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METHOD FOR MAKING UV-ABSORBING OPHTHALMIC LENSES BY COATING

This invention is related to a method for making ophthalmic lenses (including
contact lenses and intraocular lenses) capable of blocking ultra-violet (“UV”) radiation and
thereby protecting eyes to some extent from damages caused by UV radiation. This
invention also provides UV-absorbing ophthalmic lenses made according to a method of

the invention.

BACKGROUND

UV-absorbing ophthalmic lenses, in particular UV-absorbing contact lenses are
typically produced in mass by a so-called cast-molding process, which involves thermo- or
UV- induced free-radical polymerization of a lens-forming composition including a
polymerizable UV-absorber and at least one vinylic monomer, macromer and or
prepolymer in molds. Copolymerizable benzotriazole, benzophenone and triazine UV
absorbers, which include an ethylenically unsaturated group covalently linked to their UV-
absorbing moieties, are known and have been used previously. Those UV-absorbers can
be incorporated into the polymer matrix of ophthalmic lenses. However, unpolymerized UV-
absorber must be removed through extraction process to ensure obtained ophthalmic
lenses to have required biocompatibility for use. In addition, when the lens production is
relied on UV-induced polymerization process, which has a processing cycle shorter than
that of the thermo-induced polymerization process, there are several disadvantages
associated with use of a known polymerizable UV-absorber. First, the efficiency of
incorporation of the UV-absorber in lenses may not be certain. Second, a UV-absorber
present in a lens forming composition can reduce the amount of UV radiation available to
initiate polymerization and may even lower the efficiency of covalent incorporation of the
UV absorber into resultant lenses. Unreacted UV absorbers generally must be removed
from the lenses in one or more extraction processes. Third, a UV-absorber may result in
ineffective or uneven photo-polymerization of the lens forming composition.

Therefore, there still exists a need for a cost-effective method for making UV-
absorbing contact lenses.

SUMMARY

In one aspect, the invention provides a method for making UV-absorbing
ophthalmic lenses, the method comprising the steps of: obtaining an ophthalmic lens,
preferably a contact lens; dipping the ophthalmic lens in a coating solution comprising a
first organic solvent and a UV-absorbing polymer for a period of time sufficient to form a
UV-absorbing coating on the ophthalmic lens; wherein the UV-absorbing polymer
comprises UV-absorbing monomeric units and at least about 50%, preferably at least about
60%, more preferably at least about 70%, even more preferably at least about 80%, most
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preferably at least about 90%, by mole of carboxyl-containing monomeric units; and
optionally but preferably covalently attaching a hydrophilic polymer or polymeric material
having reactive functional groups onto the UV-absorbing coating to form a hydrogel
coating, wherein the hydrogel coating is covalently attached onto the UV-absorbing coating
through linkages each formed between one carboxylic group of the UV-absorbing coating
and one reactive functional group of the hydrophilic polymer or polymeric material.

In another aspect, the invention provides an ophthalmic lenses, the lens comprising
a polymeric lens body; a layer of UV-absorbing polymer on the lens body; and a hydrogel
coating covalently attached onto the layer of the UV-absorbing polymer, wherein the UV-
absorbing polymer comprises UV-absorbing monomeric units and at least about 50%,
preferably at least about 60%, more preferably at least about 70%, even more preferably at
least about 80%, most preferably at least about 90%, by mole of carboxyl-containing
monomeric units, wherein the hydrogel coating is obtained by covalently attaching a
hydrophilic polymer or polymeric material having reactive functional groups onto the layer
of the UV-absorbing polymer through linkages each formed between one carboxylic group
of the UV-absorbing coating and one reactive functional group of the hydrophilic polymer or
polymeric material.

The advantages of the invention will be set forth in part in the description which
follows, and in part will be obvious from the description, or may be learned by practice of
the aspects described below. The advantages described below will be realized and
attained by means of the elements and combinations particularly pointed out in the
appended claims. It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive.

BRIEF DESCRIPTIONS OF THE DRAWINGS

Figure 1 shows the UV-Vis transmission spectra of silicone hydrogel contact lenses
with coatings thereon obtained by dipping in a fluorescein-modified PAA solution for
different time periods. A: 5 seconds; B: 60 seconds; C: 10 minutes; D: one hour; E: 5
hours; F: 24 hours.

Figure 2 shows the UV-Vis absorbance at 490 nm of silicone hydrogel contact
lenses with coatings thereon as function of dipping time for obtaining the coatings.

Figure 3 shows the UV-Vis transmission spectrum of a silicone hydrogel contact
lens with a UV-absorbing coating thereon.

Figure 4 shows the UV-Vis transmission spectra of silicone hydrogel contact lenses
with different coatings thereon. 1: with PAA-L20 coating (dipping in PAA-L20 solution for
about 20 minutes); with PAA-N20 and PAA-L20 coating (dipping in the PAA-N20 solution
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and then in the PAA-L20 solution respectively for about 20 minutes).

DETAILED DESCRIPTION

Before the present methods are disclosed and described, it is to be understood that
the aspects described below are not limited to specific compounds, steps, or uses as such
may, of course, vary. Itis also to be understood that the terminology used herein is for the
purpose of describing particular aspects only and is not intended to be limiting.

In this specification and in the claims that follow, reference will be made to a
number of terms that shall be defined to have the following meanings:

It must be noted that, as used in the specification and the appended claims, the

singular forms “a,” “an” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a monomer” includes mixtures of two or more
such monomers, and the like.

“Optional” or “optionally” means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where the
event or circumstance occurs and instances where it does not.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. As employed throughout the disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings.

An “ophthalmic lens” refers to a contact lens and/or an intraocular lens. A “contact
Lens” refers to a structure that can be placed on or within a wearer's eye. A contact lens
can correct, improve, or alter a user's eyesight, but that need not be the case. A “silicone
hydrogel contact lens” refers to a contact lens comprising a silicone hydrogel material.

As used in this application, the term “hydrogel” or “hydrogel material” refers to a
crosslinked polymeric material which is not water-soluble and can contains at least 10% by
weight of water within its polymer matrix when fully hydrated.

The term “soluble”, in reference to a compound or material in a solvent, means that
the compound or material can be dissolved in the solvent to give a solution with a
concentration of at least 0.5% by weight at room temperature (i.e., at a temperature of
about 20°C to about 30°C).

The term “insoluble”, in reference to a compound or material in a solvent, means
that the compound or material can be dissolved in the solvent to give a solution with a
concentration of less than 0.005% by weight at room temperature.

A “silicone hydrogel” refers to a hydrogel containing silicone. A silicone hydrogel
typically is obtained by copolymerization of a polymerizable composition comprising at

least one silicone-containing vinylic monomer or at least one silicone-containing vinylic
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macromer or at least one silicone-containing prepolymer having ethylenically unsaturated
groups.

A “vinylic monomer” refers to a compound that is soluble in a solvent and has one
sole ethylenically-unsaturated group.

The term “olefinically unsaturated group” or “ethylenically unsaturated group” is
employed herein in a broad sense and is intended to encompass any groups containing at
least one >C=C< group. Exemplary ethylenically unsaturated groups include without

0 g |
limitation (meth)acryloyl (—C—CH=CH; and/or —C—C=CH>), allyl, vinyl (—C=CHy),
styrenyl, or other C=C containing groups.

The term “(meth)acrylamide” refers to methacrylamide and/or acrylamide.

The term “(meth)acrylate” refers to methacrylate and/or acrylate.

A “hydrophilic vinylic monomer”, as used herein, refers to a vinylic monomer which
can be polymerized to form a homopolymer that is water-soluble or can absorb at least 10
percent by weight of water.

A “hydrophobic vinylic monomer” refers to a vinylic monomer which can be
polymerized to form a homopolymer that is insoluble in water and can absorb less than 10
percent by weight of water.

As used in this application, the term “macromer” or “prepolymer” refers to a medium
and high molecular weight compound or polymer that is soluble in a solvent and contains
two or more ethylenically unsaturated groups. Medium and high molecular weight typically
means average molecular weights greater than 700 Daltons.

As used in this application, the term “crosslinker” refers to a compound having at
least two ethylenically unsaturated groups. A “crosslinking agent” refers to a crosslinker
having a molecular weight of about 700 Daltons or less.

As used in this application, the term “polymer” means a material formed by
polymerizing/crosslinking one or more monomers or macromers or prepolymers.

As used in this application, the term “molecular weight” of a polymeric material
(including monomeric or macromeric materials) refers to the weight-average molecular
weight unless otherwise specifically noted or unless testing conditions indicate otherwise.

As used in this application, the term “amino group” refers to a primary or secondary
amino group of formula -NHR’, where R’ is hydrogen or a C4-Cy,, unsubstituted or
substituted, linear or branched alkyl group, unless otherwise specifically noted.

As used in this application, the term “epichlorohydrin-functionalized polyamine” or
“epichlorohydrin-functionalized polyamidoamine” refers to a polymer obtained by reacting a
polyamine or polyamidoamine with epichlorohydrin to convert all or a substantial
percentage of amine groups of the polyamine or polyamidoamine into azetidinium groups.
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- - OH—<:N<9
The term “azetidinium group” refers to a positively charged group of \ .
As used in this application, the term “phosphorylcholine” refers to a zwitterionic
R4
—O—Ilfl—O—(CHz)n—lil"—Rz
group of o Rs in which n is an integer of 1 to 5 and Ry, R; and R;
independently of each other are C4-Cs alkyl or C4-Cs hydroxyalkyl.

As used in this application, the term “water contact angle” refers to an average
water contact angle (i.e., contact angles measured by Sessile Drop method), which is
obtained by averaging measurements of contact angles.

As used in this application, the term “crosslinked coating” or “hydrogel coating”
interchangeably is used to describe a crosslinked polymeric material having a three-
dimensional network that can contain water when fully hydrated. The three-dimensional
network of a crosslinked polymeric material can be formed by crosslinking of two or more
linear or branched polymers through crosslinkages.

“Polymer” means a material formed by crosslinking or polymerizing one or more
monomers.

The invention is generally directed to a cost-effective and time-efficient method for
making UV-absorbing ophthalmic lenses, in particular, contact lenses. In contrast to the
conventional method for making UV-absorbing ophthalmic lenses which involves
copolymerizing a lens forming composition including a UV-absorbing vinylic monomer, a
method of the invention involves a simple dipping process to apply a UV-absorbing coating
onto an ophthalmic lens posterior to molding. The invention is partly based on the
discovery that a layer (or coating) of a UV-absorbing polymer with carboxyl groups can be
easily applied onto a cast-molded ophthalmic lens just by dipping the ophthalmic lens in a
solution of the UV-absorbing polymer. The thickness and durability of the UV-absorbing
coating can be controlled by using an organic solvent as the solvent or one of the solvent
mixture in the UV-absorbing polymer solution and then rinsing with water or a mixture of
water and at least one organic solvent. It is believed that when a solvent system containing
at least one organic solvent is used for preparing a coating solution, it can swell an
ophthalmic lens so that a portion of the UV-absorbing polymer may penetrate into the
ophthalmic lens and increase the thickness of the UV-absorbing coating. The subsequent
water-rinsing step can shrink the ophthalmic lens and embed partially the UV-absorbing

polymer and increase the durability of the UV-absorbing coating.

The present invention can provide the following advantages. First, the incorporation
of UV-absorbing agents to an ophthalmic lens is carried out after curing a lens-forming
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composition in a mold and thereby can overcome the disadvantages of using a UV-
absorbing vinylic monomer described previously in the section “Background.” Second, the
whole process is based on wet chemistry (dipping ophthalmic lenses in a solution for a
period of time). Such process can be easily implemented in a fully-automated, mass-
production environment. Third, the process for incorporating UV-absorbers can be an
integral part of a coating process for applying a hydrogel coating onto a contact lens.

In one aspect, the invention provides a method for making UV-absorbing
ophthalmic lenses, the method comprising the steps of: obtaining an ophthalmic lens,
preferably a contact lens; dipping the ophthalmic lens in a coating solution comprising a
first organic solvent and a UV-absorbing polymer for a period of time sufficient to form a
UV-absorbing coating on the ophthalmic lens; wherein the UV-absorbing polymer
comprises UV-absorbing monomeric units and at least about 50%, preferably at least about
60%, more preferably at least about 70%, even more preferably at least about 80%, most
preferably at least about 90%, by mole of carboxyl-containing monomeric units; and
optionally but preferably covalently attaching a hydrophilic polymer or polymeric material
having reactive functional groups onto the UV-absorbing coating to form a hydrogel
coating, wherein the hydrogel coating is covalently attached onto the UV-absorbing coating
through linkages each formed between one carboxylic group of the UV-absorbing coating
and one reactive functional group of the hydrophilic polymer or polymeric material.

In accordance with the invention, a contact lens can be any contact lens, including
soft and hard contact lens. A preferred soft contact lens is a silicone hydrogel contact lens.

A person skilled in the art will know well how to make contact lenses. For example,
contact lenses can be produced in a conventional “spin-casting mold,” as described for
example in U.S. Patent No. 3,408,429, or by the full cast-molding process in a static form,
as described in U.S. Patent Nos. 4,347,198; 5,508,317, 5,789,464; and 5,849,810, or by
lathe cutting of silicone hydrogel buttons as used in making customized contact lenses. In
cast-molding, a lens formulation typically is dispensed into molds and cured (i.e.,
polymerized and/or crosslinked) in molds for making contact lenses. For production of
preferred silicone hydrogel contact lenses, a lens formulation for cast-molding of contact
lenses generally comprises at least one components selected from the group consisting of
a silicone-containing vinylic monomer, a silicone-containing vinylic macromer, a hydrophilic
vinylic monomer, a hydrophilic vinylic macromer, a hydrophobic vinylic monomer, and
combination thereof. It must be understood that a lens-forming composition can also
comprise various components, such as, for example, a crosslinking agent, a visibility tinting
agent (e.q., dyes, pigments, or mixtures thereof), antimicrobial agents (e.g., preferably
silver nanoparticles), a bioactive agent, leachable lubricants, leachable tear-stabilizing
agents, and mixtures thereof, as known to a person skilled in the art. Resultant silicone
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hydrogel contact lenses then can be subjected to extraction with an extraction solvent to
remove unpolymerized components from the resultant lenses and to hydration process, as
known by a person skilled in the art. In addition, a contact lens can be a colored contact
lens (i.e., a contact lens having at least one colored patterns printed thereon as well known
to a person skilled in the art).

