |OLs, the
device materials of the present invention preferably contain both a reactive UV

30 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,

11



REINA 20Poly(2-phenylethyl methacrylate)-block-poly(ethylene glycop-block- poly(2-phenylethyl
methacrylate) from PEG(1500) difunctional initiator. Target [M]/[I] = 20.1 All synthetic

- manipulatioggywesedqesiarmed in a N2-filled glove box. A 25100 mL roundsbeliandiasieg@antaining a
PTFE-coated magnetic stirring bar was charged with 0.3622 g (3.66 mmol) of CuCl, 1.8026 g (10.17
‘mmol) of N,N,N',N',N"-pentamethyldiethylenetriamine, 12.8233 g (67.41. mmol) of 2: phenylethyl
methacrylaie JSEMRTEES0 ATorRRUBREAhe HELR WS 2 dndd 880 i 4 Bath.
PEG(1500) duhyetienzaiiitiatpite.atiicngoSeithad matal) vealatiissolTee teatsionatarial gas added to
the stirring monc%m%ﬂsolurion. Th% r,eagti_on was ma1intzriine at 50 G’for 3dhrs..t nori

2,2,6,6,-tetra reett%; -|¥i|ggr?’(5lnneyrf5§y {.BL 52f %S%dS%O r#r)n%ﬁyv?gse HSEAR E0RTLE e 'ahid hdded to the
reaction mixtglesd hmetgaction mixture was heated for an additional 1.5 hrs, then cooled overnight. The
flask wasg removed from the glove box and 5 bubbled with air for 30 min. The crude was concentrated
by rotary evaporation, then diluted with CH2CI2 and chromatographed over basic alumina using

CH2CI2 eluent. The@ﬁghmmmi@hd ﬁh'éi@@l{ﬁenm@iwﬁﬁ;/e'dftgrmhryiiﬁﬁamatiaﬁdThe resulting
polymer was gizsgiupditya SBrafbamey Al Hafadss 3d e HBHIRN GiUO A ILomEARSSS Of

1-propanol. io The polymer was allowed to settle, the liquid fraction‘was decanted, and the polymer

was rinsed wiH frezh pbRidhl of (RpiopafsthyheprRRRiewaadnsaifidissonsdaHoheXR, transferred

to a round boygm,dfariaaishie SeieRkAERAPIARGMENGA IPERAGYRPORIOK e Afgduct was dried
further under vacuum overng{\]}t resultlnIg in 6.05 g (34%) of a colorless viscous liquid. 15 EXAMPLE 2.
[

Initiator 'SyntitdgEnicals ingydnhicrar 1 MRRfSk-fRHEHENY BbasRs e BE@RiIRAISOfmL addition
funnel with aiNg ipleentlahwantiehthRmrnelsrafdariepriedighsanderbirgPerrdhediasik was charged

with 102.6 g (51,3 mmg%\of PEG 200Q, 300 mL of anhydrous CH2CI2 and 8.5 mL (105.0 mmol) of
pyridine, andPr8TRITCPLABB' RIS MY 95‘58)1@%9&9%6% XL FULERT $hSURRifSh funnel. The
flask was cloged aundnirpihgrbed o adipeeiatphddprineoisidety whbinomidiayaaaddeddegpwise to the
cooled solution avee in_peri ' 5 stirring. The ice bath was remoyed and the reaction was
stirred for 27%1”&%&?@ ﬂ%‘ﬁkﬁé‘\gﬂéﬁ @Fﬁﬂx@?@@@i‘eﬁlﬁfﬁﬁ aﬁﬁrﬁl{é‘?ﬁtraﬂé’ ¥ oncentrated.
The crude pradaidiypiasigisselseat imassmathaomd ued ] bl 208l dadedooritsa sfidtdbastal alumina
column and eluy ith CH2CI2. The t was collected, and4h lyen removed using a rotary
evaporator. ? égggé\{r'ggumnia%s%ﬁg %vﬁ&égs%ro%\%@%?#g%ggﬁ?ﬁéd %r%%%l aﬁ%ga} |Srf1 6”5“@@3 ‘excess of 1/1
hexane/diethAsethesthmanp docpu sieie dboesltitgingndempacesham yigits, 76h& niggaes) of a white
powder. Ma eS| V - -poly(ethylene

glycol)-blockpo ﬁﬁ{ %ﬁﬁg@%@%ﬁgﬁggﬁﬁ)ﬁ‘Eg{!ﬁnﬂlg’giggo}&%acﬁyﬁ%%gnaI initiator. Target (M)/[I] =

All synthetic manipulations were p(.-:-rfor.m_ed in a N2-filled glove pox. A 200 mL round bottom flask
containing a PTFE-%%mé@a?%ﬁ{t{m%%wvﬁfeqhgFgafémgmgs%%é& 4BAR MPHE! CuCl,
2.6753 g (15.09 mmol) of N,N,N',N',N"-pentamethyldiethylenetriamine, 46.4408 g (244.12 mmol) of 2-
10 phenyletH§PRikhadd 1 aaepehve) advd atdfiensl fmRenepiscrrpcdstaminab Ry ifigator (9.9649

9, 4.98 mmoljusiedippahertes 4bthalridraions rRBd YRS RAJRH AoiafertE R BONABRE, Solution. The
reaction was stirred at ambient temperature for 19 hrs. 2,2,6,6,-tetramethyl-l—pgerldmyloxy (1.5860 g,

10.15 mmol) RaLadssivrisHalE Qbie Hiasei iV e tne ArgdRRAIRERES O SFURGIBA mixture was

immersed in 3 Gigthbrhoiisheates fotRaberctbesigesied tasphipridesapsy attsmnbhe flask was
removed from t ei %\{éﬁ?ﬁ}({ F?n bubbled with air for 30 mig. The crude was concentrated by rotary

evaporation, SSRGS AEGRBhe BV 58T JIRF¥ETRIRG BR12C12 mobile
phase. The eimantonasnenfiectgdlanid theoaathead 2Qvitemaveddnordiantienapotiipatd herresulting
polymer was disa\olveq ip a small amount of O 2@2 and preci i%ated intg.a large, excess of
1-propanol. The pgﬁ/%grewgé} gﬂg]v%gfg ?ef{ié{t{ é’ﬁgﬂ?@lfr%wg% w3 Hﬂé&%gﬁ%ﬁaé%& Eﬁ%sbolymer was
rinsed with a lirdsdr [Ortimasictiverdpd radi sFtimpalydne resdiag aiolclisablyed topdhrad2izdnsferred to a
round bottomuféﬁg grgg(ﬁ}&gﬁ%{g{gr%ag ggﬁ%mgwggsu%g%.a rotary evaporator. The product was dried

further under
10

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,
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vacuum overnight resulting in 32.73 g (58%) of a colorless solid. EXAMPLE 3. Initiator Synthesis 30An
oven dried 500 mL three-neck round bottom flask was fitted with 60 mL addition funnel with a N2

inlet/outlet, apg sibgEmesneter adapter and glass stopper. The flask was %ﬂ%@ﬂw}&%‘@%g (9.8
mmol) of PEG 4600, 100 mL of anhydrous CH2CI2 and 2.0 mL (24.7 mmol) of pyridine, and 2.6 mL 19

(20.5 mmol) of 2-bromoisobutyryl bromide was placed in the addition funnel. The flask was closed and

immersed in SPHSS HRRCS Bro Sialpialm N BYEide RHaGMR ddrplRYetdhne cbBR@SIution over a

20 min periothetdssiripotiideicthhatibpas remeve kartksthairaciannas sliveshiorfa under 5 a
N2 blanket. The ree;acgion mixture Wagqfiltered and the filtrate was concentrated, The crude product was

dissolved in A"SGHAIPSORADE: & RSP0 st TS shds SasHs At prtiesimadeftPluted with

CH2CI2. ThernbteribiyasitolenipdabikthrchiaosaserieyethdSiNe RIS isNaRMAeY. The
resultingssoliqhwas disso veg gQ/CHZCIZ nd reciirpitated intg a | r%e excess, of i01/1 hexane/diethyl
0

ether. The produtt W32 dried Ve GRIAINaERES B IYaY Zg"! § (6516 widke J5dwder.

