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SILICONE POLYMERS COMPRISING SULFORIC ACID GROUPS

Related Applications

This application claims priority to U.S, Patent Application No. 13/734,7735, filed
on January 4, 2013 entitled SILICONE POLYMERS COMPRISING SULFONIC ACID
GROUPS; and U.S. Provisional Patent Application No. 61/587,288, filed on January 17,
2012 entitled SILICONE POLYMERS COMPRISING SULFONIC ACID GROUPS, the

contents of which are incorporated by reference.

Field of the Invention

The present mvention relates to silicone polymers/silicone hydrogels and

ophthalivue devices, such as contact lenses formed therefrom,

Backeround of the Invention

Soft contact lenses can generally be classified nto two groups: conventional
hydrogel contact lenses and silicone hydrogel contact lenses. Conventional hydrogel
lenses are typically formed from hydrophilic polymers and copolymers such as those
containing repeating units from hydroxyethylmethylacrylate ("HEMA”} and methacrylic
acid ("MAA”). Contact lenses formed from copolymers of HEMA and MAA, such as
ACUVUE® 2™ contact lenses, display substantial amounts of lysozyme uptake. See,
e.g., Castillo et al, Biomaterials vo(5), pp338-345 (1985) 1t is believed that the anionic
charge of the MAA drives the high adsorption of the cation, a natural protein that exhibits
anti-bacterial properties. Sce, e.g., Ibrhahim et al., J. Agric Food Chem., v39, pp2077-
2082 (1991). However, one of the biggest drawbacks of conventional hydrogel contact
lenses is that they generally have relatively low oxygen permeability.

Silicone hvdrogel contact fenses offer an advantage over conventional hydrogel
contact lenses in that they improve oxygen permeability, which improves oxygen
availability to the cornea. However, silicone monomers are typically not anionic, and
thus, do not display substantial amounts of lysozyme uptake. Thus, it would be desirable

to add anionic groups to a silicone hydrogel to aid in the adsorption of native lysozyme.
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2-Acrylamido-2-methylpropanc sulfonic acid (“AMPS”} is an anionic monomer
that has been incorporated into conventional hydrogel lenses. See, e.g., US Patent Nos.
5,451,617 and 5,011,275 and US Patent Application No. 2008/0114123. However,

Applicants found that upon attempting to incorporate this anionic monomer into a

(¥4}

silicone hydrogel, the monomer was not very soluble and resulted in a hazy mixture.
The present invention relates to the discovery of a method of incorporating AMPS or
other sulfonic acid-containing components in a silicone polymer/hydrogel, which in turn
can be used to manufacture silicone hydrogel contact lens having anionic properties and
the benefits therefrom,

10

Sammary of the Invention

In one aspect, the present invention relates to a silicone polymer comprising a
suifonic acid component formed from reactive components comprising {1} at least one
silicone component and (i1) at least one sulfonic acid-containing component, wherein the

15 sulfonic acid-containing component is comprised of a nov~-polymerizable, hydrophobic
cation and a polvmerizable sulfonic acid.

In another aspect, the present invention relates to silicone hydrogel formed from
the reaction mixture comprising (1) at least one silicone component and (i) at least one
sulfonic acid-containing component, wherein the salfonic acid-containing component is

20 comprised of a non~-polymerizable hydrophobic cation and a polymerizable sulfonic acid.

In another aspect, the present invention also relates to a biomedical device (e.g., a
contact lens) comprising such silicone polymer and/or such silicone hydrogel.

Other aspects, as well as features and advantages, of the present invention will be

apparent from the detailed description of the invention and from the claims.

25
Detailed Description of the [nvention
It 1s believed that one skilled in the art can, based upon the description herein,
utilize the present invention to its fullest extent. The following specific embodiments can
be construed as merely illastrative, and not limitative of the remainder of the disclosure
30 in any way whatsoever.
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Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commaonly understood by one of ordinary skill in the art to which the
mvention belongs. Also, all publications, patent applications, patents, and other

references mentioned herein arc incorporated by reference,

Definitions

As used herein, a “biomedical device” is any article that is designed to be used
while etther in or on mammalian tissues or fluid. Examples of these devices include, but
are not limited to, catheters, implants, stents, and ophthalmic devices such as intraccular
lenses and contact lenses,

As used herein an “ophthalmic device” is any device which resides in or on the
eve or any part of the eye, including the comea, eyelids and ocular glands. These devices
can provide optical correction, cosmetic enhancement, vision enhancement, therapeutic
benefit (for example as bandages) or dehivery of active components such as
pharmaceutical and nentriceutical components, or a cornbination of any of the foregoing.
Examples of ophthalmic devices include, but are not lonited to, lenses and optical and
ocular inserts, including, but not limited to punctal plugs and the like.

As used herein, the term “lens” refers to ophthalmic devices that reside in or on
the eye. The term lens includes, but is not linuted to soft contact lenses, hard contact
lenses, intraocular lenses, and overlay lenses.

In one embodiment, the biomedical devices, ophthalmic devices and lenses of the
present invention include silicone polymers or silicone hydrogels. These silicone
hydrogels typically contain a silicone component and/or hydrophobic and hydrophilic
monomers that are covalently bound to one another in the cured device.

As used herein “reactive nuxture” refers to the mixture of components (both
reactive and non-reactive) which are mixed together and subjected to polymerization
conditions to form the silicone hydrogels of the present invention. The reactive mixture
comprises reactive components such as monomers, macromers, prepolymers, cross-
finkers, and mitiators, and additives such as wetting agents, release agents, dyes, light
absorbing compounds such as UV absorbers and photochromic compounds, any of which

may be reactive or non-reactive but are capable of being retained within the resulting
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biomedical device, as well as pharmaceutical and neutricentical compounds. 1t will be
appreciated that a wide range of additives may be added based upon the biomedical
device which is made, and its intended use. Concentrations of components of the reactive
mixture are given in weight % of all components in the reaction mixture, excluding

3
1
¥

diluent. When diluents are used their concentrations are given as weight % based upon
the amount of all components in the reaction mixture and the diluent.

As used herein, “polymerizable” means that the compound comprises at least one
polymerizable functional group, such as acrylate, methacrylate, acrylamide,
methacrylamide, vinyl, N-vinyl lactam, N-vinylamide, and styryl functional groups.
“Non-polyrnerizable” means that the compound does not comprises such a polymerizable
functional group.