A person skilled in the art knows very well how to prepare a lens formulation.
Numerous non-silicone hydrogel lens formulation and silicone hydrogel lens formulations
have been described in numerous patents and patent applications published by the filing
date of this application. All of them can be used in obtaining a contact lens. A silicone
hydrogel lens formulation for making commercial silicone hydrogel contact lenses, such as,
lotrafilcon A, lotrafilcon B, balafilcon A, galyfilcon A, senofilcon A, narafilcon A, narafilcon
B, comfilcon A, enfilcon A, asmofilcon A, filcon Il 3, can also be used in making silicone
hydrogel contact lenses which then can be used to make UV-absorbing contact lenses
according to a method of the invention.

Lens molds for making contact lenses are well known to a person skilled in the art
and, for example, are employed in cast molding or spin casting. For example, a mold (for
cast molding) generally comprises at least two mold sections (or portions) or mold halves,
i.e. first and second mold halves. The first mold half defines a first molding (or optical)
surface and the second mold half defines a second molding (or optical) surface. The first
and second mold halves are configured to receive each other such that a lens forming
cavity is formed between the first molding surface and the second molding surface. The
molding surface of a mold half is the cavity-forming surface of the mold and in direct
contact with lens-forming material.

Methods of manufacturing mold sections for cast-molding a contact lens are
generally well known to those of ordinary skill in the art. The process of the present
invention is not limited to any particular method of forming a mold. In fact, any method of
forming a mold can be used in the present invention. The first and second mold halves can
be formed through various techniques, such as injection molding or lathing. Examples of
suitable processes for forming the mold halves are disclosed in U.S. Patent Nos. 4,444,711
to Schad; 4,460,534 to Boehm et al.; 5,843,346 to Morrill; and 5,894,002 to Boneberger et
al., which are also incorporated herein by reference.

Virtually all materials known in the art for making molds can be used to make molds
for making contact lenses. For example, polymeric materials, such as polyethylene,
polypropylene, polystyrene, PMMA, Topas® COC grade 8007-S10 (clear amorphous
copolymer of ethylene and norbornene, from Ticona GmbH of Frankfurt, Germany and
Summit, New Jersey), or the like can be used. Other materials that allow UV light
transmission could be used, such as quartz glass and sapphire.
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In accordance with the invention, a UV-absorbing polymer comprises UV-absorbing
monomeric units and at least about 50%, preferably at least about 60%, more preferably at
least about 70%, even more preferably at least about 80%, most preferably at least about
90%, by mole of carboxyl-containing monomeric units; each UV-absorbing monomeric unit
comprises a UV-absorbing moiety which can be benzotriazole-moiety, benzophenone-
moiety or triazine moiety, with benzotriazole-moiety or benzophenone-moiety as preferred
UV-absorbing moiety, with benzotriazole-moiety as most preferred UV-absorbing moiety.
As used in this application, the term “monomeric units” refers to repeating units of a
polymer, which are derived from a vinylic monomer in a polymerization and optionally can
be modified by a compound after polymerization.

A UV-absorbing polymer of the invention can be obtained by copolymerizing a
polymerizable mixture comprising at least one carboxyl-containing vinylic monomer and at
least one UV-absorbing vinylic monomer in the presence or absence of a vinylic monomer,
provided that the carboxyl-containing vinylic monomer is present in an amount of at least
about 50%, preferably at least about 60%, more preferably at least about 70%, even more
preferably at least about 80%, most preferably at least about 90% by mole in the
polymerizable composition.

Any UV-absorbing vinylic monomers can be used in the preparation of a UV-
absorbing polymer of the invention. Examples of preferred UV-absorbing vinylic monomers
include without limitation benzotriazole-containing vinylic monomers (e.g., 2-(2-hydroxy-5-
vinylphenyl)-2H-benzotriazole, 2-(2-hydroxy-5-acrylyloxyphenyl)-2H-benzotriazole, 2-(2-
hydroxy-3-methacrylamido methyl-5-tert octylphenyl) benzotriazole, 2-(2'-hydroxy-5'-
methacrylamidophenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-5'-methacrylamidophenyl)-5-
methoxybenzotriazole, 2-(2'-hydroxy-5'-methacryloxypropyl-3'-t-butyl-phenyl)-5-
chlorobenzotriazo le, 2-(2'-hydroxy-5'-methacryloxyethylphenyl) benzotriazole, 2-(2'-
hydroxy-5'-methacryloxypropylphenyl) benzotriazole, or combination thereof);
benzophenone-containing vinyl monomers (e.g., 2-hydroxy-4-acryloxy alkoxy
benzophenone, 2-hydroxy-4-methacryloxy alkoxy benzophenone, allyl-2-
hydroxybenzophenone, and 2-hydroxy-4-methacryloxy benzophenone, or combinations
thereof); or combination thereof. Benzotriazole-containing vinyl monomers can be prepared
according to procedures described in US patent Nos. 3,299,173, 4,612,358, 4,716,234,
4,528,311 (herein incorporated by reference in their entireties) or can be obtained from
commercial suppliers. Benzophenone-containing vinyl monomers can be prepared
according to procedures described in US patent Nos 3,162,676 (herein incorporated by
reference in its entirety) or can be obtained from commercial suppliers.

Any suitable carboxyl-containing vinylic monomers can be used in the preparation
of a UV-absorbing polymer of the invention. Examples of preferred carboxyl-containing
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vinylic monomers include without limitation acrylic acid, C+-C; alkylacrylic acid (e.g.,
methacrylic acid, ethylacrylic acid, propylacrylic acid, butylacrylic acid, pentylacrylic acid,
etc.), N,N-2-acrylamidoglycolic acid, beta-methyl-acrylic acid (crotonic acid), alpha-phenyl
acrylic acid, beta-acryloxy propionic acid, sorbic acid, angelic acid, cinnamic acid, 1-
carobxy-4-phenyl butadiene-1,3, itaconic acid, citraconic acid, mesaconic acid, glutaconic
acid, aconitic acid, maleic acid, fumaric acid, tricarboxy ethylene, and combinations
thereof. Preferably, a UV-absorbing polymer is prepared from at least one carboxyl-
containing vinylic monomer selected from the group consisting of acrylic acid, C1-Ce
alkylacrylic acid, and combinations thereof.

Alternatively, a UV-absorbing polymer of the invention can be obtained by reacting
a UV-absorbing compound with (i.e., covalently attaching UV-absorbing moieties to) a
precursor polymer having at least about 50%, preferably at least about 60%, more
preferably at least about 70%, even more preferably at least about 80%, most preferably at
least about 90%, by mole of carboxyl-containing monomeric units in a coupling reaction
known to a person skilled in the art.

A “coupling reaction” is intended to describe any reaction between a pair of
matching functional groups in the presence or absence of a coupling agent to form
covalent bonds or linkages under various reaction conditions well known to a person skilled
in the art, such as, for example, oxidation-reduction conditions, dehydration condensation
conditions, addition conditions, substitution (or displacement) conditions, Diels-Alder
reaction conditions, cationic crosslinking conditions, ring-opening conditions, epoxy
hardening conditions, and combinations thereof. Non-limiting examples of coupling
reactions under various reaction conditions between a pair of matching co-reactive
functional groups selected from the group preferably consisting of amino group (-NHR’ as
defined above), hydroxyl group, carboxylic acid group, acid halide groups (—COX, X= Cl,

Br, or l), acid anhydrate group, aldehyde group, azlactone group, isocyanate group, epoxy
group, aziridine group, thiol group, and amide groups (—CONH2>), are given below for

illustrative purposes. A carboxylic acid group reacts with an amino group —NHR’ in the
presence of a coupling agent — carbodiimide (e.g., 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC), N,N’-dicyclohexylcarbodiimide (DCC), 1-cylcohexyl-3-(2-
morpholinoethyl)carbodiimide, diisopropyl carbodiimide, or mixtures thereof) to form an
amide linkage; a carboxylic acid group reacts with an isocyanate group under heating to
form an amide linkage; a carboxyl group reacts with an epoxy or aziridine group to form an
ester bond; a carboxyl group reacts with a halide group (-CI, —Br or —I) to form an ester
bond; an amino group reacts with aldehyde group to form a Schiff base which may further

be reduced; an amino group —NHR'’ reacts with an acid chloride or bromide group or with
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an acid anhydride group to form an amide linkage (-CO-NR’-); an amino group —-NHR’
reacts with an isocyanate group to form a urea linkage (-NR’-C(O)-NH-); an amino group —

NHR’ reacts with an epoxy or aziridine group to form an amine bond (C-NR’); an amino
group reacts (ring-opening) with an azlactone group to form a linkage (-C(O)NH-CR1R>2-
(CH2)-C(O)-NR’-); a hydroxyl reacts with an isocyanate to form a urethane linkage; a

hydroxyl reacts with an epoxy or aziridine to form an ether linkage (-O-); a hydroxyl reacts
with an acid chloride or bromide group or with an acid anhydride group to form an ester
linkage; an hydroxyl group reacts with an azlactone group in the presence of a catalyst to
form a linkage (-C(O)NH-CR1R2-(CH2)-C(O)-0O-); a thiol group (-SH) reacts with an
isocyanate to form a thiocarbamate linkage (-N-C(O)-S-); a thiol group reacts with an epoxy
or aziridine to form a thioether linkage (-S-); a thiol group reacts with an acid chloride or
bromide group or with an acid anhydride group to form a thiolester linkage; a thiol group
group reacts with an azlactone group in the presence of a catalyst to form a linkage (-
C(O)NH-alkylene-C(Q)-S-); a thiol group reacts with a vinyl group based on thiol-ene
reaction under thiol-ene reaction conditions to form a thioether linakge (—-S-); and a thiol
group reacts with an acryloyl or methacryloyl group based on Michael Addition under
appropriate reaction conditions to form a thioether linkage.

It is also understood that coupling agents with two reactive functional groups may
be used in the coupling reactions. For example, a diisocyanate, di-acid halide, di-carboxylic
acid, di-azlactone, or di-epoxy compound can be used in the coupling of two hydroxyl, two
amino groups, two carboxyl groups, two epoxy groups, or combination thereof; a diamine
or dihydroxyl compound can be used in the coupling of two isocyanate, two epoxy, two
aziridine, two carboxyl, two acid halide, or two azlactone groups, or combinations thereof.

The reactions conditions for the above described coupling reactions are taught in
textbooks and are well known to a person skilled in the art.

Any polymer comprising at least about 50%, preferably at least about 60%, more
preferably at least about 70%, even more preferably at least about 80%, most preferably at
least about 90%, by mole of carboxyl-containing monomeric units can be used as
precursor polymer in the preparation of a UV-absorbing polymer. Preferably, a precursor
polymer is: a homopolymer of a carboxyl-containing vinylic monomer (acrylic acid or C4-Cy»
alkylacrylic acid); a copolymer of acrylic acid and C4-C+, alkylacrylic acid; a copolymer of a
carboxyl-containing vinylic monomer (acrylic acid or C4-C,2 alkylacrylic acid) and an amino-
containing vinylic monomer (e.g., amino—C.-Cg alkyl (meth)acrylate, C4-Cg alkylamino—Co-
Cs alkyl (meth)acrylate, allylamine, vinylamine, amino—C,-Cg alkyl (meth)acrylamide, C4-Cs
alkylamino—C,-Cg alkyl (meth)acrylamide); a copolymer of a carboxyl-containing vinylic
monomer (acrylic acid or C4-C4, alkylacrylic acid) and one or more hydrophilic vinylic

10
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monomers being free of carboxyl or amino group and selected from the group consisting of
acrylamide (AAm), methacrylamide N,N-dimethylacrylamide (DMA), N,N-dimethyl
methacrylamide (DMMA), N-vinylpyrrolidone (NVP), N,N,-dimethylaminoethylmethacrylate
(DMAEM), N,N-dimethylaminoethylacrylate (DMAEA), N,N-dimethylaminopropyl
methacrylamide (DMAPMAm), N,N-dimethylaminopropylacrylamide (DMAPAAm), glycerol
methacrylate, 3-acryloylamino-1-propanol, N-hydroxyethyl acrylamide, N-
[tris(hydroxymethyl) methyl]-acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-ethyl-3-
methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-
pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, 5-ethyl-3-methylene-2-pyrrolidone, 2-
hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, C,-C,-alkoxy polyethylene
glycol (meth)acrylate having a weight average molecular weight of up to 1500 Daltons, N-
vinyl formamide, N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl acetamide,
allyl alcohol, vinyl alcohol (hydrolyzed form of vinyl acetate in the copolymer), and
combinations thereof. More preferably, a precursor polymer is polyacrylic acid,
polymethacrylic acid, poly(C,-C+, alkylacrylic acid), poly(acrylic acid-co-methacrylic acid),
poly[C,-C1, alkylacrylic acid-co-(meth)acrylic acid], poly(N,N-2-acrylamidoglycolic acid),
poly[(meth)acrylic acid-co-acrylamide], poly[(meth)acrylic acid-co-vinylpyrrolidone], poly[C»-
C+, alkylacrylic acid-co-acrylamide], poly[C»-C+, alkylacrylic acid-co-vinylpyrrolidone],
hydrolyzed poly[(meth)acrylic acid-co-vinylacetate], hydrolyzed poly[C,-C+, alkylacrylic
acid-co-vinylacetate], or combinations thereof.