Macromer Syinthesitatid?oly(2-phenylethyl methacrylate)-block-poly(ethylene glycol)-block- poly(2-
15phenylethyl methacrylate) from PEG(4600) difunctional initiator. Target [MAI] = 67. All synthetic
manipulations were performed in a N2-filled glove box. A 200 mL round bottom flask containing a
PTFE-coated magndti€ suioreyiisas20f s miesngmewitng. g2 b romalchiled G, thad 108 g (6.27

mmol) of N, NN s | riamipe, 2 34. ol) of 2- phenylethyl
methacrylatgjc(%)lfal\}l’k% ?ﬁ%Fj%?qﬁ%%é?&ﬁgggﬁ %ﬂgﬁgg@vs\?a?s éﬁé’?rééosd?ojtéﬁmﬁﬁ §RFS y&% PEG(4600)
difunctiéhal iRdatBrg@suansitootemnepivie tissovedreatarcivae abolivag Sadedizhtis stirring

P S b R T T

2,2,6,6,-tetramethyl1-piperidinyloxXy (0.7234 g, 4.63 mmol) was di ) acetone and
added to the YRRRESR WBRIHENThEDARRSTo ARt wHikahiaden vsedn fridaidadis nsieshthen cooled

overnight. Thesflask sssaremoves! fsnsy the elaxa %@%&ﬁﬂe@&&?&déﬁ%@&ﬁm@)%ﬂi%}h@ crude was
concentrated t()g 30 rotary evaPoration, then diluted with CH2CI2 and chromatographed over basic

alumina usin§ EHIEY fieH9He & RPN RS dRImRaatHE sollfels: Riefevad bprotsey

evaporasion. Japlyredretveagiss Qvass inrarsiioh aaaperaleH s vanst RseRiN s 5to a large
excess of 1- rf(?)%%?nol. Thetﬁolym r 20 Wa%allowed to settle, the liquid fraction was decanted, and the
AbRRAE

polymer was Hae P IRE B HES LRGN SN S G RIREARINS IR BisBBRMERH CH2012,

transferred te 250@)dibatiden flaskiong thadelverUNRSHRBIPNRILISHID iBer PbaBHEYARAGRIPT. The
product was grig\g furth?r under vacuum 50}/erni t resulting in 16 15%&%7% . of a colorless soft solid.

EXAMPLE 4 Thiator Synthe R SUREEHINEF oo SRESK L B e Al HAR R d with 60 mL
io addition fupmieriwigir ai2lihEliouitietaaddsadbiermonsdtat tdaptiebaind gidke stemgionTdfe flask was
chargeggwithtpﬂg@‘gagéazggu g}OI) of PEG 4600, 300 mL of anhydrous CH2CI2 and 2.0 mL (24.7
mmol) of pyridine, and 2.8 mL (22.1 mmol) of 2-bromoisobutyryl bromide was placed in the addition
funnel. The flask was closed and immersed in an ice bath. 2-Bromoisobutyryl

For |IOLs and other applications, the materials of the present invention
must exhibit sufficient strength fo allow devices made of them to be folded or
manipulated without fracturing. Thus the copolymers of the present invention

25 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 folded. Elongation of
polymer samples is determined on dumbbell shaped tension test specimens
with a 20 mm total length, length in the grip area of 4.88 mm, overall width of

30 249 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 Newton load cell. The grip distance is set at 14 mm and a
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| 5 bromide was added dropwise to the cooled solution over a 20 min period with stirring. The ice bath

~was removed and the reaction was stirred for 63 h under a N2 blanket. The reaction mixture was

filtered and Whe filikaiesy@s concentrated. The crude product was dissolvegdr/asanalhamaunt of
CH2CI2, loaded onto a short basic alumina column and eluted with CH2CI2. The eluent 20 was

~ collected and th lvent was,removed,usj rotary evaporator, The resultin lig was dissolved in
CH2CI2 and %}Pe%%%géé Pr%%da%r%%t e%gcgé? o%ﬁﬁ{e%ne%%?gtﬁqﬁ SHer The ;?r@c%uct%%ﬁé dried
overnight untsilweaculime &lorighties.&yaindis)repartedirspaivdetionSM e alispiz®entretiat

Poly(2-ph -black- I - -.pRIY(2- th lat
fom PEG(LOT) A P B ) oD R e A e periorme
in a N2-filledasieatisdy. sofioelaatorasind lsabng fihskciritiiagrsrarmeashied teagactc stirring bar
was Chafge%\éméqr?e%ﬁ%gc@élmnﬁ_@%&;&%@s%é@%ﬁ(’tﬂé%éﬂﬂ@éﬂple a pre-load is

N,N,N',N',N"-pentamethyldiethylenetriamine, 30.4780 g (160.21 mmol) of 2- 21 phenylethyl
methacrylate?{PEd AP ehdreosHNRIEactiih 8elpe dprergruhaisiaski@tiatBrqid 26891.17 mmol)

was dissolveghinsReml- RIRERENE BREEVARAERDIO the StIjpadBenmgr gelsion. vElgreaction was
stirred at ambient temperature for 21 hrs. 2,2,6,6,-tetramethy1-1-piperidinyloxy 5 (0.4079 g, 2.61

mmol) was &SRR iR SRt ih i §16 thésreatdoraikians ik iesichisaunixtiR®was
immersed in p&dufaishaiaatdeaiaddonstditaibonsorigd b akipaticorpaialures Bhe flask was
removed fro I%he %ovg@ox and bubbled,,wic;f%gir for 30 min, The crude was concentrated by rotary
evaporéﬁion,rﬁI bSiERTed RARASHBEY R d- ﬁ%fﬁ{j}é%é R Husie a0 ddthiktiaing cHaci2
mobile phas¢:T00¢/etnedulgs collected and the solvent removed by rotary evaporation. The resulting
polymer was dissolved in a small amount of CH2CI2, and precipitated into a large excess of

1-propanol. The polymer was allowed to settle, the liquid fraction was decanted, and the polymer was
rinsed with a fresh potttomatié-pfdparodhifizdnpolgedcevamtayais Gbttssobaahinr@eRol2, transferred

e unclo P RC e o TS eI O L v o o BT St IR, otrtor

Synthesis Anmgasuiigide a3a0dinNg tivethardokaving testtonTHiesipreasitee divighstninpsadslition funnel

ith a N2 inl ter ag _ ; ged with 36.42
0 (18,2 mma o a8 2 e e R 2.0
mL 25 _(24.7Q‘?ﬁ\ﬁmﬁbf%\ﬁhéﬁiéﬂﬁrﬂ?@.ﬂﬁﬁd Eeis) mmbaimcgﬂaﬁaﬂmml brbenidel was placed in
the addition {agel. TR Sl wsdased AR T MElSPadhaNHe bl 2 Bramoisa ey bromide was

added dropwise to the cooled solution over a 15 min period with stirring. Ice bath was removed
and the reac8th s dnabdeined3Imthadatia fop prvmiehef 36 reassanehpaeiies aldis Fitered and the

filtrate was caneepiiAledrTBS Aiusie ed raNaR iRsaluacisoR R LADRRLGEIRRIR loaded onto

a short basic alumina column and eluted with CH2CI2. The eluent was collected and the solvent was

removed usiffRf & NRINETARHFRINITHEFANHRREIRPIAD 20 30is3bNiss in bR Z@RRIAdSprecipitated

into a large qxepssteblvkhsmpneitiptg ehendiBepie fighiPg QyeIpiadnelgriyacuum to yield
25.79 (66%)Yof a white powder. Mac romer Synthesis Poly(2-phenylethyl

methacrylateY BN\ SholsigSols Frariesenbab @mhiHrmreRalurawitt arlighét M)/ a 10.
All synthetic mifiRgIONS WG e PRIGAIMaEIR aN\D ftbegomiovenboxmplinid GRdanbares naottom flask
containing a PTFE-coated ma netig'qstirr'aﬁ bar wasgchﬁr?g with 0.6562 % 6,63 mmal) of Cud,
321178 (LB WA R AR RO S AT AR SRR 20 88mmol) of 2-
phenylethyl rgthacrasate 4R gisteantStaglobéaseidnea. BiE@0Ehpendiusetional tiator
(11.9978 g, 5.99 mmpol) was dissplved in 15 of Is acetone and was added to the stitring monomer
solution. The'f& (Et%lo/n‘?\%" s%ﬂyrie%cﬁg\ E\y nlia]et%t em”‘ﬁ%ﬁ%%gé o E@M&%%%gﬁ%%ﬁ%tﬁg-l-
piperidinyloxwéigh070 83084, mmdol). SvasigjhsSlvEaiT BcSoniaand addehie fgwdgetiotn mixture. The
reaction mix was, | in 0i] bat ] far.39, min, owed to cool
overnight. w%ﬁgs%%ﬁﬁ@éé %Et ﬁ?g‘;rﬁ t E@g%@g%%ﬁf%&%ﬁr b?ljgb é’dév{/itﬁtgri% %b%\i\érﬂnq ®The crude
was corcentrateiivbyteothsy gvaptihatibseived dilucedtwitis@rRies Andarhplenistgotigptie® over basic

alumina usin p aPleRbases e, alden ] _ by rotary
evaporation.g“l"’:ﬁa‘g| re%ﬁtlfglg pgtﬁys/qmer %%é $55%|VJ§A;% sm%%%%ﬁ?%?éﬁ%@%ﬂ ggr%%c% E’? cipitated into a
relative to a conirol sample. A sample is judged to be free of glistenings if the

number of glistenings detected in the eyepiece is zero. A sample is judged to
14



25 large excess of 1-propanol. The polymer was allowed to settle, the liquid fraction was decanted,
and the polymer was rinsed with a fresh portion of 1- propanol, The polymer was again dissolved in
CH2CI2, traggfene@dderasround bottom flask and the solvent was removed-u$igackaiaisevaporator.
The product was dried further under vacuum overnight resulting in 8.83 g (37%) of 30a viscous liquid.