As used herein, “hydrophilic” means that 1 gm of the compound(s) 1s soluble in
100 mi of deionized water at 20°C, and in some embodiments 10 gm of the compound(s)
is soluble in 100 ml of deionized water at 20°C. “Hydrophobic” means that 1 gram of'the
compound does not fully dissolve in 100 ml of deionized water at 20°C. The solubility of
the compounds can be confirmed by visual observation, with any visible precipitants or
turbidity indicating that the compound is hydrophobic. Solubility is beneficially
measured after at least about 8 hours of mixing or stirring.

As used herein, the term “alloyl” refers to a hyvdrocarbon group of from 1 to 20

carbons, unless otherwise indicated.

Silicone Component

A silicone-containing component {or silicone component) is onc that contains at
least one [ Si--O--8i] group, in a mononer, macromer or prepolymer. In one
embodiment, the St and attached (b arc present in the silicone-containing component in an
amount greater than 20 weight percent, such as greater than 30 weight percent of the total
molecular weight of the silicone-containing component. Uscfisl silicone-containing
components inclade polymerizable functional groups such as acrylate, methacrylate,
acrylamide, methacrylamide, N-vinyl lactam, N-vinylamide, and styryl functional groups.

Exarmples of silicone-containing components which are useful in this invention may be

bl
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found in U.S. Patent Nos. 3,808,178; 4,120,570; 4,136,250, 4,153,641, 4,740,533,
5,034,461; 5,962,54; 5,998,498; and 5,070,215, and European Patent No. 080539,

Suitable silicone-containing components include compounds of Formula |

R rR'l R
i i i
R*m§§ 0—~S§ 0w§;wR1
4 4 1
R R
5 R b

Formula 1
wherein
R is independently selected from monovalent reactive groups, monovalent alkyl
groups, or monovalent arvl groups, any of the foregoimg which may further comprise
i functionality selected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido,
carbamate, carbonate, halogen or combinations thereot; and monovalent siloxane chains
comprising 1-100 S1-0 repeat units which may further comprise functionality selected
from alkyl, hydroxy, amino, oxa, carboxy, atkyl carboxy, alkoxy, amido, carbamate,
halogen or combinations thereof]
i5 where b = ( 1o 500 (such as 0 to 100, such as 0 to 20), where it is understood that
when b is other than {3, b is a distribution having a mode equal to a stated value; and
wherein at least one R comprises a monovalent reactive group, and in some
embodiments from one to three R comprise monovalent reactive groups.
As used herein “monovalent reactive groups” are groups that can undergo free
20 radical and/or cationic polymerization. Non-limiting examples of free radical reactive
groups include {meth}acrylates, styryls, vinyls, vinvl ethers, Oy satkyli{meth)acrvlates,
(methacrylamides, Cisalkyl{meth)acrvlamides, N-vinyllactams, N-vinylamides,
sy palkenyls, Cy paatkenyliphenyls, Oy palkenymaphthyls, Co salkenylphenyiC salkyls,
O-vinylcarbamates and O-vinylearbonates. Non-limiting examples of cationic reactive
25 groups include vinyl ethers or epoxide groups and mixtures thereof, In one embodiment
the free radical reactive groups comprises (methacrylate, acrvloxy, (methacrylanude,

and muxtures thereof
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Suitable monovalent alkyl and aryl groups include unsubstituted monovalent € to
Ciealkyl groups, Cs-Crg aryl groups, such as substituted and unsubstituted methyl, ethyl,
propyl, butyl, 2-hydroxypropyl, propoxypropyl, polyethylencoxypropyl, combinations
thereof and the like.

In one embodiment b is zero, one R’ is a monovalent reactive group, and at least 3
R are sclected from monovalent alkyl groups having one to 16 carbon atoms, and in
another embodiment from monovalent altkyl groups having one to 6 carbon atoms. Non-
limiting cxamples of silicone components of this embodiment include propenoic acid,-2-
methyl-, 2-hydroxy-3-[3-[1,3,3. 3-tctramcthyl- | -[(trimethylsibyDhoxy]-1-

disttoxanvlipropoxylpropyl ester (“SiGMA”; structure in Formoula 1T},

OH O
™~ ://
™
Formula {§

2-hydroxy-3-methacryvloxypropylogypropyi-tris(ttimethylsiloxysilane,
3-methacryloxypropyliris(tnmethyisiloxy)silane ("TRIS™), 3-
methacryloxypropylbis(tnimethyisiloxy ymoethylsilane, and 3-
methacryloxypropylpentamethyl disiloxane,

In another embodiment, b is 2 10 20, 3 t0 15 or in some embodiments 3 to 10; at
least one terminal R' comprises a monovalent reactive group and the remaining R are
selected from monovalent alkyl groups having 1 to 16 carbon atoms, and in another
embodiment from monovalent alkyl groups having 1 to 6 carbon atoms. In yet another
embodiment, b is 3 to 15, one terminal ]’ comprises a monovalent reactive group, the
other terminal R’ comprises a monovalent afkyl group having 1 to 6 carbon atoms and the
remaining R’ comprise monovalent alkyl group having 1 to 3 carbon atoms. Non-

limiting examples of silicone components of this embodiment include 3-methacryloxy-2-

G-



WO 2013/109482 PCT/US2013/021358

hydroxypropyloxy propyl butyl terminated polydimethyisiloxane (400-1000 MW} ("OH-

mPDMS"; structure in Formula ),

/\v/\ég\(; n/gi\:f’”\\/“\(}/\g\g/a\gr

S Formula 111

methacryloxypropyl n-butyl terminated polydimethylsiloxanes (800-1000 MW},

{(“mPDMS”; structure in Formula TV).

cngs o] CHs (E:H CHa
Ho O Coromoe O{CHp )2 3 O <sEss 0> T CyHg
10 CHs CHy " CHs

Formula IV

In another embodiment b is 5 to 400 or from 10 to 300, both terminal R COMprise
monovalent reactive groups and the remaining R’ are independently selected from
i5  monovalent alkyl groups having 1 to 18 carbon atoms which may bave ether linkages
between carbon atoms and may further comprise halogen,
In another embodiment, one to four R' comprises a vinyl carbonate or carbarnate

of Formmia V:

R S
0 H2C=C(CHy)g-0~C—Y

Formula V

wherein: Y denotes O-, S- or NH-; R denotes, hydrogen or methyl; and qis O or |,
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The silicone-containing vinyl carbonate or vinyi carbamate monomers specifically
include: 1,3-bis{4-(vinyloxycarbonyloxyibut-1 -yl jtetramethyl-disiloxane; 3-
(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxy)silane; 3-[tris(trimethylsiloxy)silyl]
propyl allyl carbamate; 3-[tris(trimethylstloxy)silyl] propyl vinyl carbamate;
trimethylsitylethyl vinyl carbonate; trimethylsilylmethyl vinyl carbonate, and the

compound of Formula V1L

CHs CHa CHs

HaC TG OCO{CHg )y 8 O GO e S (CHy ) JOCO G2 Gy

CHg CHa CHs

Formula VI

Where biomedical devices with modulii below about 200 are desired, only one R! shall
comprise a monovalent teactive group and no rore than two of the remaining R' groups
will comprise monovalent siloxane groups.

