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(57) Abstract

High refractive index copolymers suitable for use in ophthalmic devices are disclosed. The copolymers comprise a) two or more
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is H or CH3; W is —-CHj or (CH»=C(-X)-C(=0)-); and n is such that the weight average molecular weight is approximately 600-1000 if
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FIELD OF THE INVENTION

BACKGROUND OF THE INVENTION
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HIGH REFRACTIVE INDEX OPHTHALMIC DEVICE MATERIALS

This invention relates to high refractive index polymers and their use in
ophthalmic ienses, particularly intraocular lenses that can be inserted through
small incisions.

In response to the development of cataractous lenses, it has become
common to replace the lens with an artificial intraocular lens (IOL) in a surgical
procedure. In order to reduce the trauma to the eye in cataract surgery, it is
desirable to keep the incision through which the surgical procedure is conducted
as small as possible. With the development of phacoemulsification surgery, in
which the lens is fragmented by ultrasonic vibrations and the fragments aspirated
through a small cannula, it has become possible to remove a lens through an
incision no larger than 2-4 millimeters. However, since an [OL is typically at least
five to six millimeters in diameter, an incision at least that large has to be made to
permit the insertion of the I0L. In order to permit the use of the desirable small
incision technique, various flexible, distortable, and inflatable IOLs have been

devised.

Juergens, U.S. Patent No. 4,619,662, discloses a collapsible intraocular
lens with a hollow interior which can be evacuated to cause the lens to collapse to
a relatively small size. The collapsed lens can then be inserted into the eye
through a relatively small incision. After insertion, the interior of the lens is filled
with an elastomer to expand the lens to the proper shape and dimension.
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Mazzocco, U.S. Patent No. 4,573,998, discloses a deformable intraocular
lens that can be rolled, folded, or stretched to fit through a relatively small incision.
The deformable lens is inserted while it is held in its distorted configuration, then
released inside the chamber of the eye, whereupon the elastic property of the iens
causes it to resume its molded shape. As suitable materials for the deformable
lens, Mazzocco discloses polyurethane elastomers, silicone elastomers, hydrogel
polymer compounds, organic or synthetic gel compounds and combinations
thereof.

Keates et al., U.S. Patent No. 4,619,657, disclose a flexible intraocular lens
holder made from a flexible inert polymer, such as silicone rubber, which contains
pockets for receiving individual lenses which are small enough to fit through a
relatively small incision. The lens holder is folded or rolled and inserted through a
small incision and thereafter several of the small lenses are inserted through the
incision and into the pockets in the lens holder to form a composite intraocular
lens.

A number of these known methods of providing an intraocular iens which
can be inserted through a small incision have suffered from the excessive
complexity of inflatable lenses or composite lenses. The deformable intraocular
lenses are simpler to manufacture and use; however, when they are made of low
refractive index materials, such as polyurethane elastomers and silicone
elastomers, they must be relatively thick in order to provide a lens of the proper
refractive power. The thicker the lens, the more difficult it is to deform or distort it
into a shape which will fit through a small incision. Furthermore, the distortion
required to force a thick lens through a small incision may exceed its elastic
properties so that it breaks or will not recover its original shape when released
within the eye. Therefore, lenses made from such materials are somewhat limited
as to the minimum size to which they may be deformed.
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Accordingly, recent efforts have focused on materials which can be used to
form a flexible intraocular lens that can be simply rolled or folded into a

configuration which will fit through a small incision. For example, U.S. Patent No.
5,331,073 discloses foldable intraocular lens materials. The copolymeric
materials disclosed in U.S. Patent No. 5,331,073 optionally contain a hydrophilic
monomer present in an amount sufficient to reduce the tackiness of the copolymer
relative to a substantially identical copolymer lacking the hydrophilic monomer.
Additionally, U.S. Patent No. 5,290,892 discloses high refractive index acrylic

materials which are foldable and thus capable of being inserted through small
incisions. '

In some cases, foldable acrylic intraocular lenses develop “glistenings”
when implanted in humans or soaked in water at physiological temperatures.
These microvacuoles appear to be pockets of water approximately 1 um or
greater in diameter. These glistenings are often too small to be seen by the naked
eye, but are sometimes observed using a slit-lamp. Although glistenings have no
detrimental effect on the function or performance of IOLs made from acrylic
matenals, it is nevertheless cosmetically desirable to minimize or eliminate them.

