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HYDROPHOBIC ACRYLIC INTRAOCULAR LENS MATERIALS

Field of the invention

This invention is directed to acrylic device materials. In particular, this
invention relates to low-tack, high refractive index, glisiening resistant, low
surface scaiter acrylic device materials parlicularly suited for use as
intraocular lens ("IOL") materials, which can be injected trough small incisions
of less than 2.6 mm,

Backaround of the Invention

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 info cne of three
categories: hydrogels, silicones, and acrylics.

In general, hydroge! materials have a relatively low refractive index,
making them 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 afier being placed in the eve 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
have a higher refractive index than silicone materials and unfold more slowly
or coniroliably than silicone materials.

U.S. Patent No. 5200,892 discloses high refractive index, acrvlic
materials suitable for use as an IOL material. These acrylic materials contain,
as principal components, two aryl acrylic monomers. They also contain a
cross-linking component. The 10Ls made of these acrylic materials can be

rolled or folded for insertion through small incisions.
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LU.S. Patent No. 5,331,073 also discloses soft acrylic 1OL materials,
These materials contain as principal components, two acrylic monomers
which are defined by the properties of their respective homopolymers, The
first monomer is defined as one in which its homopolymer has a refractive
index of at least about 1.50. The second monomer is defined as one In which
its homopolymer has a glass fransition temperature less than about 22 °C.
These 10L materials aiso contain a cross-linking component.  Additionally,
these materials may optionally contain a fourth constituent, different from the
first three constituents, which is derived from a hydrophilic menomer. These
materials preferably have a fotal of less than about 15% by weight of a

hydrophilic component.

U.S. Patent No. 5,693,085 discloses foldable ophthalmic lens materials
comprising a total of at least 90% by weight of only two principal lens-forming
monomers. One lens-forming monomer is an aryl acrylic hydrophobic
monomer. The other lens-forming monomer is a hydrophilic monomer. The
lens materials also comprise a cross-linking monomer and optionally comprise
a UV absorber, polymerization initiators, reactive UV absorbers and reactive
blue-light absorbers.

U.S. Patent No. 8,653,422 discloses foldable ophthalmic lens materials
consisting essentially of a single device-forming monomer and at least one
cross-linking monomer. The materials optionally contain a reactive UV
absorber and optionally contain a reactive blue-light absorber, The single
device-forming monomer is present in an amount of at least about 80% by
weight. The device-forming monomer is an aryl acrylic hydrophobic

moenomer.

Some foldable acrylic materials are tacky. Foldable ophthalmic lenses
made of tacky acrylic materials are difficult to manufacture and handle,
Attempts have been made fo reduce tackiness so that the lenses are easier to
process or handie, easier to fold or deform, and have shorter unfolding times,
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For example, U.S. Patent No. 6,713,583 discloses ophthalmic lenses made of
a material that includes branched chain alkyl groups in an amount effective to
reduce tackiness. U.S. Patent No, 4,834,750 discloses intraocular lenses
made from materials that optionally include a tluoroacrylate component fo
reduce surface tackiness. U.S. Patent No. 5,331,073 discloses acryiic
materials that optionally include a hydrophilic cemponent that is present in an
amount sufficient to reduce the materials' fackiness. U.S. Patent No.
5 603,774 discloses a plasma treatment process for reducing the tackiness of
a soft aciylic article. U.S. Patent No. 7,585,800 discloses the use of a
dimethylacryloxypropyl-terminated polydimethylsiloxane macromer as a tack-
reducing additive for certain acrylic ophthalmic device materials, including 0L

materials.

Summary of the Invention

improved soft, foldable acrylic materials which are particularly suited
for use as IOLs, but which are also useful as other implantable ophthalmic
devices, such as keratoprostheses, comneal rings, corneal implanis, and
comeal inlays have now been discovered. These materials contain at least
one principal lens-forming component, which is an aryl acrylic hydrophobic
monhomer, in an amount of 30 — 80 % by weight. The materials also contain
01 - 3 % by weight of a dimethacryloxypropyl-terminated
polydimethyisiloxane macromer. Importantly, in order to reduce or eliminate
haze and produce a clear, opfically acceptable material, the copolymeric
materials of the present invention contain 10 — 40 % of 2-ethythexyl acrylate
or n-octyl acrylate, and 3 — 25 % by weight of a hydrophilic additive fo reduce
glistenings. The material also comprises a cross-linking monomer, a UV-light
absorbing compound, and optionally a blue-light absorbing compound. The
resulting copolymeric device materials are hydrophobic, which as used herein
means that they have an equilibrium water content at 35 °C of 4 % or less,
preferably 3 % or less, and more preferably 2.5 % or less.
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For IOLs, it is not enough that they have low tack as they need to be
optically clear as well. The implantable ophthalmic device materials of the
present invention are oplically clear such that they are suitable for use as
IOLs and they have low tack, low surface scatter, ‘and good delivery
properties. Among other factors, the present invention is based on the finding
that a multi-component, copolymeric, high refractive index device material
obtained by copolymerizing the ingredients mentioned above is soft,
glistening-free, has low tack and low haze, has low surface light scatter, and
is capable of going through small (2.5 mm or less) incisions with good
unfolding properties.