Another suitable silicone containing macromer is compound of Formila VI (in
which x + v is a number in the range of 10 to 30) formed by the reaction of fluorcether,
hydroxy-terminated polydimethylisiloxane, isophorone diisocyanate and

isocyanatocthylmethacrylate.

¢ 8]

o o _ =0

% N e N T N NH’}L-- //
G

125

Formula Vi
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In another embodiment the silicone containing component is selected from
acrylamide silicones of US20110237766. Other silicone components suitable for use in
this mvention include those described is WO 96/31792 such as macromers containing

polysitoxane, polyalkvienc cther, diisocyanate, polythuorinated hydrocarbon,

(¥4}

polyfluorinated cther and polysaccharide groups. Another class of suitable silicone-

containing components includes silicone containing macromers made via GTP, such as

those disclosed i ULS. Pat Nos, 5,314,960, 5,331,067, 5,244,981, 5,371,147 and

6,367,929, U.5. Pat. Nos. 5,321,108; 5,387,662 and 5,539,016 describe polysiloxanes

with a polar fluorinated graft or side group having a hydrogen atom attached to a terminal

i0  diffuoro~substitated carbon atom, US 2002/6016383 describe hydrophilic siloxanyl
methacrylates containing ether and siloxanyl linkages and crosshinkable monomers
containing polyether and polysiloxanyl groups. Any of the foregoing polysiloxanes can
also be used as the silicone-containing cornponent in this invention.

In one embodiment of the present invention where a modulus of less than about

15 120 psiis desived, the majority of the mass fraction of the silicone-containing
componenis used in the lens formulation should contain only one polyvmerizable
functional group ("monofunctional silicone containing component”). In this
embodiment, to insure the desived balance of oxygen transmissibility and modulhus it is
preferred that all componeuts having more than one polymerizable functional group

20 ("muitfunctional components”) make up no more than 10 mmol/ 100 g of the reactive
components, and preferably no more than 7 mmol/100 g of the reactive components.

In one embodiment, the silicone component is selected from the group consisting
of monomethacryloxypropyl! terminated, mono-n-alkyl terminated polydialkyisiloxane;
bis-3-acryloxy-2-hydroxypropyioxypropyl polydialkylsiloxane; methacryloxypropyl-

25  ternunated polydialkylsiloxane; mono-(3-methacryloxy-2-hydroxypropyloxy jpropyl

terminated, mono-alkyl terminated polvdialkylsiloxane; and mixtures thereof
In one embodiment, the silicone component 1s selected from monomethacrylate
terminated polydimethylsiloxanes; bis-3-acryloxy-2-hydroxypropvloxypropyvl

polydialkylsiloxane; and mono-(3-methacryloxy-2-hydroxypropvloxyypropyl terminated,

(PN
=

mono-butyl terminated polydialkyisiloxane; and mixtures thereof.
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In one embodiment, the silicone component has an average molecular weight of
from about 400 to about 4000 daltons.
The silicone containing component(s) may be present in amounts up to about 95

weight %, and in some embodiments from about [0 and about 8O and in other

(¥4}

embodiments from about 20 and about 70 weight %, based upon all reactive components

of the reactive mixture {¢.g., excluding diluents).

Sulfonic Acid-Containing Component

The reactive mixture contains at least one sulfonic acid-containing component,

i0  wheren said sulfonic acid-containing component is comprised of a non~-polymerizable
hydrophobic cation and a polymerizable sulfonic acid. Ton one embodiment, the acid s
added to the reactive mixture as a salt of a hydrophobic cation. Liguid salts nix readily
with the reactive muxture. Solid salts, such as those comprising hydrophobic amines may
also be used, so long as they are nuscible in the reaction mixiure,

i5 The polymerizable sulfonic acid and the non-polymerizable hyvdrophobic cation
may also be added separately to the reactive mixture, and the salt i1s formed in sire within
the reactive mixture, Examples of polymerizable sulfonic acids include, but are not
fumited to, 2-acrylamido-2-methylpropane sulfonic acid (“AMPS”; structure in Formmla
VI, p-styrengsulfonic acid, Z-methacrylovioxyethyisutfonic acid ("2-SEMA™}, 3-

20 methacrylovioxy-2-hydroxypropyisulfonic acid, vinyisulfonic acid, and allylsulfonic

acid.

O

Q.0
Xy >~OH
Formula VI
Incorporating a hydrophobic cation of the present invention decreases the
solubility of the polymerizable sulfonic acid, such that the salts may be incorporated into
polymerization mixtures which comprise silicone-containing components and

polymerized to form polymers which are clear. The sulfonic acid-containing components

~10~
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of the present invention are hydrophobic. Examples of non-polymerizable, hyvdrophobic
cations include amines and ammoniums. Examples of such amines include, but are not
limited to, alkyl amines, siloxy alkyl amines, and arvl alkyl amine. Examples of alkyl
amines include, but are not hmited to, amunes comprising 1-3 alkyl groups cach
independently comprising 1-18 alkyl groups, 1-5 alkyl groups, any of which may further
comprise cther groups. Exarples include octadecyldimethylamine, tributylamine,
trioctylamine, tris{methoxy ethoxyethyl) amine tripentylamine and tricthylamine, The
alkyl amine may also be tripentylamine and tricthylamine. Examples of such ammoniums
include, but are not limited to, alkyl ammoniums, suoxy alkyl ammoniums, and arvl alkyl
ammoniums, Exaroples of alkyl ammonioms inchide those comprising 1-3 alkyl groups
each independently comprising 1-18 alky! groups, 1-5 alkyl groups, any of which may
further comprise ether groups.