~ EXAMPLE 6 0 [ ) e ylae) - lane gl -block- o
poly(benzyl rﬁglt%%%rg}]fﬁg?}&ﬂggégg%%%ﬁ%nﬁfég&%%ﬁgﬁéﬁﬁ% &ﬂ%ﬁé%% r:q%%g@r All synthetic
manipulationsfisiarinesreteried N2 Al ¢ yipiechds. lAszothan_abowidomom fisk@trnaining a
PTFE-coate ic &tirgn d i 70.9 ' I 08 g (15.12
mmol) of N&%ﬁ%@%@nﬁ%ﬁﬁ%ﬁ@&%&%aéngla%eazﬁg)l/lgtw g §26%Efrl]%w%(n§o %ng {%r enzyl
methacrylate'(Bvigegtel 80chlebriadeyadomees2spdheiramnlni iasasciieRrEshaut10.0700 g,
5.04 mmol) wg giﬁﬁ@'%%%é%ﬁh@f@@k@@ﬁg%@ﬁ@%ﬂﬁé&ﬁbwfe§§r§iragom@wrtﬁ@wtion- The

reaction was stirred at ambient temperatu're for 18 hrs. 2,2,6,6,-tetramethy1-1-piperidinyloxy

(1.5926 g, 1F RS RISV RBRSETe Attt difidhranslidRrptdusiBg iohrthihfi’idrandhe reaction
mixture was WameTeRAJHNE8 (s Ok bathdad fiaatadibon %@rﬁr@@@ﬂ@@f%ié%ﬁmgﬁe.nt temperature.
The flask was removed from the glove box and bubbled with air for 35 min. The crude was
concentrated by rotary evaporation, then diluted with CH2CI2 and chromatographed over basic
alumina using CH2Gkemakilsiyhese.ofhthelygeserasinobnaiad ansbitheratdvat 2Ravaesaamoved by
rotary evaporatiap. The resulting pol s digsolved in a minjmum amount of CH2C|2, and
precipidi HSEHE Ws&%@ﬁﬁ?@&ﬁeﬁ%ﬁrﬁg ﬁf&,ﬁn Lvﬁﬁmgﬁ"ﬁ%@ggtﬁ EAd o
was decantedg: echbly mempadsonse] dmt regtrgteticsa pragpgino|Ftregntheethanol. The
polymer wasg%%iq[ disg?l}{?gsin &'a_llz%ﬁ &1\%% gﬂgeé:geiﬁi Eey @re%%ié ti%n inéggé%% %orr? at;%ag_\ol, filtered,
and then rins&d With Iesh mathano! e product wa ficd RESRTbIeNT temperature under vacuum
overnight resaittthgdnilyraed) 6 6es)ooized hix©sallid. pERCrfedF cpuipsairead stah deassPMn 21,196,
Mw/Mn 1.27. P (S-Pely(benzyl. late)-hlock-paly(ethylene
alycol) bk, bor b e T P D) el ey, TABEE P = 134,
All syntletic Walgipisatimevesteaparithenaample NS -vilkighgidy EWG. ia 2etemminednblybditom flask
containing a Ri5k %%mgq@ﬁmigim%r_ sr§h%%eﬂ wigd-2095 g (2.12 mmol) of Cud,
1.1210 g (6,32 mmol) of N,N,N',N',N"-pentamyethyl [ thyleﬁetriamin'e, 49.5893 g (281.42 mmol) of
benzyl methacrylate (BzMA), and 50 mL of acetone. PEG(2000) difunctional initiator from Ex. 2
(4.0692 g, 2.03 mmeh) wassiseRRAGNRE Hekviek AssionaBeepRAdaditRdhact B monomer

solution. The reaction was stirred at ambient temperature (22 C) for 22 hrs.

2,2,6,6,-tetraRfedy1 9B FaRRR% CfoRs g iratelteh Mo FUHY efsesIVBLPiR BAINE"ERR added to

the reagjon L@4nbriurrit bam Maskengmixtuimwandemersedrieaie, ddath ardheate for 4 hrs,
then cooled to aTbie t temperature. The flask was. removed from the glove hox and bubbled with air

for 35 min. THORH S WAL BRRAPSEEES ﬁtéﬂy%ﬁﬁﬁ?a%ﬁ’%eﬂ”ﬁ‘nﬁ%ﬁ%ﬁﬁ erisEs and
chromatographagticoyempasaientdunTiha ostitgiCtHaChdmwbiehpihoservEbasltienionaaisdlieted and the
solvent 15 w s? movegb rotar 11ev %ratl'on. Tcé?relell('[in olyme W issalved in @ minimum
amount of C&?&ﬁﬁs NG paré%?%\%{ea i&% qu?gar’e &SSP 1-%’?8p{gﬁél, @ﬁ&%ﬁﬁ%‘& Waallowed to
settle, the ligpdfergiananiaditeegate@hantibeapoliapiceasambedivte adrestopdiffiereof 1-propanol,
then methanql. 0 in.dissol in,CH2C| d collect recipitation into 205 C
methan%jl, filtﬁ'l'r%%}%rfi)d t %ﬁ@ﬁ%ﬁ%ﬁsﬁggﬁ r%gefﬂﬁgﬁgf:%ﬁé% gr%dp &g{év@s%%ﬁ%ép AR5 Sﬁ%i‘ﬁ temperature
under vacuurmate redgiar sdslyltimgt ithen. S0egh@iiics efra atidchedlith GROPTEIF Ipalystyaise standards)

Mn 43,994, v&/&éﬁgﬁ?t@é@fe@yﬂaﬁh\%@@%&sam fgrﬂj%%f%?%'ﬁﬁ%ﬁgoésécg%ﬁﬁ{m de-gassed

at 90 C prior fo'use. The molds were placed in a nitrogen atmosphere glove box immediately after
degassing. TRepROAKBEPS, HiossriwEd aforinmeaidswere dopnbitidd ok Bdedicettdintifable 1, then
placed undermﬁgpwgpg&[@é‘qggq@gy 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 1-pm glass-fiber filter. WO 2009/046243PC

T/US2008/ 078660 Thestilagomalslsoese ﬂiécﬁfiai@_r%%ow%@fﬂn@é%@ztf%%h%ﬁoa% thRp 2 hrs_at 110
C. The resulting polymer samples were extracted in refluxing acetone for 6 hours, rinsed and air dried,

then placed IEPIRIRILI 26PN E5 PREHAIMIG REIRIP FpRAREIRIadRR Se4IGRSI S YeRi&Rince results
are listed in Table 52. TABLE 1. Formulation Component Detail ID
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PEA (Wt%) PEMA (Wt%) BzMA (Wt%) BDDA (Wt%) oMTP (Wt%) EL 1 (Wt%) EX. 2 (Wt%) EX. 3 (wt%)
EX. 4 (Wt%) 0 65.0 30.0 32 1.8 - -
WO 2609/046243 PCT/US2088/078669

contact lenses, keratoprostheses, cormneal inlays or rings, otological ventilation
tubes and nasal implants.

The invention wiil be further illustrated by the following examples, which
s are intended to be illustrative, but not limiting.