Detziled Description of the invention

Uiniess indicated otherwise, all component amounts are presented on a
% (w/w) basis (“wt.%").

The ophthalmic device materials of the present invention comprise at
least one principal device-forming monomer. For convenience, the device-
forming monomer may be referred to as a lens-forming monomer, particularly
with reference io an IOL. The materials of the present invention, however, are
also suitable for use as other implantable ophthalmic devices such as such as
keratoprostheses, corneal rings, comeal implants, and corneal inlays.

The ary! acrylic hydrophobic monomers suitable for use as principal
lens-forming monomers in the materials of the present invention have the

formula
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whereinn.  Alis H,
B is (CHz)m, S(CHz}y, O{CHz)y, or [O(CHz)z)n
uis 1 —4;
vis 1 —4;
C is (CHalw;
mis 1~ 6,
nis 1-10;
Y is nothing, O, 8, or NR, provided that f Y is O, S, or NR, then B
is {CHz)m;
Ris H, CHg, CphHan+1 (n=1-10), is0-0CzHy, CgHs, or CHaCgH5;
w is 0 — 8, provided that m + w <8, and
D is H, C1 — Cealkyl, Cq — C4 alkoxy, CgHs, CHaCgHs, Br, F, Cl,

orl.

Preferred aryl acrylic hydrophobic monomers for use in the materials of
the present invention are those wherein B is (CHajm, m is 1 - 5, Y is nothing,
O,orS, wis 0~ 1, and D is H. Most preferred are benzyl acrvlate, 2-
phenylethyl acrylate, 2-phenoxyethyl acrylate, 4-phenvibutyl acrylate, 5-
phenyipentyi acrylate, 2-benzyloxysthyl acrylate, 3-benzyloxypropy! acrylate,
S-phenylpropyt  acrylate, 3-phenoxypropyl acrylate, 2-(phenyithiojpropyl
acrylate, and 2-(phenylthiojethyi acrylate. In one embodiment, the materials
of the present invention comprise only one principal lens-forming monomer.
In another embodiment, the materials of the present invention comprise two
principal  lens-forming monomers. Particularly preferred lens-forming
monomers are 2-phenylethyl acrylate; 2-phenoxyethyl acrylate; benzyl
acryiate; and 2-(phenylthio)ethyi acrylate.

Monomers of structure | can be made by known methods. For
example, the conjugate alcohol of the desired monomer can be combined ina
reaction vessel with methyl acrylate, tetrabutyl titanate (catalyst), and a
nolymerization inhibitor such as 4-benzyloxy phenol The vessel can then be
heated to facilitate the reaction and distill off the reaction by-products to drive
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the reaction to completion. Alfernative synthesis schemes involve adding
acrylic acid to the conjugate alcoho! and catalyzing with a carbodiimide or
mixing the conjugate alcohol with acryloy! chioride and a HCI accepior such
as pyridine or triethylamine.

The materials of the present invention comprise 30 — 80 %, preferably
35 ~ 50 %, and more preferably 40 — 50% of the principal lens-forming

monomer(s).

in addition to the principal lens-forming monemaer, the matetials of the
present invention contain a macromer additive of formula (i) in an amount
sufficient o reduce the material's tackiness. Generally, the amount of
macromer additive in the materials of the present invention will range from 0.1
- 3.9 % (whw), and preferably will range from 1 — 3 % (w/w), most preferably
15 - 2.8 % {(wiw). The macromer is a dimethylacrviexypropyl-terminated
polydimethylsitoxane macromer of the formula:

whersin
Rs and R; are independently ~CHa, ~CHCHs, ~CHaCHoCHRCH3,
CHRCH2CHaCHs, ~CalHs, ~CHCsHs, —CHoCHuCsH5, ~CHCHCHLCsHs,
or ~CHaCHoCHCHo CoHs; |
Rz is H, CH3, or CHaCHa;
zis 2-11; and
¥ indicates the number of repeating units and determines the molecular
}!veight of the macromer.

