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| MPROVED HI GH REFRACTI VE | NDEX OPHTHALM C LENS MATERI ALS Field of Invention ®

This invention is directed to inproved ophthalmc |lens materials. In
particular, this 10 invention relates to soft, high refractive index
ophthalmc lens materials particularly suited for use as intraocul ar |ens
("1OL") materials. Background of the Invention 15 . Wth the recent
advances i n swWal96M40302i si on cat aract surgery, increased enphaBUSIcNed3 been

placed on devel oping spiibRoVEDIABHRIFRACHIVEINBEK HEiAGNnESe 1 N
artificial lenses. In general, these materials fall 1nto one of three

categories: hydrogels, silicones, Fﬁﬁs§&gyé' g |'n general, hydrogel
materials have a relatively | ow refractive 1 ndex, making them 20 |ess
desirabl e than other materials because of the thicker |ens optic necessary
to achievé a given refractive power. Silicone materials generally have a

hi gher refractive index than hydrogels, but tend to unfold explosively
after being Hicldefthe fovemtioneye in a fol ded position. Explosive unfol ding can
potentially damage the corneal endotheliumand/or rupture the natural |ens
capsul e. Acrylic mais@ivedtich igdicecttd%d infppdved BFHEIRIGR 1éns MarckB] BPparticulagds a hi gh
25 refractive index and unfold nore slowy or controllably than silicone

mat er i al st U, iyentign e (gsofiz high eircfive dpdex pphthalmisilens matsrials pavtipulasty, srited
acrylic mat ergAle aitrhdtillaflens ("IOL") materials.

Background of the Invention
15 With the recent advances in small-incision cataract surgery, increased emphasis has

been placed on developing soft, foldable materials suitable for use in artificial lenses. In
general, these materials fall into one of three categories: hydrogels, silicones, and acrylics.

In general, hydrogel materials have a relatively low refractive index, making them
20  less desirable than other materials because of the thicker lens optic necessary to achieve a
given refractive power. 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.
Exploéive unfolding can potentially damage the corneal endothelium and/or rupture the
natural lens capsule. Acrylic materials are desirable because they typically have a high

25 refractive index and unfold more slowly or controllably than silicone materials.

~ U.S. Patent No. 5,290,892 discloses high refractive index, acrylic materials suitable
for use as an JOL material. These acrylic materials contain, as principal components, two
aryl acrylic monomers. The IOLs made of these acrylic materials can be rolled or folded
30  for insertion through small incisions. - ' '

US. Patent No. 5,331,073 also discloses soft acrylic IOL materials. These
materials contain as principal components, two acrylic monomers which are defined by the-
, properties of their respective homopolymers. The first monomer is deﬁhed as one in.
35 which its homopolymer has a refractive index of at least about 1.50. The second monomer
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for use as an IOL material. These acrylic materials contain, as principal
conponents, two aryl acrylic nononers. The |1 OLs nmade of these acrylic
materials can be rolled or folded 30 for insertion through small
incisions. U S Patent No. 5,331,073 al so discloses soft acrylic IO

mat eri al s. These materials contain as principal conponents, two acrylic

mononmers whic &_lﬁgl ned by the properties of the| I T espeGldrtRosneras
honopol yrrers P‘ySt no\’@{ﬁh ﬁodef ned as 0 in 35 which |t§

honopol yrrer fi$ onet I e ‘Eﬁ“‘i’%é"mpﬁf’é‘”ﬁ &Sy then
monomner aBéit 28 383 These IOL materials also contam a cross-li com nent. Additionally,
PCT/ US96/ 06743 Is defined as one in which its hono has a gl ass
transition telﬂv& wetgrials myptxmﬂym aZb“‘[‘bmn}mueﬂﬂﬂ!é tatheeeal so

contain a cro HQK(! ”"“@H@?"X" {ngg %&E‘#ﬂ E@%b]
optionally con BN a four onst uent eren rom-t [ r? de

constituents, hare athtal of leke than gbout il by wWeight ofpmhydrephilivromponenthese nmateri al s
preferably 5 have a total of |ess than about 15% by wei ght of a hydrophilic
conponent. Summary of the Invention Inproved soft, foldable acrylic |ens
mat eri al s whi ch ar Sumadviof tHediiventian i t ed for use 10 as | OLs, but which are
al so useful as other ophthal mc devices, such as contact Ienses,

Improved soft, foldable acrylic lens materials which are particularly suited for use
10 as IOLs, but which are also useful as other ophthalmic devices, such as contact lenses,
keratoprostheses, and corneal rings or inlays, have now been discovered. These materials
contain only two principal components: one aryl acrylic hydrophobio; monomer and one
hydrophilic monomer. The materials of the present invention are copolymers comprising
at least about 90% by weight of the two principal monomeric components; provided that
15  the amount of the hydrophilic component is not greater than that of the aryl acrylic
hydrophobic component. The remainder of the material comprises up to 10% by weight of
one or more additional components, such as cross-linking, UV-light absorbing, and blue-

light absorbing components. | |

20 - Among other factors, the present invention is based on the finding that acrylic
copolymers suitable for use as foldable IOL materials can be synthesized using only one
principal acrylic hydrophobic monomer and one principal hydrophilic monomer.

Among other factors, the present invention is also based on the finding that, unike
25 other acrylic copolymers useful as IOL materials, the copolymers of the present invention
are substantially free of glistenings in a physiologic environment.

30 The improved acrylic materials of the present invention are copolymers comprising

only two principal monomeric components: an aryl acrylic hydrophobic component and a
" hydrophilic component.

2
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ker at opr ost heses, and corneal rings or inlays, have now been di scover ed.
These materials contain only two principal conponents: one aryl acrylic

hydr ophobi ¢ nononmer and one hydrophilic nononer. The nmaterials of the
present invention are copolyners conprising at |east about 90% by wei ght of .
the two principal nmononeric conponents; provided that 15 the anmount of the
hydrophilic conponent is not greater than that of the aryl acrylic .

hydr ophobi c C VIPI/IO303 . The renai nder of the material conpriPSEAISMEId 10% by

wei ght of one or W‘Bé%rﬁ iylié BHEbpHOBIRIAGHRReR: suRAIE f6d Susé P AR Mté}‘i‘a!ld‘&ﬂ:e
- UV-1ight absorbing, and ue-" | 1ght absorbi-ng conponents. Anong

ot her factorgﬂﬁﬁﬂem#ﬂwwémw thefermmlzon i s based on the flndlng that acrylic .
copol yners suitable for use as foldable |OL materials can be synthesized
using only one principal acrylic hydrophobic nononer. and one princi pal
hydrophilic nononer. A3ng other factors, the present invention is also
based on the findi ng that -unllke 25 other acrylic copol yners useful as

|OL materi‘als, t heo fg 'yéqéZCﬁ APr esent invention are substantially
freg of gllstenl ngs fn a e |c enwronrrent Det ai | ed Descri ption of

the Invention 30 The I nproved acrylic materials of the present
i nvention are copethgrein X sdbprCH3 ng only two principal nononeric
conponents: an aryl acrylic hydrophobic conponent and a hydrophilic
component . 2 m is0-6; ' ~

10 * Yisnothing, O, S, or NR, wherein R is H, CH3, CyHan+] (n=l-‘lB), iso-
OC3H7, C6H5, or CH206H5, and

Aris any aromatic nng which can be unsubstituted or substltulzed with
H, CH3, Csz, n-C3H7, xso-C3H7, 0CH3, C5H1 1. Cl, Br, C6H5,

CH206H5

15
Monomers of the above structural formula are descnbed in US 5,290 892, the

entire contents of wlnch are hereby incorporated by referenoe Preferred aryl acrylic

hydrophoblc monomers for use in the materials of the present mventmn are those wherein

mis2-4,Yis nothmg or O, and Ar is phenyl. Most preferred are 2-phenylethyl acrylate
20  and 4-phenylbutyl methacrylate. |

The homopolyhaets of the aryl acrylic hydrophobic monomers suitable for use in
the present invention contam an ethbnum water content of less than 3 %, and preferably
less than 2 %, by welght as determmed grawmetncally in deionized water at ambient

25 conditions.