Any UV-absorbing compounds, which comprises UV-absorbing moieties and a
reactive functional group selected from the group consisting of amino group, azlactone
group, epoxy group, isocyanate group, aziridine group, and combination thereof, can be
used in the invention. A preferred UV-absorbing compound having a benzotriazole-moiety,
which can be used in the invention, is represented by formula I, Il, or llI

HO R2
ZN=N
Rl_\ =~ /N I
N
L'—y
HO R2
A \=N
Y—Ll—C[ :N—Q i
XN
Rl
HO, Li—yvy
=z /N - _
rI-L N > 11
R2
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wherein:

R" and R? independently of each other are hydrogen, a C;-C+; linear or branched
alkyl group, a halogen (Cl or Br), a Ce to Co4 aryl group, a C; to Cy4 alkylaryl group, a C; to
Co4 arylalkyl, or a C4-Cy; linear or branched alkoxy group;

L" is a covalent bond or a divalent radical of =X,—E1—X,—E X in which X, is a

covalent bond, —O—, carbonyl (—g—), a divalent radical of —(R?0),— in which R® is a linear
i b
or branched C;-C4,-alkylene and n is from 1 to 10, —C—0—, or —c—N— in which R” is H

or C4-Cgalkyl, E1 and E; independently of each other are a covalent bond, a divalent

N N 9
radical of —(R*0),— in which R® and n are defined above, N~ |, —P:—o—, or

o R
—g—l!l— in which R” is H or C4-Cgalkyl, a C4 to C42 linear or branched alkylene divalent

radical, a cycloalkyl divalent radical with up to 40 carbon atoms, an alkylcycloalkyl divalent
radical with up to 40 carbon atoms, an alkylaryl divalent radical with up to 40 carbon atoms,
an arylalkylene divalent radical with up to 40 carbon atoms, or a dicarbonyl group having
the formula —C(O)LZC(O)— in which L?is a C4 to C+; linear or branched alkylene divalent
radical or —(R®'—0)y1—(R%~0)u2—(R®® —O)us—, wherein R®", R®2, and R®*® independently of
one another are a linear or branched C4-Cy4-alkylene and w1, w2 and w3 independently of
one another are a number from 0 to 20 provided that the sum of (w1+w2+w3) is 1 to 60,

. Il

and X, and X, independently of each other are a covalent bond, carbonyl, —c—, -O—,

Ru O Ru Rll O Ru O O Ru O O

| n 1 1l 1l T 11 l
—N—, —C—N—, —N—C—, —N—C—NH—, —HN—C—N—, —O0—C—NH—, —HN—C—0—,

i 1 0 i

—8—C—NH—, —0—C—, —C—0—, =S—, and —HN—C—5s— in which R” is defined
above; and

Y is an azlactone group, an epoxy group, an isocyanate group, an aziridine group,
or an amino group of -NHR’ in which R’ is hydrogen or a C4-C+, unsubstituted or
substituted, linear or branched alkyl group.

Examples of amino-containing UV-absorbing compounds of formula |, 1l or 11l
include without limitation 2-(2’-hydroxy-3’-aminomethyl-5’-methylphenyl)-2H-benzotriazole,
2-(2’-hydroxy-5’-aminophenyl)-2H-benzotriazole, 2-(2’-hydroxy-4’-(3-
aminopropoxy)phenyl)-2H-benzotriazole, 2-(2’-hydroxy-4’-ethylaminophenyl)-5-chloro-
benzotriazole. Alternatively, amino-containing UV-absorbing compounds of formula I, Il, or
lIl can be prepared from a benzotriazole-containing vinyl monomer (any one of those
described above) by reacting its ethylenically-unsaturated group with an aminomercaptan
(e.g., 2-aminoethanethiol) according to Michael Addition or thiol-ene reaction well known to

12
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a person skilled in the art.

UV-absorbing compounds of formula I, I or Il in which Y is an azlactone group, an
epoxy group, or an isocyanate group can be prepared from a bezotriazole compound
having one hydroxyalkoxy group or an amino group by reacting it with an excess molar
equivalent amount of a di-azlactone compound, a di-epoxy compound, or a di-isocyanate
compound under customary coupling reaction condition well known to a person skilled in
the art.

Examples of di-epoxy compounds are neopentyl glycol diglycidyl ether, 1,6-
hexanediol diglycidyl ether, ethylene glycol diglycidyl ether, diethylene glycol diglycidyl
ether, polyethylene glycol diglycidyl ether, propylene glycol diglycidyl ether, and
dipropylene glycol diglycidyl ether. Such di-epoxy compounds are available commercially
(e.g.,those DENACOL series di-epoxy compounds from Nagase ChemteX Corporation).
Examples of C4o-Cy4 di-azlactone compounds include those described in U.S. Patent No.
4,485,236 (herein incorporated by reference in its entirety). Examples of C4-Cy4
diisocyanates can be used in the invention. diisocyanates include without limitation
isophorone diisocyanate, hexamethyl-1,6-diisocyanate, 4,4'-dicyclohexylmethane
diisocyanate, toluene diisocyanate, 4,4'-diphenyl diisocyanate, 4,4'-diphenylmethane
diisocyanate, p-phenylene diisocyanate, 1,4-phenylene 4,4'-diphenyl diisocyanate, 1,3-bis-
(4,4'-isocyanto methyl) cyclohexane, cyclohexane diisocyanate, and combinations thereof.

In formula I, Il or Ill, Y preferably is an amino group of -NHR’ in which R’ is
hydrogen or a C4-C42 unsubstituted or substituted, linear or branched alkyl group.

A preferred UV-absorbing compound having a benzophenone-moiety, which can be
used in the invention, is represented by formula IV

o) OH

R ] v
A [3—y!
in which
R® is hydrogen, a C+-C1» linear or branched alkyl group, a halogen, a Cg to Cs aryl
group, a C; to Cy4 alkylaryl group, a C7 to Cy4 arylalkyl, or a C4-C+» linear or branched
alkoxy group;

L* is a covalent bond or a divalent radical of =X,—E —X,—E>—X in which X, is a
0
covalent bond, —O—, carbonyl (—g—), a divalent radical of —(R®*0),— in which R® is a linear
i 8
or branched C,-C4,-alkylene and n is from 1 to 10, —C—0—, or —c—N— in which R” is H

or C4-Cgalkyl, E1 and E; independently of each other are a covalent bond, a divalent
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N N i
radical of —(R*0),— in which R® and n are defined above, M~ |, —P:—o—, or

—g—l!l— in which R” is H or C4-Cgalkyl, a C1 to C+2 linear or branched alkylene divalent
radical, a cycloalkyl divalent radical with up to 40 carbon atoms, an alkylcycloalkyl divalent
radical with up to 40 carbon atoms, an alkylaryl divalent radical with up to 40 carbon atoms,
an arylalkylene divalent radical with up to 40 carbon atoms, or a dicarbonyl group having
the formula —C(O)LZC(O)— in which L?is a C+ to C+; linear or branched alkylene divalent
radical or —(R®'—0)y1—(R%~0),2—(R®® —O)us—, wherein R®", R®2, and R®** independently of
one another are a linear or branched C+-Cy4-alkylene and w1, w2 and w3 independently of
one another are a number from 0 to 20 provided that the sum of (w1+w2+w3) is 1 to 60,

. Il
and X, and X, independently of each other are a covalent bond, carbonyl, —c—, -O—,

R" 0O R R" O R" O 0O R" [e)

| o1 U | T 1l I
—N—, —C—N—, —N—C—, —N—C—NH—, —HN—C—N—, —O0—C—NH—, —HN—C—0—,

T P 1 i

—8—C—NH—, —0—C—, —C—0—, =S—, and —HN—C—5— in which R” is defined
above; and

Y' is an azlactone group, an epoxy group, an isocyanate group, an aziridine group,
or an amino group of —-NHR in which R is hydrogen or a C;-C;, unsubstituted or
substituted, linear or branched alkyl group.

In formula IV, Y' preferably is an amino group of -NHR in which R is hydrogen or a
C1-Cyo unsubstituted or substituted, linear or branched alkyl group.

Amino-containing UV-absorbing compounds of formula IV can be prepared from a
benzophenone-containing vinyl monomer by reacting its ethylenically-unsaturated group
with an aminomercaptan (e.g., 2-aminoethanethiol) according to Michael Addition or thiol-
ene reaction well known to a person skilled in the art. Resultants amino-containing UV-
absorbing compounds of formula IV then can be used directly in the invention or in
preparing UV-absorbing compounds of formula IV in which Y" is an azlactone group, an
€epoxy group, or an isocyanate group, by reacting an amino-containing UV-absorbing
compounds of formula IV with an excess molar equivalent amount of a di-azlactone
compound, a di-epoxy compound, or a di-isocyanate compound under customary coupling
reaction condition well known to a person skilled in the art.

In a preferred embodiment, the UV-absorbing compound comprises one or more
compounds of formula |, I, Ill or 1V, preferably of formula I, Il or Ill, in which Y and Y' is an
amino group of —NHR’ in which R’ is hydrogen or a C;-C,, unsubstituted or substituted,
linear or branched alky! group, R" and R? independent of each other is hydrogen, halogen,
C4-Ce linear or branched alkoxy, C4-C42 linear or branched alkyl (preferably t-butyl), or Ce-
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Css aryl, L is a covalent bond or a divalent radical of —X;—E—X,—E>—X— in which X, is a

covalent bond or —O—, —&—0—, or —&—N— in which R” is H or C;-Cs alkyl, E; and E;
independently of each other are a covalent bond, a divalent radical of —-(R*0),— in which R®
is a linear or branched C4-Cqz-alkylene and n is from 1 to 10, a C4 to C4, linear or branched
alkylene divalent radical, a cycloalkyl divalent radical with up to 12 carbon atoms, an
alkylcycloalkyl divalent radical with up to 20 carbon atoms, an alkylphenyl divalent radical
with up to 20 carbon atoms, or an phenylalkylene divalent radical with up to 20 carbon

. Il
atoms, X, and X. independently of each other are a covalent bond, carbonyl, —Cc—, —O-,
R" O R" R" O Ru O O R" O
I T I (I T @ I
—N—, —C—N—, —N—C—, —N—C—NH—, —HN—C—N—, —O0—C—NH—, —HN—C—0—,
i 0 0 i
—8—C—NH—, —0—C—, —C—0—, =S—, and —HN—C—5— in which R” is defined

above; and Y is an amino group of -NHR in which R is hydrogen or a C4-Cs unsubstituted
or substituted, linear or branched alkyl group.

A solution of a UV-absorbing polymer for forming a UV-absorbing layer (coating) on
contact lenses can be prepared by dissolving one or more UV-absorbing polymers in
water, a mixture of water and one or more organic solvents miscible with water, an organic
solvent, or a mixture of one or more organic solvent. Example of preferred organic solvents
includes without limitation, tetrahydrofuran, tripropylene glycol methyl ether, dipropylene
glycol methyl ether, ethylene glycol n-butyl ether, ketones (e.g., acetone, methyl ethyl
ketone, etc.), diethylene glycol n-butyl ether, diethylene glycol methyl ether, ethylene glycol
phenyl ether, propylene glycol methyl ether, propylene glycol methyl ether acetate,
dipropylene glycol methyl ether acetate, propylene glycol n-propyl ether, dipropylene glycol
n-propyl ether, tripropylene glycol n-butyl ether, propylene glycol n-butyl ether, dipropylene
glycol n-butyl ether, tripropylene glycol n-butyl ether, propylene glycol phenyl ether
dipropylene glycol dimetyl ether, polyethylene glycols, polypropylene glycols, ethyl acetate,
butyl acetate, amyl acetate, methyl lactate, ethyl lactate, i-propyl lactate, methylene
chloride, 2-butanol, 1-propanol, 2-propanol, menthol, cyclohexanol, cyclopentanol and
exonorborneol, 2-pentanol, 3-pentanol, 2-hexanol, 3-hexanol, 3-methyl-2-butanol, 2-
heptanol, 2-octanol, 2-nonanol, 2-decanol, 3-octanol, norborneol, tert-butanol, tert-amyl
alcohol, 2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-methyl-3-pentanol, 1-
methylcyclohexanol, 2-methyl-2-hexanol, 3,7-dimethyl-3-octanol, 1-chloro-2-methyl-2-
propanol, 2-methyl-2-heptanol, 2-methyl-2-octanol, 2-2-methyl-2-nonanol, 2-methyl-2-
decanol, 3-methyl-3-hexanol, 3-methyl-3-heptanol, 4-methyl-4-heptanol, 3-methyl-3-
octanol, 4-methyl-4-octanol, 3-methyl-3-nonanol, 4-methyl-4-nonanol, 3-methyl-3-octanol,
3-ethyl-3-hexanol, 3-methyl-3-heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol, 4-
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isopropyl-4-heptanol, 2,4-dimethyl-2-pentanol, 1-methylcyclopentanol, 1-
ethylcyclopentanol, 1-ethylcyclopentanol, 3-hydroxy-3-methyl-1-butene, 4-hydroxy-4-
methyl-1-cyclopentanol, 2-phenyl-2-propanol, 2-methoxy-2-methyl-2-propanol 2,3,4-
trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-phenyl-2-butanol, 2-methyl-1-phenyl-2-
propanol and 3-ethyl-3-pentanol, 1-ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl alcohol,
isopropanol, 1-methyl-2-pyrrolidone, N,N-dimethylpropionamide, dimethyl formamide,
dimethyl acetamide, dimethyl propionamide, N-methyl pyrrolidinone, and mixtures thereof.

Preferably, the UV-absorbing polymers are dissolved in a mixture of water and one
or more organic solvents, an organic solvent, or a mixture of one or more organic solvent. It
is believed that a solvent system containing at least one organic solvent can swell a
contact lens so that a portion of the UV-absorbing polymer may penetrate into the contact
lens and increase the thickness and durability of the UV-absorbing coating. Any organic
solvents described above can be used in preparation of a solution of the UV-absorbing
polymer, so long as it can dissolve the UV-absorbing polymer.

Contacting of a contact lens with a solution of a UV-absorbing polymer can be
carried in any manner known to a person skilled in the art. A preferred contact method is
dipping a contact lens in the solution or spraying the contact with the solution, with the
former being preferred. It is understood that, before contacting with a solution of a UV-
absorbing polymer, a contact lens can be subjected to extraction with an extraction solvent
to remove unpolymerized components from the molded lens, as known by a person skilled
in the art. Alternatively, extraction step can be carried out after a coating (layer) of the UV-
absorbing polymer is applied onto the contact lens.

In a preferred embodiment, the first organic solvent is present in an amount of at
least about 60%, preferably at least about 70%, more preferably at least about 80%, even
more preferably at least about 90%, most preferably at least about 95% by weight in the
coating solution, and the method of the invention further comprises a step of rinsing the
ophthalmic lens having the UV-absorbing coating thereon with a mixture of water and at
most about 50%, preferably at most about 40%, more preferably at most about 30%, even
more preferably at most about 20%, most preferably at most about 10% by weight of a
second organic solvent (which can be identical to or different from the first organic solvent).