Preferred macromers of formula (It) are those wherein
Rqy=Rz = CHa;
Rais M, CHs, or CHCHs; and



16

is

34

WO 2612/166948 PCT/US2012/046246

z=3 and
x=0-43.

More preferred macromers of formula (If) are those wherein By, Rp, R;,
and z are as defined above for the preferred macromers and xis 0 - 22, In
one embodiment, x is 5 — 14 (generally comresponding fo a macromer
molecular weight (M,) of 8060 - 1400). In another embodiment, xis 2 - 5
{generally corresponding fo & macromer molecular weight (M,) of 550 - 700).

Dimethylacryloxypropyl-terminated polydimethyisiloxanes of formula (i)
{"PDMS"}, also known as methacryloxypropy! terminated polydimethyl siloxanes,
can be made by known metheds. Some PDMS compounds are commercially
available from Gelest, Inc. in molecular weighis (M) ranging from 800 -~ 1400
{mid-range M, estimated as 1000). There are higher (M, 4K - 8K, 5K - 20K, 20K
- 30K) and lower (M, 386, 550 - 700) molecular weight grades of
dimethacryloxypropylterminated  siloxane commercially available. The
macromer additive selection is limited by solubiiity (in the remainder of the
copolymer material formulation) and formulation clarity (the copolymer material
should be clear). Generally, PDMS used in the present invention will have a
molecular weight (M,) of about 300 — about 3500 and preferably about 350 —
about 2000. In one embodiment, an especially preferred PDMS has a M, from
about 800 — about 1400. In another embodiment, an especiaily preferred PDMS
has a M, from about 550 - about 700,

in order to make the macromer of formula | and other components
compatible in the final composition, the materials of the present invention
contain 10 — 40 %, preferably 15 — 35 %, and most preferably 17 — 32 % of 2-
ethylhexyl acrylate or n-octyl acrylate. Preferably, the compositions of the
present invention contain n-octyl acrylate.

In order to reduce glistening, the materials of the present invention also
contain a hydrophitic monomer selected from the group consisting of

hydroxy(C, ~ Cy4 alkylmethacrylates, glycerol methacrylate, and N-vinyl
7
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pyrrolidone (NVP). Hydroxy(C, — Cs alkylmethacrylates are preferred. The
most preferred hydrophilic monomer is 2-hydroxyethyl methacrylate. The
materials of the present invention contain a total amount of hydrophilic monomer
of 5 — 30 %, preferably 10 — 25 %, and most preferably 15 — 25 %. In one
embodiment the materials of the present invention confain at Ilsast one
hydrophilic monomer selected from the list recited above and at least one
hydrophilic monomer of a different type, such as poly(ethylene glycol)
monomethyl ether macromer (Mn ~ 4100 Daltons) or the monomers and
macromers described in U.S5. Published Patent Application Nos, 20080088463,
20090088544, and 20000003604, respectively. Regardless of their identities,
the total amount of hydrophilic monomers contained in the materials of the
present invention should be limited such that the equilibrium water content (at
35°C) of the polymerized device material of the present invention is'less than
4%.

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. Suitable cross-linking agents include, for example
low molecular weight cross-linking agents having a molecular weight from 100
— 500 Daltons and high molecular weight cross-linking agents having a
molecular weight from 501 — 5,000 Daltons. Low molecular cross-linking
agents will typically be present in a total amount from 0.5 — 3 %, whereas high
molecular weight cross-linking agents will typically be present in a total
amount from 2 — 10 %. in general, the fotal amount of cross-linking agent in
the materials of the present invention will range from 0.5 — 10 %, and will
praferably range from 1 — 3%. For purposes of determining the total amount
of cross-linker in the present invention, the macromer of formula (I} is not
considered to be part of the cross-linking component and is ignored. Suitable
jow molecular weight cross-linking agents include: gthylene glycol
dimethacrylate; diethylene glycol dimethacrylate; allyl methacrylate; 1.3~
propanediol dimethacrylate; 2 3-propanedio! dimethacrylate; 1.6-hexanediol

8
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dimethacrylate; 1,4-butanediol  dimethacryiate;  triethyiene  glycol
dimethacrylate; and their corresponding acrylates. Preferred low molecular
cross-linking monomers include 1,4-butanediol dimethacrylate and triethylene
glycol dimethacrylate. Suitable high molecular weight cross-linking agents
include poly(ethylena glycol) diacrylate (M, = 700 Daltons) and poly(ethylene
glycol) dimethacrylate (M, = 2000 Daltons).