The hydrophilic monomers suitable for use in the present invention contain at least
one reactive, unsaturated functional group. Preferably, the reactive unsaturated functional

group is a vinyl, acrylate or methacrylate group.

30 : _ '
The homopolymers of the hydrophilic monomers suitable for use in the materials

of the present invention have an equilibrium water content of at least 10 %, and preferably
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The aryl acrylic hydrophobic nononers suitable for use in trTéilfﬁrSﬂ-IEET&lA'S BEEN
t he present invention have the fornula [err] 5 wherein: X is H OREFEWJﬁDr]
mis 0-6; Yis nothing, O S, or NR wherein Ris H: CHerrT; qe..J:!L“”]
(n 1-10), iso- OC[err]H[err] Cerr]Herr], or CH[err]C[err]H[err] and Ar
IS any aromatl i ch can be unsubstltut ed or S”bft'gﬁw
CHerr], C[err err nC[err]H[err] jso-Clerr]Herr,

derr] H[err] cast d “’Cﬂ]ﬂé‘i‘ﬂ"@ﬁ& water aosmbients of
t he above strusﬁd,ﬁ@g_ forrrula are described in US 5, 290 892 the entire
contents of which are hereby incorporated by reference. Preferred aryl
acrylic hydrophobic nmononmers for use in the materials of the present

i nvention are thosSuitabler Rydiophilic monomers for use in the present invention include 2-

s hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; 2-N-ethylacrylate pyrrolidone; 2-
hydroxy-3-phenoxypropyl acrylate; 2,3-dihydroxypropyl acrylate; 2,3-dihydroxypropyl
methacrylate; 2-N-vinyl pyn'olidone; pbl)ﬁthylene oxide:200 monomethyl ether
monomethacrylate; polyethylene oxide:200 mononiet}mcrylete; polyethylene oxide:1000
dimethacrylate.

10 _
Preferred hydrophilic monomers for use in the present invention are include 2-

hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; and polyethylene oxide:1000
dimethacrylate. |

5 . The materials of the present invention are copolymers comprising 2 total of about
90 % by weight of the two principal components described above, provided that the
amount of the hydrophilic component is not greater than the aryl acrylic hydrophobic
component. |

20 The copolymer materials of the present invention are cross-linked. The
copolymerizable cross-linking agent used in the copolymers of this invention may be any
terminally ethylenically unsaturated compound having more than one unsaturated group.

- Combinations of cross-linking monomers are also suitable. Suitable cross-linking agents
include, for example: ethylene glycol dimethacrylate, &ieth}dene glycol dimethacrylate,

2s  allyl methacrylate, 1,3-propanediol dimethacrylate, allyl methacrylate, 1,6-hexanediol
dimethacrylate, 1,4-butanediol dimethacrylate, and the like. A preferred cross-linking
agent is 1,4-butanediol diacrylate (BDDA). Generally, the amount of the cross-linking

component is at least 0.1 % (weight).

30 In addition to an aryl acrylic hydrophobic monomer, a hydrophilic monomer, and one
or more cross-linking components, the lens material of the present invention may also

This Sheet Has Been Replaced
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mis 2 - 4, Yis nothing or O and Ar is phenyl. Mst preferred are

2- phenyl ethyl acrylate 20 and 4-phenyl butyl nethacryl ate. The honopol yners

of the aryl acrylic hydrophobic nononers suitable for use in the present
i nvention contain an equilibriumwater content of |ess than 3% and
preferably less than 2% by weight as determined gravinetrically in
dei oni zed water at anbient 25 conditions. The hydrophilic nononers
suitable for msmaos he present I nvention cont ain at | east POTVESIGO6ME | Ve,

unsat urat ed fpehi ?ﬂ,ﬂ;&gm &Pé&n\m o %Eﬁ:
functi onal group |s a VI gcry at’e or net ryi gr oup. Rther
honopol yner s pMpO&WpMMonmmmandmaﬂWmeblwhgﬁm materials .

of the present invention have an equilibriumwater content of at |east 10
% and preferably. 3 Sui tabl e hydrophilic nmononmers for use in the present

[ n\l@ant i on incl udePﬁfenh(ydolgmgde initiatons| and pam:&-ﬂepdadioayhﬁﬂmdrs,mmctmylyht e;

2 et hyl acryl at e l.i done Nnox acryl at e,

2. 3 i hyof ox PO PP i g AR ek Ronad e

' . available as Perkadox° 16 from Akzo Chetmcals Inc., Chicago, Illmms) Initiators are
typlcallypresentmanamount of aboutS%(welght) orless

A prefered rective UV sbsorber s  2-2hydroxy-3"-methallyl-5*

10 methylphenyDbenzotriazole, commercially available as o-Methallyl Tinuvin P ("cMTP" )]

from Polyscxenm, Inc., Warrington, Pennsylvama. UV absorbers are typically present in an
amount from about 0.1 - 5 % (weight).

Suitable reactive blue-light absorbing compounds are those described in commonly

5 asmgned, copendmg U.S. patent application senal number 08/138,663, the entire contents of

which are hereby incorporated by reference. Blue-light absorbers_are typically present in an
amount from about 0.01 - 0.5 % (weight).

The particular combination of the two principal monomers described above and the
20  identity and amount of any additional components are determined by the desired properties
of the finished ophthalmic lens. Preferably, the ingredients and their proportion are selected
so that the improved acrylic lens materials of the present invention possess the following
properties, which make the materials of the present invention particularly suitable for use in

_ IOLs which are to be inserted through incisions of 5 mm or less.
5 _ : : -
The lens material preferably has a refractive index of at least about 1.50 as measured
by an Abbe’ refractometer at 589 nm (Na light source). Optics made from materials having a
refractive index lower than 1.50 are necessarily thicker than optics of the same power which
arc made from materials having a higher refractive index. As Such,"IOL oi)ﬁcs made from
.30 _materialg having.-.a refractive index lower than about 1.50 generally require relatively larger

¢ incisions for IOL implantation.
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met hacryl ate; 2-N-vinyl pyrrolidone; polyethylene oxide: 200 nononet hyl

et her 5 nononet hacryl ate; pol yet hyl ene oxi de: 200 nononet hacryl at e;

pol yet hyl ene oxi de: 1000 di methacryl ate. Preferred hydrophilic nononers for
use in the present invention are include 2- hydroxyethyl acryl ate;

2- hydr oxyet hyl nethacrylate; and pol yet hyl ene oxi de: 1000 10

di met hacryl at egg #ﬁuerials of the present invention are

s¥di667
conprising a tot aI about 90 % by wei %ht of the tvvo princi pafQJ conp%nents
descri bed above, pres Blassiransitien tomperatuse A{T j whighy is

not greater 1 igkybPeroRiing and ahibldidg AMALERRED Wg%@%ﬂ]ﬂﬁ%t&%’ﬁdmﬂ

materials of the present | nvent | On are Cross- e copol yneri Zabl e

cross- | i nki ng aadysate preferably betwian aboycf guk+1$ °6X Tghs measared by idifferemtizl sbemingy

term nal |y ethyl enical nsat urated co nd .hav mor e .t ha
unsaturated g et@cﬁlr’h%{n ﬁm@‘%%@&% ?Q}e flux

suitable. gui Eﬁl%e cross-1li nkl ng agents 20 include, for exanple: ethylene
gl ycol di nethacryl ate, diethylene glycol dinethacrylate, allyl
nmet hacryl ate, 1, 3-propanedi ol dinmethacrylate, allyl nethacrylate,

% G-exancdrof o ek e el waiiabe i BARAARL o o R By o BB
General |y, then‘hmﬂmfmbxb@wm@g@and $00% gThio propewty rindicates sliat thedes genciallyo
(wei ght). will not crack, tear or split when folded Elongation of polymer samples is determined on
10 dumbbell shaped tension test specimens 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

standard laboratory conditions of 23 + 2 OC and 50 + 5 % relative humidity using an
Instron Material Tester model 1122 with a 2000 gram load cell. The grip distance is set at
15 14 mm and a crosshead speed is set at 20 mm/minute and the sample is pulled to 700 %
elongation or until failure. The elongation (strain) is reported as a fraction of the
displacement at failure to the original grip distance. The modulus is calculated as the
instantaneous slope of the stress-strain curve at 100 % strain. Stress is calculated at the
maximum load for the sample, typically the load when the sample breaks.
20 | _ _
The lens materials of the present invention are substantially free of glistenings in a
physiologic environment. Glistenings are the result of condensation of water vapor within
the lens. Although glistenings have no detrimental effect on the function or performance of
IOLs made from acrylic materials, it is nevertheless cosmetically desirable to minimize or
25 eliminate them. An average physiologic temperature is about 37°C. At this temperature in a
humid or liquid environment, the materials of the present invention are substantially free of
glistenings. It is difficult to quantify what is meant by “subsuntially. free” Nevertheless, in
order to provide some frame of reference, “substantially free of glistentings” as used herein
generally means that the materials have an average of no more than approximately 1 - 2
3  glistenings per mm® when evaluated in the test described below. Generally, the average
number of glistenings per mm? will be much less than 1.