In one embodiment, following the manufacture of the silicone polymer and/or
hydrogel, the non-polymerizable hydrophobic cation can be removed from the sulfonic
acid~containing component via an ion exchange with a simaple cation sach as monovalent
sodinm, leaving an anionie sulfonic acid-containing coraponent within the silicone
polymer and/or hydrogel.

As discussed below in the Examples, the addition of the sulfonic acid-containing
component was found to improve the lysozyme uptake and other properties of the
resulting siticone polymer, silicone hydrogel, and/or biomedical device {e.g., contact
lens).

The sulfonic acid-containing component {¢.g., in the form of a salt with a non-
polymerizable hydrophobic cation within the reactive mixture or in the form of an
anionic suifonic acid-containing component within the polymer/hydrogel) may be present
in a wide range of amounts, depending upon the specific balance of properties desired.
For example, the molar ratio of polymerizable sulfonic acid to the hydrophobic cation
may be no more than about 1, such as from about 0.2 to about 1, or more preferably from
about 0.8 to about 1, or most preferably about 1. The sulfonate group of the sulfonic
acid-containing component may be present in a concentration of all components
excluding diluent of tess than 2 mol/kg, such as from about .01 to about 0.2 mol/kg of

the polymer, hydrogel (not including water), or reactive mixiure (not including diluentis).

~11~
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In one embodiment, the concentration of (i} the at least one silicone component and (i}
the sulfonic acid-containing component is less than about 100 mol/kg, such as about 1 to

about 50 mo¥/kg, such as from about 1 to about 10 mol/kg.

(¥4}

Hydrophilic Component

In onc embodiment, the reactive mixture may also contain at least one hydrophilic
component. In one embodiment, the hydrophilic components can be any of the
hydrophilic monomers known to be useful to make hydrogels.

One class of suitable hydrophilic monomers inclades acrylic- or vinyl-containing

i0  monomers, Such hydrophilic monomers may themselves be used as crosshinking agents,
however, where hydrophitic monomers having more than one polymerizable functional
group are used, their concentration should be himited as discussed above to provide a
contact lens having the desired modulus,

The term "vinyl-type" or "vinyl-containing” monomers refer to monomers

15  containing the vinyl grouping (-CH=CH,) and that are capable of polymenizing.
Examples of hydrophilic vinyi-containing monomers include, but are not himited to,
monomers such as N-vinyl amides, N-vinyl lactams (¢.g. n-vinylpyrrolidone ("NVP”}),
N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, and N-vinybN-ethyl
formamide, N-vinyl formamde. Alternative vinyl-containing monomers include, but are

20 not limited to, 1-methyl-3-methylene-2-pyrrolidone, 1-methyl-5-methylene-2-
pyrrotidone, and S-methyvl-3-methviene-2-pyrrolidone.

"Acrvlic-type" or "acrylic-containing" monomers are those monomers containing
the acrylic group: (CH,=CRCOX) whercin R is H or CH;, and X 1s O or N, which are
also known to polymerize readily, such as N N-dimethyl acrylamide (“DMA”}, 2-

25  hydroxyethyl methacrylate ("HEMA™), glycerol methacrvlate, 2-hydroxyethyl
methacrylamide, polyethyleneglyeol monomethacrvlate, methacrylic acid, mixtures
thereof and the like.

Gther hydrophilic monomers that can be employed in the invention include, but

are not himited to, polyoxyethylene polyols having one or more of the terminal hydroxyl

(PN
=

groups replaced with a functional group containing a polymerizable double bond.

Examples include polyethylene glycol, cthoxylated alkyl glucoside, and cthoxylated

~12~
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bisphenol A reacted with one or more molar equivalents of an end-capping group such as
isccyanatocthy! methacrviate ("IEM"), methacrylic anhydride, methacryloyl chloride,
vinvibenzoyl chloride, or the like, to produce a polyethyvlene polyol having one or more
termunal polymerizable olefinic groups bonded to the polyethylene polyol through linking
moictics such as carbamate or cster groups.

Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in U.S. Patents No. 5,070,215 and the hydrophilic oxazolone
monomers disclosed m U.S, Patents No. 4,910,277, Other suitable hydrophilic
monomers will be apparent to one skilled in the art.

In one embodiment the hydrophilic component comprises at least one hydrophilic
monomer such as DMA, HEMA, glycerol methacrylate, 2-hydroxyethyl methacrylamide,
NVP, N-vinyl-N~-methyl acrylamide, polyethyleneglycol monomethacrylate, and
combinations thereof. In another embodiment, the hydrophilic monomers comprise at
least one of DMA, HEMA, NVP and N-vinyi-N-methyl acrylamude and mixtores thereof.
In another embodiment, the hyvdrophilic monomer comprises DMA and/or HEMA.

The hydrophilic component(s) {¢.g., hydrophilic monomer{s)} may be present in a
wide range of amounts, depending upon the specific balance of properties desired. Inone
embodiment, the amount of the hydrophilic component is np to about 60 weight %, snch

as from about 5 and about 40 weight % based upon all reactive components,

Polvmerization Initiator

One or more polymerization inifiators may be included in the reaction mixture.
Examples of polymerization initiators include, but are not limited to, compounds such as
lauryl peroxide, benzoyl peroxide, isopropyl percarbonate, azobisisobutyronitrile, and the
like, that generate free radicals at moderately clevated temperatures, and photoinitiator
systems such as aromatic alpha-hydroxy ketones, alkoxyoxybenzoins, acetophenones,
acylphosphine oxides, bisacylphosphine oxides, and a tertiary amine plus a diketone,
mixtures thereot and the like. lHustrative examples of photoinitiators are -
hydroxyeyclohexyl phenyl ketone, 2-hydroxy-Z-methyl-1-phenyi-propan-1-one, bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPQO), bis(2,4.6-
trimethylbenzoyl)-phenyl phosphincoxide (Irgacure 819}, 2.4,6-trimethyibenzyldiphenyl
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phosphine oxide and 2,4, 6-trimethylbenzoyt diphenylphosphine oxide, benzoin methyl
ester and a combination of camphorguinone and ethyl 4-(N, N-dimethylamino}benzoate.
Commercially available visible light mitiator systems include, but are not limited to,
Irgacure 819®, Irgacure 1700®, Irgacure 1800®, Irgacure 1850® (all from Ciba
Specialty Chemicals) and Lucirin TPO initiator (available from BASF). Commercially
available UV photoinitiators include Darocur 1173 and Darocur 2959 (Ciba Specialty
Chemicals). These and other photoinitators which may be used are disclosed in Volume
111, Photoinitiators for Free Radical Cationic & Anionic Photopolymerization, 2™ Bdition
by LV. Crivello& K. Dictliker; edited by G. Bradley; John Wiley and Sons; New York;
1998,