In a preferred embodiment, the materials of the present invention
contain 0.5 - 2 % triethylenegiycol dimethacrylate (TEGDMA).

in addition fo the aryl acrylic hydrophobic lens-forming monomer
component, the macromer of formula (Il), the hydrophilic additive to reduce
glistenings, the 2-ethylhexy! arcrylate or n-octy! acrylate, and the cross-linking
component, the lens materials of the present invention also contain reactive UY
and/or blue-light absarbers.

Many reactive UV absorbers are known. Preferred reactive UV
absorbers are 2-(2’-hydroxy-3'-methaliyl-5'-methylphenyl)benzotriazole,
commercially available as g-Methallyl Tinuvin P ("oMTP") from Polysciences,
inc., Warrington, Pennsylvania, and 3-(2H-benzo{d][1.2 3ltriazol-2-yi)-4-
hydroxyphenylethyl methacrylate (“Norbloc 7966"). UV absorbers are fypically
present in an amount from about 0.1 - 5 % (w/w). in one embodiment, the
materials of the present invention contain 1.5 — 2.5%, preferably 1.5 - 2%, of a
reactive UV absorber.

Many reactive blue-light absorbing compounds are known. Preferred
reactive blue-light absorbing compounds are those described in U.S. Patent No.
5470,932, UU.S. Published Patent Application No. 20110003910, and in co-
nending, commonly assigned U.S. Patent Application Serial No. 13/008,408. the
entire contents of which are hereby incorporated by reference. A preferred biue-
light absorbing dye is N-2-{3-(2-methylphenylazo)-4-hydroxyphenyliethyl
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methacrytamide. Blue-light absorbers are typically present in an amount from
about 0.01 - 1 % (w/w}, preferably 0.02 ~ 0.5 % (w/w).

The implantable ophthalmic device materials of the present invention are
prepared by combining the ingredients described above and polymerizing the
resuliing mixture, Suitable polymerization initiators include thermal initiators and
photoinifiators. Preferred thermal initiators include peroxy free-radical iniliators,
such as 2,2'-(diazene-1,2-diylibis(2 4-dimethylpentanenitrile; t-butyl (peroxy-2-
ethyhihexanoate; and di-(teri-butyleyclchexyl) peroxydicarbonate (commercially
available as Perkadox® 16 from Akzo Chemicals Inc., Chicage, Hinois). A
preferred pholoinitiator is phenylphosphoryibis(mesitylmethanone), which is
commercially available as lrgacure 819, Initiators are typically present in an
amount of about 5% {(w/w) or less, and preferably about 1 % or less.
Customarily, the fotal amount of initiator is not included when determining the
amounis of other ingredients in copolymeric compositions.

The idenfity and amount of the principal lens-forming monomer
component described above and the identity and amount of any additional
components are determined by the desired properties of the finished oghthaimic
lens. Preferably, the ingredients and their proportion are sslected so that the
acrylic lens materials of the prasent invention possess the following properties,
which make the materiais of the present invention particularly suitable for use in
I0Ls which are to be inserted through incisions of 2.5 mm or less, and
preferably 2.0 mm or less.

The lens material preforably has a refractive index in the dry siate of at
least about 1.50 as measured by an Abbe’ refraciometer at 582 nm (Na light
source). For a given optic diameter, optics made from malerials having a
refractive index lower than 1.50 are necsssatily thicker than optics of the same
power which are made from materials having a higher refractive index. As such,
I0L optics made from materials having a refractive index lower than about 1.50
generally require relatively larger incisions for 10L implantation.

10
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The glass-transition temperature (“Tg") of the lens material, which affects
the material's folding and unfolding characteristics, is preferably below about 25
°C, and more preferably below about 15 °C. Tg is measured by differential
scanning calorimetry at 10 °C/min., and is defermined as the half-height of the

heat capacity increase.

The lens material will have an slongation (strain at break) of at leasi 100
%, preferably at least 125 %, and most preferably at least 150 %. This properly
indicates that the lens 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 11 mm,
overall width of 2.49 mm, 0.833 mm width of the narrow section, g 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°C and 50 = § % relative humidity

using a tensile tester. The grip distance is set at 11 mm and a crosshead
speed is set at 500 mm/minute and the sample is pulled to faifure. The strain
at break is reported as a fraction of the displacement at failure to the original
grip distance. Stress at break is calculated at the maximum load for the
sample, typically the load when the sample breaks, assuming that the initial
area remains constant. The Young's modulus is calculated from the
instantaneous slope of the stress-strain curve in the linear elastic region. The
25% secant modulus is calculaled as the slope of a siraight line drawn on the
stress-strain curve between 0% sirain and 25% sirain. The 100% secant
modulus is calculated as the slope of a straight line drawn on the stress-strain
curve between 0% strain and 100% strain.