6
SUBSTITUTE SHEET (RULE26)



25 In additi

on to an aryl acrylic hydrophobi c nononmer, a hydrophilic

nmononmer, and one or nore cross-1linking conponents, the lens nmateri al

present invention nay also contain a total of up to about 10% by weig
addi ti onal conponents which serve other purposes, such as pol yneri zat
initiators and reactive WV and/or blue-light absorbers. 30 Preferred

pol yneri zati

on initiators are peroxy free-radical initiators, such as

t-butyl (per owps&4esohyl ) hexanoate and di-(tert-butyl cycl ohmaydls;sﬁmsns
per oxydi carbonate (commercially 4. WD 96/ 40303 - -
PCT/ US96/ 06743 contain a total of up to about. 10 % by weight of additi

conponent s whi ch 'ﬁsrmesememfrghmwgemrbmaqSMrﬁmanmlﬂ imia festt or s
and reactive Wb@rnvgi/ 0

initiators are per oxy rsé’ |ca ?’Pa&{lors {uzg‘ﬁ{ ?ﬁ%{gﬁ*h@&,&ﬁn

(per oxy- 2- et Koy,

(cohmerci al I

Mmm&ﬂm&ww @nw@mm v%wnﬂ $ kRO

y avail abI e as Perkadox[err] 16 from Akzo m cal s | nc,

of the -
ht of
i on

i onal

nat e

Chi cago, 411 funmsnahzaﬁon tTiha chansbenisdhenypbacedion & heated nsivdosdope stagecat @k 1 8C about

5% (wei ght)

vxsualslzed with transmltted light at 40 to 200 times magmﬁcatxon

IOLsconsuuctedofthematenalsofthepmsentmventmncanbeofanydeslgn

capable of bemg rolled or folded into a small cross section that can ﬂt through a relatively

10

15

25

30

smaller incision. For example, the IOLs can be of what is known as a one plece or
multipiece design, and compnse optic and haptxc oomponents The optic is that portion
wluchserv&sasthelensandthehapncsareattachedto.theopt:candarehkearmswhxch
hold the optic in its proper place in the eye. The optic and haptic(s) can be of the same or
different material. A nultipiece lens is so called because the optic and the haptic(s) are made

separately and then the haptics are attached to the optic. Iﬂaéingle’bie’céleﬂs,th'eopticand

the haptics are formed out of one piece of material. Dependmgonthemateml,thebapucs
are then cut, or lathed, outofﬂaematenaltoproducetheIOL

In addition to IOLs, the materials of the present invention are also suitable for use as
other ophthalmic devices such as contact lenses, keratoprostheses, and comeal inlays or
rings. ' S

The invention will be further illustrated by the followmg examples which are
intended to be illustrative, but not limiting. |

Examples 1-8, shown below in Table 1, are illustrative of the materials of the
present invention. Each of the formulations of Examples 1 - 8 are prepared as follows,
with all of the reactive monomers used being substantially free of inhibitors. After
combining the formulation components as listed in Table 1, each formulation is mixed by
agitation, purified by passing it through a 0.2um polytetrafluoroethylene filter, and then
injected into a polypropylene intraocular lens or a 25 x 12 x 1 mm slab mold as follows.
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A. preferred reactive WY absorber is 2-(2'-hydroxy-3 -nethallyl-5".
10 net hyl phenyl ) benzotri azol e, commercially avail able as o-Methal |yl
Tinuvin P ("oMIP") from Pol ysciences, Inc., Warrington, Pennsylvania. UV
absorbers are typically present in an anount fromabout 0.1 - 5 % (weight)..
Sui tabl e reactive blue-light absorbing conpounds are those described in

comonly 15 asggefagsescopending U.S. patent application ser iﬂ‘!’m?d@ﬂﬁﬁs
08/ 138, 663, t[ﬁ)- %Bti re c_ontgnti Igf whi ch_are herehy incorporate y
Bl U O

ref er ence. Bom pagtion phibe 0L mold qpgtaing e cavity, whigh-is filled ity -andrthesm
about 0.01 - GhéjporindFitle IOLN MRS plactt & the HoRbH Poition a0 é&cﬂ@d h‘r’#ace by

)
pei nci pal nononers descri bed above and the 20 "i1defitity and anou of “any

addi tional corfRsing male and demple gropyes sreckiped into cgedupartian. Foomaketslabs, thsfcavitiein
fini shed opht hgd pdtfond ﬁgonl ﬁ*tﬁéﬁﬁb;ﬂbm’is ﬁ?? t{o%%gaﬁﬂ}é@ﬂﬁ %e%%%h%n@ﬁlgﬁ)ﬂ{et I on

are selected so that .‘g&rove acry terral’s o e present
i nventi on posdenis plased anstiicslyias g sgal. cPermoldsscan wither be fitl i itrogen, @f t he

present inventy Pbbaafs i . inl which are to
i nserted throug &lrgm S| oﬁs&%ky@%mﬁggﬁgg@e%?%q&é%cw%a“Eﬁaﬁsf‘gsabl y
has a refract iclampingivia spfings is| sssested @ncthe niolds) The eiaamped awbldsyarapladbdén a
refractometer at 589 nm (Na lLight, source).. Opti.cs.made fraommaterials
havi ng a refractyvenn #Hy |%€&°?H§R8P%%‘%Oﬁmﬁgﬁéé§'§gﬁ Irrﬁﬁf H@J’e endoof
optics of the pobyripaion peidt, te molds a6 Gperfed QAT MR cAfed FhiFacbldy Iefsed of hEIAREr
refractive india . As sugg,mJ oL og}j cs made from )

10 siabs are remov in acetone to remove any unreacted materials.

The physical properties of the cured materials shown in Table 1 are then assessed
(according to the protocols referred to above) using either the lenses or slabs as appropriate

for each testing protocol. All of the formulation examples listed are substantially free of
15 vacuoles. . '

: 8 '
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30 materials having a refractive index |ower than about 1.50 generally
require relatively larger incisions for ICOL inplantation. 5 WO 96/ 40303
PCT/ US96/ 06743 The gl ass-transition tenperature ("Tg") of the |lens
material, which affects the material's folding and unfol ding
characteristics, is preferably between about -20 to +25 O[err]C, and nore
preferably between about -5 and +16 [err]C. Tg is neasured by differential
scanni ng cal orwe@éMesesat 10 [err]C/ mn., and is determ ned apcyiSemgrgo0i nt
of the transition of the heat fl.ux 5 curve. The lens material will have
an elongation of at |east 150% preferably at |east 200% and nost
preferably between 300 and 600% This property indicates that the |ens
generally will not crack, tear:or split when fol ded. Elongation of polyner
sanples is determined on 10 dunbbel | Fabledd tension test specimens with a