PCT Publication No. WO 97/24382 discloses a foldable intraocular lens
material containing 2-phenylethylacrylate, 2-phenylethylmethacyrate, and 0.1 to
10 mole% of a “third monomer of recognized hydrophilic character.” The
hydrophilic monomer is intended to reduce the risk of glistenings. Suitable
hydrophilic monomers include “monomers such as acrylic acid, methacrylic acid,
hydroxyethylacrylate, hydroxyethylmethacrylate, acrylamide, methacrylamide,
poly(ethylene glycol)acrylates (PEG-acrylates) and other similar monomers

- (preferably unsaturated compounds), especially those containing carboxyl-,

hydroxyl-, sulphate, sulphonate-, amido- or substituted amino-bearing groups,
known to those skilled in the art of polymer chemistry.”

TR L P TR LTIN
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It is desirable for a number of reasons to limit the total amount of

hydrophilic monomer to low amounts. For example, hydrophilic ingredients

compromise the high refractive index of aryl acrylic hydrophobic materials

because the hydrophilic ingredients themselves possess lower refractive indices

and because the water taken up by the resulting material lowers the overall

refractive index of the matenial. Despite the broad disclosure of suitable

hydrophilic monomers in WO 97/24382, most are unabie to eliminate glistenings

when present at concentrations below 10 mole %.

SUMMARY OF THE INVENTION

This invention is directed to ophthaimic devices comprising high refractive

index copolymers comprising a) two or more monomers of the structure:

X
|
CHz = C - COO-(CH2)m-Y-Ar

wherein: X is H or CHj;
m is 0-10;

(1)

Yis nothing, O, S, or NR wherein R is H, CH3, CyHzn+1 (n=1-10), iso-

OCsHy, CeHs, or CH.CgHs; and

Ar is any aromatic ring which can be unsubstituted or substituted with
CH3, Csz, n-C3H7, iSO-CaH'(, OCHa, CsH11, Cl, Br, C5H5, or CHzCeHs;

and

b) a total of approximatély 5 mole % or less of one or more monomers of the

structure:

X
|

CH,=C-COO-(-CHz-CH2-0-),-W

wherein: X is H or CHa3;
W is -CH3 or (CH2=C(-X)-C(=0)-); and

(n -
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n 1s such that the weight average molecular weilght
is approximately 600 - 1000 1f W 1s —-CH; and approximately
400 - 1000 1f W 1s (CHy=C(-X)=C(=0)-).

These copolymers can be used to form 1lntraocular

lenses that have high refractive 1ndexes, are flexible and
transparent, can be 1inserted i1nto the eye through a
relatively small 1ncision, and recover theilir original shape

after having been inserted. Moreover, IOLs made from these

copolymers are free of glistenings compared to otherwilise

identical copolymers lacking a monomer of structure (II).

Accordlng to one aspect of the present invention,
there 1s provided an ophthalmic device comprising a high
refractive 1ndex copolymer having a glass transition
temperature less than about 37°C and an elongation of at
least 150%, wherein the copolymer comprises a) two or more

monomers of the structure:

X
|

CH, = C - COO-(CHy)p-Y—Ar ()
wherein: X 1s H or CHs;
m 1s 0-10;

Y 1s a single bond, O, S, or NR wherein R is H,

CH3, CnH2n+1, wherelin n=1 to 10, iSO"OC3H7, C6H5, OoXr CH2C6H5;

Ar 1s any aromatic ring which can be unsubstituted
or substituted with CH3, C2H5, H“C3H7, iSO"'C3H7, OCH3, C6H11,
Cl, Br, C6H5, Or CH2C6H5;

and
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b) a total of about 15 to 30 weight % of one or more

—

monomers of the structure:

i

CH,=C-COO~(-CH,~-CH,-0-)n-W (1I)

wherein: X 1s H or CHs;
W 1s -CH; or (CH,=C(-X)-C(=0)-); and

n 1s such that the weight average molecular weight

P

1s about 600 - 1000 1f W 1s —-CH; and about 400 - 1000 1if

10 W 1s (CHp=C(-X)-=-C(=0)-);

y—
pr—-

provided that 1f none of the monomers of formula (II) are

chosen so that W 1s (CH,=C(-X)-C(=0)-), the copolymer also

comprilises a cross—-linking agent.