All monomers, cross-linkers, initiators and other chemicals were
purchased from commercial sources. Polyethylene glycol (average M, 1500,
2000, 4600), and polyethylene glycol monomethylether (average M, 2000)

10 were purchased from Aldrich and used as received. 2-Phenylethyl
methacrylate (PEMA)} and benzyl methacrylate (BzMA) were each passed
through basic alumina and degassed with Ny prior to use. 2-Phenylethyi
acrylate (PEA), benzyl acrylate (BzA) and 1,4-butanediol diacrylate (BDDA)
were purified by column chromatography prior to use. N,NN N’ N’-

15 pentamethyldiethylene triamine (PMDETA) was dried over calcium hydride
and vacuum distilled prior to use, Acetone and toluene were each bubbled
with Nz and stored in the glove box. All reaction manipulations were
performed in a N; filled glove box. 2,2-Azobisisobutyronitrile (AIBN) was
recrystallized from methanol prior to use. All other chemicals were of highest

0 purity available and used as received.

EXAMPLE 1.
Initiator Synthesis

25 Esterification of poly(ethyiene glycol) (PEG) 1500 with 2-
bromoisobutyrate
o]

- o}
dine
H G Br>,/u\ pyridi Br o\’/l(
0 “H + Br —_— o ~gr
( /\i'z CHzCly /\/}n 6

30 An oven dried 250 mL three-neck round bottom flask was fitted with 60
mL addition funnel with a N; inlet/outlet, and a thermometer adapter and
glass stopper. The flask was charged with 29.0 g (19.3 mmoli) of PEG 1500,

16



55.2525.50 - 2.72 1.53 15.00 --255.2525.50-2.72 1.53 - - 15.00 - 3 79.00 - - 1.00 - 20.00 -
WO 2009/046243 PCT/US2008/078660

100 mL of anhydrous CH,Cl; and 3.5 mL (43.2 mmol) of pyridine, and 5 mL
(40.5 mmol) of 2-bromoisobutyryl bromide was placed in the addition funnel,
The flask was closed and immersed in an ice bath. 2-Bromoisobutyryl
bromide was added dropwise to the cooled solution over 20 min period with

s stirring. The ice bath was removed and the reaction was stirred for 84h under
a Nz blanket. The reaction mixture was filtered and the filirate was
concentrated. The crude product was dissolved in a small amount of CH,Cl,,
loaded onto a short basic alumina column and eluted with CH.Cls. The eluent
was collected and the solvent was removed using a rotary evaporator. The

10 resulting solid was dissolved in CHyCl, and precipitated into a large excess of
1/1 hexane/diethyl ether. The product was dried overnight under vacuum to
yield 20.6 g (59%) of a white powder.

15 Macromer Synthesis.

CHy

CHy 1) CuCl, PMDETA, acetone
ﬁﬁ((’(\/\O}/lkﬁ/ﬁf + :8‘ T G CH)7
CH3 o 2 TEMPO SHa Gy CH2 CHZ
GHy Gty | ?

PECG{1500)-dBr

cf»-i . CH;; CHy
GH; CHy [ ]
@ »
P

2 Poly(2-phenylethyl methacrylate}-block-poly{ethylene glycol)-block-
poly(2-phenylethyl methacrylate) from PEG(1500) difunctional initiator.
Target [MJ/[i] = 20.

All synthetic manipulations were performed in a Np-filled glove box. A

25 100 mL round bottom flask containing a PTFE-coated magnetic stirring bar
was charged with 0.3622 g (3.66 mmol) of CuCl, 1.8026 g (10.17 mmo) of
N,N,N',N",N"-pentamethyldiethylenetriamine, 12.8233 g (67.41 mmol) of 2-
phenylethyl methacrylate (PEMA), and 20 ml of acetone. The flask was
warmed to 50 °C in an oil bath. PEG(1500) difunctional initiator (5.0106 g,

3 3.34 mmol) was dissolved in acetone and was added to the stirring monomer

17



- 479,00- 1.00-- 20.00-569.00--1.00-29.99 --669.00 -1.00

20

25

30

WO 2609/046243 _ PCT/US2008/078660

solution. The reaction was maintained at 50 °C for 3 hrs. 2,2,6,6,-tetramethyl-
1-piperidinyloxy (1.0621 g, 6.80 mmol) was dissolved in acetone and added to
the reaction mixture. The reaction mixture was heated for an additiona! 1.5
hrs, then cooled overnight. The flask was removed from the glove box and
bubbled with air for 30 min. The crude was concentrated by rotary
evaporation, then diluted with CH,Cl; and chromatographed over basic
alumina using CHxCl, eluent. The eluent was collected and the solvent
removed by rotary evaporation. The resulting polymer was dissolved in a
small amount of CH,Cly, and precipitated into a large excess of 1-propanol.
The polymer was allowed to settle, the liquid fraction was decanted, and the
polymer was rinsed with a fresh portion of 1-propanol. The product was again
dissolved in CHCl,, transferred to a round bottom flask and the solvent was
removed using a rotary evaporator. The product was dried further under
vacuum overnight resulting in 6.05 g (34%) of a colorless viscous liquid.

EXAMPLE 2,
Initiator Synthesis

An oven dried 1 L three-neck round bottom flask was fitied with 60 mL
addition funnel with a N2 inlet/outlet, and a thermometer adapter and glass
stopper. The flask was charged with 102.6 g (51.3 mmol) of PEG 2000, 300
mL of anhydrous CH;Cl; and 8.5 mL (105.0 mmol) of pyridine, and 13 mL
(105.0 mmot) of 2-bromoisobutyry! bromide was placed in the addition funnel.
The flask was closed and immersed in an ice bath. 2-Bromoisobutyryl
bromide was added dropwise to the cooled solution over 40 min period with
stirring. The ice bath was removed and the reaction was stirred for 27 h under
a Ny blanket. The reaction mixture was filtered and the filtrate was
concentrated. The crude product was dissolved in a small amount of CH,Cl,,
loaded onto a short basic alumina column and eluted with CH,Cl.. The eluent
was collected and the solvent was removed using a rotary evaporator. The
resulting solid was dissolved in CH,Cl; and precipitated into a large excess of
1/1 hexane/diethyl ether. The product was dried overnight under vacuum to
yield 79.7 g (68%) of a white powder,

18



- 30.00- 78.98- 1.02- 19.99--868.99 -1.02--29.99 -963.97 - 15.00

WO 2009/046243 PCT/US2068/078660

Macromer Synthesis

Poly(2-phenylethyl methacrylate)-block-poly{ethylene glycolj-block-
poly(2-phenylethyl methacrylate) from PEG(2000) difunctional initiator,
Target [MJ/[1] = 50,

All synthetic manipulations were performed in a Np-filled glove box. A

200 mL round bottom flask containing a PTFE-coated magnetic stirring bar

was charged with 0.5542 g (5.60 mmol) of CuCl, 2.6753 g (15.09 mmol) of
N,N,N',N’ N"-pentamethyldiethylenetriamine, 46.4408 g (244.12 mmol) of 2-

10 phenylethyl methacrylate (PEMA), and 50 mlL of acetone. PEG(2000)
difunctional initiator (2.9649 g, 4.98 mmol) was dissclved in 45 mL of acetone

and was added to the stirring monomer solution. The reaction was stirred at
ambient temperature for 19 hrs. 2,2,6,6,-tetramethyl-1-piperidinyloxy (1.56860

g, 10.15 mmol) was dissolved in acetone and added to the reaction mixture.

15 The reaction mixture was immersed in a 50 °C oil bath and heated for 3 hrs,
then cooled to ambient temperature. The flask was removed from the glove

box and bubbled with air for 30 min. The crude was concentrated by rotary
evaporation, then diluted with CHCl; and chromatographed over basic
alumina using CH,Cl; mobile phase. The eluent was collected and the solvent

20 removed by rotary evaporation. The resulting polymer was dissolved in a
small amount of CH;Cl;, and precipitated into a large excess of 1-propanol.

The polymer was allowed to settle, the liquid fraction was decanted, and the
polymer was rinsed with a fresh portion of 1-propanol. The polymer was again
dissolved in CH,Cl;, transferred to a round bottom flask and the solvent was

25 removed using a rotary evaporator. The product was dried further under

vacuum overnight resulting in 32.73 g (58%) of a colorless solid.