20 omtotal |engtm h of
2.49 mm 0.833 $ .83 mMm
and a thi ckness st@andgard
| aborat ory condftians pf 23 |Jerr] Pl at | (e
hum dity using g# :
HEMA 4.7
PEA ) C 1 as ‘58§ Bs 8LS 786
PEMA ) e .
H
, 4-PBMA 84 87.6
PEO 26
1
PEGMEMA 2.1 1
'BDDA co : o s s 21 oy ai
OMTP 0.6 3 1.7 0.5 0S5 1.8 18 1.8
AMA 29
-
TEGDA T 1.5
DDDA
GMMA 7.2
ns 18 18 1.8
tBFO 1 ]
BP 29 2.7 29
Cure 2brs/RO°C 2hrs/R0°C 2hrs/80°C IHR35¢- LHR/A%- 25C 10 25C ZSC 7]
+ - + 1HR/50c- 1HR/50c- 70C o 70C In 70C in
s/ 100°C Ihes/tOUC 3nrs/100°C 2HR/100c 2HRAOO 10 min, 10 min, 10 min,
- bold 7 hold 7 hold 7
s, brs, hrs, ramp
Tamp o mmp o o 100C
100C 100C in in 30
in30 30 min, mis, bold
min, hold ? T s
hold 7 tws
hrs
Tg 8.5 15.1 10.7 0 0 10 10 1
Swess 1276 1439 1320 724 681 982 1000 12%0
% Strain 461 A6 343 392 92 640 610 610
” Modulus 62 1250 623 91 89 97 141 212
RL (dry) 1.5378 1.5409 15337 1.529 1.526 154 1.54 1.543
R.L (wet) 1.5295 ’ 1544 1.543 1.540

o o
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Instron Material Tester nodel 1122 with a 2000 gramload cell. The grip

di stance is set at 15 14 mm and a crosshead speed is set at 20 mmi m nute
and the sanple is pulled to 700 % el ongation or until failure. The

el ongation (strain) is reported as a fraction of t'he displacenent at
failure to the original grip distance. The nodulus is calculated as the

i nst ant aneous {lgRieAe the stress-strai.n curve at 100 %str S is
cal cul ated at the masgl mum | oad for the sanple, typically th?(ﬁoad Wh%n t he
sanpl e breaks.._20 The | ens_nateri al s of the present invention are

substanti al | yI?uT:‘%e of gﬁ’sﬂmﬁﬂ‘ siologic environnment. Qi stenings
ate the resul t}WAconden%HY@ﬁxWYmmeéﬁor within the lens. Al though
glistenings h&FA no det widRhenylethgk dcdateon the function or performance of

| OLs made $roMEMAy| i c med-Bhenylethyl methictylatever t hel ess cosnetical |y desirable
to minimze od-PBMA el i wi4BheaylbutyhMethacrylater age physi ol ogic tenperature is
about 37[err] @QMAt t hi s=tAligpMeshiacrylaté n a humid or |iquid environnment, the
materi al s of tHEO pr esené Polyethylene oxide:2000bDintetatsylakd v free of gli stenings.

It is difficuldMTP quantid-etslii TamviiERnt by "substantially free."”

Nevert hel ggs, Ben order &q; xidene frame of reference, "substantially
free of glistabbAags” goﬁemlm@mly means that the materials

have an aver aggvpfa no rmr M&h&gﬁ - 2 30 glistenings per
mierr] when eppigt ed Lnrﬁ gg bel ow. Generally, the average

nunber of gl i sirsHAngs pe.rl rruch | ess than 1.
15 PEGMEMA = Polycthylcne oxlde 200 monomethyl ether monomethacrylate
tBPO = t-Butyl (peroxy-2-ethyl) hexanoate
P16 . = Di-(4-t-butylcyclohexyl) peroxydicarbonate
10
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WD 96/ 40303

PCT/ US96/ 06743 The presence of glistenings is neasured by placenent of a
lens sanple in a test chamber with glass slides on the top and bottom for
visualization and filled with deionized water. The chamber is placed in a
water bath at 37 [err] 1 [err]C for 7 [err] 1 days and 14 [err] 2 days 5
for visualization. The chanber is then placed on a heated m croscope stage
at 37 + 1 [er Wodeswna#3vi sual i zed with transmtted |ight at 4QTassdéRsti mes

Can be of ampaeRlS: SO Uy RophiiCmERinit 2By R-4 phEnoR) BREARh K 00
secti f)n t?ﬁte ::zca]rjsf | :[ant Breough arelatively - 10 'asgﬁl ler incision. ::or e .
eal gn. and" conpr Mecasptrrakraste S0 4R R0k, 41 o 85307 % MENDLAEC 1 o

which serves bemohhaoﬂeﬁﬂﬁShg)dmﬂte&dnﬁhylmm@imhbﬁﬂﬂhﬂghmbh&&pﬁia@ﬁnd are

like arms which hold the optic in its proper place:in-the eye. The optic
and hapt i &( s)mé heatedander agjtation fortwg houss gt lelpelﬂﬂ °§atF@}1?‘HF8W theyplatiles | ens

o Chon { e ThIG BB BERR b 0o o ACH, 0. e TPRE e BTHERS. e
the mater taf‘%‘ﬁﬁp‘*ﬁgi’??'?‘é’2°‘2?‘é‘%°ﬁ“%’ﬁt ol SlactiB U s GRARY, 10 0"

produce the Ivdth1 V«N&m«zuowdbwm Washae'l'hﬁembmpah’@s then ried pvee ouhydrous
| nvention ar ?VISA téjrle&&clughwp et & ftiesolventshppedonrot—o—vapatsmc

10

Example 10: Synthesis of the hydrophilic monomer32-pyrrolid0ne4N-2-eﬂ1yl acrylate.

Step 1 - Synthesis of N-(2-hydroxyethyl)-2-pyrrolidone (NHEP): To a 250 ml
flask equipped with slanted condenser and ‘condensate receptacle, 107.7 g of 2-
15 aminoethanol and 126.6 g of butyrolactone were added. After several minutes at room
temperature there was a vigorous exothermic reaction that peaked at 115 0C. Following .
the exotherm, the flask was placed into a silicone oil bath at 195-200 °C for 22.5 hours
and distillate (mostly water) was collected. The product was then put under high vacuum
(0.1 to 0.15 mm Hg) at 115-150 OC to strip off volatiles. The temperature was then
20  increased to 170-190 OC and the product (NHEP) distilled. ' '

Step 2 - Synthesis of 2-Pyrrolidone—N-2-eﬁ1ylacr);1ate (NEAP): Into a 500 ml 63-
neck flask equipped with slanted condenser and condensate receptacle was placed 71 g of
the NHEP along with 125 g methyl acrylate, 4.1 g phenothiazine, and 2.4 g tetra-butyl

25 titanate. The flask, with contents, was placed into a silicone oil bath at 105-108 ©C and the
methyl acrylate-methanol azeotrope collected. The pot was under conﬁ'nuous agitation.
After 21 hours of reaction, the methyl acrylate-methanol was stripped off -under rot-o-vap
at 65 O°C and 120 g of fresh methyl acrylate added to the flask contents and the reaction
continued for a total reaction time of 48 hours. The methyl acrylate-methanol was again

30  stripped off under rot-o-vap (as above). The crude NEAP was then placed under high

. on
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20 ot her ophthal mc devices such as contact |enses, keratoprostheses, and

corneal inlays or rings. The invention will be further illustrated by the
follow ng exanpl es which are intended to be illustrative, but not limting.
25 Exanpl es 1-8, shown below in Table 1, are illustrative of the nmaterials

of the present invention. Each of the foriul ations of Exanples 1 - 8 are
prepared as folwg96qo3py th all of the reactive nononers used Bg 6743
substantially free of inhibitors. After conbining the fornul aﬁ@ﬁ’m"
conponents as Yacuure gt 65°Criptstuip off residusl nethyha¢ryinteanethanokri The prdsipctagas distilled