DETAILED DESCRIPTION OF THE INVENTION

15 The high refractive 1ndex copolymers used 1n

preparing the ophthalmic devices of the present invention

comprise a) two or more monomers of the structure:

i

CH, = C - COO~(CHy)pr Y -Ar (1)

20
wherein: X 1s H or CHs;
m 1s 0-10;
Y 1s nothing, O, S, or NR wherein R is H, CHs,
CnH2n+1 (1’131“10) y iSO“‘OC3H7, C6H5, OCr CH2C6H5;
25 Ar 1s any aromatic ring which can be unsubstituted

or substituted with CHs, Cy;Hs, n-CsH;, iso-CsH7, OCH;3, C¢Hig,
Cl, 31’.‘, C6H5, Oor CH2C6H5.

0a
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Suitable monomers of structure (I) 1nclude, but

are not limited to: Z-ethylphenoxy methacrylate;

2-ethylphenoxy acrylate; 2-ethylthiophenyl methacrylate;

2-ethylthiophenyl acrylate; Z-ethylaminophenyl methacrylate;
2_

ob
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ethylaminophenyl acrylate; phenyl methacrylate; phenyl acrylate; benzyl
methacrylate; benzyl acrylate; 2-phenylethyl methacrylate; 2-phenylethyl acrylate;
3-phenylpropyl methacrylate; 3-phenylpropyl acrylate; 4-phenylibutyi methacrylate;
4-phenylbutyl acrylate; 4-methylphenyl methacrylate; 4-methylphenyl acrylate; 4-
methylbenzyl methacrylate; 4-methylbenzyl acrylate; 2-2-methylphenylethyl

methacrylate; 2-2-methyiphenylethyl acrylate; 2-3-methyiphenylethyl methacrylate;

2-3-methylphenylethyl acrylate; 2-4-methylphenylethyl methacrylate; 2-4-
methylphenylethyl acrylate; 2-(4-propylphenyl)ethyl methacrylate; 2-(4-

e

propylphenyl)ethyl acrylate; 2-(4-(1-methylethyl)phenyl)ethyl methacrylate; 2-(4-(1-

methylethyl)phenyl)ethyl acrylate; 2-(4-methoxyphenyl)ethyl methacrylate; 2-(4-
methoxyphenyl)ethyl acrylate; 2-(4-cyclohexylphenyl)ethyl methacrylate; 2-(4-
cyclohexylphenyl)ethyl acrylate; 2-(2-chlorophenyl)ethyl methacrylate; 2-(2-
chiorophenyl)ethyl acrylate; 2-(3-chlorophenyl)ethyl methacrylate; 2-(3-
chiorophenyi)ethyl acrylate; 2-(4-chlorophenyl)ethyl methacrylate; 2-(4-
chliorophenyl)ethyl acrylate; 2-(4-bromophenyi)ethyl methacrylate; 2-(4-
bromophenyl)ethyl acrylate; 2-(3-phenyiphenyl)ethyl methacrylate; 2-(3-
phenylphenyl)ethyl acrylate; 2-(4-phenylphenyi)ethyl methacrylate; 2-(4-
phenylphenyl)ethyl acrylate; 2-(4-benzylphenyl)ethyl methacrylate; and 2-(4-
benzylphenyl)ethyl acrylate, and the like.

Preferred monomers of structure (l) are those wherein mis 2-4, Y is
nothing or O, and Ar is phenyl. Most preferred are 2-phenylethyl acrylate and 2-
phenylethyl methacrylate.