In another preferred embodiment, a method of the invention comprises a step of
covalently attaching a hydrophilic polymer or polymeric material having reactive functional
groups onto the UV-absorbing coating to form a hydrogel coating, wherein the hydrogel
coating is covalently attached onto the UV-absorbing coating through linkages each formed
between one carboxylic group of the UV-absorbing coating and one reactive functional
group of the hydrophilic polymer or polymeric material. Any hydrophilic polymer and any
hydrophilic polymeric material, which comprises reactive functional groups, can be used in
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the invention, so long as the hydrophilic polymer or the hydrophilic polymeric material can
be dissolved in any solvent or solvent system, preferably in water. Examples of reactive
functional groups include without limitation azetidinium groups, epoxy groups, isocyanate
groups, aziridine groups, azlactone groups, amino groups, carboxyl groups, and
combinations thereof. Preferably, a water-soluble and crosslinkable hydrophilic polymeric
material used for forming the hydrogel coating is a partially-crosslinked polymeric material
that comprises a three-dimensional network and reactive functional groups selected from
the group consisting of azetidinium groups, epoxy groups, isocyanate groups, aziridine
groups, azlactone groups, amino groups, carboxyl groups, and combinations thereof, with
azetidinium groups as most preferred embodiment, within the network. The term “partially-
crosslinked” in reference to a polymeric material means that the reactive functional
(crosslinkable) groups of starting materials for making the polymeric material in crosslinking
reaction have not been fully consumed. In a preferred embodiment, a hydrophilic polymer
or hydrophilic polymeric material for forming the hydrogel coating comprises UV-absorbing
moieties. The UV-absorbing moieties can be introduced by coupling a UV-absorbing
compound of formula (1), (I1), () or (IV) above to a hydrophilic polymer or hydrophilic
polymeric material (as described above), so long as not all of the reactive functional groups
of the hydrophilic polymer or polymeric material is consumed. By having a hydrogel coating
on top of UV-absorbing coating, the hydrophobic UV-absorbing moieties can be buried
below a hydrogel surface and would not affect the hydrophilicity and wettability of the
contact lenses.

Any hydrophilic polymers comprising reactive functional groups selected from the
group consisting of azetidinium groups, epoxy groups, isocyanate groups, aziridine groups,
azlactone groups, amino groups, carboxyl groups, and combinations thereof can be used
in the formation of hydrogel coating (hydrogel coatings) according to any coupling reactions
known to a person skilled in the art. Preferably, the mole percentage of monomeric units
containing a reactive functional group is about 40% or less, preferably about 35% or less,
more preferably about 30% or less, even more preferably about 25% or less, most
preferably about 20% or less. By using a hydrophilic polymer having a relatively small mole
percentage of monomeric units each with a reactive functional group, a hydrogel
(crosslinked) coating can have a relatively low crosslinkage density and thereby a low
softness (elastic modulus) and lubricity for comfort. Examples of preferred hydrophilic
polymers for forming hydrogel coatings on contact lenses include without limitation
copolymers comprising at least about 60% by mole of at least one non-reactive vinylic
monomer and at most about 40% by mole of at least one reactive vinylic monomers,
wherein the reactive vinylic monomer is selected from the group consisting of a carboxyl-

containing vinylic monomer, an amino-containing vinylic monomer, an epoxy-containing
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vinylic monomer, an aziridine-containing vinylic monomer, an azlactone-containing vinylic
monomer, an isocyanate-containing vinylic monomer, combinations thereof, wherein the
non-reactive hydrophilic vinylic monomer is selected from the group consisting of
acrylamide (AAm), N,N-dimethylacrylamide (DMA), N-vinylpyrrolidone (NVP), N-vinyl-N-
methyl acetamide, glycerol (meth)acrylate, hydroxyethyl (meth)acrylate, N-hydroxyethyl
(meth)acrylamide, C4-Cs-alkoxy polyethylene glycol (meth)acrylate having a weight
average molecular weight of up to 400 Daltons, vinyl alcohol, N-methyl-3-methylene-2-
pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, N,N-
dimethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (metha)crylamide,
(meth)acryloyloxyethyl phosphorylcholine, and combinations thereof.

Examples of amino-containing vinylic monomers include without limitation amino-
C1-Cs alkyl (meth)acrylate, C+-Cg alkylamino- C4-Cg alkyl (meth)acrylate, allylamine,
vinylamine, amino-C;-Cg alkyl (meth)acrylamide, C4-Cg alkylamino-C4-Ce alkyl
(meth)acrylamide, di-amino- C4-Ce alkyl (meth)acrylamide, di-C+-Cs alkylamino-C+-Ce alkyl
(meth)acrylamide, or combinations thereof.

Examples of azlactone-containing vinylic monomers include without limitation 2-
vinyl-4,4-dimethyl-1,3-0xazolin-5-one, 2-isopropenyl-4,4-dimethyl-1,3-oxazolin-5-one, 2-
vinyl-4-methyl-4-ethyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-butyl-1,3-oxazolin-5-
one, 2-vinyl-4,4-dibutyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-dodecyl-1,3-oxazolin-
5-one, 2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-one, 2-isopropenyl-4,4-pentamethylene-
1,3-oxazolin-5-one, 2-isopropenyl-4,4-tetramethylene-1,3-oxazolin-5-one, 2-vinyl-4,4-
diethyl-1,3-oxazolin-5-one, 2-vinyl-4-methyl-4-nonyl-1,3-oxazolin-5-one, 2-isopropenyl-4-
methyl-4-phenyl-1,3-oxazolin-5-one, 2-isopropenyl-4-methyl-4-benzyl-1,3-oxazolin-5-one,
2-vinyl-4,4-pentamethylene-1,3-oxazolin-5-one, and 2-vinyl-4,4-dimethyl-1,3-oxazolin-6-
one, with 2-vinyl-4,4-dimethyl-1,3-oxazolin-5-one (VDMO) and 2-isopropenyl-4,4-dimethyl-
1,3-oxazolin-5-one (IPDMO) as preferred azlactone-containing vinylic monomers.

Examples of epoxy-containing vinylic monomers includes without limitation glycidyl
(meth)acrylate, ally glycidyl ether, methylallyl glycidyl ether, glycidyl (meth)acrylamide, C1-
C6 hydroxyalkyl (meth)acrylate dlycidyl ether (e.g., 4-hydroxypropyl (meth)acrylate glycidyl
ether, hydroxypropyl (meth)acrylate glycidyl ether, hydroxylethyl (meth)acrylate glycidyl
ether), glycidyl (meth)acrylamide, di-glycidyl (meth)acrylamide, glycidyl ethacrylate, glycidyl
itaconate, methylglycidyl (meth)acrylate, 3,4-epoxy-1-vinylcyclohexane, and those
disclosed in US 5,677,398 (herein incorporated by reference in its entirety).

Examples of isocyanate-containing vinylic monomers include without limitation
isocyanato-C+-Ce alkyl (meth)acrylate.

Examples of aziridine-containing vinylic monomers include without limitation

aziridinyl C1-C12 alkyl (meth)acrylate (e.g., 2-(1-aziridinyl) ethyl (meth)acrylate, 3-(1-
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aziridinyl) propyl (meth)acrylate, 4-(1-aziridinyl) butyl (meth)acrylate, 6-(1-aziridinyl) hexyl
(meth)acrylate, or 8-(1-aziridinyl) octyl (meth)acrylate), and those aziridinyl vinyl monomers
disclosed in US 3,974,131 (herein incorporated by reference in its entirety) (e.g., diethylen
glycol mono-(meth)acrylate mono-2-aziridinyl propionate).

In a preferred embodiment, the water-soluble and crosslinkable hydrophilic
polymeric material for forming the hydrogel coating (or crosslinked coating) comprises (i)
from about 20% to about 95% by weight of first polymer chains derived from an
epichlorohydrin-functionalized polyamine or polyamidoamine, (ii) from about 5% to about
80% by weight of hydrophilic moieties or second polymer chains derived from at least one
hydrophilicity-enhancing agent having at least one reactive functional group selected from
the group consisting of amino group, carboxyl group, thiol group, and combination thereof,
wherein the hydrophilic moieties or second polymer chains are covalently attached to the
first polymer chains through one or more covalent linkages each formed between one
azetitdinium group of the epichlorohydrin-functionalized polyamine or polyamidoamine and
one amino, carboxyl or thiol group of the hydrophilicity-enhancing agent, and (iii)
azetidinium groups which are parts of the first polymer chains or pendant or terminal
groups covalently attached to the first polymer chains. Preferably, at least one of first and
second polymer chains comprises UV-absorbing monomeric units.

With such a water-soluble and crosslinkable hydrophilic polymeric material, the
hydrogel coating (or crosslinked coating) can be formed by simply heating a contact lens
having the UV-absorbing coating thereon in an aqueous solution in the presence of the
hydrophilic polymeric material to and at a temperature from about 40°C to about 140°C for
a period of time sufficient to covalently attach the hydrophilic polymeric material onto the
surface of the contact lens through covalent linkages each formed between one
azetidinium group of the hydrophilic polymeric material and one of the carboxyl groups of
the UV-absorbing coating on the contact lens, thereby forming a crosslinked hydrophilic
coating on the contact lens. It is understood that any water-soluble and crosslinkable
hydrophilic polymeric material containing reactive functional groups (e.g., those described
above) can be used in the invention to form the hydrogel coating of a contact lens.

A water-soluble and thermally-crosslinkable hydrophilic polymeric material
containing azetidinium groups comprises (i.e., has a composition including) from about
20% to about 95%, preferably from about 35% to about 90%, more preferably from about
50% to about 85%, by weight of first polymer chains derived from an epichlorohydrin-
functionalized polyamine or polyamidoamine and from about 5% to about 80%, preferably
from about 10% to about 65%, even more preferably from about 15% to about 50%, by
weight of hydrophilic moieties or second polymer chains derived from at least one
hydrophilicity-enhancing agent having at least one reactive functional group selected from
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the group consisting of amino group, carboxy! group, thiol group, and combination thereof.
The composition of the hydrophilic polymeric material is determined by the composition
(based on the total weight of the reactants) of a reactants mixture used for preparing the
thermally-crosslinkable hydrophilic polymeric material according to the crosslinking
reactions shown in Scheme | above. For example, if a reactant mixture comprises about
75% by weight of an epichlorohydrin-functionalized polyamine or polyamidoamine and
about 25% by weight of at least one hydrophilicity-enhancing agent based on the total
weight of the reactants, then the resultant hydrophilic polymeric material comprise about
75% by weight of first polymer chains derived from the epichlorohydrin-functionalized
polyamine or polyamidoamine and about 25% by weight of hydrophilic moieties or second
polymer chains derived from said at least one hydrophilicity-enhancing agent. The
azetidinium groups of the thermally-crosslinkable hydrophilic polymeric material are those
azetidinium groups (of the epichlorohydrin-functionalized polyamine or polyamidoamine)
which do not participate in crosslinking reactions for preparing the thermally-crosslinkable
hydrophilic polymeric material.

An epichlorohydrin-functionalized polyamine or polyamidoamine can be obtained by
reacting epichlorohydrin with a polyamine polymer or a polymer containing primary or
secondary amino groups. For example, a poly(alkylene imines) or a poly(amidoamine)
which is a polycondensate derived from a polyamine and a dicarboxylic acid (e.g., adipic
acid-diethylenetriamine copolymers) can react with epichlorohydrin to form an
epichlorohydrin-functionalized polymer. Similarly, a homopolymer or copolymer of
aminoalkyl(meth)acrylate, mono-alkylaminoalkyl (meth)acrylate,
aminoalkyl(meth)acrylamide, or mono-alkylaminoalkyl (meth)acrylamide can also react with
epichlorohydrin to form an epichlorohydrin-functionalized polyamine. The reaction
conditions for epichlorohydrin-functionalization of a polyamine or polyamidoamine polymer
are taught in EP1465931 (herein incorporated by reference in its entirety). A preferred
epichlorohydrin-functionalized polymer is polyaminoamide-epichlorohydrin (PAE) (or
polyamide-polyamine-epichlorohydrin or polyamide-epichlorohydrin), such as, for example,
Kymene® or Polycup® resins (epichlorohydrin-functionalized adipic acid-diethylenetriamine

copolymers) from Hercules or Polycup® or Servamine® resins from Servo/Delden.

Any suitable hydrophilicity-enhancing agents can be used in the invention so long
as they contain at least one amino group, at least one carboxyl group, and/or at least one
thiol group.

A preferred class of hydrophilicity-enhancing agents include without limitation:
amino-, carboxyl- or thiol-containing monosaccharides (e.g., 3-amino-1,2-propanediol, 1-
thiolglycerol, 5-keto-D-gluconic acid, galactosamine, glucosamine, galacturonic acid,
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gluconic acid, glucosaminic acid, mannosamine, saccharic acid 1,4-lactone, saccharide
acid, Ketodeoxynonulosonic acid, N-methyl-D-glucamine, 1-amino-1-deoxy-B-D-galactose,
1-amino-1-deoxysorbitol, 1-methylamino-1-deoxysorbitol, N-aminoethyl gluconamide);
amino-, carboxyl- or thiol-containing disaccharides (e.g., chondroitin disaccharide sodium
salt, di(B-D-xylopyranosyl)amine, digalacturonic acid, heparin disaccharide, hyaluronic acid
disaccharide, Lactobionic acid); and amino-, carboxyl- or thiol-containing oligosaccharides
(e.g., carboxymethyl-pB-cyclodextrin sodium salt, trigalacturonic acid); and combinations
thereof.

Another preferred class of hydrophilicity-enhancing agents is hydrophilic polymers
having one or more amino, carboxyl and/or thiol groups. More preferably, the content of
monomeric units having an amino (-NHR’ with R’ as defined above), carboxyl (~COOH)
and/or thiol (—=SH) group in a hydrophilic polymer as a hydrophilicity-enhancing agent is
less than about 40%, preferably less than about 30%, more preferably less than about
20%, even more preferably less than about 10%, by weight based on the total weight of the
hydrophilic polymer.

One preferred class of hydrophilic polymers as hydrophilicity-enhancing agents are
amino- or carboxyl-containing polysaccharides, for example, such as,
carboxymethylcellulose (having a carboxyl content of about 40% or less, which is
estimated based on the composition of repeating units, —[CeH10.mO5(CH,CO,H)J— in which
m is 1 to 3), carboxyethylcellulose (having a carboxyl content of about 36% or less, which
is estimated based on the composition of repeating units, —[CeH10.mO5(C2H4CO2H)]—in
which mis 1 to 3) carboxypropylcellulose (having a carboxyl content of about 32% or less,
which is estimated based on the composition of repeating units, —[CgH1o.
mO5(C3HeCO-H)m]—, in which mis 1 to 3), hyaluronic acid (having a carboxyl content of
about 11%, which is estimated based on the composition of repeating units,
—(C13H2009NCO,H)—), chondroitin sulfate (having a carboxyl content of about 9.8%, which
is estimated based on the composition of repeating units, —(C12H15013NS CO,H)—), or
combinations thereof.