The polymerization inttiator is used in the reaction nuxtare in effective amounts
to initiate photopolymerization of the reaction muxture, such as from about 0.1 fo about 2
weight %, Polymerization of the reaction mixture can be mitiated using the appropriate
chotee of heat or visible or ultraviolet light or other means depending on the
polymenization mitiator used. Alternatively, initiation can be conducted without a
photoinitiator using, for example, e-beam. However, when a photoinitiator is used, the
preferred initiators are bisacylphosphine oxides, suach as bis{2,4,6-trimethylbenzovl)-
phenyl phosphine oxide (Irgacure 819®} or a combination of I-hydroxycyclohexyl
phenyl ketone and DMBAPQ, and in another embodiment the method of polymerization

inttiation is via visible light activation.

Internal Wetting Agent

In one embodiment, the reaction mixture inchudes onc or more internal wetting
agents. Internal wetting agents may include, but are not limited to, high molecular
weight, hydrophilic polymers such as those described in US Patent Nos. 6,367,929
6,822,016; 7,786,185, PCT Patent Application Nos. W0O03/22321 and WO03/22322, or
reactive, hydrophilic polymers such as those described in US Patent No. 7,249,848,
Examples of internal wetting agents include, but are not limited to, polyamides such as
poly(N-vinyl pyrrolidone) and poly (N-vinyi-N-methyl acetamide).

The internal wetting agent(s) may be present in a wide range of amounts,

depending upon the specific parameter desired. In one embodiment, the amount of the

~14~
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wetting agent(s} is up to about 50 weight %, such as from about 5 and about 40 weight %,

such as from about 6 to about 30 weight % based upon all reactive components.

Other Components

Gther components that can be present in the reaction mixture used to form the
contact lenses of this invention include, but arc not imited to, compatibilizing
components {such as those disclosed in US Patent Application Nos. 2003/162862 and
2003/125498), ultra-viclet absorbing compounds, medicinal agents, antimicrobial
compounds, copolymerizable and nonpolymerizable dyes, releasc agents, reactive tints,
pigments, corabinations thercot and the like. In one embodiment, the sum of additional

components may be up to about 20 wi%.

Diluents

In one embodiment, the reactive components {(e.g., silicone confaining
component, 2-hydroxyethyl acrylamide, hydrophilic monomers, wetting agents, and/or
other components) are mixed together either with or without a diluent to form the
reaction mixfure.

In one embodiment a diluent 1s nsed baving a polarity sufficiently low to
solubilize the non-polar components in the reactive mixture at reaction conditions. One
way to characterize the polarity of the dilueunts of the present invention is via the Hansen
solubility parameter, 6p. In certain embodiments, the 6p is less than about 10, and
preferably less than about 6. Suitable diluents are further disclosed mn US Patent
Application No, 20100280146 and US Patent No. 6,020,445,

Classes of suitable diluents include, without himitation, alcohols baving 2 to 20
carbons, amides having 10 to 20 carbon atoms derived from pritoary amines, ethers,
polyethers, ketones having 3 to 10 carbon atoms, and carboxylic acids having § to 20
carbon atoms. As the number of carbons increase, the number of polar moieties may also
be increased to provide the desired level of water miscibility. In some embodiments,
primary and tertiary alcohols are preferred. Preferred classes include alcohols having 4 to

26 carbons and carboxylic acids having 10 to 20 carbon atoms.
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In one embodiment, the diluents are selected from 1,2-octanediol, t-amy! alcchol,
3-methyvi-3-pentancl, decanoic acid, 3,7-dimethyl-3-octanol, 2-methyl-2-pentanol, 2-
cthyl-1-butanol, 3,3-dimethyl-2-butanol, tripropylene methyl ether (TPME), butoxy cthyl
acetate, mixtures thercof and the like,

In one embodiment, the diluents are selected from those that have some degree of
solubility in water. In some cmbodiments at least about three percent of the diluent 15
miscible water. Examples of water soluble diluents include, but are not himited to, 1-
octanol, I-pentanol, {-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentanol, 2-pentanol, t-
amyl alcohol, fert-butanol, 2-butanol, -butanol, ethanol, decanoic acid, octanoic acid,
dodecanoic acid, 1~-ethoxy-2- propanol, T-tert-butoxy-2-propanol, EH-5 (conunercially
available from Ethox Chemucals), 2,3,6,7-tetrahydroxy-2,3,6,7-tetramethyl octane, 9-(1-
methylethyl)-2,5,8,10,13,16-hexaoxaheptadecane, 3,5,7,9,1 1,13-hexamethoxy-1-

ietradecanol, mixtores thereof and the like.

Curing of Silicone Polvmer/Hyvdrogel and Manufacture of Lens

The reactive mixture of the present invention may be cured via any known
process for molding the reaction mixture in the production of contact lenses, inchiding
spincasting and static casting. Spincasting methods are disclosed in U.S. Patents
Nos. 3,408,429 and 3,660,545, and static casting methods are disclosed in U.S. Patents
Mos. 4,113,224 and 4,197,266, In one embodiment, the contact lenses of this invention
are formed by the direct molding of the silicone hydrogels, which is economical, and
enables precise control over the final shape of the hydrated fens. For this method, the
reaction mixture is placed in a mold having the shape of the final desired silicone
hydrogei and the reaction mixture is subjected to conditions whereby the monomers
polymerize, to thereby produce a polymer in the approximate shape of the final desired
product.

In one embodiment, after curing, the lens is subjected to extraction to remove
unreacted components and release the lens from the lens mold. The extraction may be
done using conventional extraction fluids, such organic solvents, such as alcohols or may

be extracted using aqucous solutions,

~16~
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Agueous sohutions are solutions which comprise water. In one embodiment the
aqueous solutions of the present invention comprise at least about 30 weight % water, in
some embodimnents at least about 50 weight % water, in some ecmbodiments at least about

70% water and in others at least about 90 weight®s water. Agueous solutions may also

(¥4}

include additional water soluble components such as release agents, wetting agents, slip

agents, pharmaceutical and nutraceutical components, combinations thereof and the like.