The total amount of the monomers of structure (l) contained in the

copolymers of the present invention is generally about 80% by weight or more,
and is preferably about 80 - 90 % by weight.

In addition to two or more monomers of structure (1), the copolymers of

the present invention also contain a total of approximately 5 mole % or less of
one or more monomers of the structure:
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X
|

CHz-':C-COO-(-CHz-CHz-O')n'W (")

- wherein: Xis Hor CHj:

W is -CHs3; or (CH2=C(-X)-C(=0)-); and ,
n is such that the weight average molecular weight is approximately 600
- 1000 if W is -CH3 and approximately 400 - 1000 if W is (CH=C(-X)-
C(=0)-).

The monomers of structure (l1) are commercially available or can be
synthesized using known methods. Representative monomers of structure (i)
include polyethyléneoxide monomethylether monomethacrylate having a weight
average molecular weight of approximately 1000; and polyethylene oxide
dimethacrylate having a weight average molecular weight of approximately 400;
polyethylene oxide dimethacrylate having a weight average molecular weight of
approximately 600; and polyethylene oxide dimethacrylate havihg a weight
average molecular weight of approximately 1000.

The amount of monomer of structure (l1) is less than about 5 mole %,
which generally corresponds to about 15 - 30 weight %, depending upOn the
choice of X, W and n.

In the case of the monomers of structure (1) where W is (CH2=C(-X)-
C(=0)-), no separate cross-linking agent is required because such monomers
themselves act as cross-linking agents. Additional cross-linking agents are
nevertheless optionally included in the compositions of the present invention in
such a case. In the case where the monomer(s) of structure (I1) are chosen so
that W is CHj3, a separate cross-linking agent is required. 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.
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‘Suitable cross-linking agents include, for example: ethylene glycol dimethacryiate,

diethylene glycol dimethacrylate, allyl methacrylate, 1,3-propanediol
dimethacrylate, allyl methacrylate, 1,6-hexanediol dimethacrylate, 1,4-butanediol
dimethacrylate, and the like. Preferred cross-linking agents are ethylene glycol
dimethacrylate (EGDMA) and 1,4-butanediol diacrylate (BDDA). In general, the
amount of any cross-linking agent (other than those of structure (11)) utilized in the
copolymers of the present invention will be about 10 % (w/w) or less.

It will be understood by those skilled in the art, that among polymers of
acrylic esters, those made from acrylate ester monomers tend to have lower glass
transition temperatures and to be more flexible than polymers of methacrylate
esters. Accordingly, the aryl acrylate/methacrylate copolymers used in the devices
of this invention will generally comprise a greater weight percent of acrylate ester
than of methacrylate ester. It is preferred that the aryl acrylate monomers
constitute from about 50 weight percent to about 95 weight percent of the polymer,

while the aryl methacrylate monomers constitute from about 5 weight percent to
about 40 weight percent of the polymer.

The proportions of the monomers to be included in the copolymers of the
present invention should be chosen so that the copolymer has a glass transition
temperature (T,) not greater than about 37 °C, which is normal human body
temperature. Copolymers having glass transition temperatures higher than 37 °C

~are not suitable for use in foldable IOLs; such lenses could only be rolled or folded

at temperatures above 37 °C and would not unroll or unfold at normal body
temperature. It is preferred to use copolymers having a glass transition
temperature somewhat below normal body temperature and no greater than
normal room temperature, e.g., about 20 - 25 'C, in order that IOLs made of such
copolymers can be rolled or folded conveniently at room temperature. T, is
measured by differential scanning calorimetry at 10 °C/min., and is determined at
the midpoint of the transition of the heat flux curve.
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For IOLs and other applications, the materials of the present invention mustv
exhibit sufficient strength to allow devices made of them to be folded or

manipulated without fracturing. Thus the copolymers of the present invention will

have an elongation of at least 150%, preferably at least 200%, and most

preferably between 300 and 600%. 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 2.49

mm, 0.833 mm width of the narrow section, a fillet radius of 8.83 mm, and a

thickness of 0.9 mm. Testing is performed on samples at ambient conditions

using an Instron Material Tester (Model No. 4442 or equivalent) with a 50

Netwon load cell. The gﬁp distance is set at 14 mm and a crosshead speed is

set at 500 mm/minute and the sample is pulied until failure. The elongation

(strain) is reported as a fraction of the displacement at failure to the original grip

distance.