IOLs constructed of the materials of the present invention can be of any
design capable of being rolied or folded into a small cross section that can fit
through a relatively smaller incision. For example, the {OLs can be of what is
known as a one piece or mullipiece design, and comprise optic and haptic
components. The optic is that portion which serves as the lens. The haptics are

attached to the optic and hold the optic in its proper place in the eye. The optic
11
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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 separalely and then the
haptics are sliached 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 cuf, or lathed, out of the material to preduce the IOL.

The invention will be further iHlustrated by the following examples, which
are intended to be illustrative, but not limiting.

EXAMPLE 1

The formulations shown in Table 1 were prepared as follows. Single
piece I0Ls and test samples measuring 20 x 10 x 0.9 mm {length x width x
thickness) were made via thermal or photo-curing, Thermally cured samples
were cured using a 70 °C -» 105 °C cure cycle. Samples were first ramp healed
from ambient temperature to 70 °C over 15 minutes, soaked at 70 °C for 1 hour,
ramp heated from 70 °C to 105 °C over 20 minutes, and then soaked at 110 °C
for 2 hours. Photo-cured samples were cured by heating test samples in a
nitrogen filled glove box for 10 minutes at 55 °C and then irradiating with a
Philips TLK 40W/03 24-inch fluorescent lamp for 50 minutes. Cured samples
were extracted in acetone for 15 hours at ambient temperature, air dried siowly
at ambient temperature for 15 hours, and then vacuum dried at low pressure

{0.1 mm Hg) for a minimum of 15 hours at 60 °C.

12
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PEA= 2-phenyiethyl acrylate
HEMA= 2-hydroxyethyl methacrylale
HEA= 2-hydroxyethyl acrylate
3 EHA= 2-ethylthexyl acrviate
n-OA= n-cotyl acrylate
PDMS-1000-DMA= methacryloxypropy! terminated dimethyisiloxane. The PDMS-1000-DMA
polymer has a molecuiar weight about 1,000 Daltons and viscosity ranges between 12 — 18 ¢st.
TEGDMA= triethylene glycol dimethacrylate
i DEGDA= disthylene glyeol diacrylate
BDDA: 1 4-butanediol diacrylate
TEGDA = friethylsne glycol diacrviate
oMTP= o-methaliy! Tinuvin P, 2-{2H-benzofdi1,2, 3Mriazol-2-yl)-4-methyi-6-(2-methylaliyljphenal
W2z 3-(5-fluoro-2H-benzofd][1,2, 3liiazol-2-yh)-2-hydroxy-5-methoxybenzyl methacrylate
15 BH=  blue lght atenuating chromophore  {ALB738) = N-{4-hydroxy-3-{o-
tolvidiszenylphenethyl)methacrylamide
PERK: Perkadox 18, bis(d-tert-butylcyclohexyl) peroxydicarbonate
AIBN: 2,2 azobisisobutyronitrile
frgacure 818 = phenyiphosphoryibis(mesityimathanone)

2
EXAMPLE 2

Before and after acetone exiraction weight measurements were carried

33 out on the test samples to calculate weight percent extraciables. Then, dried test
samples were equilibrated in deionized water at 35 °C for a minimum of 24
hours. Weight percent extractables, equilibrium water content (EWC at 35°C),

and refractive index (hydrated at 35°C) valuss were subsequenily measured as
shown in Table 2. Sample clarity was qualitatively assessed on dry and

a0 hydrated lenses using a Dolan-Jenner Fiber-Lite Fiber Optic lluminator (model
180). Hydrated lenses were piaced in the light path while rotating the samples in

the x, y, and z directions to determine relative haze. As shown in Table 2,
sample A that contained HEA was Hazy, mostly because of the incompatibility
hetween shorter chain length HEA and PDMS-1000-DMA. Good compatibility

15 was achieved with EHA and n-OA resulted clear material. Glistening evaluation

14
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was carried cut on 10Ls casted 21.0D lens molds, Samples were placed in BSS
at 45 °C for 24 hours and then cooling to ambient tempefature; Samples were
inspected after 2 hours using an optical microscope under bright field (BF) and
dark field (DF} settings using a magnification of 100X. No BF glistenings were
observed under the conditions described, DF setting has more sensitive to pick
up smaller glistenings that cannot be seen under BF settings. Number of dark
field glistening per visual spot was also reported in Table 2.