EXAMPLE 3.
Initiator Synthesis

30 An oven dried 500 mL three-neck round bottom flask was fitted with 60
mlL addition funnel with a Ny inlet/outlet, and a thermometer adapter and
glass stopper. The flask was charged with 44.66g (9.8 mmol) of PEG 4600,

100 mL of anhydrous CH>Cl; and 2.0 mL (24.7 mmol) of pyridine, and 2.6 mL
19



1.00--20.00 -1089.00 1.00-- -10.001179.00--1.00 - 20.00 TABLE 2. Formulation
Component Detalil

WO 2009/046243 PCT/US2008/678660

(20.5 mmol) of 2-bromoisobutyryl bromide was placed in the addition funnel.
The flask was closed and immersed in an ice bath. 2-Bromoisobutyryl
bromide was added dropwise to the cooled solution over a 20 min period with
stirring. The ice bath was removed and the reaction was stirred for 63 h under

s a Ny blanket. The reaction mixture was filtered and the filirate was
concentrated. The crude product was dissolved in a small amount of CH,Cl;,
loaded onto a short basic alumina column and eluted with CH;Cl,. The eluent
was collected and the solvent was removed using a rotary evaporator. The
resulting solid was dissolved in CHCl; and precipitated into a large excess of

10 11 hexane/diethyl ether. The product was dried overnight under vacuum to
yield 29.5 g (62%) of a white powder.

Macromer Synthesis

Poly(2-phenylethyl methacrylate}-biock-poly(ethylene glycol)-block- poly(2-
15 phenylethyl methacrylate) from PEG(4600) difunctional inftiator. Target [M}/l]

=67.|

All synthetic manipulations were performed in a No-filled glove box. A

200 mL round bottom flask containing a PTFE-coated magnetic stirring bar

0 was charged with 0.2191g (2.21 mmol) of CuCl, 1.1108 g (6.27 mmol) of
N,N,N',N’,N"-pentamethyldiethylenetriamine, 25.5245 g (134.17 mmol) of 2-
phenylethyl methacrylate (PEMA), and 40 mL of acetone. The flask was
warmed to 50 °C in an oil bath. PEG(4800) difunctional initiator (9.8431 g,

2.01 mmol) was dissolved in acetone and was added to the stirring monomer

25 solution. The reaction was maintained at 50 °C for 7 hrs. 2,2,6,6,-tetramethyl-
1-piperidinyloxy (0.7234 g, 4.63 mmol) was dissolved in 40 mL of acetone

and added to the reaction mixture. The reaction mixture was heated for an
additional 30 min, then cooled overnight. The flask was removed from the
glove box and bubbiled with air for 30 min. The crude was concentrated by

30 rotary evaporation, then diluted with CH,Cl, and chromatographed over basic
alumina using CH,Cl, eluent. The eluent was coliected and the solvent
removed by rotary evaporation. The product was dissolved in a small amount

of CH,Cl;, and precipitated into a large excess of 1-propanol. The polymer

20



WO 2009/046243PCT/US2008/078660 TABLE 3. Tensile and Thermal Properties, YOEWC, RI, and
- Glistening Test Results O Stress at Break (MPa) Strain at Break (MPa) Young's Modulus (MPa) 25%

Secant Modyiys (dah4300% Secant Modulus (MPa) EWC (%) Glistenings..8.12 104 57.30 - 7.51
0.30 Yes 19.14

was allowed to settle, the liquid fraction was decanted, and the polymer was
rinsed with a fresh portion of 1-propanol. The product was again dissolved in
CH:Clz, transferred to a round bottom flask and the solvent was removed
using a rotary evaporator. The product was dried further under vacuum

s overnight resulting in 16.15 g (47%) of a coloriess soft solid.

EXAMPLE 4.
Initiator Synthesis
An oven dried 1 L three-neck round bottom flask was fitted with 60 mL
10 addition funnel with a N; inlet/outlet, and a thermometer adapter and glass
stopper. The flask was charged with 106.6 g (10.7 mmol) of PEG 4600, 300
mL of anhydrous CH,Cl; and 2.0 mL (24.7 mmol) of pyridine, and 2.8 mL
(22.1 mmol) of 2-bromoisobutyry! bromide was placed in the addition funnel,
The flask was closed and immersed in an ice bath. 2-Bromoisobutyry
15 bromide was added dropwise to the cooled solution over a 20 min period with
stirring. The ice bath was removed and the reaction was stirred for 63 h under
a Nz blanket. The reaction mixture was fillered and the filtrate was
concentrated. The crude product was dissolved in a small amount of CH.Cls,
loaded onto a short basic alumina column and eluted with CH,Cly. The eluent
20 was collected and the solvent was removed using a rotary evaporator. The
resulting solid was dissolved in CH;Cl; and precipitated into a large excess of
1/1 hexane/diethy! ether. The product was dried ovemnight under vacuum to
yieid 83.8 g (79%) of a white powder.

25 Macromer Synthesis
Poly(2-phenylethyl methacrylate)-block-poly(ethylene glycol)-block- poly(2-
phenylethyl methacrylate) from PEG(10k) difunctional initiator. Target [M)/[I] =
134

30 ~ All synthetic manipulations were performed in a Na-filled glove box. A
200 mL round bottom flask containing a PTFE-coated magnetic stirring bar
was charged with 0.1296 g (1.31 mmol) of CuCl, 0.6828 ¢ (3.85 mmol) of

N,N,N’",N".N"-pentamethyldiethylenetriamine, 30.4780 g (160.21 mmol) of 2-
21
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phenylethyl methacrylate (PEMA), and 30 mL of acetone. PEG(10k)
difunctional initiator {(12.0163 g, 1.17 mmol) was dissolved in 30 mL of
acetone and was added to the stirring monomer solution. The reaction was
stirred at ambient temperature for 21 hrs. 2,2,6,6,-tetramethyl-1-piperidinyloxy
s (0.4079 g, 2.61 mmol) was dissolved in acetone and added to the reaction
mixiure. The reaction mixture was immersed in a 50 °C oil bath and heated
for 3 hrs, then cooled to ambient temperature. The flask was removed from
the glove box and bubbled with air for 30 min. The crude was concentrated by
rotary evaporation, then diluted with CHCl; and chromatographed over basic
to  alumina using CH:Cl; mobile phase. The eluent was collected and the solvent
removed by rotary evaporation. The resulting polymer was dissolved in a
small amount of CH»Cly, and precipitated into a large excess of 1-propanol.
The polymer was allowed 1o settle, the liquid fraction was decanted, and the
polymer was rinsed with a fresh portion of 1-propanol. The polymer was again
15 dissolved in CHyCly, transferred to a round bottom flask and the solvent was
removed using a rotary evaporaior. The product was dried further under

vacuum overnight resulting in 24.1 g (57%) of a colorless solid.

EXAMPLE 5.

20 Initiator Synthesis
An oven dried 300 mL three-neck round bottom flask was fitted with 60 mL
addition funnel with a N inlet/outiet, and a thermometer adapter and glass
stopper. The flask was charged with 36.42 g (18.2 mmol) of poly(ethylene
glycol) methyl ether (M, 2000), 100 mbL of anhydrous CH.Cl; and 2.0 mL

25 {24.7 mmol) of pyridine, and 2.4 mbL (19.3 mmol) of 2-bromoisocbutyryl
bromide was placed in the addition funnel. The flask was closed and
immersed in an ice bath. Z-Bromoisobutyryl bromide was added dropwise to
the cooled solution over a 15 min period with stirring. The ice bath was
removed and the reaction was stirred for 83 h under a N, blanket. The

36 reaction mixture was filtered and the filtrate was concentrated. The crude
product was dissolved in a small amount of CH.Cl,, loaded onto a short basic
alumina column and eluted with CH,Cl;. The eluent was collected and the

solvent was removed using a rofary evaporator. The resulting solid was
22
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dissolved in CH2Cl; and precipitated into a large excess of 1/1 hexane/diethyl
ether. The product was dried overnight under vacuum to vield 25.7 g (66%) of

a white powder.

s Macromer Synthesis
Poly(2-phenylethyl methacrylate)-block-poly(ethylene glycol) from PEG(2000)
monofunctional initiator. Target [M}/[1] = 10.