Releasc agents are compounds or mixtures of compounds which, when combined with

water, decrease the time required to release a contact lens from a mold, as compared to

the time required to release such a lens using an agueous solution that does not comprise

i0  the release agent. In one embodiment the agueous solutions comprise less than about 10
weight %, and 1o others less than about 5 weight % organic solvents such as isopropyl
alcohol, and in another embodiment are free from organic solvents. In these
embodiments the aqueous solutions do not require special handling, such as purification,
recycling or special disposal procedures.

15 In various embodiments, exiraction can be accomplished, for example, via
mmmersion of the lens in an agueous solation or exposing the lens to a flow of an agoeous
sofution. In various embodiments, extraction can also inchude, for example, one or more
of: heating the aqueous solution; stirring the aqueous solution; increasing the level of
release aid in the agueous solution to a level sufficient to cause release of the lens;

20 mechanical or ultrasonic agitation of the lens; and mcorporating at least one leach aid in
the aqueous selution to a level sufficient to facilitate adequate removal of unreacted
components from the lens. The foregoing may be conducted in batch or continuous
processes, with or without the addition of heat, agitation or both

Seme embodiments can alse include the application of physical agitation to

25  facilitate leach and release. For example, the lens mold part to which a lens is adhered,

can be vibrated or caused to move back and forth within an aqueous solution. Other

embodiments may inchide ultrasonic waves through the aqueous solution.
The lenses may be sterilized by known means such as, but not limited to

autoclaving.

(PN
=

Contact Lens Properties
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It will be appreciated that all of the tests specified hercin have a certain amount of
inherent test error. Accordingly, results reported herein are not to be taken as absolute

numbers, but numerical ranges based upon the precision of the particular test.

Uptake of Lysozyme

Lysozyme uptake was measured as follows: The lysozyme solution used for the
lvsozyme uptake testing contained lysozyme from chicken egg white (Sigma, L7651)
solubilized at a concentration of 2 mg/ml in phosphate saline butter supplemented by
Sodium bicarbonate at 1,37g/1 and D-Glucose at 0.1 g/L

Three lenses for cach example were tested using cach protein solution, and three
were tested using PBS as a control solution. The test lenses were blotied on sterile gauze
to remove packing solution and aseptically transferred, using sterile forceps, into sterile,
24 well cell culture plates {one lens per well) each well containing 2 ml of lysozyme
solution, Each lens was fully immersed in the solution. 2 md of the lysozyme solution
was placed 0 a well without a contact lens as a control.

The plates containing the lenses and the control plates containing only protein
solution and the lenses in the PBS, were parafilimed to prevent evaporation and
dehvdration, placed onto an orbital shaker and incubated at 35°C, with agitation at 100
rpm for 72 hours. After the 72 hour incubation period the lenses were rinsed 3 to 5 times
by dipping lenses into three (3) separate vials containing approximately 200 mi volume
of PBS. The lenses were blotted on a paper towel (o remove excess PBS solution and
transferred into sterile conical tubes (1 lens per tube}, cach tube containing a volume of
PBS determined based upon an estimate of lysozyme uptake expected based upon on
cach lens composition. The lysezyme concentration in cach tube to be tested needs to be
within the albumin standards range as described by the manufacturer (0.05 microgram to
30 micrograms). Samples were diluted 5 times.

Lysozyme uptake was determined using on-lens bicinchoninic acid method
using QP-BCA kit { Sigma, QP-BCA) following the procedure described by the

3 3
¥ ¥

manufacturer (the standards prep is described in the kit) and is calculated by subtracting
the optical density measured on PBS soaked lenses { background) from the optical

density determined on lenses soaked in lysozyme solution.
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Optical density was measured using a Synergy I Micro-plate reader capable for

reading optical density at 562nm.

Polyguaternary 1 (PQ1) Uptake

PO uptake was measured as follows: PQ1 uptake was measured as follows. The
HPLC is calibrated using a series of standard PQ1 sohutions prepared having the
following concentrations: 2, 4, 6, 8,12 and 15 ug/mb. Lenses were placed into
polypropylene contact lens case with 3 mL of Optifree Replenish (which contains 0.001
wt% PQ1L, 0.56% citrate dihydrate and 0.021 % citric acid monohydrate (wt/wt}). and is
commercially available from Alcon). A countrol lens case, containing 3 mL of solution,
but no contact lens was also prepared. The fenses and control solutions were allowed to
sit at room ternperature for 24 hours, 1 ml of solation was removed from cach of the
samples and controls and mixed with trifluorcacetic acid (10 pL). The analysis was
conducted using HPLC/ELSD and a Phenomenex Luna C4 (4.6 mm x 5 mn; 5 um

particle size} column and the following conditions

Instrument; Asgilent 1260 HPLC or equivalent with Sedere Sedex 85 ELSD

Sedex 85 ELSD: T = 60°C, Gain = 10, Pressure = 3.4 bar, Filter= 15
Mobile Phase A: HoU (0.1% TFA)

Mobile Phase B: Acetonitrile (0.1% TFA)

Columm Temperature; 40 °C

Injection Volume: 100 ul

HPLC Conditions

Time (minutes) | %A | %B | Flow Rate {ml./min}
0.00 1007 O 1.2
1.60 001 ¢ 1.2
5.00 0 {100 1.2
8.5( g 1100 1.2
8.60 1007 O 1.2
12.00 001 ¢ 1.2

Three lenses were ron for cach analysis, and the results were averaged. PQI uptake is
reported as the percentage loss of PQ1 after soak with lens compared to the PQ1 present

in the control without lens,
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Water Content

Water content is measured as follows. The lenses to be tested are allowed to sitin
packing solution for 24 hours. Each of three test lens are removed from packing solution
using a sponge tipped swab and placed on blotting wipes which have been dampened
with packing solution. Both sides of the lens are contacted with the wipe, Using
tweezers, the test lens are placed in a weighing pan and weighed. The two more scts of
samples are prepared and weighed as above. The pan and lenses are weighed three times
and the average is the wet weight.