Another preferred class of hydrophilic polymers as hydrophilicity-enhancing agents
include without limitation: poly(ethylene glycol) (PEG) with mono-amino, carboxyl or thiol
group (e.g., PEG-NH,, PEG-SH, PEG-COOH); H,N-PEG-NH,; HOOC-PEG-COOH; HS-
PEG-SH; H,N-PEG-COOH; HOOC-PEG-SH; HoN-PEG-SH; multi-arm PEG with one or
more amino, carboxyl or thiol groups; PEG dendrimers with one or more amino, carboxyl or
thiol groups; a diamino- or dicarboxyl-terminated homo- or co-polymer of a non-reactive
hydrophilic vinylic monomer; a monoamino- or monocarboxyl-terminated homo- or co-
polymer of a non-reactive hydrophilic vinylic monomer; a copolymer which is a

polymerization product of a composition comprising (1) about 60% by weight or less,
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preferably from about 0.1% to about 30%, more preferably from about 0.5% to about 20%,
even more preferably from about 1% to about 15%, by weight of one or more reactive
vinylic monomers and (2) at least one non-reactive hydrophilic vinylic monomer and/or at
least one phosphorylcholine-containing vinylic monomer; and combinations thereof.
Reactive vinylic monomer(s) and non-reactive hydrophilic vinylic monomer(s) are those
described previously.

More preferably, a hydrophilic polymer as a hydrophilicity-enhancing agent is PEG-
NH,; PEG-SH; PEG-COOH; H,N-PEG-NH,; HOOC-PEG-COOH; HS-PEG-SH; H,N-PEG-
COOH; HOOC-PEG-SH; HoN-PEG-SH; multi-arm PEG with one or more amino, carboxyl
or thiol groups; PEG dendrimers with one or more amino, carboxyl or thiol groups; a
monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or copolymer of a
non-reactive hydrophilic vinylic monomer selected from the group consisting of acrylamide
(AAm), N,N-dimethylacrylamide (DMA), N-vinylpyrrolidone (NVP), N-vinyl-N-methyl
acetamide, glycerol (meth)acrylate, hydroxyethyl (meth)acrylate, N-hydroxyethyl
(meth)acrylamide, C,-C4-alkoxy polyethylene glycol (meth)acrylate having a weight
average molecular weight of up to 400 Daltons, vinyl alcohol, N-methyl-3-methylene-2-
pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, N,N-
dimethylaminoethyl (meth)acrylate, N,N-dimethylaminopropyl (metha)crylamide,
(meth)acryloyloxyethyl phosphorylcholine, and combinations thereof; a copolymer which is
a polymerization product of a composition comprising (1) from about 0.1% to about 30%,
preferably from about 0.5% to about 20%, more preferably from about 1% to about 15%, by
weight of (meth)acrylic acid, C-Cy, alkylacrylic acid, vinylamine, allylamine, and/or amino-
C,-C4 alkyl (meth)acrylate, and (2) (meth)acryloyloxyethyl phosphorylcholine and/or at least
one non-reactive hydrophilic vinylic monomer selected from the group consisting of
acrylamide, N,N-dimethylacrylamide, N-vinylpyrrolidone, N-vinyl-N-methyl acetamide,
glycerol (meth)acrylate, hydroxyethyl (meth)acrylate, N-hydroxyethyl (meth)acrylamide, C;-
Cs-alkoxy polyethylene glycol (meth)acrylate having a weight average molecular weight of
up to 400 Daltons, vinyl alcohol, and combination thereof.

Most preferably, the hydrophilicity-enhancing agent as a hydrophilicity-enhancing
agent is PEG-NH,; PEG-SH; PEG-COOH; monoamino-, monocarboxyl-, diamino- or
dicarboxyl-terminated polyvinylpyrrolidone; monoamino-, monocarboxyl-, diamino- or
dicarboxyl-terminated polyacrylamide; monoamino-, monocarboxyl-, diamino- or dicarboxyl-
terminated poly(DMA); monoamino- or monocarboxyl-, diamino- or dicarboxyl-terminated
poly(DMA-co-NVP); monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated
poly(NVP-co-N,N-dimethylaminoethyl (meth)acrylate)); monoamino-, monocarboxyl-,
diamino- or dicarboxyl-terminated poly(vinylalcohol); monoamino-, monocarboxyl-,

diamino- or dicarboxyl-terminated poly[(meth)acryloyloxyethyl phosphrylcholine]
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homopolymer or copolymer; monoamino-, monocarboxyl-, diamino- or dicarboxyl-
terminated poly(NVP-co-vinyl alcohol); monoamino-, monocarboxyl-, diamino- or
dicarboxyl-terminated poly(DMA-co-vinyl alcohol); poly[(meth)acrylic acid-co-acrylamide]
with from about 0.1% to about 30%, preferably from about 0.5% to about 20%, more
preferably from about 1% to about 15%, by weight of (meth)acrylic acid; poly[(meth)acrylic
acid-co-NVP) with from about 0.1% to about 30%, preferably from about 0.5% to about
20%, more preferably from about 1% to about 15%, by weight of (meth)acrylic acid; a
copolymer which is a polymerization product of a composition comprising (1)
(meth)acryloyloxyethyl phosphorylcholine and (2) from about 0.1% to about 30%,
preferably from about 0.5% to about 20%, more preferably from about 1% to about 15%, by
weight of a carboxylic acid containing vinylic monomer and/or an amino-containing vinylic
monomer, and combination thereof.

PEGs with functional groups and multi-arm PEGs with functional groups can be
obtained from various commercial suppliers, e.g., Polyscience, and Shearwater Polymers,
inc., etc.

Monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or
copolymers of one or more non-reactive hydrophilic vinylic monomers or of a
phosphorylcholine-containing vinylic monomer can be prepared according to procedures
described in U.S. Patent No. 6,218,508, herein incorporated by reference in its entirety. For
example, to prepare a diamino- or dicarboxyl-terminated homo- or co-polymer of a non-
reactive hydrophilic vinylic monomer, the non-reactive vinylic monomer, a chain transfer
agent with an amino or carboxyl group (e.g., 2-aminoethanethiol, 2-mercaptopropinic acid,
thioglycolic acid, thiolactic acid, or other hydroxymercaptanes, aminomercaptans, or
carboxyl-containing mercaptanes) and optionally other vinylic monomer are copolymerized
(thermally or actinically) with a reactive vinylic monomer (having an amino or carboxyl
group), in the presence of an free-radical initiator. Generally, the molar ratio of chain
transfer agent to that of all of vinylic monomers other than the reactive vinylic monomer is
from about 1:5 to about 1:100, whereas the molar ratio of chain transfer agent to the
reactive vinylic monomer is 1:1. In such preparation, the chain transfer agent with amino or
carboxyl group is used to control the molecular weight of the resultant hydrophilic polymer
and forms a terminal end of the resultant hydrophilic polymer so as to provide the resultant
hydrophilic polymer with one terminal amino or carboxyl group, while the reactive vinylic
monomer provides the other terminal carboxyl or amino group to the resultant hydrophilic
polymer. Similarly, to prepare a monoamino- or monocarboxyl-terminated homo- or co-
polymer of a non-reactive hydrophilic vinylic monomer, the non-reactive vinylic monomer, a
chain transfer agent with an amino or carboxyl group (e.g., 2-aminoethanethiol, 2-
mercaptopropinic acid, thioglycolic acid, thiolactic acid, or other hydroxymercaptanes,
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aminomercaptans, or carboxyl-containing mercaptanes) and optionally other vinylic
monomers are copolymerized (thermally or actinically) in the absence of any reactive
vinylic monomer.

Copolymers comprising a non-reactive hydrophilic vinylic monomer and a reactive
vinylic monomer (e.g., a carboxyl-containing vinylic monomer) can be prepared according
to any well-known radical polymerization methods or obtained from commercial suppliers.
Copolymers containing methacryloyloxyethyl phosphorylcholine and carboxyl-containing
vinylic monomer can be obtained from NOP Corporation (e.g., LIPIDURE® -A and —AF).

The weight average molecular weight M,, of the hydrophilic polymer having at least
one amino, carboxyl or thiol group (as a hydrophilicity-enhancing agent) is preferably from
about 500 to about 1,000,000, more preferably from about 1,000 to about 500,000.

In accordance with the invention, the reaction between a hydrophilicity-enhancing
agent and an epichlorohydrin-functionalized polyamine or polyamidoamine is carried out at
a temperature of from about 40°C to about 100°C for a period of time sufficient (from about
0.3 hour to about 24 hours, preferably from about 1 hour to about 12 hours, even more
preferably from about 2 hours to about 8 hours) to form a water-soluble and thermally-
crosslinkable hydrophilic polymeric material containing azetidinium groups.

In accordance with the invention, the concentration of a hydrophilicity-enhancing
agent relative to an epichlorohydrin-functionalized polyamine or polyamidoamine must be
selected not to render a resultant hydrophilic polymeric material water-insoluble (i.e., a
solubility of less than 0.005 g per 100 ml of water at room temperature) and not to
consume more than about 99%, preferably about 98%, more preferably about 97%, even
more preferably about 96% of the azetidinium groups of the epichlorohydrin-functionalized
polyamine or polyamidoamine.

In accordance with the invention, heating is performed preferably by autoclaving a
contact lens with the UV-absorbing coating thereon in a packaging solution (i.e., a buffered
aqueous solution) including a water-soluble thermally crosslinkable hydrophilic polymeric
material in a sealed lens package at a temperature of from about 118°C to about 125°C for
approximately 20-90 minutes. In accordance with this embodiment of the invention, the
packaging solution is a buffered aqueous solution which is ophthalmically safe after
autoclave. Alternatively, is performed preferably by autoclaving a contact lens, which
comprises a UV-absorbing coating and a layer of a water-soluble thermally crosslinkabe
hydrophilic polymeric material on top of the base coating, immersed in a packaging solution
(i.e., a buffered aqueous solution) in a sealed lens package at a temperature of from about
118°C to about 125°C for approximately 20-90 minutes.

Lens packages (or containers) are well known to a person skilled in the art for
autoclaving and storing a soft contact lens. Any lens packages can be used in the
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invention. Preferably, a lens package is a blister package which comprises a base and a
cover, wherein the cover is detachably sealed to the base, wherein the base includes a
cavity for receiving a sterile packaging solution and the contact lens.

Lenses are packaged in individual packages, sealed, and sterilized (e.g., by
autoclave at about 120°C or higher for at least 30 minutes) prior to dispensing to users. A
person skilled in the art will understand well how to seal and sterilize lens packages.

In accordance with the invention, a packaging solution contains at least one
buffering agent to maintain a pH of the packaging solution in a physiologically acceptable
range of about 6 to about 8.5, one or more other tonicity agents to provide a tonicity of from
about 200 to about 450 milliosmol (mOsm), preferably from about 250 to about 350 mOsm,
and other ingredients known to a person skilled in the art. Examples of other ingredients
include without limitation, surfactants/ lubricants, antibacterial agents, preservatives, and/or
water-soluble viscosity builders (e.g., cellulose derivatives, polyvinyl alcohol,
polyvinylpyrrolidone).

Examples of physiologically compatible buffering agents are boric acid, borates,
e.g. sodium borate, citric acid, citrates, e.g. potassium citrate, bicarbonates, e.g. sodium
bicarbonate, TRIS (2-amino-2-hydroxymethyl-1,3-propanediol), Bis-Tris (Bis-(2-
hydroxyethyl)-imino-tris-(hydroxymethyl)-methane), bis-aminopolyols, triethanolamine,
ACES (N-(2-hydroxyethyl)-2-aminoethanesulfonic acid), BES (N,N-Bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid), HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid),
MES (2-(N-morpholino)ethanesulfonic acid), MOPS (3-[N-morpholino]-propanesulfonic
acid), PIPES (piperazine-N,N’-bis(2-ethanesulfonic acid), TES (N-
[Tris(hydroxymethyl)methyl]-2-aminoethanesulfonic acid), salts thereof, phosphate buffers,
e.g. Na,HPO,, NaH,PO,, and KH,PO, or mixtures thereof. A preferred bis-aminopolyol is
1,3-bis(tris[hydroxymethyl]-methylamino)propane (bis-TRIS-propane). The amount of each
buffer agent in a packaging solution is preferably from 0.001% to 2%, preferably from
0.01% to 1%; most preferably from about 0.05% to about 0.30% by weight.

Suitable ocularly acceptable tonicity agents include, but are not limited to sodium
chloride, potassium chloride, glycerol, propylene glycol, polyols, mannitols, sorbitol, xylitol
and mixtures thereof.

A packaging solution of the invention has a viscosity of from about 1 centipoise to
about 20 centipoises, preferably from about 1.2 centipoises to about 10 centipoises, more
preferably from about 1.5 centipoises to about 5 centipoises, at 25°C.

In a preferred embodiment, the packaging solution comprises preferably from about
0.01% to about 2%, more preferably from about 0.05% to about 1.5%, even more
preferably from about 0.1% to about 1%, most preferably from about 0.2% to about 0.5%,

by weight of a water-soluble and thermally-crosslinkable hydrophilic polymeric material of
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the invention.

Where at least one of the crosslinked coating and the packaging solution contains a
polymeric material having polyethylene glycol segments, the packaging solution preferably
comprises an a-oxo-multi-acid or salt thereof in an amount sufficient to have a reduced
susceptibility to oxidation degradation of the polyethylene glycol segments. A commonly-
owned co-pending patent application (US patent application publication No. 2004/0116564
A1, incorporated herein in its entirety) discloses that oxo-multi-acid or salt thereof can
reduce the susceptibility to oxidative degradation of a PEG-containing polymeric material.

Exemplary a-oxo-multi-acids or biocompatible salts thereof include without limitation
citric acid, 2-ketoglutaric acid, or malic acid or biocompatible (preferably ophthalmically
compatible) salts thereof. More preferably, a a-oxo-multi-acid is citric or malic acid or
biocompatible (preferably ophthalmically compatible) salts thereof (e.g., sodium,
potassium, or the like).

In accordance with the invention, the packaging solution can further comprises
mucin-like materials, ophthalmically beneficial materials, and/or surfactants. Exemplary
mucin-like materials described above, exemplary ophthalmically beneficial materials
described above, exemplary surfactants described above can be used in this embodiment.