All synthetic manipulations were performed in a Ny-filled glove box. A

1o 200 mL round bottom flask containing a PTFE-coated magnetic stirring bar
was charged with 0.6562 g (6.63 mmol) of CuCl, 3.2117 g (18.11 mmol) of
N.N,N'.N".N"-pentamethyldiethylenetriamine, 11.7538 g (61.78 mmol) of 2-
phenylethyl methacrylate (PEMA), and 30 mL of acetone. PEG(2000)
monofunctional initiator (11.9978 g, 5.99 mmol) was dissolved in 15 mL of

15 acetone and was added to the stirring monomer solution. The reaction was
stired at ambient temperature for 4.5 hrs. 2,2,6,6,-tetramethyl-1-
piperidinyloxy (0.4079 g, 2.61 mmol) was dissolved in acetone and added to

the reaction mixture. The reaction mixture was immersed in a 50 °C oil bath

and heated for 30 min, then allowed to cool overnight. The flask was removed

20  from the glove box and bubbled with air for 30 min. The crude was
concentrated by rotary evaporation, then diluted with CH.Cl, and
chromatographed over basic alumina using CH,Cl, mobile phase. The eluent

was collected and the solvent removed by rotary evaporation. The resulting
polymer was dissolved in a small amount of CH,Cl,, and precipitated into a

25 large excess of 1-propanol. The polymer was allowed to settle, the liquid
fraction was decahted, and the polymer was rinsed with a fresh portion of 1-
propanol. The polymer was again dissolved in CH,Cl, transferred to a round
bottom flask and the sclvent was removed using a rotary evaporator. The
product was dried further under vacuum overnight resulting in 8.83 g (37%) of

30 a viscous liquid.
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EXAMPLE 6.

Macromer Synthesis

Poly(benzyl methacrylate)-block-poly(ethylene glycol)-block- poly(benzyl
methacrylate) from PEG(2000) monofunctional initiator. Target [M}/[l] = 50.

All synthetic manipulations were performed in a No-filled glove box. A
200 mL round bottom flask containing a PTFE-coated magnetic stirring bar
was charged with 0.5470 g (5.53 mmol) of CuCl, 2.6808 g (15.12 mmol) of
N,N,N',N',N"-pentamethyidiethylenetriamine, 46.1857 g (262.16 mmol) of
1 benzyl methacrylate (BzMA), and 50 mL of acetone. PEG(2000) difunctional
initiator from Ex. 2 (10.0700 g, 5.04 mmol) was dissolved in 30 mL of acetone
and was added to the stirring monomer solution. The reaction was stirred at
ambient temperature (22 °C) for 18 hrs. 2,2,6,6,-tetramethyl-1-piperidinyloxy
(1.5926 g, 10.19 mmol) was dissolved in acetone and added to the reaction
15 mixture. The reaction mixture was immersed in a 50 °C oil bath and heated
for 3 hrs, then cooled to ambient temperature. The flask was removed from
the glove box and bubbled with air for 35 min. The crude was concentrated by
rotary evaporation, then diluted with CH,Cl, and chromatographed over basic
alumina using CH2Cl; mobile phase. The eluent was collected and the solvent
20 was removed by rotary evaporation. The resulting polymer was dissolved in a
minimum amount of CH.Cl;, and precipitated into a large excess of 1-
propanol. The polymer was allowed to settle, the liquid fraction was decanted,
and the polymer was rinsed with a fresh portion of 1-propanol, then methanol.
The polymer was again dissolved in CHzCl; and collected by precipitation into
s 5 °C methanol, filtered, and then rinsed with fresh methanol. The product was
dried at ambient temperature under vacuum overnight resulting in 37.00 g
(66%) of a white solid. GPC (THF, polystyrene standards) Mn 21,196, Mw/Mn
1.27.
EXAMPLE 7.
e Macromer Synthesis
Poly(benzyl methacrylate)-block-poly(ethylene glycol)-block-  poly(benzyl
methacrylate) from PEG(2000) monofunctional initiator. Target [M]/[I] = 134.
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Al synthetic manipulations were performed in a Ny-filled glove box. A

200 mL round bottom flask containing a PTFE-coated magnetic stirring bar

was charged with 0.2095 g (2.12 mmol) of CuCl, 1.1210 g (6.32 mmol) of

N,N,N',N' N"-pentamethyldiethylenetriamine, 49.5883 g (281.42 mmol} of

s benzyl methacrylate (BzMA), and 50 mL of acetone. PEG(2000) difunctional

initiator from Ex. 2 (4.0692 g, 2.03 mmol) was dissolved in 30 mL of acetone

and was added to the stirring monomer solution. The reaction was stirred at

ambient temperature (22 °C) for 22 hrs. 2,2,6,8,-tetramethyl-1-piperidinyloxy

{0.6344 g, 4.06 mmol) was dissolved in acetone and added to the reaction

10 mixture. The reaction mixture was immersed in a 50 °C oil bath and heated

for 4 hrs, then cooled to ambient temperature. The flask was removed from

the glove box and bubbled with air for 35 min. The crude was concentrated by

rotary evaporation, then diluted with CH,Cl; and chromatographed over basic

alumina using CH»Cl, mobile phase. The eluent was collected and the solvent

15 was removed by rotary evaporation. The resulting polymer was dissolved in a

minimum amount of CH,Cl;, and precipitated into a large excess of 1-

propanol, The polymer was allowed to settle, the liguid fraction was decanted,

and the polymer was rinsed with a fresh portion of 1-propanol, then methanol.

The pelymer was again dissolved in CH,Cl, and collected by precipitation into

20 5 °C methanol, filtered, and then rinsed with fresh methanol. The product was

dried at ambient temperature under vacuum overnight resulling in 32.50 g

{61%) of a white solid. GPC (THF, polystyrene standards) Mn 43,994, Mw/Mn
1.27.

25 Copelymer Synthesis

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 monomers, cross-linker and initiator were combined as

30 indicated in Table 1, 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 1-um glass-fiber filter.
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186 14.27 4.29 2.40 0.77 many 16 8.25 169 37.94 10.44 4.78 1.02 many 5This invention has been
described by reference to certain preferred embodiments; however, it should be understood that it may

be embodieg,#-qthgLsRgcific forms or variations thereof without departing. ek is shsgial or essential
characteristics. The embodiments described above are therefore considered to be illustrative in all

respects and_not restrictive, the scope of the 10invention being indicated_hy the nded claims
rather than b?/'l?ﬁefqmd'ﬁm‘ésd‘é@&ﬁ i%?ﬁdcﬁ‘awTY%%%&@%%BBH%EH%&&D{E%H {iPyngological

device material COOMTisTIEeaLE0IING p Sy ivenenhpisonefunstinnabadry lefuamgeitetondate monomer
offormula (1, THherein, .3 9T 5P inel ARG (NS s NS b3

hrs. Tensile properties and microvacuole resistance results are listed in Table

5 2
TABLE 1. Formulation Component Detail
D PEA PEMA BzMA BDDA oMTP EX.1 EX. 2 EX. 3 EX. 4
(Wi%)  (wth)  (wi%)  (wi%) (WE%)  (wi%)  (wi%)  (WI%)  (wi%)
0 65.0 30.0 - 3.2 1.8 - - - -
1 55.25 25.50 - 272 1.53 15,00 - - -
2 5525 2550 - 272 153 - - 15.00 -
3 79.00 - - 1.00 - 20.00 - - -
4 79.00 - - 1.00 - - - 20.00 -
5 59.00 - - 1,00 - 29.99 - - -
& 69.00 ~ - 1.00 - - - 30.00 -
7 7388 - - 1.02 - - 19.99 - -
8 58.99 - - 1.02 - - 29.99 - -
9 6397 - 15.00 1.00 - - 20.00 - -
10 8800 - - 1.00 - - - - 10.00
1 79.00 - - 1.00 - - - - 20,00
10
TABLE 2. Formulation Component Detail
T PEA PEMA BzMA BDODA oMTP EX.§ EX. 8 EX.7
(Wi%)  (Wi%) (Wit} (wi%)  (wi%} (W%} (W%} (wi%)
12 7899 - - 1.01 - 20.00 - -
13 88.97 - - 1.03 - - 10.00 -
14 78.98 - - 1.00 - - 20.02 -
15 78.98 - - 1.03 - ~ - 19.99
16 68.99 - - 1.01 - - - 30.00
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= H, CH3, CH20H3, or CH20H; n =0 - 12; A = C6l1-15 or 0(CH2),,C6H5, where the C6H5 group is
optionally substituted with -(CH2)nH, -0(Cf-12)nH, -CH (CH3)2, -C6F15, -0C6H5,-CH206H5, F, Cl, Br,
or!; and m=Qy{B;0hd sk 3 % (w/w) of a difunctional acrylate or methacry, H%%&%?@N% monomer
of formula [2]: wherein R2, R3 independently = H, CH3, CI-12CH3, or C independently =
0(CH2)d, NH(CH2)d, NCH3(CH2)d, 0(C1-12)dC8H4, O(CH2CH20)dCH?2, 0(CH2CH2CH20)dCH2
0(CH2CI-12CH %cﬁ@%ﬂ%enﬁn@wme&i’mw &S 207, ;@ Glistamingrovided that if
W and W' = nothing, then J nothing; d = 0 - 1Ee$t ResuBS and b = 1 - 24; and c) 5 to 35 % (w/w) of a

di-block or tri-block-macremeref-formula-{3al}-[3b] fcf“ [3d]or TQQT o0-a4C143CH2.itl Il | 1 itll ftC=0