TABLE 2
Example % TTEWG T Refractve Clarity Dark Field
Extractables (35 °C) index (35 Glistening
(wit. %) °C) ‘
B 2003 1.5 1.524 Clear <30
C 2701 2.1 1.506 Clear <10
D 42101 2.2 1.507 Clear <10
E 1.7+0.1 2.2 1508  Clear <5
F 289202 2.3 1.508 Clear <15
G 25+01 2.5 1.607 Clear <h
H 2501 2.4 1.508 Clear <5
i 25+0.1 22 1.508 Ciear <5
J 4602 2.1 1.512 Clear -
EXAMPLE 3

Tack Measurements

Select test samples from Example A — J were tested for tack using a modified
instron test method which measures polymer to metal (stainiess stesl) and
polymer to polymer. Tack values grealer than 52 N were considered to have
very high tack and could not be accurately measured using the chosen load ceil.

15
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Tack values between 40 — 52 N were considered fo have high tack. Tack
values bebween 30 - 40 N were considered to have moderale tack. Tack values
bhetween 20 — 30 N were considersd to have low tack.

The polymer o metal tack testing was conducted on an Insiron mechanical
tester using a custom fixture for measuring the metal-polymer {ack or adhesion.
The fixture includes a highly polished stainless steel circular stationary pin of 8
mm in diameter that is affived to the stationary porttion of the load frame. The
upper (moveable) section of the load frame crosshead is attached fo a circular
metal platform with a hole in the center. The moveable crosshead is lowered
until the bottom pin appears through the hole in the center of the upper fixture
and the crosshead movement is siopped when the pin is slightly above the
metal platform. The polymer sample is then placed on the profruding pin. A
fresh 10mm diameter disk is press cut from the polymer sample and is placed
on the top of the protruding pin. A 300 gram weight is placed on fop of the
sample, pressing the sample to the pin with a uniform load. One minute after
placing the weight on the sampile, the Instron mechanical tester is started with a
separation rate of 5 mm/min. Data is collected at a raie of 5 points/sec until the
sample is pulled up off of the pin. The maximum force is recorded.

Similarly polymer to polymer tack testing was also carried out. in brief, two 8
mm diameter PMMA posts were employed at the stationary and the moveable
section of the ioad frame crosshead. Samples were cut info 8 mm diameter
disks and glued on to the PMMA posts using an epoxy adhesive. The applied
adhesive was aliowed to dry for about 15 hours before festing. One post of the
test sample was placed in the bottom grip and one in the {op grip. The upper
and lower posts were brought fogether and posts were aligned so that samples
were in full contact with sach other. A 300 gram weight was placed on the fop
post and pressed with a uniform load against the sample giued to the boitom
post. One minute after placing the weight on the sample, the Instron
mechanical tester is starled with a separation rate of 1 mm/min. Data is
collected at a rate of 0.15 point/sec until the sample is pulled up off of the pin.

16
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The maximum force is recorded. The maximum force was recorded about 7 N
for AcrySof Material (SMB.2) by this test. Therefore, tack value arpund 7N or
less should be considered to have low polymer fo polymer tack.

Pre-extraction, post-extraction and post-plasma freated sampies were tested for
polymer to metal tack and polymer fo polymer tack. Results are summarized in
Table 3. Sample J contained no PDMS-1000-DMA. As shown in Table 3,
addition of 2% PDMS-1000-DMA resulis in decreasad polymer o metal and
polymer to polymer tack. Most of the polymer to metal fack values are below 20
N and very low (well below 7N) polymer {o polymer lack vaiues wers measured
for these samples.,

17
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TABLE 3
I'sample | Polymer to Metal Tack - Polymer to Polymer Tack
N )
TBre- | Post- | Post- | Pre- Bost T Bost-
t Extraction Extraction " Plasma iextraction Extraction : Plasma |
% T e 1 -
R TP X R : : = =
Ie 5507 | 14x18 166 %|- : T4 E
| 5 | 18 04
B TAe T4 TE TR E - I
| ! 32
CETTTTUT6E26 20511 16404 - : T
E 0s07 122518 T : FEANEY
: ) 0.3
G 10+08 [ 13.1+48 -~ - . 04 £
| | 0
(W65 (143476 5952 (34183505 TTEE0T
T 62458 (216240 68 L A1T05 [33ET4TTE Y
| 5 | 117 05
7 26332 184224 - 50+06 5221 |-
EXAMPLE 4
JTensile Tesfing

The tensile properties of extracted test samples from Example A —~ | were

measured using an instron tensilometer and results are shown in Table 4.