In a preferred embodiment, a method of the invention further comprises a step of
dipping the contact lens in a solution of blue light-absorbing polymer having blue light-
absorbing monomeric units and at least about 50%, preferably at least about 60%, more
preferably at least about 70%, even more preferably at least about 80%, most preferably at
least about 90%, by mole of carboxyl-containing monomeric units. The term “blue light-
absorbing monomeric units” refers to repeating units of a polymer each of which comprises
a blue light-absorbing moiety. A “blue light-absorbing moiety” refers to an organic group
which can render a compound containing such group to absorb light in the region of from
about 400 nm to about 480 nm. One preferred blue light-absorbing moiety is
nitrophenylpyrrolidine group. A blue light absorbing polymer can be prepared according to
procedures similar to those described above for UV-absorbing polymers. For example, a
blue light-absorbing polymer can be prepared by polymerizing a polymerizable mixture
comprising at least one carboxyl-containing vinylic monomer (any one of those described
above) and at least one blue light-absorbing vinylic monomer, or alternatively by reacting a
blue light-absorbing compound having a reactive functional group (e.g., amino group,
azlactone group, epoxy group, isocyanate group, aziridine group, and combination thereof,
with amino groups as most preferred reactive functional groups) with a precursor polymer
(any one of those described above for preparing UV-absorbing polymers) containing
carboxyl and optional amino groups.

In another preferred embodiment, a contact lens, preferably a silicone hydrogel
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contact lens obtained according to a method of the invention has a surface wettability
characterized by having an averaged water contact angle of about 90 degrees or less,
preferably about 80 degrees or less, more preferably about 70 degrees or less, even more
preferably about 60 degrees or less, most preferably about 50 degrees or less.

It should be understood that although in this aspect of the invention various
embodiments including preferred embodiments of the invention may be separately
described above, they can be combined and/or used together in any desirable fashion to
arrive at different embodiments of a contact lenses of the invention.

In another aspect, the invention provides an ophthalmic lenses, the lens comprising
a polymeric lens body; a layer of UV-absorbing polymer on the lens body; and a hydrogel
coating covalently attached onto the layer of the UV-absorbing polymer, wherein the UV-
absorbing polymer comprises UV-absorbing monomeric units and at least about 50%,
preferably at least about 60%, more preferably at least about 70%, even more preferably at
least about 80%, most preferably at least about 90%, by mole of carboxyl-containing
monomeric units, wherein the hydrogel coating is obtained by covalently attaching a
hydrophilic polymer or polymeric material having reactive functional groups onto the layer
of the UV-absorbing polymer through linkages each formed between one carboxylic group
of the UV-absorbing coating and one reactive functional group of the hydrophilic polymer or
polymeric material.

All of the various embodiments as described above for the previous aspect of the

invention can be used, alone or in any combination, in this aspect of the invention.

The previous disclosure will enable one having ordinary skill in the art to practice
the invention. Various modifications, variations, and combinations can be made to the
various embodiment described herein. In order to better enable the reader to understand
specific embodiments and the advantages thereof, reference to the following examples is
suggested. It is intended that the specification and examples be considered as exemplary.

Although various aspects and various embodiments of the invention have been
described using specific terms, devices, and methods, such description is for illustrative
purposes only. The words used are words of description rather than of limitation. It is to be
understood that changes and variations may be made by those skilled in the art without
departing from the spirit or scope of the present invention, which is set forth in the following
claims. In addition, it should be understood that aspects of the various embodiments may
be interchanged either in whole or in part or can be combined in any manner and/or used
together. Therefore, the spirit and scope of the appended claims should not be limited to

the description of the preferred versions contained therein.

27



WO 2013/055746 PCT/US2012/059479

Example 1
This example illustrates the preparation of an amino-functionalized UV-absorbing
compound of the invention according to Michael addition as shown in the following Scheme

1.
HO
©:/N\N n HS-CH,CH,NH,
=N~ o CHs

|
CH2CH20_ C_C=CH2

HO KOH, THF/CH;OH

~__ 7
N ﬁ CHg

|
CH2CH20_C_CH_CHZ_S_CHchz'NHZ

Preparation of Amino-Functionalized Norbloc.

Norbloc (i.e., 2-[3-(2H-Benzotriazol-2-yl)-4-hydroxyphenyl] ethyl methacrylate) is
received from Aldrich (Cat# 413437-100G). Cysteamine hydrochloride is received from
Fluka (Cat # 30078). 0.1N iodine aqueous solution is received from Acros (Cat #
124220010).

In a 2 liter, three necked round bottom flask, 40.0 g (123.7 mmol) Norbloc is
dissolved in 800 mL THF. In a separate flask, 15.46 g (136.1 mmol) of cysteamine
hydrochloride is dissolve in 25 mL of methanol. Using an addition funnel, cysteamine HCI
solution is added drop wise to reaction flask with stirring. Reaction mixture is purged under
nitrogen during reaction time. Once addition is complete, reaction mixture is heated to 35°
C. When reaction mixture reaches desired temperature, 0.25 mL of sample from the
reaction mixture is withdrawn by syringe. Sample is placed in a 10 mL flask and diluted
with 5 mL of 50/50 isopropanol/toluene, acidified with dilute acetic acid and then titrated
with 0.1N iodine aqueous solution to determine starting thiol content of reaction. Using
addition funnel, 85 mL of 2N potassium hydroxide solution is added to reaction mixture to
make it basic. Reaction mixture is allowed to mix at 35° C under nitrogen. Progress of
reaction is monitored by repeating iodine titrations to determine when all of the available
thiol has been consumed. Reaction may take up to 65 hours for complete thiol
consumption. Once thiol consumption is complete, reaction mixture is cooled to room
temperature and transferred to 4 liter separatory funnel. 400 mL of THF is added to the
funnel. Reaction mixture is extracted with 1 L of brine for 2 times. Aqueous phase is
discarded and organic phase is dried over magnesium sulfate. Solution is filtered and
solvent is removed on a rotary evaporator. Resulting product is a clear, viscous,

fluorescent-yellow liquid. Yield of the reaction is about 54.0 grams (90%).
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Characterization

Amino-functionalized Norbloc (the product) is characterized by 'H-NMR;
comparison of spectra between product and starting material shows the disappearance of
the methacrylate protons at 5.5 and 6.1 ppm. Functionality of product is also determined by
amino-group titration; results show amino-functionality at 2.21 meg/g (theoretical 2.5
meq/q). Purity of product is also determined by HPLC analysis; amino-functionalized
Norbloc has shorter retention time than that of the methacrylate starting material, Norbloc,
at a detection wavelength of 335 nm. Typical purity of product, by HPLC analysis, is
between 85-95% amino-functional material, with the Norbloc (starting material) as the
major impurity.

UV spectra of Norbloc and amine functionalized Norbloc show that Michael Addition
reaction does not affect significantly the UV-absorption characteristic of Norbloc.

A repeat synthesis is conducted to display reproducibility of the synthesis along with
a slight scale-up. The repeat product is confirmed as identical to the previously synthesized
product.

Example 2

Preparation of PDMS crosslinker |

In a 4-L beaker, 24.13 g of Na,CO3 , 80 g of NaCl and 1.52 kg of deionized water
are mixed to dissolve. In a separate 4-L beaker, 700 g of bis-3-aminopropyl-
polydimethylsiloxane (Shin-Etsu, MW ca. 11500) are dissolved in 1000 g of hexane. A 4-L
reactor is equipped with overhead stirring with turbine agitator and a 250-mL addition
funnel with micro-flow controller. The two solutions are then charged to the reactor, and
mixed for 15 minutes with heavy agitation to produce an emulsion. 14.5 g of acryloyl
chloride are dissolved in 100 mL of hexane and charged to the addition funnel. The acryloyl
chloride solution is added dropwise to the emulsion under heavy agitation over one hour.
The emulsion is stirred for 30 minutes on completion of the addition and then agitation is
stopped and the phases are allowed to separate overnight. The aqueous phase is
decanted and the organic phase is washed twice with a mixture of 2.0 kg of 2.5% NaCl
dissolved in water. The organic phase is then dried over magnesium sulfate, filtered with a
filter of 1.0 pm size exclusion, and concentrated on a rotary evaporator. The resulting oil is
further purified by high-vacuum drying to constant weight. Analysis of the resulting product
by titration reveals 0.175 mEg/g of C=C double bonds.
Preparation of PDMS crosslinker Il

In a 4-L beaker, 61.73 g of Na,CO3, 80 g of NaCl and 1.52 kg of deionized water
are mixed to dissolve. In a separate 4-L beaker, 700 g of bis-3-aminopropyl-
polydimethylsiloaxane (Shin-Etsu, MW ca. 4500) are dissolved in 1000 g of hexane. A 4-L
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reactor is equipped with overhead stirring with turbine agitator and a 250-mL addition
funnel with micro-flow controller. The two solutions are then charged to the reactor, and
mixed for 15 minutes with heavy agitation to produce an emulsion. 36.6 g of acryloyl
chloride is dissolved in 100 mL of hexane and charged to the addition funnel. The acryloyl
chloride solution is added dropwise to the emulsion under heavy agitation over one hour.
The emulsion is stirred for 30 minutes on completion of the addition and then agitation is
stopped and the phases are allowed to separate overnight. The aqueous phase is
decanted and the organic phase is washed twice with a mixture of 2.0 kg of 2.5% NaCl
dissolved in water. The organic phase is then dried over magnesium sulfate, filtered to 1.0
pm exclusion, and concentrated on a rotary evaporator. The resulting oil is further purified
by high-vacuum drying to constant weight. Analysis of the resulting product by titration
reveals 0.435 mEq/g of C=C double bonds.

Preparation of the crosslinkable copolymer

A 2-L jacketed reactor is equipped with a heating/chilling loop, reflux condenser, No-
inlet/vacuum adapter, feeding tube adapter and overhead mechanical stirring. A solution is
generated by dissolving 90.00 g of PDMS crosslinker | prepared above and 30.00 g of
PDMS crosslinker Il prepared above in 480 g of 1-propanol. This solution is charged to the
reactor and cooled to 8°C. The solution is degassed by evacuating to less than 15 mBar,
holding at vacuum for 15 minutes, and then re-pressurizing with dry nitrogen. This degas
procedure is repeated for a total of 3 times. The reactor is held under a blanket of dry
nitrogen.

In a separate flask, a monomer solution is prepared by mixing 1.50 g of cysteamine
hydrochloride, 0.3 g of AIBN (2-2-Azoiso bisbutyronitrile), 55.275 g of DMA (N,N-
dimethylacrylamide), 18.43 g of HEA (hydroxyethyl acrylate) and 364.5 g of 1-propanol.
This solution is filtered with a Waterman 540 filter paper, and then added to the reactor
through a degas unit and HPLC pump with a flow rate of 3.0 mL /minute. The reaction
temperature is then elevated to 68°C with a heating ramp about one hour.

In a second flask, a feeding solution is prepared by mixing 4.5 g of cysteamine
hydrochloride and 395.5 g of 1-propanol and then filtering with Waterman 540 filter paper.
When the reactor temperature reaches 68°C, this solution is slowly dosed into the reactor
through the degasser/HPLC pump over 3 hours. The reaction is then continued at 68°C for
an additional 3 hours, on which heating has discontinued and the reactor is allowed to cool
to room temperature.

The reaction mixture is transferred to a flask and stripped solvent at 40°C under

vacuum on a rotary evaporator until 1000 g of sample remained. The solution is then slowly
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mixed with 2000 g of deionized water with rapid agitation. Additional solvent is further
removed until about 2000 g of sample remain. During this stripping process, the solution
gradually becomes an emulsion. The resulting material is purified by ultrafiltration over a 10
kD molecular weight cut-off membrane until the permeate conductance is below 2.5 uyS/cm

This emulsion is then charged to a 2-L reactor equipped with overhead stirring,
refrigeration loop, thermometer, and the pH meter and dispensing tip of a Metrohm Model
718 STAT Titrino. The reaction mixture is then cooled to 1°C. 7.99 g of NaHCO; are
charged to the emulsion and stirred to dissolve. The Titrino is set to maintain pH at 9.5 by
intermittent addition of 15% sodium hydroxide solution. 11.59 mL of acryloyl chloride are
then added over one hour using a syringe pump. The emulsion is stirred for another hour,
then the Titrino is set to neutralize the reaction mixture by addition of a 15% solution of
HCI. The product is purified by ultrafiltration again with 10 kD molecular weight cut-off
membrane until the permeate conductance is below 2.5 yS/cm. The final macromonomer
is isolated by lypophilization.

Preparation of contact lenses

18.83 g of the crosslinkable copolymer prepared above are dissolved in
approximately 200 mL of 1-propanol, concentrated to ca. 70 g total solution weight, and
filtered to 0.45 pm exclusion. 67.94g of solution at 26.53% solids are recovered. 4.503 g of
a 1% solution of 2-hydroxy-4’-hydroxyethyl-2-methylpropiophenone (IRGACURE®-2959,
Ciba Specialty Chemicals) are added, and the solution is then concentrated to a final
formulation having 60% solids. 200 mg of the formulation are dosed into poly(propylene)
contact lens molds and the molds are closed. The molds are then irradiated for 15 seconds
with an ultraviolet light source having an intensity of 2.18 mW/cm?2. The molds are then
opened, and the contact lenses are removed from the mold halves.

Example 3
This example illustrates a method of the invention by using a fluorescein-modified
polyacrylic acid of formula (1) (in which m:n ~ 160:1), designated as PAA-F50.

. HO o OH
m n
CO,H  COX —NH Q o

1 (o)
Preparations of PAA-F50

1H-NMR spectroscopic investigations are performed with a Bruker Avance 400
NMR spectrometer. For UV-Vis spectroscopic studies a Perkin EImer Lambda 25

spectrometer is utilized.
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PAA-F50 has a molecular weight of about 50 kD and comprises about 0.6% by
mole of monomeric units having one fluorescin moiety. It is prepared as follows.

Into a 250 ml three-neck flask, equipped wit a N2-inlet tube, a condenser and a
magnetic bar 5,0 g of solid Polyacrylic acid (PAA, Mw 50.000, freeze-dried product from
the PAA solution of Polysciences # 00627-250) are placed and dissolved in 150 ml of N,N-
Dimethylformamid, DMF (Aldrich # 227056) by stirring at ambient temperature. To this
solution 2.68 g of N-(3-Dimethylaminopropyl)-N’- ethylcarbodiimide hydrochloride (14
mmol; EDC-HCI; Fluka # 03449) are added and stirred as long as the turbid solution
becomes clear. To this mixture are added slowly 4.86 g of 6-Aminofluoresceine (14 mmol;
Aldrich # 201634) dissolved in 20 ml DMF. After 6 days stirring, the reaction mixture is
poured in 1 L de-ionized water. The pH of this solution is adjusted to pH =7.0 with a1N
NaOH solution (Merck # 1.09137,1000), ultra filtrated (10 kDa membrane, Millipore #
P2C010V01; 15 x volume exchange by water) against de-ionized water and concentrated
(approx. 300 ml). After freeze-drying of the solution 7.1 g of a deep-orange, solid product is
isolated.