|OLs made of the copolymers of the present invention are free of

glistenings when measured according to the following test. The presence of

glistenings is measured by placement of a lens sample into a vial and adding

deionized water or a balanced salt solution. The vial is then placed into a water

bath preheated to 45 °C . Samples are to be maintained in the bath for 24

hours. The sample is then placed either in a 37 °C bath or at room temperature
and allowed to equilibrate for 2 hours. The sample is removed from the vial and

placed on a microscope slide. Visualization of glistenings is done with light

microscopy using a magnification of 50 to 200x. A sample is judged to be free

of glistenings if, at 50 - 200x magnification, the number of glistenings detected in

the eyepiece is zero. It is often very difficult to detect glistenings at lower

maghnification levels (e.g., 50x), so the sample is rastered throughout the entire

volume of the lens with higher magnification levels (up to 200x) in an attempt to

detect the presence of glistenings.
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The copolymers of this invention are prepared by conventional
polymerization methods. A mixture of the liquid monomers in the desired
proportions together with a conventional thermal free-radical initiator is prepared.
The mixture can then be introduced into a mold of desired shape, and the
polymerization carried out by heating to activate the initiator. Typical thermal free
radical initiators include peroxides, such as benzophenone peroxide,
peroxycarbonates, such as bis—(4-t-butul¢yclohexyl) peroxydicarbonate,
azonitriles, sUch as azobisisobytyronitrile, and the like. A preferred initiator is bis-
(4-t-butylcyclohexyl) peroxydicarbonate (PERK). Altermatively, the monomers can
be photopolymerized by using a mold which is transparent to actinic radiation of a
wavelength capable of initiating polymerization of these acrylic monomers by
itself. Conventional photoinitiator compounds, e.g., a benzophenone-type
photoinitiator, can also be introduced to facilitate the polymerization.
Photosensitizers can be introduced as well to permit the use of longer
wavelengths; however, in preparing a polymer which is intended for long
residence within the eye, it is generally preferable to keep the number of
ingredients in the polymer to a minimum to avoid the presence of materials which
might leach from an IOL into the interior of the eye.

An ultra-violet absorbing material can also be included in the materials of
the present invention. The ultraviolet absorbing material can be any compound
which absorbs ultraviolet light, i.e., light having a wavelength shorter than about
400 nm, but does not absorb any substantial amount of visible light. The
ultraviolet absorbing compound is incorporated into the monomer mixture and is
entrapped in the polymer matrix when the monomer mixture is polymerized.
Suitable ultraviolet absorbing compounds include substituted benzophenones,
such as 2-hydroxybenzophenone, and 2-(2-hydroxyphenyl)benzotriazoles. It is
preferred to use an ultraviolet absorbing compound which is copolymerizable with
the monomers and is thereby covalently bound to the polymer matrix. In this way
possible leaching of the ultraviolet absorbing compound out of the lens and into
the interior of the eye is minimized. Suitable copolymerizable ultraviolet absorbing

10




10

15

CA 02315747 2000-06-20

WO 99/53347 PCT/US99/073S85

compounds are the substituted 2-hydroxybenzophenones disclosed in U.S. Patenf
No. 4,304,895 and the 2-hydroxy-5-acryloxyphenyl-2H-benzotriazoles disclosed' in
U.S. Patent No. 4,528,311. The most preferred ultraviolet absorbing compound is '
2-(2'-hydroxy-3'-methallyl-5'-methyl phenyl) benzotriazoie.