18
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TABLE 4
Example  Stress  af Strain | at Young's ~— 25% 100%
(N> 3) Break Break (%) Modulus Secant Secant
{MPa) (MPa) Modulus Modulus
{MPa) {MPa)
A §6+00  130:68 627453 137514 61:043
B 4503 188 +88 22422 3102 1.8£01
C 58+06 167+46 12107 361202 2702
D 64+04 183+6.7 12007 37x0.1 2.7+0.08
E 59+04 152+4.9 11.2x06 399+015 32x0.11
F 58107 167 £ 9 11x07 3603 27+0.2
G 54+02 14428 12+08 39x01 31201
H 5809 145+118 119210 4.7zx02 36%0.15
E 56+04 145+77 118210 44202 34202
J 64+07 18510 115£07 47x05 3003
EXAMPLE 5

Suriace Scafier Measaremems

Light scatlering of IOL surfaces is a well kKnown phenomenon which eye care
physicians can detect in Implanted eyes with the aid of a slit lamp microscope.
Scheimpfiug photography is one method commonly used fo quantify the amount
of scaftered light. In short, & Scheimpflug camera is used to capture an image
of an implanted i0OL. The scattered light intensity, measured in CCT values, can
be subsequently guantified using the available software. To date, best in class
competitor IOLs have shown CCT values of less than 30 in samples of lenses
that have been accelerated aged for 10 vears. In this study, 21 diopter single
piece IOLs were made from formulations, The IOLs were first aged under

accelerated conditions in saline solution (BSS) at 80°C. The lenses were rinsed
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in deionized water fo remove the salts and then dried. Surface scatter
measurements were carried out on samples previously eguilibrated in BSS
saline solution at ambient temperature for 20 hours. As shown in Tabie 5,
samples aged for 3 and 5 years showed low surface scatter counts, between 0
30 CCT. Ten year data will be available by June 2011, respectively.

TABLE §

Sample S5 (CCT) (=10 yn)
(N=3) {hydrated)
5.8+22
13.1£7.3
19.2 + 7.5 (t= 3 yr)
9.8+3.8
119 +57
157 1.4
109 +2.9

T o MmO oW

hasad

EXAMPLE 6

Delivery Evaluation of Lenses

Lenses cast in 40 Diopter molds from select formulations were delivered through
Monarch Il D cariridges using H4 handpieces (with and without soft tip) and
Viscoat viscoelastic. Lens delivery was carried out at 18 °C and 23 °C with no
dwell time. Post delivery evaluations included cartridge tip stress levels, optic
and haptic damage and optic and haptic unfolding times are reported in Table 6.
in general, stress level values of 5 typically signify high level of cariridge
damage. Stress level values of 34 signify some but expectable levels of

20
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cartridge damage. Values between 0 — 2 indicates little to no damage. As
shown in Table 6, stress level values were low and no significant cariridge
damage was observed at either 18 or 23°C. Furthermore, the nozzie siress
values were less than those reporied for 27.0 diopter Acrysof (SNEBOWHF) lenses
using similar cartridges and conditions. Delivery force measurements, where
values below 15 N are also considered acceptable. in general, all the lens oplics
unfolded quickly, within 4 seconds of delivery at 18 and 23 °C and passed post-
delivery cosmetic inspection. In addition, haptics did not stick to the optic region
upon delivery. However, longer haptic unfolding times were measured for the
formulations with lower level of crosslinker (1.5 wt %) as compared fo
formulations having higher levels of crossiinker (1.75 and 2.0 wt %)

TABLE G
" Formulation injection Force . Nozzie  Stress  Optic  Unfolding  Haptic Unfolding
(N =3) Ny Lavel fime firme

{0-~5) (s) (s)
18°C  23°C 18°C  23°C

B 70+04 59+04 <4 <3 b7 <70
Hand inj. winormal <4 <3 <4 =300
force

0 Hand inj. w/nomal <4 <3 <6 <4
foree

e Hand inj. winormal <4 <3 <4 <4
force
11+ 03 86+
0.3

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
21
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described above are to be considered in all respecis 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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We claim;

1. A copolymeric ophthalmic device material formed by polymerizing a
mixture comprising

a) 30 - 60 % (wiw) of an aryl acrylic hydrophobic monomer
of formula (1)

0

wherein:

As H;

B is {CHa)m, S(CHz)u, O(CH2)y, or [O(CH2)z]n,

uis 14,

vis 1 -4;

Cis (CHa)w,

mis1-86;

nis1-—-10:

Y is nothing, O, S, or NR, provided thatif Y is O, S, or NR, then B
is (CH2)m,

Ris H, CH3, CpyHap+q (n=1-10), iso-OC3H7, CgHsg, or CHpCpHs:

w is 0 — 6, provided that m + w <8; and

D is M, Cy — Cq alkyl, Cy — C4 alkoxy, CgHs, CHoCgHs, Br, F, Cl,

ori
b) 041 - 39 % (ww) of a macromer of formula (Il)
i R R, R e
O{CH)~—5i—0 S{""‘D S’ir""‘-(CHz);O
Ry fli; Ry JXR1 Ry
()
23
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wherein