Ftation, jfied. b SSi 1t th h.a 0.2[err]m
Sg: y?e!t ?gfl 53;@5%‘%?‘1'“5%5&?% #@%Sbgﬁ:ﬁtéﬂgﬂ“ﬁﬁj ect Ead i ]nt o a pol ypropyl ene

intraocular lens or a 25 x 12 x 1. mmslab nold as foll ows. WD 96/ 40303
PCT/ US96/ 06743 The bot%om, portion of the |OL nold contains a cavity which
is filled to capaciXsp 3 afipal Rudfiqatien:; 8 20849447300 basihalumina sesivityiI 6982 ed

on the bottom Q%Lbﬁee@ﬁda btGdss And ﬁ“ﬂ"ﬁﬁ@‘hb‘*’ﬁ%&-i e TR AP ﬁﬁ@%% dugEpoves

machi ned into each portion. To nmake the cavity 1n t om portion

of the sl ab notd¥® pastsihy weight with benzend, agd putiontottheecofwmm followethbymdrettienzent.h e
A total of 412 grams of eluate was collected and the benzene was stripped off under

rotovap at 60 OC, followed by high vacuum at 22 ©C for 30 minutes, Sufficient deionized
water was then added to the NEAP to make a 30 percent solution of the monomer; most of

10 the phenothiazine then precipitates out. The solution was then filtered and then extracted
with three 100 ml portions of ether to remove traces of phenothiazine. The water was then
evaporated over high velocity air at room temperature followed by high vacuum at room
temperature for two hours.

12
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5 top is placed on strictly as a seal. The nolds can either be filled
under an inert nitrogen, or standard | aborator '
nol d geonetry during curing, a neans of clanpi r‘iEHlSlSHE}B “@@L‘rs asserted on
the nolds. The clanped nolds are placed in a onvecREBhAQﬁ and cured -
using the curing profiles listed in Table 1. ttie—end of pol ynerization '
period, the nolds are opened and the cured intraocul ar | enses or polyner 10
sl abs are rendV@6/433 extracted in acetone to renove any UrBCTAISHEHE743
materi al s. ThweRlausi cal properties of the cured materials shown in Table 1
are then assessed (according to the protocols referred to above) using
either the |l enses or slabs as appropriate for each testing protocol. Al of ,

the fornul atign eXagpblihet having tn BlofizattiPorakhd: 5do¥, b a thtat of R fiQ'o6S-

WO 96/ 40303

PCT/ U896/ 06743 Tal¥b by weighh@fONEpincipal monomers, wherein ond principal monome? is an aryl 3
4

30 3 S HEI\/A acrch hydrophobic mox%ngﬁéfﬂle formula

9. 8. 11.8 - 14.7 REA S :

63.5 58.5 - 83.5 - 81.5 78.6 .

I
CHp = C - COO~(CHp)p-Y-Ar

° wherein: X is H or CH3;
m is 0-6;
Y is nothing, O, S, or NR wherein R is H, CH3, CnH2n+1 (n=1-10) iso-
OC3H7, CgHs, or CHaCgHs; and
15 Ar is any aromatic ring which can be unsubstituted or substituted with
H, CH3, CoHs, n-C3Hy, iso-C3H7, OCH3, CgH) 1, Cl, Br, CgHs,
or CHaCgHs;

the homopolymer of which has an equilibrium water content of 3 % or less,

20 ‘
and the other principal monomer, present in an amount not greater than the amount
of the aryl acrylic hydrophobic mbnomer, is a hydrophilic monomer having at least
one reactive unsaturated functional group, the homopolymer of which has an
equilibirum water content of at least 10 %,

25
and wherein the copolymer further comprises a cross-linking monomer having a
plurality of polymerizable ethylenically unsaturated groups.

2. The copolymer of claim 1 wherein mis2-4,Y is nothing or O, and Ar is phenyl.
30

3. The copolymer of Claim 2 wherein the aryl acrylic hydrophobic monomer is selected
from the group consisting of 2-phenylethyl acrylate and 4-phenylbutyl methacrylate.

. This Sheet Has Been RTlaced :
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63.1 4- PBVA _ 84 87.6 PEO 9. 6 PEGVEMVA

29. 1 BDDA TR ' 06 3.1 - 5 T 5
3.1 1~ 31 OMP - - o [ THS, SHEET HAS-BEEN
0:5 1.8 _ 1.8 1.8 AMVA 2.9 TE@BA REPLACED

1.5 DDDA GWA 7.2 P16

1.8 1. 8w 0 2.9 2.7 Pﬁé'/'% 5
2hrs/80[err]C 2hrs/ 80[err] C 2hrs/ 80[err] C 1 C- _
1HR/ 35¢- 25C to 25C to 25C to + 1HT/ 50c- 1HR/ 50c-
70C in 70C4 N The copofytferi 6f Cliih/ 1L Qeftin Iite unsa%?dt&l/ ﬁQlQ{l@ﬂ’al"]gﬁup m the
3hrs/100[err] C 2HR/ 100c 2HR/ 100c 10 m n.

hold 7 hold 7  lydsphilicmenomer is selected figm the grounrcsnsmawfwmbapwlatermp to
to 100C 100C 19Qfadrflate groupd. " 30

5 o :

5. The copolymer of Claim 4 wherein the hydrophilic monomer is selected from the

group consisting of 2-hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; 2-N-

ethylaerylate pyrrolidone; 2-hydroxy-3-phenoxypropyl acrylate; 2,3-dihydroxypropyl

methacrylate; 2-N-vinyl pyrrolidone; polyethylene oxide:200 monomethy! ether

10 | monomethacrylate; polyethylene oxide:200 monomethacrylate; and polyethylene
oxide:1000 dimethacrylate.

6. The copolymer of Claim 5 wherein the hydrophilic monomer is selected from the
group consisting of 2-hydroxyethyl acrylate 2-hydroxyethy! methacrylate and
15 polyethylene oxide:1000 dxmethacrylate.

7. The copolymer of Claim 1 further comprising one or more components selected from
~the group consisting of polymerization initiators, reactive UV absorbers, and reactive

blue-light absorbers.
20
8. The copolymer of Claim 1 wherein the copolymer has a refractive index of at least
1.50.
9. The copolymer of Claim 1 wherein the copolymer has a Tg from about -20 to +25
25 °C.
10.  The copolymer of Claim 9 wherein the copolymer has a Tg from about -5 to +16 °C.
1. The copolymer of Claim 1 wherein the copolymer has an elongation of at least 200%.
30 | _ _ '
12.  The copolymer of Claim 11 wherein the copolymer has an elongation from 300 to
600%. '
_—

14
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in 30 30 m n. mn. hold hold 7 hrs Tg 8.5

15. 1 10. 7 0 0 19— 10

11 .Stress - - 1276 1439 FH‘S SHBEDHAS BEEN\724
46

681 982 1000 - 1230 % Sirai n REPLAGED 246
343 392 392 640 610 610 Modul us

362 1250 623 91 89 97

141 21 2WeR96/403€30r y) 1.5378 1.5409 PCTIUSHORT43

1. 526 1. 544 1. 544 1.543 R1. (wet) 1. 5295
1. 544 1.543 _  1.540 . WD 96/40303

PCT/ US96/ 0674 8. HEAThe copolymer of Gaxh;&whergmtﬂayd»pobmeyhasiad‘@%lﬂ%bm -5 to +16 °C

2- Hydr oxyet hyl methacryl ate P - Phenyl et hyl “acrylate 5 PENVA
2- Phenyl et hyl ﬁ %i g?”bﬂ%m‘)% = 4- Phenyl butyl Methacryl ate AVA

AI”I yl Methacryl ate PEO = Pol yet hyl ene oxi de: 1000 Di net hacryl ate

5 14 An ophthalmm lens compnsmg a copolymer havmg an elongauon of at least 150%,
- ' oompnsmg a total ofatleast 90 % by wexght of two principal monomers, wherein
' one prmclpal monomer is an aryl acryhc hydrophobxc monomer of the formula

X

o ]
CHy = C - COO-(CHg)py-Y-Ar

wherein: X isHor =C.Hg;_

15 | m is 0-6; |
Y is nothing, O, S, or NR wherein R is H, CHj3, CnH2n+1 (n=1- 10) iso-
0OC3H7, CgHs, or CHyCgHs; and
Ar is any aromatic ring which can be unsubstituted or substituted with
H, CH3, CoHjs, n-C3H7, iso-C3H7, OCH3, CgHjit, Cl, Br, CgHs,

20 or CHoCgHs;

the homopolymer of which has an equilibrium water content of 3 % or less,
*“and the other principal monomer, present in an amount nof gréater than the amount
25 of the aryl acrylic hydrophobic monomer, is a hydrophilic monomer having at least
one reactive unsaturated functional group, the homopolymer of which bas an

equlhblrum water content of at least 10 %,

. and wherein the copolymer further comprises a cross-linking mo;lomer having a
30 plurality of polymerizable ethylenically unsaturated groups.