C=0 Il XX 1YY [Sa]l' CH2EHE RAGORY Iltmmte Ongi‘a,qHZ) geg?aﬁ‘t C- cE%II 6 .
D[ Break " Break Mol yogus  moduls ) OlSonings

(MPa} {MPa)
0 8.12 104 57.30 - 7.51 0.30 Yes
1 9.14 113 87.29 14.98 7.63 0.71 No
2 8.18 134 £1.35 8,31 5.38 2.38 No
3 3.86 188 540 1.69 0.89 1.02 No
4 3.80 196 4.01 142 0.87 2.78 No
5 3.84 181 7.36 2.08 1,20 1.57 No
8 3.54 187 418 148 0.92 4.08 No
7 3.22 183 5.25 1.65 0.95 1.23 No
8 3.75 186 7.91 2.18 1.18 1.78 No
9 7.04 207 31.31 5.62 2.25 1.22 very few
10 3.62 200 3.49 1.35 0.81 2.27 No
11 3.76 187 3.91 1.45 0.87 3.84 No
12 238 176 3.23 1.22 0.77 2.57 Na
13 3.9 194 418 1.53 0.95 0.82 very few
14 517 198 8.17 2.46 1.42 1.31 very few
16 5.83 186 14.27 429 2.40 0.77 many
16 B.25 169 37.84 10.44 478 1.02 many
5 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
essential characteristics. The embodiments described above are therefore
considered to be illustrative in all respects and not restrictive, the scope of the

10 invention being indicated by the appended claims rather than by the foregoing
description.
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0=00=0RaR I X.X [3bl; OR'IlIRts HHO (CH2 --L .) 11 (CH2)20-g-C---Re lell C=0CH2 | X I r
[Sc]; orOHH I (-CH211

Claims
1. A polymeric ophthaimic or otorhirolaryngological device material comprising

a) 65 10 85 % (wiw) of 2 monofunctional acrytate or methacrylate monomer of formuia [1}:

wherein

28



CH20 =C X R'0 lllll c-c Z2 --C 0 Il (cH2),,0-c-c-Re 11 cH2 [3c1] o rtleg0 xl-zi-il---(-v-4,--)-ct42-C-t. |
RIC =0 C=0 1l X'XI 11 .0YI [3e] wherein for formulas [3a], [3b], [Sc], [3d], and [3e) a independently =1 -
18; Zi = -(0CH2CH2)p0-, -(0CH2CH(CH3))130-, -(NHCH2CH2)pNH-, or- N(COR7)CH2CH2)p0; X =0,
NH-, N(CH3)-, N(CH2CH3)-, or Y =-(CH2)2H, -CH2C(CH3)2; -CH2CH2N(C6H5)2, '
-CH2CH(OH)CH20C6H5, -(CH2CH20)pC6HS5, -(CHAC6F15, or -(CHAOCeHei 22 = -(OCH2CH2)p0-,

-(OCHRGHIECHZ)) pOOCHMIHEH 2CHTRINI-dr-; wwwueCHz(com)N)p R6-(N(COR7) CH2CH2)p0-;
R? = H, CHy, CH,CHj, or CHOH;

n=0-12;

A = CgHg or O{CH,},CeHs, where the CgHs group is optionally substituted with -(CHy)pH, -O(CHy)qH, -CH
(CHa}z, —CEHE) “OCGHs "CH2C6H5 F, Cl, Br, or i; and
m=0-18;

b) 0.5 to 3 % (w/w) of a difunctional acrylate or methacrylate cross—!mkmg monomer of formula [2]:

R?
}\fc
: w\‘tj |
W__.0
RS
7]
wherein
R2, R3 independently = H, CHj, CH,CH3, or CH,0OH; .
W, W independently = O(CHp)g NH(CHo)g NCH3(CHo)y O(CHy)uCaHa O(CH,CH,O)CH, O

(CHoCH2CH,0)CHy, O{CH,CH,CHHCH,0)CH,, or nothing;
J = [CHy),, O(CHZCHZO) O, or nothing, provided that i W and W’ = nothing, then J = nothing;
d=0-12;
2=1-12;and
h=1-24;
and

¢ 5 to 35 % (wiw) of a di-block or tri-block macromer of formula [Sa] [3b], [3¢c], {Bd or [3e}:

o R r!:w.a ﬁHz
H(CH 2" gwc:: (CHZ-—{‘:%;CHz-—{.“,'
R® ' ?zo :!::zo
X X
| |
\ ¥

[3a];
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R4 R5, R6 independently = H, CF-13, CH2CH3, CH2CH2CH3, CH(CH3)2, CH2CH2CH2CHS3, or
CH2CH(CH3)2; R7 = CH3, CH2CH3, CH2CH2ClI-13, CH(CH3)2, CH2CH2CH2CH3, or
CH2CH(CH3)2; R8 = CH2, (c%)z (CH2)3, (CH2)4, (CH2)5, or (c )6; p =.1 - 500; e = 1 - 200,

provided thatp e; t = f%* Re H2=C( )(ﬂ(O) CH2ﬁ=C 6) CH2 ﬁ(O) or
CH2=CHC6H4C(0)CH C(0)C(CH3)3,
-0-12C(0)C6H5, -Cki2€(0)GEH4O0H, 'CH (O)C6H4OCHé or CH —C &oThe polymeric device

material of Claim 1 whgrein for the monomer of formula [1]; B = -O(QI 12)- or (OCH2CH2), ;R1=-Hor
-CH3;n=1-5; A=i -($6H5 0(¢H2),,C6H5 and m =0 - 4. 3. The pglymeric glevice material of Claim 1
wherein for the monorfer of forfula [2]: R2, IR3 independently = Hbr CH3; W, W' independently =
0(CH2)6, 0(CH2)dC6H4, or nothing; J = 0(CH2CH20)b or nothing, provided that if W[gm;w = nothing,
then J # nothing; d = 0 - 6; and 5=1-10. 4. The polymeric device material of Claim 1 wherein for the
macromer of formula [3]; a independently =1 - 12; Z1 = -(OCH2CH2)p0-1 or -(OCH2CH(CH3))p0-; X =
0, or N(CH3)-; Y = -(CH2)tC61-15, or (CH2)tOC6HS5; Z2 = -(OCH2CH2)p0-, or -(OCH2CH(CH3))p0-:
R4, R5, R6 independently = H, CH3, or CH2CH3; p = 20 - 250; e =5 - 150, provided thatp e; t =1 - 4;

Py Ty I
H(CHo}—Z" s-—? \cnz—ct:—-}:um(cﬁz},o~0w§—as
r® C==0 CH,
X
i
Y
[3c),
or
i il i i
R‘%—g—-—ou:l-s;),——w—{——c : [ —-—z’-—-—-c -—éce—zz-- —)——N——{CH;},O—C-——%*-R’
]
téa-:z : o-—~c ® cmo CH,
X
I ]
Y Y
[3d]
" T' "
R‘--Z‘-—*C“-%—-{-CH, -);—Cb&—ci;—vi.
c=0 G=0
I |
x b4
ook
{3e]

wherein for formulas [3a)], [3b], [3c], [3d], and [32]
a independently = 1 - 18;