In addition to ultraviolet absorbing materials, ophthalmic devices made of
the copolymers of the present invention may include colored dyes, such as the
yellow dyes disclosed in U.S. Patent No. 5,470,932.

|OLs constructed of the disclosed polymers can be of any design capable
of being rolled or folded into a small cross section that can fit through a relatively
smaller incision. For example, the IOLs can be of what is known as a one piece or
multipiece design. Typically, an IOL comprises an optic and at least one haptic.
The optic is that portion which serves as the lens and the haptics are attached to
the optic and are like arms which hold the optic in its proper place in the eye. The
optic and haptic(s) can be of the same or different material. A multipiece lens is
so called because the optic and the haptic(s) are made separately and then the
haptics are attached to the optic. In a single piece lens, the optic and the haptics
are formed out of one piece of material. Depending on the material, the haptics
are then cut, or lathed, out of the material to produce the IOL.

Molding and drilling operations are easily carried out if the optic is molded
between two polypropylene mold halves. The mold containing the cured optic
material is then placed on a lathe and the desired optic diameter is lathe cut. The
resultant optic/mold sandwich may be easily mounted to carry out any drilling
operations prior to removing the mold halves. Both the lathing and drilling
operations may be facilitated by cooling the mold/optic in a freezer to less than 10
'C and preferably less than 0 ‘C prior to each of these operations. Many methods
of attaching a haptic to the optic are known. See, for example, U.S. Patent No.
5,118,452.

11
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In addition to IOLs, the materials of the present invention are also suitable

for use as other ophthalmic devices such as contact lenses, keratoprostheses,

intracorneal lenses, corneal inlays or rings, and glaucoma filtration devices.

The invention will be further illustrated by the foliowing examples which are

infended to be illustrative, but not limiting.

EXAMPLE 1

The copolymers listed below in Tables 1 - 3 were prepared by mixing
the indicated ingredients to yield a liquid formulation that was then cast into
a mold and thermally cured in air-circulating ovens. All values in Tables 1 -
3 are listed in mole %. Optic molds were used to produce samples for the
glistening test described above and slab molds (12 x 25 x 1 mm) were used
to produce samples for the elongation test described above. In addition to
the ingredients listed below, each of the copolymers shown in Tables 1 and
2 contained approximately 2 % (w/w) of 1,4-butanediol diacrylate as a
cross-linking agent, 1% (w/w) of o-Methyl Tinuvin P as an UV-absorbing
chromophore, and 1 % (w/w) of PerkadoxT-M16 as a polymerization nitiator.
The results of the glistening and elongation tests are shown in Table 4.

The glistening results are reported as yes ("Y' - meaning glisienings were

detected) or no (“N” - meaning glistenings were not detected).

12
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| TABLE 1
I I N A R R R
4. | 7ai [ %66 [ 78 | [
— 2 [ 718 [ 06 [ 63 | [ [
3 | 695 | 60 | 23 [ [ [
— 4 [ 760 | 158 | | &7 | |
5 [ 73 [ M4 | 4 [
6 | 746 | 64 | [ 166 | |
7 [ 7a4 | 156 | | | 76 [
8 | 722 [ o7 | | | 148 [
o 704 | 81 | | a6 [
— 10| 762 [ 160 | | | | 83
1. [ 758 [ M2 | | [ 106
— 12 [ 753 | 65 | | | | 158

PEA = 2-phenylethyl acrylate

PEMA = 2-phenylethyl methacrylate

NVP = N-vinyt pyrrolidone |
GMA = 2,3-dihydroxypropyl methacrylate (glycerol monomethacrylate)
HEA = 2-hydroxyethyl acrylate

HEMA = 2-hydroxyethyl methacrylate
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TABLE 2

SAMPLE “W P200MMA | P200MA | PAOOMMA | P400MA | P1000MMA

13 | 798 | 16.8
__14. | 832 [ 123
_15. [ 869 | 7.5
_16. | 780 | 164 | 3.1
_18. | 808 | 7.0
__19. [78.13]11640 | 249
_20. 8007|1186 | 5.18
_21. [8219] 711 | 7.90
22 |7798|1637|
23 [7987[1183| | 54
24 18187708 | @
25 178891656
_26. 8176 | 12.11
28 |78.85 | 16.55
__29. |81.68 | 12.10
_30. |84.75] 7.33
31 |79.57 | 16.70
32 18321]1233
33 |8720} 754 |