15.  The ophthalmic lens of Claim 14 wherein the lens is an intraocular lens.

15
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Exanpl e 9: Synthesis of the hydrophilic nononer 2-hydroxy- 3-phenoxy

propyl acryl
% excess),

5

10

at gg

1,4- benzoqui none (0.082 g),
(1.8 g) are placedhemilo a flask 5
hours at 110-120 [err]C. Foll ow ng reaction,
distilled off _;att 0.1-0.2 mm Hg
17.

18.

19.

15.

25

30

—_—

20.

21.

23.

The intraocular lens of Claim 16 wherein the aryl acrylic hydrophobic monomer is
selected from the group consmtmg of 2-phenylethyl acrylate and 4-phenylbutyl
methacrylate.

The intraocular lens of Claim 16 wherein the unsaturated functional group in the

hydrophilic monomer is selected from the group consisting of vinyl, acrylate, and
methacrylate groups.

The intraocular lens of Claim 18 wherein the hydrophilic monoxher is selected from
the group consisting of 2-hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; 2-N-
ethylacrylate pyrrolidone; 2-hydroxy-3-phenoxypropyl acrylate; 2,3-dihydroxypropyl

- methacrylate; 2-N-vinyl pyrrolidone; polyethylene oxide:200 monomethyl ether

monomethacrylate; polyethylene oxide:200 monomethacrylate; and polyethylene
oxide:1000 dimethacrylate.

The intraocular lens of Claim 19 wherein the hydrophilic monomer is selected from

the group consisting of 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, and
polyethylene oxide:1000 dimethacrylate.

The intraocular lens of Claim 15 further comprising one or more components
selected from the group consisting of polymerization initiators, reactive UV

absorbers, and reactive blue-light absorbers.

The intraocular lens of Claim 21 wherein the polymerization initiator is a peroxy

_ free-radical initiator.

The intraocular lens of Claim 22 wherein the reactive UV absorber is 2-(2’-hydroxy-
3’-methallyl-5’-methylphenyl)benzotriazole.

e ——
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o-nethallyl Tinuvin P 10 BP = Benzoyl per oxi de
1, 12- Dodecanedi ol Di acryl ate GM\/A
2, 3- Di hydr oxypropyl Methacryl ate TEGDA

e
I

1, PheSimfaptia IRCTORRT P whdein 20isD - 4,3 Hdtiingér O, dnd@rGs 100

and tetranet hyl anmoni um br om de
and heated under agitation for two
the volatiles were vacuum
at 100 [err]C. The crude product was then
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distilled at 170-175 [err] C pot tenperature. The nononer was jssolved in
MeCl and washed with 1 % NaOH fol | owed by a yetet é ution was
then dried over anhydrous MgS( err], fil tereqiTHhQ-rﬁ BP‘h E& paper and t he
solvent stripped on rot-o-vap at 50[err]C. 10 Exa éb‘ Sy. esis of the
hydr ophi Il i ¢ nononer 2-pyrrolidone-N-2-ethyl acrylate. Step 1 - Synt hesi s of
N- (2- hydroxyet hyl)-2-pyrrolidone (NHEP): To a 250 ml flask equipped with
sl ant ed condemaegé/4e3e8l condensat e receptacle, 107.7 g of 2- pPCHUSHMOAMEt hanol
and 126.6 g of butyrol actone were added. After several mnutes at room
tenperature there was a vigorous exothermc reaction that peaked at 115
[err] C. Fol | @4 ngThéietrmcutnHensiof Claira 15 wWherein #he dntrabeules tens has@ refractivei indsx of 0i |
bath at 195-200 [er%ﬁé\a 22.5 hours and distillate (nostly water) was
col |l ected. The pr s then put under high vacuum (0.1 to 0.15 mm Hg)
at 115-150 [err]C to strip off volatiles. The terrperature was then 20

Syt hosi 5% of 25: py RPPFIREHACIRE: o 13 RRgA the ety ot s FIgHARRt 20 cc

flask equi pped w td#25/ ¥t ed condenser and condensat e receptacle was pl aced
71 g of the NHEP along with 125 g nethyl acrylate, 4.1 g phenothiazine, and
2.4 g tetra-butyl 25 titanate. The flask, with contents, was placed into a
silicone oil jgath m&%‘émmmm&za%%waﬂ%mn g FBin BERLS

azeotrope col ectggé The pot was under continuous agitation. After 21 hours
of reaction, the teetleyC. acryl ate rret hanol was strl pped off under rot-o-vap

10
27.  The intraocular lens of Claim 15 wherein the intraocular lens has an elongation of at
Jeast 200%. :

28.  The intraocular lens of Claim 27 wherein the intraocular lens has an elongation from
5 300t0600%. |

29.  An infraccular lens havmg an optic comprising 2-phenylethyl ac:ylate in an amount
of about 80 % by weight, 2-hydroxyethyl methacrylate in an amount of about 15 %
by weight, a cross-linking monomer, a UV-absorber and a polymenzanon initiator.

* c L M S *
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g 65.[err]C and 120 g of fresh nethyl acrylate added to the REM%%?H@HEET
Ind the Teaction continued for a total reaction time of 48 hufs. The
nmet hyl acryl at e- net hanet was again 30 stripped off under rof-p- \CR WQ@@W
above). The crude NEAP was then placed under high WO 96/ 4933

PCT/ US96/ 06743 vacuum at 65 [err]C to strip off residual nethy '
acryl ate-nethanol. The product was distil]ed (direct take-ovgr) at 140-150
[err] C at Ouitablen hydrophilip monomess,forpwse 1 inc 4kg Jpresenh '@VWORQ%I&W) ¥asic

ponsc WOFRNERpIRE, 70 R ogu GRreRRARES, 2 N uGRkl Rl MRRlReD T

and p%&d@ﬂ&-@-ﬁﬁl%ﬁoﬁﬁrém aciylitd; 0V 8Ldihydioxypropeh zavidlateA R3t-dihydroxyprdpyr ans of

el uate was col l ected and the benzene was stripped off under rotovap at 60

5 err] meﬂgasrxla;wed 2y-viinyd h mggﬂbidﬂﬂ%it polyethylepe foxide200ni menesethgl f retherent
' ' t { d. NEAP. [ f
C e o pmEtaratElo po ey RRE 200 mORGherb R TRET itk SRieopY ! O ©

sol ut YpRethisyihdeen filtered and then extrdcted with three 100 ml portions of
ether to renbve traces of phenothi azine. The water was then evaporated over
hi gh velocity air at roomtenperature foll owed by high vacuum at room

tenper at ur prdfted WydrBphilie - monomers for use in the present invention -are include 2-
hydroxyethyl acrylate; 2-hydroxyethyl methacrylate; and polyethylene oxide:1000
10  dimethacrylate. '

The materials of the present invention are copolymers comprising a total of about 90
% by weight of the two principal components described above, provided that the amount of
the hydrophilic component is not greater than the aryl acrylic hydrophobic component.