UV-Vis (PBS solution at pH 7.0): Maxima ¢ 4(321 nm) =0.88 and ¢, (491 nm) =
6.37 [I/(g x cm)].

The mole percent of fluorescein-containing monomeric units in polymer PAA-F50
(XFiuoresceine) 18 0.6 [Mol-%]. It is determined by UV-Vis spectroscopy in a PBS buffered
solution (pH=7.0) according to equation

Xrworesceine = 100 X A X Ma/ [w x ee(491 nm) xd + A x (Ma- Mg)] [ Mol-%] (1)

In which w [g/L] is the concentration of PAA-F50 in the solution; Ma (72 g/mol) and Mg (419
g/mol) are the molar masses of the repeating monomeric units, acrylic acid and
fluorescein-modified acrylic acid (i.e., 6-acryloylamido-fluorescein), in the copolymer PAA-
F50, respectively. A is the corresponding UV absorbance at 491 nm; e(491nm) is the
coefficient of absorbance of the fluoresceine moiety in the copolymer at a wave length of
491 nm: it was assumed that this is equal with that of 6-Aminofluoresceine ( ear (491 nm)
= 76290 [I/(mol x cm)]; d is the width of the UV measuring cuvette .

Preparation of PAA-F50 coated contact lens

After transferring a contact lens as prepared in Example 2 from a water bath into a
bath containing a solution of PAA-F50 (dissolved in 1-propanol, pH adjusted with HCOOH
to about 2.0; 0.36 g/l PAA-F50, labelling degree: 0.59 Mol-%), the PAA-F50 continuously
diffuses into the lens. This diffusion of PAA-F50 into the lens is reflected by a colorization
of the lenses, whereas the intensity of the lens colour increases with increasing treatment
time (see Figure 1). The diffusion and increasing colorization can also be monitored by UV-
VIS spectroscopy. The absorbance at 490 nm, belonging to the Fluorescence moiety on
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PAA-F50, increases with time (see Figure 2). The formation of PAA-F50 coating on the
lens is demonstrated by first dipping a contact lens in the PAA-F50 solution (prepared
above) for about one hour and then transferring and storing the PAA-F50 coated lens in an
aqueous phosphate buffered saline (PBS) solution. The buffered solution remains almost

colourless even after several weeks of storage.

Example 4
This example illustrates how to prepare a contact lens with a UV-absorbing coating
thereon according to a preferred embodiment of the invention.

Preparation of Poly(acrylic acid-co-Norbloc) (PAA-N20)

1H-NMR spectroscopic investigations are performed with a Bruker Avance 400
NMR spectrometer. For UV-Vis spectroscopic studies a Perkin EImer Lambda 25
spectrometer is utilized. Acrylic acid is supplied from Fluka (# 017309111).

A UV-absorbing polymer of formula (2) (in which m:n ~ 80:20), designated as PAA-
N20, has a molecular weight of about 36 kD and comprises about 8.1% by mole of UV-
absorbing monomeric units (Norbloc, [3-(2-H-Benzotriazol-2-yl)-4-hydroxyphenyllethyl
methacrylate). It is prepared according to the procedures described below.

Into a 250 ml three- neck flask equipped with a N2-inlet tube, a condenser, a
thermometer and a magnetic bar are placed a mixture of 8,00 g acrylic acid (111 mmol;
Fluka # 017309111), 2,00 g ([3-(2-H-Benzotriazol-2-yl)-4-hydroxyphenyllethyl methacrylate
(Norbloc 7966; 6.2 mmol; Aldrich # 22,-705-6) and 100 ml of N,N-Dimethylformamid (DMF;
Aldrich, # 227056). Through this solution Nitrogen is conducted in order to free the solution
from air. Then it is heated up to 60 °C while stirring and 0.5 ml of a DMF solution with 4 %
of Dimethyl-2,2’-azobis-isobutyrate (V-601, Wako # 927-14717) is added. The reaction
mixture is kept at 60 °C by stirring over a period of 16 h, cooled down to ambient
temperature and poured into .0 L of ethyl acetate. The resulting precipitate is separated by
centrifugation (6000 min™*, 30 min), re-dissolved in a slightly basic aqueous solution
(pH=10.0, adjusted with sodium carbonate) and ultrafiltrated (3 kDa membrane, Millipore #
P2PLBCV01; 15 x volume exchange by water) against de-ionized water. After freeze-
drying of the solution 7.0 g of a white, solid product is isolated.

1H-NMR (400 MHz; D20) &: 0.8 — 3.15 (maxima at 1.06, 1.52, 1.62, 2.15, 2.57),

4.25, 6.5 — 8.1 (Haomatic) ppm,; all signals are unstructured and broad.
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The mole percentage of Norbloc monomeric units in copolymer PAA-N20 is X norpioc

= 8.1 [Mol-%], based on 1 H-NMR integration according to the following equation
X Norbioc [ MOI-%] = 100 X [3 X Agromatic/ (7X A1 — 4 X Aaromatic)]

in which A is the integral of the area of the protons between 1.02 — 3,15 ppm and Azromatic
is the integral of the area of the aromatic signals between 6.5 — 8.15 ppm.

UV-Vis absorbance (PBS solution at pH 7.0): Two maxima with absorption
coefficients &1 (299 nm) = 9.09 and &, (329 nm) = 8.86 [l/(g x cm)].

Molecular weight by GPC (PSS Suprema columns with 30 A and 1000 A pore size;
PBS solution as eluent; Na-Poly (acrylic acid) as calibration standards): Mw = 36 kDa.

Preparation of a PAA-N20 coated contact lens

A contact lens prepared in Example 2 is dipped in a solution of PAA-N20 (0.36 g/L
PAA-N20 dissolved in 1-propanol, pH adjusted with HCOOH to about 2.0) for about 30
minutes and then rinsed with and stored in an aqueous phosphate buffered saline (PBS)
solution. The UV spectrum of the resultant contact lens with PAA-N20 coating thereon
clearly shows that the light transmission of the lens is efficiently blocked in the UV-B- and
UV-A region (i.e. the region between 280 nm and 380 nm) (see Figure 3).

Example 5
Preparation of Poly[acrylic acid-co-methacryoyloxymethyl-1-(4-
nitrophenyl]pyrrollidin) (PAA-L20,) a blue-light absorber
A blue light-absorbing polymer of formula (3), designated as PAA-L20, has a
molecular weight of about XX kD and comprises about 12.3% by mole of blue-light-
absorbing monomeric units ((S)-2-methacryloyloxymethyl-1-(4-nitrophenyl)pyrrolidine). It is
prepared according to the procedures described below.

—0
m n VA E%
N NO
Co,H coz _Q_ 2

3

Into a 100 ml three-neck flask, equipped with a N2-inlet tube, a condenser , a
thermometer and a magnetic bar are placed a mixture of 2,0 acrylic acid (28 mmol, Fluka #
017309111), 0,5 g (S)-2-methacryloyloxymethyl-1-(4-nitrophenyl)pyrrolidine (1,6 mmol;
prepared according to M. Yoshida et.al., Makromol. Chem. Rapid Commun., 10, (1989),
517) and 20 ml N,N-Dimethylformamid (DMF, Aldrich # 227056). Through this solution
Nitrogen is conducted in order to free the solution from air. Then it is heated up to 60 °C by
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stirring and 0.5 ml of a DMF solution with 1 % of Dimethyl-2,2’-azobis-isobutyrate (V-601,
Wako # 927-14717) is added. The reaction mixture is kept by stirring at 60 °C over period
of 6 hours, cooled down to ambient temperature and poured into 500 ml of ethyl acetate.
The resulting precipitate is separated by centrifugation (6000 min™', 30 min), re-dissolved in
a slightly basic aqueous solution (pH=10.0, adjusted with sodium carbonate) and
ultrafiltrated (3 kDa membrane, Millipore # P2PLBCV01; 15 x volume exchange by water)
against de-ionized water. After freeze-drying of the solution 1,1 g of a deep-yellow solid
product is isolated.

1H-NMR (400 MHz; D20) 6: 1,0 — 2,8 (maxima at 1,24,1,67, 1,80, 2,26), 3,15 —
4,15 (maxima at 3,49, 3,79, 4,27), 6,4 — 7,0 (Haromatic), 7,7 — 8,4 (Haomatic) ppm; all signals
are unstructured and broad.

The mole percent of 4-nitrophenyl pyrrolidine-containing monomeric units, i.e. the
blue-light absorbing monomeric units (Xge) in copolymer PAA-L20 is Xg. = 12,3 [Mol-%],
calculated by 1 H-NMR integration according to the following equation

Xge [MOI-%] = 100 x [3 x A2/ (2 x A1 — 6 X Ay)]
in which A is the integral of the area of the protons between 1.0 — 2.8 ppm and A; is the
integral of the area of the aromatic signals between 7.7 — 8.4 ppm.

UV-Vis absorbance (PBS solution at pH 7.0): Two maxima with absorption
coefficients g1 (235 nm) = 6.6 and ¢, (417 nm) = 15.3 [I/(g x cm)].

Molecular weight by GPC (PSS Suprema columns with 30 A, 300 A, S2 and 1000
A pore size; PBS solution as eluent; Na-Poly (acrylic acid) as calibration standards): Mw =
36 kDa.

Example 6

Preparation of chain extended polydimethylsiloxane crosslinker

In the first step, a,w-bis(2-hydroxyethoxypropyl)-polydimethylsiloxane (Mn = 2000,
Shin-Etsu, KF-6001a) is capped with isophorone diisocyanate by reacting 49.85 g of a,w-
bis(2-hydroxyethoxypropyl)-polydimethylsiloxane with 11.1 g isophorone diisocyanate
(IPDI) in 150 g of dry methyl ethyl ketone (MEK) in the presence of 0.063g of
dibutyltindilaurate (DBTDL). The reaction is kept for 4.5 h at 40° C, forming IPDI-PDMS-
IPDI. In the second step, a mixture of 164.8 g of a,w-bis(2-hydroxyethoxypropyl)-
polydimethylsiloxane (Mn = 3000, Shin-Etsu, KF-6002) and 50 g of dry MEK are added
dropwise to the IPDI-PDMS-IPDI solution to which has been added an additional 0.063 g of
DBTDL. The reactor is held for 4.5 h at 40° C, forming HO-PDMS-IPDI-PDMS-IPDI-PDMS-
OH. MEK is then removed under reduced pressure. In the third step, the terminal hydroxyl-
groups are capped with methacryloyloxyethyl groups in a third step by addition of 7.77 g of
isocyanatoethylmethacrylate (IEM) and an additional 0.063 g of DBTDL, forming IEM-
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PDMS-IPDI-PDMS-IPDI-PDMS-IEM.

Alternatively, CE-PDMS can be prepared as follows. 240.43 g of KF-6001 is added
into a 1-L reactor equipped with stirring, thermometer, cryostat, dropping funnel, and
nitrogen/vacuum inlet adapter, and then dried by application of high vacuum (2x102 mBar).
Then, under an atmosphere of dry nitrogen, 320 g of distilled MEK is then added into the
reactor and the mixture is stirred thoroughly. 0.235 g of DBTDL are added to the reactor.
After the reactor is warmed to 45°C, 45.86 g of IPDI are added through an addition funnel
over 10 minutes to the reactor under moderate stirring. The reaction is kept for 2 hours at
60°C. 630 g of KF-6002 dissolved in 452 g of distilled MEK are then added and stirred until
a homogeneous solution is formed. 0.235 g of DBTDL are added, and the reactor is held at
55°C overnight under a blanket of dry nitrogen. The next day, MEK is removed by flash
distillation. The reactor is cooled and 22.7 g of IEM are then charged to the reactor
followed by 0.235 g of DBTDL. After 3 hours, an additional 3.3 g of IEM are added and the
reaction is allowed to proceed overnight. The following day, the reaction mixture is cooled
to 18°C to obtain CE-PDMS macromer.

Preparation of Lens Formulations.

A lens formulation is prepared by dissolving components in 1-propanol to have the
following composition: about 32% by weight of CE-PDMS macromer prepared above,
about 21% by weight of TRIS-Am, about 23% by weight of DMA, about 0.6% by weight of
L-PEG (N-(carbonyl-methoxypolyethylene glycol-2000)-1,2-disteaoyl-sn-glycero-3-
phosphoethanolamin, sodium salt), about 1% by weight of Darocur 1173, about 0.1% by
weight of visitint (5% copper phthalocyanine blue pigment dispersion in TRIS), about 0.8%
by weight of DMPC (1,2-dimyristoyl-sn-glycero-3-phosphocholine), about 200 ppm H-
tempo (4-hydroxy-2,2,6,6-tetramethyl-1-piperidinyloxy), and about 22% by weight of 1-
propanol.

Preparation of Lenses.

Lenses are prepared by cast-molding from the lens formulation prepared above in a
reusable mold (quartz female mold half and glass male mold half), similar to the mold
shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The lens
formulation in the molds is irradiated with UV irradiation (13.0 mW/cm?) for about 24
seconds. Molded lenses are extracted with MEK.