P200MMA = polyethylene oxide (weight avg. M.W. of 200) monomethylether
monomethacrylate

P200MA = polyethylene oxide (weight avg. M.W. of 200) monomethacrylate

P400MMA = polyethylene oxide (weight avg. M.W. of 400) monomethylether
monomethacrylate

P400MA = polyethylene oxide (weight avg. M.W. of 400) monomethacrylate

P1000MMA = polyethylene oxide (weight avg. M.W. of 1000) monomethylether

-~ monomethacrylate

-
Q0

0.70

N
~J
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TABLE 3
| SAMPLE | PEA | PEMA | P200DMA | P400DMA | P600DMA | P1000DMA
34 | 790 [ 168 | @ | I 7 08
3. [83 /123 ]| @ | [ T 17
3. |80 75 | 1 | ] 27
37. | 785|165 | 25 | | T
3. | 804|119 | 52 | | O
3. |83 )71 ]| 79 | | T
40. |7847 /1647 | 207 | | [
|41 |s8088 /1198 422 | | [
42, |83451 721 | 649 | [ 0|
 43. |7904 11659 @ | 136 | [
44 182091216 | 279 | [
45 8539|738 | @ | 431 | [
_46. |7933|1665| | | 100 |
47. |8269)1225| @00 | | 208 |
48. 18636 | 747 | | | 323 |
49. |7960 1671 | [ | | 067 |
60. |8328 /1234 | 0| ] 138
51, 8732|785 | | [ ] 215

P200DMA = polyethylene oxide (weight avg. M.W. of 200) dimethacrylate
P400DMA = polyethylene oxide (weight avg. M.W. of 400) dimethacrylate
P600DMA = polyethylene oxide (weight avg. M.W. of 600) dimethacrylate
P1000DMA = polyethylene oxide (weight avg. M.W. of 1000) dimethacrylate

15
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Table 4

SAMPLE GLISTENING ELONGATION
0

Y/N /o

H’

461
648

718

757
B22

671
266

a=b
g

The invention having now been fully described, it should be
understood that it may be embodied in other specific forms or variations
without departing from its spirit or essential characteristics. Accordingly,
the embodiments described above are to be considered in all respects as
illustrative and not restrictive, the scope of the invention being indicated by
the appended claims rather than by the foregoing description, and all
changes which come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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CLAIMS:

1. An ophthalmic device comprising a high refractive

index copolymer having a glass transition temperature less

than about 37°C and an elongation of at least 150%, wherein

g

the copolymer comprises a) two or more monomers of the

structure:

i

CH, = C - COO~(CHy)p Y- Ar (1)

wherein: X 1s H or CHsx;
m 1s 0-10;

Y is a single bond, O, S, or NR wherein R 1s H,

CHs, CpHzn41, wherein n=1 to 10, 1s0-0C3H5, CgHs, or CHyCgHs;

Ar 1is any aromatic ring which can be unsubstituted
or substituted with CHs, CyHs;, n-CsH5, 1so0o-CsH;, OCHs, CgHqq,
C]_, Br, CgHg, oOr CHyCgHs;

and

g— ’

b) a total of about 15 to 30 weight % of one or more

ﬁ

monomers of the structure:

i

CH,=C-COO-(-CH,-CHy-O-)n-W (II)

wherein: X 1s H or CHjy;
W is -CHs or (CH,=C(-X)-C(=0)-); and

n 1s such that the weight average molecular weight
1s about 600 - 1000 1f W 1s —-CHz and about 400 - 1000 1if
W 1s (CH,=C(-X)-C(=0)-);

)
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r and pr— y—t—

provided that 1f none of the monomers of

formula (II) are

chosen so that W 1s (CH,=C(-X)-C(=0)-), the copolymer also

comprises a cross—-linking agent.