15 :
The copolymer materials of the present invention are cross-linked.  The

copolymerizable cross-linking agent used in the copolymers of this invention may be any
terminally ethylenically unsaturated compound having more than one unsaturated group.
Combina;ions of cross-linking monomers are also suitable. Suitable cross-linking agents |
20  include, for example: ethylene glycol dimethécrylate, diethylene glycol dimethacrylate, allyl
methacrylate, 1,3-propanediol dimethacrylate, allyl methacrylate, 1,6-hexanédiol
dimethacrylate, 1,4-butanediol dimethacrylate, and the like. A preferred cross-linking agent
is 1,4-butanediol diacrylate (BDDA). Generally, the amount of the cross-linking component
is at least 0.1 % (weight).
25
In addition to an aryl acrylic hydrophobic monomer, a hydrophilic monomer, and one or
more cross-linking components, the lens material of the present invention may also contain a
total of up to about 10 % by weight of additional components which serve other purposes, such
as pdlymerization initiators and reactive UV and/or blue-light absorbers. '
30
Preferred polymerization initiators are peroxy free-radical initiators, such as t-butyl
(peroxy-2-ethylhexanoate and di-(tert-butylcyclohexyl) peroxydicarbonate (commercially



1.2 .. 13 ALLOWNED CLAI MS 1. A copol yner having an el ongat (pt —
150% conprising a total of at |east 90.% by wei ght of onl Vm MENW
nmononer s, wherein one principal nononmer is an aryl acrylic|hydrophobic :
monomer of the formula [err] wherein: Xis Hor CHerr]; nfip Or$0CY 1997
nothing, O S, or NR wherei'n Ris H CHgerr], Cerr]Herr]{(ph=1-10)
iso-OCerr]Herr], err]JHerr], or CHerr](err]Herr]; ahd A TS any
aromat.i ¢ ring which can be unsubstituted or substituted wikh H _CHerr],
Cerr]JHerr], n-Clerr]J]Herr], iso-Clerr]Herr], OCHerr], err]Herr], A,
Br, Jerr]Herr], or CHerr](err]Herr]; the honopol yner of which has an
equi libriumwater content of 3 %or |less, and the other principal nononer,
present in an anmount not greater than. L

ALLOWED CLAIMS

1. A copolymer having an elongation of at least 150%, comprising a total of at
least 90 % by weight of only two principal monomers, wherein one principal
monomer is an aryl acrylic hydrophobic monomer of the formula

X

l
CHg = C - COO-(CH2)ry-Y-Ar

wherein: X is H'or CHag;

m is 0-6; _

Y is nothing, O, S, or NR wherein R is H, CH3, ChH2n+1 (n=1-10)
iso-OC3H7, CgHs, or CH2CgH5; and

Ar is any aromatic ring which can be unsubstituted or substituted

with H, CH3, C2Hs, n-C3Hy, iso-C3Hy, OCH3, CgH11, Cl, Br,

CgHs, or CHoCgHs;

the homopolymer of which has an equilibrium water content of 3 % or less,

and the other principal monomer, present in an amount not greater than
the amount of the aryl acrylic hydrophobic monomer, is a hydrophilic
monomer having at least one reactive unsaturated functional group, the

homopolymer of which has an equilibirum water content of at least 10 %,

and wherein the copolymer further comprises a cross-linking monomer

having a plurality of polymerizable ethylenically unsaturated groups.
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the anount of the aryl acrylic Hydr_o'phobi c nononer, is a hyg I 1?§'Hn"ﬁ1 T
nononmer having at | east one reactive unsaturated functional u‘fl ,,CH!@XI SHEET
honopol ymer of which has an equilibirumwater content of at LEast 10 % ang

wherei n the copol ymer further conprises a cross-linking no r 1*&OChd9sv
plurality of polynerizable ethylenicall ¥4unsat urated groups| 14 2. Th
copolynmer of claim1l wherein mis 2 - Y is nothing or Qf and Ar Is .
phenyl .- 3. The copol yner of Claim 2 vvherel n the aryl acrywic-hydrophobjC
nmononer is selected fromthe gr oup consi sting of 2-phenylethyl acrylate and

4- phenyl by yl thac | at e. copol yner of C aim.21 wherein the
unsgt ur gt ed fun c}iﬂpﬁﬁ gf F‘?"’f‘h‘!a “ﬁﬁ?'@dﬁi 'gﬁc- go?(dﬁépth'gg 5| Qcard A iHm
t he group consi ?hbﬂ?l of vinyl, acrylate and nethacryl ate groups. 5. The

copol ymer of d 4 wherein the hydr ophilic nononmer is selected fromthe .
gr oup con5|st|ng of 2-hydroxyethyl acrylate; 2-hydroxyethyl

3.  The copolymer of Claim 2 wherein the aryl acrylic hydrophobic monomer is

selected from the group consisting of 2-phenylethyl acrylate ‘and 4-
phenylbutyl methacrylate

4, The copolymer of Claim 1 wﬁerein the unsaturated functional group in the
hydrophilic monomer is selected from the group consisting of vinyl, acrylate
and methacrylate groups.

5. The copolymer of Claim 4 wherein the hydrophilic monomer is selected
from the group consisting of 2-hydroxyethyl acrylate; 2-hydroxyethyl
methacrylate; 2-N-ethylacrylate pyrrolidone; 2-hydroxy-3-phenoxypropyl
acrylate; 2,3-dihydroxypropyl methacrylate; | 2-N-vinyl pyrrolidone;
polyethylene  oxide:200 monomethyl ether monomethacrylate;
polyethylene oxide:200 monomethacrylate and polyethylene oxide:1000
dimethacrylate.

6. The copolymer of Claim 5 wherein the hydrophilic monomer is selected
from the group consisting of 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylate, and polyethylene oxide:1000 dimethacrylate.

7. The .copolymer of Claim 1 further comprising one or more components

selected from the group consisting of polymerization initiators, reactive UV
absorbers, and reactive blue-light absorbers.

8. The copolymer of Claim 1 wherein the copolymer has a refractive index of
at least 1.50.

|
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nethaeryl ate; 2-N-ethylacrylate pyrrolidone; 2-hydroxy-3-ph _%.ﬂbyhi QHEET
acrylate; 2, 3-di hydroxypropyl nethacrylate; 2-N-vinyl r ol i dORE;
pol yet hyl ene oxi de: 200 nononet hyl et her nononet hacryl af[ e; 13 88T 1997
pol yet hyl ene oxi de: 200 nononet hacryl ate; and pol yet hyl ene 100

di net hacryl ate. 6. The copol yner of d gi m 5 wherein the I'Opln e
nononmer i s selected fromthe group consiSting of 2-hydroxy yl _acryl ate,
2-hydroxyet hyl nmethacryl ate, and pol yet hyl ene oxi de: 1000 di met hacryrate:
7. The copol yner of Claim1 further corrpri sing one or nore corrponents

O absor bers,  anger SopARrEr Bt G’ AneBBn bR coBEVETE? nabis, B s st 030

Cl ai m 1 whereintoh@scegpol ynmer has a refractlve i ndex of at Ieast 1.50.
15 9. The copol yner of Claim1l wherein the copolyner has a Tg from about .
-20 to +25 [err]C

10.  The copolymer of Claim 9 wherein the copolymer has a Tg from about -5 to
+16 °C. |

11. The copolymer of Claim 1 wherein the copolymer has an elongation of at
least 200%. )

~12.  The copolymer of Claim 11 wherein the copolymer has an elongation from
300 to 600%.

13.  The copolymer of Claim 8 wherein the copolymer has a Tg from about -5 to
+16 °C and an elongation from 300 to 600 %.