R+ and R; are independently ~CHsz, ~CH,CH3, ~CHCH,CHLCH;,
CH,CHzCHoCHg, -CgMs, ~CHoCelHs, ~CHzCHCgHs, ~CH2CHRCHCgHs,
or ~CHCHRCHCH,CeHs;

Ry is M, CHa, or CHoCHa:

zis 2-11; and

x indicates the number of repeating units and determines the moiecular
weight of the macromer and is such that the macromer has a molecular
weight of about 300 ~ about 3500;

c) 10 ~ 40 % (wiw) of 2-ethylhexyl acryiate or n-octyl acrylate;

d) 5 — 30% (w/w) of a hydrophilic monomer selected from the group

consisting of: hydroxy(C, — C4 alkylymethacrylates, glycerol methacrylate,
and N-vinyl pyrrofidone;

e) a cross-linking monomer; and
) a reactive UV absorber;

wherein the copolymeric ophthaimic device material has an equilibrium
water content at 35 °C of less than 4 %.

The copolymeric device material of Claim 1 wherein the aryl acryiic
hydrophobic monomer is selected from the group consisting of: benzyi
acrylate; 2-phenylethyl acrylate; 2-phenoxyethyl acrylate; 4-phenylbutyi
acrylate; S-phenyipentyl acrylate; 2-benzyloxyethyl acrylale; 3-
benzyloxypropyl actylate; 3-phenylpropyl acrylate; 3-phenoxypropy!
acrylate; 2-(phenylthio)propyl acrylate, and 2-(phenylthio)ethyl acrylate.

The copolymeric device material of Claim 2 wherein the aryl acrylic

hydrophobic monomer is selected from the group consisting of  2-

24
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phenylethyl acrylate; 2-phenoxyethyl acrylate; benzy! acrylate; and 2-
(phenylthio)ethy! acrylate.

The copolymeric device material of Claim 1 wherein the mixture

comprises 35 - 50 % (w/w) of the aryl acrylic hydrophobic monomer.

The copolymer device material of Claim 4 wherein the mixture
comprises 40 - 50 % (w/w) of the aryl acrylic hydrophobic monomer.

The copolymeric device material of Claim 1 wherein the mixiure

comprises 1~ 3 % (wiw) of the macromer of formula (H).

The copolymeric device material of Claim & wherein the mixture
comprises 1.5 - 2.5 % (w/w) of the macromer of formula (ii).

The copolymeric device material of Claim 1 wherein the macromer of
formula (I} has a molecular weight of 350 — 2,000.

The copolymeric device material of Claim 8 wherein the macromer of
formula (i} has a molecular weight of 800 — 1,400.

The copolymeric device material of Claim 8 wherein the macromer of
formula (I} has a molecular weight of 850 - 700.

The copolymeric device material of Claim 1 wherein the mixture
comprises 15 — 35 % {(wiw) of n-octyl acrylate.

The copolymeric device material of Claim 11 wherein the midure
comprises 17 - 32 % (wiw) of n-octyl acrylate.
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The copolymeric device material of Claim 1 wherein the hydrophilic
monomer is a hydroxy(C, — C4 alkyhmethacrylaie and the mixture

comprises 10 - 25 % {(w/w) of the hydrophilic monomer.

The copolymeric device material of Claim 13 wherein the hydrophilic
monomer is 2-hydroxyethyl methacrylate and the mixture comprises 15 -
25 % (wiw) of the hydrophilic monomer.

The copolymeric device material of Claim 1 wherein the mixture
comprises 0.5 - 10 % (w/w) of the cross-linking agent.

The copolymeric device material of Claim 15 wherein the mixture
comprises 1 — 3 % (wiw) of the cross-linking agent and the cross-linking
agent is selected from the group consisting of ethylene glycol
dimethacrylate; diethylene glycol dimethacryiate; allyl methacrylate;
1,3-propanediol dimethacrylate; 2,3-propanedio! dimethacrylate; 1,6-
haxanedicl dimethacrylate; 1,4-butanediol dimethacrylate, triethyiene
glycol dimethacrylate; and their corresponding acrylates.

The copolymeric device material of Claim 16 wherein the cross-linking
agent is seiected from the group consisting of 1,4-butanediol

dimethacrylate and triethylene glyco! dimethacrylate,

The copolymeric device material of Claim 1 wherein the mixture further
comprises a reactive blue-light absorbing compound.

An intraocular lens comprising the copolymeric device material of
Claim 1.
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