The dry weight is measured by placing the sample pans i a vacoum oven

which has been preheated to 60°C for 30 minutes. Vacuum s applied until at least 0.4
inches Hg is attained. The vacuum valve and pump are turned off and the lenses are
dricd for four hours, The purge valve is opened and the oven 15 allowed reach
atmospheric pressure. The pans are removed and weighed, The water content is

calculated as follows:

Wet weight = combined wet weight of pan and lenses — weight of weighing pan

Dry weight = combined dry weight of pan and lens — weight of weighing pan

Y% water content = (wet weight — dry weight) x 100
wet weight

The average and standard deviation of the water content are caleulated for the samples
are reported. In one embodiment, the % water content is from about 20 to 70%, such as

from about 30 10 65%

Examples

These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as well as
other specialtics may find other methods of practicing the invention. The following

abbreviations are used in the examples below:
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AMPS
AMPS SALT

Blue HEMA

CGIL 403
230

DMA
HEMA
Irgacure 819
frgacure 184

mPIDMS 1000
Norbloe

OH-mPDMS

PVP
2-SEMA
SIGMA

TEGDMA

PCT/US2013/021358

2-Acrylamido-2-methylpropane sulfonic acid
Tripentylammonium salt of 2-Acrylamido-2-methyipropane
sulfonic acid as described below in Example |

the reaction product of Reactive Blue 4 and HEMA, as described
in Example 4 of U.S. Pat. No. 5,944,853
his(2,6-dimethoxybenzoyi (2,4, 4-trimethylpentylphosphine oxide
3,7-dimethyl-3-octanol

N.N-dimethylacrylamide

2-hydroxyethyl methacrylate
bis{2,4,6-trimethylbenzoyl)-phenyiphosphineoxide
I-hydroxyovclohexyl-phenylketone

monomethacryloxypropyl terminated mono-n-buty! terminated
polvdimethyisiloxane (Mn = 800 to 1000g/mol)
2-(2’-hydroxy-5-methacrylyloxyethyiphenyl-2H-benzotriazole
a-(2-hydroxy-1-methacryloxypropyloxypropyl)-o-butyl-
octamethylpentasiloxane, (MW 612g/mol), prepared as in Example
g of USZ0100249356 Al

poly{N-vinyl pyrrolidone) (K vahies noted)
Z-methacrvloyloxyethyisulfonic acid

2 propenoic acid, 2-methyl-2 bydroxy-3-[3-[1,3,3,3-tetramethyl-1-
{(trimethylsilyboxyidisiloxanyl|propoxyipropyl ester

tetracthyleneglyeol dimethacrylate

Example 1: Synthesis of Tripentylamine Salt of AMPS

To a stirred solution of 2.2

I
7
i

g of tripentylamine and 50 ml of ethyl acetate, 2.07 g

of AMPS was added and allowed to contimue to stir for 3 hrs. The cthyl acetate was

removed on a rotary evaporator to vield a slight yellow lguid. This Hguid was then

washed with hexane in a separation funnel. The residual hexane was removed on a rotary

21~
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evaporator viclding the tripentylammonium salt as a slight yeliow ionic hiquid (“"AMPS
Salt”).
The resulting ionic liquid appeared to remain stable for several days, but became

~

visually more viscous after several weeks of storage at 5°C

Example 2: Manufacture of Silicone Hvdrosel Formulations with AMPS Salt

The AMPS Salt prepared in Example 1 was used to prepare the formulation
blends in Table 1. For cach blend, sll components were added and mixed on a jar roller

until everything had dissolved. Both blends were clear.

Table 1: Blend Formulations

Blend 1 | Blend 2
Compenent wit%s wit%o
OH-mPDMS 26.01 26.01
mPDMS 1000 28.01 28.01
DMA 21.00 21.00
PVEP K-90 7.00 7.00
HEMA 6.50 65.50
TEGDMA 1.50 1.50
AMPS SALT* 7.50 7.50
Norbloc 2.00 2.00
Irgacure 819 (.48 {1.48
Decanoic acid (diluenty**  9.20 0
t-amyl alcohol . 0
(diluent)** 13.86
D30 (diluent)** ¢ 23
AI\/EPZS Cf)l}fc:ﬂtf;}tioﬂ 618 0.18
(mol/kg)y***

Note: The tripentylamine portion of the AMPS Salt was washed out of the
polymer daring hydration but is not calculated as part of the diluent in
these blends.

o Amounts of diluents are shown as weight percent of combination of all
components. Amounts of other components are shown as weight percent
of reactive components, excluding diluents.

AMPS concentration is reported as moles of AMPS monomer per
kilogram of reactive monomer mix, excluding diluents. For this

22
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calculation, the tripentylamine portion of the AMPS salt was included as
part of the diluent.

Both Blend 1 and Blend 2 have an AMPS concentration {cxcluding diluents and the

tripentylamine portion) of 3 mol/kg and a ratio of silicone components to AMPS of 3:1.

Example 3 Manufacture of Silicone Hvdrogel Formulations with AMPS without Nog-

nolvmerizable Hvdrophobic Amine

A blend was prepared as shown below in Table 2. The acid form of AMPS was
first dissolved m the hydrophilic monomers (DMA, HEMA and TEGDMA) by mixing
overnight on a jar roller. The rest of the components were then added and ruixed on a jar
roller.  After 6 days of mixing on the jar roller, blend 3 remained hazy and contamed
tumps of phase separated material. These results demonstrate the need to use AMPS as a
salt with a non-polymerizable hydrophobic amine when manufacturing 4 silicone

polymer/hydrogel.
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Table 2: Blend Formulations

Blend 3
Component wi%
DMA 23.75
Bilue HEMA 0.00
HEMA 6.00
TEGDMA 1.5¢
SIGMA 27.86
mPDMS 1000 30.81
Norbloc 2.00
CGL403 (.24
Irgacure 184 0.24
PVP K90 7.00
AMPS 0.60
D30 {diluent)® 23.00
AMPS Concentration {mol/kg) 0,03

PCT/US2013/021358

Amounts of diluents are shown as weight percent of combination
of all components. Amounts of other components are shown as
weight percent of reactive components, exchiding diluents.

Example 4: Manufaciure of Silicone Hvdrosel Formudations with AMPS Salt Formed in

sty in the Reactive Mixiure

A series of blends were prepared as shown below in Tabl

c .

The AMPS and

tripentylamine were first dissolved in hydrophilic monomers (BMA and HEMA ) by

mixing on a jar roller. The rest of the components were then added and mixed on a jar

roller overnight.  All blends were clear blue and without phase separation.