Preparation of a contact lens with UV- absorbing and blue-light-absorbing coating

A contact lens prepared above is dipped in a bath containing a PAA-N20 solution
(3,6 g/L of PAA-N20 dissolved in 1-propanol, adjusted to pH~ 2.0 with HCOOH) for about
20 minutes, rinsed with 1-propanol and subsequently dipped in a bath with a PAA-L20
solution (3,6 g/L PAA-L20, adjusted to pH~ 2.0 with HCOOH). Figure 4 shows that the
obtained contact lens absorbs the UV light not only in the range between 280 — 380 nm,

36



WO 2013/055746 PCT/US2012/059479

but also in the range between 380 — 480 nm, i.e. beside the criteria for a lens with UV
absorber class 1 properties. It also fulfills the properties of a blue-light absorbing lens.
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CLAIMS

1. A method for producing UV-absorbing contact lenses,
comprising the steps of:

obtaining an ophthalmic lens;

dipping the ophthalmic lens in a coating solution, which
comprises a first organic solvent and a UV-absorbing
polymer dissolved in the first organic solvent, for a
period ol time sufficient (o form a UV-absorbing coating
on the ophthalmic lens, wherein the UV-absorbing poly-
mer comprises UV-absorbing monomeric units and at
least 50% by mole of carboxyl-containing monomeric
units, wherein the UV-absorbing polymer is obtained by
reacting a UV-absorbing compound with a precursor
polymer having at least 50% by mole of carboxyl-con-
taining monomeric units in a coupling reaction, wherein
the UV-absorbing compound is represented by formula
I 0L 101, or IV

I
HO R?
/ N
X Sy
Li—y
I
HO R?
// /N\
Y—TL!— /N
™ \N
R]
. HI
N —\ ll—vVv
Rl_/’&‘ \\r ~
/
oY\ /
R.‘l
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O OI1

L3—Yl

in which R*, R* and R? independently of one another are
hydrogen, a C,-C,, linear or branched alkyl group, a
halogen, a C;; to C,, aryl group, a C, to C,, alkylaryl
group, a C; to C,, arylalkyl, or a C,-C,, linear or
branched alkoxy group; L! and > independent of each
other are a covalent bond or a divalent radical of —X_-
E,-X,-E,-X,— in which X,, is a covalent bond, —O—,
carbonyl

O

(=—C—),

a divalent radical of —(R“0),— in which R* is a linear or
branched C,-C ,-alkylene and n is from 1 to 10,

O 0O R"

—C—0—: or —C—N

in which R" is H or C,-C; alkyl, E, and E, independently of
each other are a covalent bond, a divalent radical of
—(R*0),— in which R? and n are defined above,

N i ¥

_O_. or __("_N'__

\__/
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inwhich R"is Hor C,-Cg alkyl,aC, to C,, linear or branched
alkylene divalent radical, a cycloalkyl divalent radical with up
to 40 carbon atoms, an alkylcycloalkyl divalent radical with
up to 40 carbon atoms, an alkylaryl divalent radical with up to
40 carbon atoms, an arylalkylene divalent radical with up to
40 carbon atoms, or a dicarbonyl group having the formula
—C(O)L*>C(0)— in which L7 is a C, to C,, linear or
branched alkylene divalent radical or —(R°' —0),,,—(R*>*—

0),a—R¥—0), ;—, wherein R*', R”*, and R*® indepen-
dently of one another are a linear or branched C, -C,-alkylene
and wl, w2 and w3 independently of one another are a num-
ber from 0 to 20 provided that the sum of (wl+w2+w3)is 1 to
60. and X, and X independently of each other are a covalent
bond, carbonyl,

0] R” 0 R
I I |
C ’ Q . N C—N—
R" O RO
|l Pl
—N—(—+ —N—C—NH—.
- er
(.l | -
—HIN—C—N— —Q0—C—NH—,
0 0
Il I
—HIN—C—0Q—: ——§—C—NH— >
0 0
l |
— Qe O, C—o0O : S »and
0
— HN—(C—§——

in which R" is defined above; and

Y andY' independent of each other are an azlactone group,
an epoxy group, anisocyanate group, an aziridine group,
or an amino group of —NHR in which R is hydrogen or
a C,-C,, unsubstituted or substituted, linear or branched
alkyl group; and optionally covalently aftaching a
hydrophilic polymer or polynieric material having reac-
tive functional groups onto the UV-absorbing coating to
form a hydrogel coating, wherein the hydrogel coating is
covalently attached onto the UV-absorbing coating
through linkages each formed between one carboxylic
group of the UV-absorbing coating and one reactive
functional group of the hydrophilic polymer or poly-
meric material.
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2. The method of claim 1, wherein the precursor polymer
is: (1) a homopolymer of acrylic acid or C -C,, alkylacrylic
acid; (2) a copolymer of acrylic acid and C,-C,, alkylacrylic
acid; (3) a copolymer of a carboxyl-containing vinylic mono-
mer and an amino-containing vinylic monomer, wherein the
carboxyl-containing vinylic monomer is acrylic acid or
C,-C,, alkylacrylic or combination thereof, wherein the
amino-confaining vinylic monomer is selected from the
group consisting of amino-C,-Cj alkyl(meth)acrylate, C | -C,
alkylamino-C,-C; alkyl(meth)acrylate, allylamine, viny-
lamine, amino-C,-C, alkyl(meth)acrylamide, C,-C, alky-
lamino-C,-Cy4  alkyl(meth)acrylamide), and combination
thereof; or (4) a copolymer of a carboxyl-containing vinylic
monomer and one or more hydrophilic vinylic monomers,
wherein the carboxyl-containing vinylic monomer is acrylic
acid or C,-C, , alkylacrylic or combination thereof, wherein
said one or more hydrophilic vinylic monomers are free of
carboxyl or amino group and selected from the group con-
sisting of acrylamide (AAm), methacrylamide N,N-dimethy-
lacrylamide  (DMA). N,N-dimethyl methacrylamide
(DMMA), N-vinylpyrrolidene (NVP), N.N.-dimethylamino-
ethylmethacrylate (DMAEM). N.N-dimethylaminoethy-
lacrylate (DMAEA), N,N-dimethylaminopropyl methacryla-
mide (DMAPMAm), N,N-dimethylaminopropylacrylamide
(DMAPAAm), glycerol methacrylate, 3-acryloylamino-1-
propanol, N-hydroxyethyl acrylamide, N-[tris(hydroxym-
ethyl)methyl]-acrylamide, N-methyl-3-methylene-2-pyrroli-
done, 1-ethyl-3-methylene-2-pyrrolidone,  1-methyl-5-
methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-
pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone, 5-ethyl-
3-methylene-2-pyrrolidone, 2-hydroxyethyl(meth)acrylate,
hydroxypropyl(meth)acrylate, C,-C,-alkoxy polyethylene
glycol(meth)acrylate having a weight average molecular
weight of up to 1500 Daltons, N-vinyl formamide, N-vinyl
acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl
acetamide, ally] alcohol, vinyl alcohol (hydrolyzed form of
viny] acetate in the copolymer), and combinations thereof.
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3. The method of claim 1, wherein the precursor polymer is
polyacrylic acid, polymethacrylic acid, poly(C,-C,, alky-
lacrylic acid), poly(acrylic acid-co-methacrylic acid), poly
[C5-C,, alkylacrylic acid-co-(meth)acrylic acid], poly(N,N-
2-acrylamidoglycolic acid), poly[(meth)acrylic acid-co-
acrylamide], poly[(meth)acrylic acid-co-vinylpyrrolidone],
poly[C,-C,, alkylacrylic acid-co-acrylamide], poly[C,-C .,
alkylacrylic acid-co-vinyl pyrrolidone], hydrolyzed poly
[(meth)acrylic acid-co-vinylacetate], hydrolyzed poly[C,-
C,, alkylacrylic acid-co-vinylacetate], or combinations
thereof.

4. The method of claim 1, further comprising a step of
rinsing the ophthalmic lens having the UV-absorbing coating
thereon with a mixture of water and at most 50% by weight of
a second organic solvent, wherein the first organic solvent is
present in an amount of at least 60% by weight in the coating
solution.

3. The method of claim 4, wherein the method comprises a
step of covalently attaching a hydrophilic polymer or poly-
meric material having reactive functional groups onto the
UV-absorbing coating to form a hydrogel coaling, wherein
the hyvdrogel coating is covalently attached onto the UV-
absorbing coating through linkages cach formed between one
carboxylic group of the UV-absorbing coating and one reac-
tive functional group of the hydrophilic polymer or polymeric
material.

6. The method of claim 5, wherein the reactive functional
groups of the hydrophilic polymer and hydrophilic polymeric
malerial are azetidinium groups, epoxy groups, isocyanate
groups, aziridine groups, azlacione groups, amino groups,
carboxyl groups, and combinations thereof.

7. The method of claim 5, wherein the hydrogel coating is
formed by crosslinking a partially-crosslinked polymeric
material onto the UV-absorbing coating, wherein the par-
tially-crosslinked polymeric material is water-soluble and
comprises a three-dimensional network and reactive func-
tional groups selected from the group consisting of azeti-
dinium groups, epoxy groups, isocyanate groups, aziridine
groups, azlactone groups, amino groups, carboxyl groups,
and combinations thereof.
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8. The method of claim 7, wherein the partially-crosslinked
polymeric material comprises (i) from about 20% to about
95% by weight of first polymer chains derived from an
epichlorohydrin-functionalized polyamine or polyamidoam-
ine, (i1) from about 5% to about 80% by weight of hydrophilic
moieties or second polymer chains derived from at least one
hydrophilicity-enhancing agent having at least one reactive
functional group selected from the group consisting of amino
group, carboxyl group, thiol group, and combination thereof,
wherein the hydrophilic moieties or second polymer chains
are covalently attached to the first polymer chains through
one or more covalent linkages each formed between one
azetitdintum group of the epichlorohydrin-functionalized
pelyamine or polyamidoamine and one amino. carboxyl or
thiol group of the hydrophilicity-enhancing agent, and (iii)
azetidinium groups which are parts of the first polymer chains
or pendant or lerminal groups covalently attached to the first
polymer chains.

9. The method of claim 8, wherein the step of covalently
attaching the hydrophilic polymeric material is performed by
autoclaving the confact lens with the UV-absorbing coating
thereon in a packaging solution including the partially-
crosslinked polymeric material in a sealed lens package at a
temperature of from about 118° C. to about 125° C. for
approximately 20-90 minutes.

10. The method of claim 5, wherein the hydrophilic poly-
mer or hydrophilic polymeric material for forming the hydro-
gel coating comprises UV-absorbing moieties.

11. The method of claim 5, wherein the UV-absorbing
coaling further comprises a blue light-absorbing polymer.

12. The method of claim 1, wherein the oplithalmic lens is
a silicone hydrogel contact lens which has a surface wettabil-
ily characterized by having an averaged water contact angle
of about 90 degrees or less.
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13. A method for producing UV-absorbing contact lenses,
comprising the steps of:

obtaining an ophthalmic lens;

dipping the ophthalmic lens in a coating solution, which
comprises a first organic solvent and a UV-absorbing
polymer dissolved in the first organic solvent, for a
period of time sufficient to form a UV-absorbing coating
on the ophthalmic lens, wherein the UV-absorbing poly-
mer comprises UV-absorbing monomeric units and at
least 50% by mole of carboxyl-containing monomeric
units, wherein the first organic solvent is present in an
amount of at least 60% by weight in the coating solution;

rinsing the ophthalmic lens having the UV-absorbing coat-
g thereon with a mixture of water and at most 50% by
weight of a second organic solvent; and

covalently attaching a hydrophilic polymer or polymeric
material having reactive functional groups onto the UV-
absorbing coating to form a hydrogel coating, wherein
the hydrogel coating is covalently attached onto the UV-
absorbing coating through linkages each formed
between one carboxylic group of the UV-absorbing
coating and one reactive functional group of the hydro-
philic polymer or polymeric material.

14. The method of claim 13, wherein each UV-absorbing
monomeric unit comprises a benzotriazole or benzophenone
moiety.

15. The method of claim 14, wherein the UV-absorbing
polymer is obtained by copolymerizing a polymerizable mix-
ture comprising at least one carboxyl-containing vinylic
monomer and at least one UV-absorbing vinylic monomer in
the presence or absence of a vinylic monomer, provided that
the carboxyl-containing vinylic monomer is present in an
amount of at least 50% by mole in the polymerizable com-
position.
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16. The method of claim 15, wherein the UV-absorbing
vinylic monomer 1s selected from the group consisting of
2-(2-hydroxy-5-vinylphenyl)-2H-benzotriazole,  2-(2-hy-
droxy-5-acrylyloxyphenyl)-2[-benzotriazole, 2-(2-hy-
droxy-3-methacrylamido methyl-5-tert octylphenyl) benzot-
riazole, 2-(2'-hydroxy-5-methacrylamidophenyl)-5-
chlorobenzotriazole, 2-(2'-hydroxy-5'-
methacrylamidophenyl)-5-methoxybenzotriazole, 2-(2'-
hydroxy-5"-methacryloxypropyl-3'-t-butyl-phenyl)-5-
chlorobenzotriazo le, 2-(2"-hydroxy-5'-
methacryloxyethylphenyl) benzotriazole, 2-(2'-hydroxy-5'-
methacryloxypropylphenyl) benzotriazole, 2-hydroxy-4-
acryloxy alkoxy benzophenone, 2-hydroxy-4-methacryloxy
alkoxy benzophenone, allyl-2-hydroxybenzophenone, and
2-hydroxy-4-methacryloxy benzophenone, and combina-
t1ons thereol; wherein the carboxyl-containing vinylic mono-
mer is selected [rom the group consisting of acrylic acid,
C,-C,, alkylacrylic acid, N,N-2-acrylamidoglycolic acid,
beta-methyl-acrylic acid (crotonic acid), alpha-phenyl
acrylic acid. beta-acryloxy propionic acid, sorbic acid,
angelic acid, cmnamic acid, 1-carobxy-4-phenyl butadiene-
1,3, itacontc acid, citraconic acid, mesaconic acid, glutaconic
acid, aconitic acid, maleic acid, fumaric acid, tricarboxy eth-
vlene, and combinations thereof.

17. The method of claim 13, wherein the reactive func-
tional groups of the hrydrophilic polymer and hydrophilic
polymeric material are azetidinium groups, epoxy groups,
isocyanate groups, aziridine groups, azlactone groups, amino
groups, carboxyl groups, and combinations thereof.

18. The method of claim 13, wherein the hydrogel coating,
is formed by crosslinking a partially-crosslinked polymeric
material onto the UV-absorbing coating, wherein the par-
tially-crosslinked polymeric material is water-soluble and
comprises a three-dimensional network and reactive func-
tional groups selected from the group consisting of azeti-
dinfum groups, epoxy groups, isocyanate groups, aziridine
groups, azlactone groups, amino groups, carboxyl groups,
and combinations thereof.
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19. The method of claim 18, wherein the partially-
crosslinked polymeric material comprises (1) from about 20%
to about 95% by weight of first polymer chains derived from
an epichlorchydrn-functionalized polyamine or polyami-
doamine, (i1) from about 5% to about 80% by weight of
hydrophilic moieties or second polymer chains derived from
at least one hydrophilicity-enhancing agent having at least
one reactive functional group selected from the group con-
sisting of amino group, carboxyl group, thiol group, and
combination thereof, wherein the hydrophilic moieties or
second polymer chains are covalently attached to the first
polymer chains through one or more covalent linkages each
formed between one azetitdinium group of the epichlorohy-
drin-functionalized polyamine or polyamidoamine and one
amino, carboxyl or thiol group of the hydrophilicity-enhanc-
ing agent, and (111) azetidinium groups which are parts of the
first polymer chains or pendant or terminal groups covalently
attached to the first polymer chains.

20. The method of claim 19, wherein the step of covalently
attaclung the hydrophilic palymeric material 1s performed by
autoclaving the contact lens with the UV-absorbing coating
thereon in a packaging solution including the partially-
crosslinked polymeric material in a sealed lens package at a
temperature ol [rom about 118° C. to about 125° C. lor
approximately 20-90 minutes.
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