14.  An ophthalmic lens comprising a copolymer having an elongation of at least
150%, comprising a total of at least 90 % by weight of only two principal

monomers, wherein one principal monomer is an aryl acryllc hydrophobic
monomer of the formula

X

I
CHo = C - COO~(CHg)y-Y-Ar

wherein: X is H or CH3;

m is 0-6;

Y is nothing, O, S, or NR wherein R is H, CH3, CnH2pn+1 (n=1-10)
is0-OC3H7, CgHs, or CHaCgHs; and
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10. . The copolymer of Caim?9 wherei n t he copol yner has ay-%

feg~+-om-about..- 5
to +16 [err]C. 11. The copolyner of Claim 1l wherein the %4; | Ty S@gj)ﬂ
el ongation of at |east 200% 12. The copolynmer of Claim 11§ Wherernmttre

copol ymer has an elongation from300 to 600% 13¢ The c ge; etr 1%7% f
wherein the copolyner has a Tg from abgqgt -5 to +16 [err]C an “ég

el ongation from300 to 600 % 14. An ophthalmc |ens conpr

copol ymer having an el ongation of at |east 150% conprisijng a total of at
| east 90 % by weight of only two principal .nonomers, wherern one prrmet

Wherein: X s i or G Bl Ry %ﬁﬁr&%ﬁ“@%ﬁﬁaﬁﬁ%tut%ﬂ%'s%ﬁkﬂ%er ein R
is H CHerr], Cler rm #f, GH4,"CIHA 0D-O 547, Bd-o3HAIGTHE, cghayr bHsr ], or
CHerr](err] H[ err]; and

CgHs, or CH206H5;

the homopolymer of which has an equilibrium water content of 3 % or less,

" and the other principal monomer, present in an amount not greater than
the amount of the aryl acrylic hydrophobic monomer, is a hydrophilic
monomer having- at least one reactive unsaturated functional group, the

homopolymer of which has an equilibirum water content of at least 10 %,

and wherein the copolymer further comprises a cross-linking monomer

having a plurality of polymerizable ethylenically unsaturated groups.

15.  The ophthalmic lens of Claim 14 wherein the lens is an intraocular lens
further comprising at least one haptic.

16. The ophthalmic lens of Claim 15 wherein -m is 2 -4, Y is nothing or O, and
Ar is phenyl. '

17. The ophthalmic lens of Claim 16- wherein the éryl acrylic hydrophobic
monomer is selected from the group consisting of 2-phenylethyl acrylate
and 4-phenylbutyl methacrylate.

18. The ophthalmic lens of Claim 16 wherein the unsaturated functional group
in the hydrophilic monomer is selected from the group consisting of vinyl,
acrylate, and methacrylate groups.

19. The ophthalmic lens of Claim 18 wherein the hydrophilic monomer is

selected from the group consisting of 2-hydroxyethyl acrylate; 2-

* c L M s *
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16 At is any aromatic ring which can be unsubstituted or suf
H CHerr], err]JHerr], n-err]JHerr], iso-CJerr]Herr],
Cerr]JHerr], d, Br, (err]JHerr], or CHerr](err]Herr];
of which has an equilibriumwateér content of 3 %wor |ess, gn tkpe_.ré)éﬂer
princi pal nmononer, present -in an anount Jot greater t han t e fanolf f9%he
aryl acrylic hydrophobic nononer, is a hydrophilic nononer}havt east
one reactive unsaturated functional group, the honopol ynerg of which has an
equi libirumwater content of at |east 10 %. and wherein the copO

f h [ -l inki havi I | i '
bol yriar i sabr e SRS meechiPn: cacsymso el BriiBonsh Zviravdns o
A ai m 14 wher ei ahérgtg;yb&_ﬁp;;lé ! O%Sﬁjt'ar%?t Q@amggfcmﬂumﬂfﬁ@a@,i %’-ﬂg\/igw

| east one hapti c. mc le of Cl'dim1l5 ereln mis

- 4, -
Y i s not hi ng or pgrrolidoheppolyetipiens bxideZ200 Moaomethyl dthérmiosomedtiactylaten 16

wh in th I ic hyd bi ' l.ected, f th
onsi sting of | SppREiera pKesER mehomrhacaRy RO A Hbyieae: Gap 000"

dimethacrylate.

'20. The ophthalmic lens of Claim 19 wherein the hydrophilic monomer is
selected from the group "consisting of 2-hydroxyethyl acrylate, 2-
hydroxyethyl methacrylate, and polyethylene oxide:1000 dimethacrylate.

21. The ophthalmic lens. of Claim 15 further comprising one or more
components selected from the group consisting of polymerization initiators,
reactive UV absorbers, and reactive blue-light absorbers. '

22. The ophthalmic lens of Claim 21 wherein the polymerization initiator is a
péroxy free-radical initiator.

23. The ophthalmic lens of Claim 22 wherein the reactive UV absorber is 2-(2'-
hydroxy-3'-methallyl-5’-methyiphenyl)benzotriazole.

24. The ophthalmic lens of Claim 15 wherein the intraocular lens has a
refractive index of at least 1.50.

25. The 6phthalmic lens of Claim 15 wherein the intraocular lens has a Tg from
about -20 to +25 °C.

26. The ophthalmic lens of Claim 25 wherein the intraocular lens has a Tg from
about -5 to +16 °C.
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18. . :The ophthalmc |l ens of C ai m 16 wherein the unsatur at eff et Tonat- s
group i'n the hydrophilic nononer is selected fromthe group fb@ﬁm@@ﬂng cﬁ'w

vinyl, acrylate, and nethacrylate groups. 19. The ophthal m cjlens of TarT
18 wher ein the hydrophilic nononer iis selected from the gr qogebet1bw
of 2-hydroxyethyl acrylate;" 2- 17 hyséoxyet hyl met hacrylfatfe; _

—

-

2-N-ethyl acryl ate pyrrolidone; 2-hydroxy-3- phenoxypropyl gcrytate;
2, 3-di hydr oxypropyl nethacrylate; 2-Nvinyl pyrrolidone; pqlyethylene

'i"__

oxi de: 200 nononet hyl et her nbnonethacrylate polyethylene oxide 200
nmonomnet hacgyl atg; _an o] | e x| d 0 d| [ e. The '
opht hal ni cé?l'ens?g? q}lﬁﬁlﬁ lﬁﬁ% EE'We ?'SEHT'I r%ﬂé#a ilen §eh%§:taé‘d
fromthe group gpR ,4, agatqgagt—jog%oxyet hyI acryl at e, 2- hydroxyethyl -
nmet hacryl ate, and % yethyl ene oxide: 1000 di nethacrylate. 21. The

ophthalmc lens of aim 15 further conprising one or nore conponents
selected fromt cqQnsji st f, rizatjon initiators,
58 Jflﬁe &%{ﬁalrr%c lens gfgC?almp %I7y m?uerezin the intraccular lens has an

elongation from 300 to 600%.

29. An intraocular lens having an opfic consisting essentially of 2-phenylethyl
acrylate in an amount of about 80 % by weight, 2-hydroxyethyl methacrylate
in an amount of about 15 % by weight, a cross-linking monomer, a UV-
absorber and a polymerization initiator.

. H!Illlj IR AR



L : _ _ RTNPsmpy
reacti ve WV absorbers, and reactive blue-light absorbers.

‘_ephthalmclens of Cla|m21 wherei n the p0|erEI’I2atI0nInItI ﬁc@s V\Ar'%eiré
peroxy free-radical initiator. 23. The ophthalmc lens of d 2

t:he reactive W absorber is 2-(2'- 1
“hydr oxy- 3' - net hal | yl - nethylphenyl)benzotrlazole 24. The )
lens of Claim1l re| Nt hewoniib NMROAAL rloBsRy dhoaNZaTioR f I act | Vigigiiex of at

| east 1.50. 25. e ophthal mic | ens™SPEHEPAY 15 wherein the int raocul ar -
| ens has m&wmmumwmmmwmm Wﬁmm @ED)

ad ai m"&)m'ﬁmmmul ar_Ters NBgy fhtefeiond) PibiiA Wamber? ¢ O +W0[9Ei;2ﬁ§
an

18 27. Tt]g;l (‘mé%yogg ai r1ﬂ15 erein the intraocdl ar |ens
el ongafi on o at ’I east % éﬁ' O Ingekmatiogal Publition Date| a19Me@nibes#HS1(19i13:96)

t he i nfTaocurar Tens nas_amn erongatrron o300~ tO0 600%
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29. An intraocular | ens having an optic consisting essentially of

-2-phenyl et hyl acrylate in an anount of about 80 % by wei ght, 2-hydroxyet hyl
methacryl ate in an anount  of; about 15 % by wei ght, a cross-1inking nononer,
a UV- absorber and a polynerization initiator.
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