Z! = -{(OCH,CHy}, O, ~(OCH,CH(CHg)),O-, ~(NHCH,CHZ) NH-, or- N(CORT)CH,CH,),0;
X = O, Nit-, N{CHg)-, N(CH;CHg)-, or N(CgHi)-;
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R9 = CH2=C(R6)C(0)-, or CH2=C(R6)CO2CH2CH2NHC(0)-; and L = H, Cl, Br, -CH2C(0)CH3,
CH2C(0)C(CH3)3, -CH2C(0)C6H5, -CH2C(0)C6HA4OH, -CH2C(0)C6H40CH3, or CH2CH=CH?2. 5.
The polymerig devigemateriatofd@mim,4 vohetpinnto,tis, mamomeDRidRLOTYE;[ 3 (@Hptie o odently= 1
- 4; 71 = -(OCHRGHARG: - 285 Be(Hz (CHCBHS; 2 = -(OCH2CH2)p0-; R4, R5 = CH3; R5 = H or
CHS3; p = 30 -2220{GA, 00100 L pooyitieHERIOR, INRAGH Cri) NB:, Rie-©(CHZHEIRBTIVgREGHCORT)
CH2=C(R6)COREMZOH2NHC(0)-; and L = H, -CH2C(0)C6H5, -CH2C(0)C61-140H, |
-CH2C(0)C6HABTRIEMAGHIYY C H L THE ol it ety et Ritder &l SiHotdint Taviherefriithids)z:
monomer of fBfmGik{ CHSselEttEd Fom BT Gou Y Beriisting ok BerizsFiethicrylate, 2-phenylethyl
methacrylate;8-pREnyiiopyFhrsHSEakater4sgidhiiiutyl methacryiate; 5- phenylpentyl methacrylate;
2-phenoxyeth@1|=ﬁwe§ﬁ crylate; %ﬁ?ghenoxyethoxy)ethyl methacrylate; 2-benzyloxyethyl methacrylate;
2-(2-(benzylo$y3é§f&>9y§’§ﬂ§ﬁ% tacrylate; 3-benzyloxypropyl methacrylate; benzyl acrylate;
2-phenylethyl @JﬂﬁEgéfﬁ?gg'eﬁPQ& gﬁiﬁ’ﬁmewyw@%%éé@ﬂwyép@n%lﬂ@%@%

2-phenoxyethylachyfafe,c2( perioye! SONSBRS AR VS ACEARIR) Cot, OCHS,
2-(2-(benzyloxy)ethoxy)ethyl acrylate; and 3-benzy- onypropyf acrylate. 7. The polymeric device

. material of Claim 1 wherein the monomer of forula [2] is . selected from the group consisting of

ethylene glycol dimethacrylate; diethylene ; dimetharylate; Methylene glycol dimethacrylate;
@ et,4--benzenedimethano| S
Rytene glyset tigcrytate; Methylene glycol diacrylate;

116-hexanediol dimethacrylate; 1,4-butanedi

dimethacrylate; ethylene glycol diacrylate; die

1,6-hexanediol diacrylate; 1,4-butanediol diacryiate;’and 1A-benzénedimethanol diacrylate. 8. The
polymeric device material of Claim 1 wherein the amount of monomer [1] is 70 to 90 % (w/w). 9. The -
polymeric devREEaGEETAkof Claim 1 wherein the amount of the di-block or tri-block macromer is 10 to
30% (w/w). 10. The polymeric device material of I i amount of the di-block or -
tri-b?odf?w'%gé ?rﬁ%prcis%% 5 Er&?i \?(\f/}é\k/’j‘fnﬂWﬁﬁﬁrgmp%fy%ﬁﬁ%n%ﬁ%?cgé%npgglla “of Claim 1 further comprising
an mgre_dlegu‘_. &9{@&5%%96&:%@)9149 consisting of a polymerlzab!e 11V absor_b_ers and a
polymerizagle golplans. 12. The polymeric device material of Claim 11 comprising 0.1 - 5 % (w/w) of a
polymenzaple U¥ absorber and 0.01 - 0.5 % (w/w) of a polymerizable colorant. 13. Process for
preparing a.polymedcaephibatmisdr otorhinoiaryngological device material according to claim 1 -
wherein thesingredients [1], [2] and [3] along with any further optional ingredients are combined and

polymerized using a radical initiator to initiate polymerization b¥ the action of either heat or radiation.
14.” An Sphishmee dp o maise R RFTogrEsr e tE T BRsRSHR) @Y Rimeric device material of Claim

1 wherein thg op_hthalmi‘c or otorhinolaryngological device is selected from the group consisting of

; d =Hori ) . . . . L
't:g:g?;ﬁ; W QE&W%%'%@% E%%?'Bfﬁgfgﬁ%t%wea‘l inlays or rings; otological ventilation
’ J =%ﬁ Hzl @r-élae}b br nothing, provided that if W and W = nothing, :
then J = nothing; _
d=0-8; and
. b=1-10.

4, The polymeric device material of Claim 1 wherein for the macromer of formula [3]:

a independently = 1~ 12; :

Zt = «(OCH,CHy),O-, or {OCH,CH{CH;)) O

X =0, ar N({CHz)-,

Y = ~{CHp)CgHs, or (CH}OCeHs:

Z2 = o(OCH,CH,),O-, or ~{OCH,CH{CHg)},O-:

R4, RS, RE independently = H, CHy, or CH,CHg,

p=20-250;

e = 5§ - 150, provided that p 2 g;

t=1-4

RE = CH,=C{RE)C(O}-, or CHy=C(RE}ICO,CH,CHINHC{O)-; and
L = H, Cl, Br, ~CH,C(O)CH3, CH,C(O)C(CHy)s, ~CHC{O)CaHs, ~CHaC(0)CgH,0H, -CH,CI0)CaH OCH;,

reRes

v L
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15. The ophthalmic or otorhinolaryngological device of Claim 14 wherein the ophthalmic or
otorhinolaryngological device is an intraocular lens.

5

10.

1.

12

13.

14,

15.

or CHch:’:CHz
The polymeric device maierial of Claim 4 wherein for the macromer of formula [3].:

a independently= 1 - 4;

Z1 = -{(OCH,CHy) 0

X=0,;

Y = (CHa)CqHs:

Z2 = -(OCH,yCHZ) O

R4, RS = CHy;

RE = H or CHgy;

p = 30- 120,

e =10~ 400, provided thatpis 2 e,

{=1-2; ‘

RE = CH,=C(RE)C(O)-, or CH,=C{RE)CO,CH,CHoNHC(O)- and
-+ L= H, ~CH,CO)CgH5, ~CH,CIO)CH,OH, -CH,C{O)CgH,OCHS, CHoCH=CH,.

The polymeric device material of Claim 1 wherein the monomer of formuia [1] is selected from the group consisting
of benzyl methacrylate; 2-phenylethyl methacrylate; 3-phenylpropyl methacrylate; 4-phenylbutyl methacrylate; 5
ohenylpentyl methacrylate; 2-phenoxysthyi methacryiate; 2-(2-phenoxyethoxy)ethyl methacryiate; 2-hanzyioxyethyl
methacryiate; 2—{2-{benzyioxy)ethoxy}ethyi methacrylate; 3-benzyioxypropyl methacrylate; benzy! acrylate; 2-phe-
nylethyi acrylate; 3-phenylpropy! acrylate; 4-phenylbuty! acrylate; 5-phenylpentyi acrylate; 2-phenoxyethyl acrylate;
2-(2-phenoxyethoxy)etnyl acrylate; 2-henzyloxyethyl acryiate; 2-(2-(benzyloxy)ethoxyjethy! acryiate; and 3-benzy-
ioxypropy! acrylate, :

The polymeric device material of Claim 1 wharein the monomer of formula [2} Is selected from the group consisting
of ethylene giycol dimethacrylate; diethylene glycol dimethacrylate; friethylene glycol dimethacrylate; 1 ,B-hexanedial
dimethacrylate; 1,4-butanediol dimethacrylate; 1 4-benzenedimethano! dimethacrylate; sthylene glycol diacrylate;

dietnylene giycol diacryiate, tristhylene-glycol diacrylate; 1,6-hexanediol diacryiate; 1,4-butanediol diacryiate; and
1.4-henzenedimsthano! diacrylate.

The polymeric device material of Claim 1 wherein the amount of monomer [1] is 70 to 80 % (wiw).
The polymeric device material of Claim 1 wherein the amount ofthe di-biock or tri-block macromer is 10 to 30 % (wiw).
The polymeric device materiai of Claim 9 whereit the amount of the di-block or tri-block macromeris 10 1o 20 % {w/w).

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

The palyrneﬁc device material of Claim 14 comprising 0.1 - 5 % (w/w) of a polymerizable UV absorber and 0.01 -
0.5 % {wiw) of a polymerizable colorant. '

Process for preparing a polymeric ophthaimic or otorhinolaryngological device material according to claim wherein
the ingredients [1], [2] and [3] along with any further optional ingredients are combined and polymerized using a
radical iniiator to initiate polymerization by the action of either heat or radiation.

An ophthaimic or otorhinolaryngological device comprising the polymeric device material of Claim 1 wherein the
ophthaimic or otorhinolaryngological device is selected from the group consisting of intraocutar lenses; contact

jenses; keratoprostheses; comsal inlays or rings; otological ventiiation tubes; and nasal implants.

The ophthalmic or otorhinolaryngological device of Claim 14 wherain the ophthalmic or otorhinalaryngological device
is an intraocular lens.
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