ﬁ

2 . The ophthalmic devices of claim 1, whereln the

copolymer further comprises an 1ngredient selected from the

ﬁ

group consisting of ultraviolet absorbing materials and

vellow dyes.

3. The ophthalmic device of claim 1 or 2, wherein the

fr—

twO Or more monomers of structure (I) have m = 2 - 4; Y = a

single bond or O; and Ar = phenyl.

-
g,

4 . The ophthalmic device of claim 1 or 2, whereiln the

two oOor more monomers of structure (I) are selected from the

o

group consisting of Z-ethylphenoxy methacrylate;

2—-ethylphenoxy acrylate; Z-ethylthiophenyl methacrylate;
Z—ethylthiophenyl acrylate; Z2-ethylaminophenyl methacrylate;
2-ethylaminophenyl acrylate; phenyl methacrylate; phenyl
acrylate; benzyl methacrylate; benzyl acrvylate;
Z-phenylethyl methacrylate; 2Z2-phenylethyl acrylate;
3-phenylpropyl methacrylate; 3-phenylpropyl acrylate;
4-phenylbutyl methacrylate; 4-phenylbutyl acrylate;
j-methylphenyl methacrylate; 4-methylphenyl acrvylate;
d-methylbenzyl methacrylate; 4-methylbenzyl acrylate;
2-2-methylphenylethyl methacrylate; 2-Z2-methylphenylethyl
acrylate; Z2-3-methylphenylethyl methacrylate;
Z-3-methylphenylethyl acrylate; 2Z2-4-methylphenylethyl
methacrylate; 2Z2-4-methylphenylethyl acrylate;
2—-{4-propylphenyl)ethyl methacrylate;
2—-(4d-propylphenyl)ethyl acrylate;
2—(4-(l-methylethyl)phenyl)ethyl methacrvylate;
2—-(4-{1l-methylethyl)phenyl)ethyl acrylate;
Z-(4-methoxyphenyl)ethyl methacrylate;

- (4-methoxyphenyl)ethyl acrylate;

13
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2-(4-cyclohexylphenyl)ethyl methacrylate;
2—-{(4d-cyclohexylphenyl)ethyl acrylate;
2—-(2-chlorophenyl)ethyl methacrylate;
2~(2=-chlorophenyl)ethyl acrylate; 2-(3-chlorophenyl)ethyl
methacrylate; 2-(3-chlorophenyl)ethyl acrylate;
2—(4-chlorophenyl)ethyl methacrylate;
2—(4-chlorophenyl)ethyl acrylate; 2-(4-bromophenyl)ethyl
methacrylate; 2-(4-bromophenyl)ethyl acrylate;
2-(3-phenylphenyl)ethyl methacrylate;
2—-(3-phenylphenyl)ethyl acrylate; 2-(4-phenylphenyl)ethyl
methacrylate; 2-(4-phenylphenyl)ethyl acrylate;
2-(4-benzylphenyl)ethyl methacrylate; and
2-(4-benzylphenyl)ethyl acrylate.

5. The ophthalmic device of claim 1 or 2, wherein the

-

two or more monomers of structure (I) are Z-phenylethyl

acrylate and Z-phenylethyl methacrylate.

r—

0. The ophthalmic device of any one of claims 1 to 5,

()

ﬁ

wherelin the one or more monomers of structure (II) are

selected from the group consisting of polyethylene oxide

monomethylether monomethacrylate having a weight average

r—

molecular weight of about 1000; polyethylene oxide

M

dimethacrylate having a welght average molecular weight of

about 400; polyethylene oxide dimethacrylate having a weight

average molecular welght of about 600; and polyethylene
oxlde dimethacrylate having a welght average molecular

weight of about 1000.

P

7. The ophthalmic device of any one of claims 1 to 6,

wherein the device 1s selected from the group consisting of
1ntraocular lenses; contact lenses; keratoprostheses;
intracorneal lenses; corneal inlays; corneal rings; and

glaucoma filtration devices.

19
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CHz = C - COO-(CH2)m-Y-Ar

X
I
CH=C-COO-(-CH2-CH2-O-)r-W
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