4~
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Table 3: Blend Formulations

Blend | Blend | Blend | Blend | Blend | Blend | Blend
4 5 6 7 8 3 i
Component wi% | wit% wi% | wt%h | wi% | witY | wi%
DMA 24.006 | 23.85 | 23.75 | 23.55 | 23.20 | 22.59 | 2240
Blue HEMA 0.02 0.02 (.02 0.02 | 0.02 0.02 0.02
HEMA 6.00 6.00 6.00 6.00 | 600 | 6.00 6.00
TEGDMA £.50 1.50 £.50 1.50 1.50 £.50 1.50
SIGMA 28.00 795 1 27.85 | 2775 | 27.50 1 27.50 | 27.00
mPDMS 10060 | 3100 1 3090 3080 | 30.50 | 30.50 | 30.50 | 30.00
Norbloc 2.060 2.00 2.00 200 | 2.00 | 2.00 2.00
CGL403 (.24 0.24 (.24 0.24 | 024 | 024 0.24
frpacure 184 ¢.24 0.24 (.24 0.24 | 024 | 0.24 (.24
PVP KO0 7.00 7.00 7.00 7.00 | 7.00 | 7.00 7.00
AMPS (.60 0.30 (.60 1.20 1.8G | 2.41 3.60
D30 (diluenty* | 23.00 | 22.74 | 2249 | 2198 | 2147 | 2096 | 19.95
Impentylamine | 00 | 26 | 051 | 102 | 153 | 199 | 3.05
(diluent)*
AMPS 0.00 | D01 | 003 | 006 | 009 | 012 | 017
{mol/kg)y**
* Amounts of diluents are shown as weight percent of combination of all
componcents, Amounts of other components are shown as weight percent of
reactive components, excluding diluents.

Amount of AMPS is shown as the number of moles per kg of formulation,
excluding diluent

Example 5 Manufacture of Silicone Hvdrogel Formulations with 2-SEMA Salt formed

i sitz in the Reactive Mixture

A series of blends were prepared as shown below in Table 4. The 2-5EMA and
tripentylamine were first dissolved in hydrophilic monomers (DMA and HEMA) by
mixing on a jar roller. The rest of the components were then added and nmuxed on a jar

roller overnight. Al blends were clear blue and without phase separation,
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Table 4: Blend Formulations
Blend | Blend | Blend | Blend | Blend | Blend
11 12 i3 14 i5 16
Ceomponent wi% | owit% | wit% | wi% | wi% wi%e
DMA 2388 | 2375 1 23.67 | 2310 1 2264 | 22.61
Blue HEMA 0.02 $.02 0.02 .02 (.02 0.02
HEMA 6.00 6.00 6.00 6.00 6.00 6.00
TEGDMA 1.50 1.50 1.5G 1.50 1.50 1.50
SIGMA 2703 1 2787 1 27.60 1 27.60 | 2755 | 27.00
mPDMS 1000 30.91 1 30.81 | 30,60 | 3060 | 3050 | 30.00
Norbloc 2.00 2.00 2.00 2.00 2.066 2.00
CGL403 0.24 (.24 (.24 0.24 (.24 .24
Irgacure 184 0.24 (.24 (.24 0.24 (.24 0.24
PVP K30 7.00 7.060 7.00 7.00 7.00 7.00
2-8EMA 0.28 .57 i3 1.70 2.26 3.39
D30 (diluenty* | 2274 | 2249 | 21.98 | 2147 | 2096 19.95
Tripentylamiine | o5 1 051 | 102 | 153 | 199 | 308
{diluent)*®
2-SEMA 0.01 | 003 | 006 | 009 | 012 | 018
(mol/kg)y**
£

Lk

Amovunts of diluents are shown as weight percent of combination of all

components. Amounts of other components are shown as weight percent of
reactive components, excinding diluents.
Amount of AMPS is shown as the number of moles per kg of formulation,

exchiding diluent

Example 6: Manufacture of Hydrogel Contact Lens

Blends 1, 2 and 4-16 were placed in a glass vials with caps removed and placed

under vacuum for 15 mimtes to romove oxygen. Plastic contact lens molds were fitled

with one of the blends in the nitrogen-filled glove box. Formulations were cured in the

nitrogen-filled glove box for 15 minutes at 60°C and 1.5 mW/em2 using Philips TLO3

20W fluorescent buibs. The lenses were Ieached as follows: first, in a 70%

isopropancl:30% D water for 2 hours; then in 0.025M Sodium Carbonate for 3 hours (to

deprotonate the tripentylamine and exchange for sodium cation); then 70%

isopropancl:30% D water forl2 hours (to remove tripentylamine); and lastly 48 hours in

26
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DI water. Lenses were then placed in lens vials with borate buffered packing solution

and sterilized in a autoclave using a 30 minute cycle.

Example 7. Mechanical Property Testing

5 The resulting lenses of Example 6 were submitted for Water Content, PO
Uptake, and/or Lysozyme testing to deternine the effect of the addition of various
percent amounts of AMPS on such lens properties.  The resulis are depicted in Tables 7
and 8 ("NT” indicates that the lens was not tested and “N/A” indicates the item is not
applicable).
ig Table 5: Various Lens Properties
Blend | Blend | Blend | Blend | Blend | Blend | Blend | Blend
i 2z 4 ) & 7 8 8
fonic Monomer AMPS | AMPS | N/A { AMPS | AMPS | AMPS | AMPS | AMPS
{onic Monomer
Concentration (.18¥ (.18¥ N/A 0.01 0.03 (.06 (.09 .12
{mol/kg)*
Water content (%) | 548 537 39.7 NT NT 45,7 NT 511
P11 Uptake (%) NT NT -1 4 6 -4 i3 80
Lysozyme (ng 163 | 172 5 102 | 180 | 170 | 176 | 178
/lens)
* Ionic Monomer concentration is reported as moles of 1onic monomer per kilogram
of reactive monomer mix, excluding diluent. Tripentylamine is included as a
diluent in all formulations.
i5 Table 6: Various Lens Propertics
Blend 14 | Blend 11 | Blend 12 | Blend 13 | Blend 14 | Blend 15 | Blend 16
fonic AMPS | 2-SEMA | 2-SEMA | 2-SEMA | 2-SEMA | 2-SEMA | 2-SEMA
Monomer
{onic
Monomer 0.17 0.01 0.03 0.06 0.09 0.12 0.1%
Concentration
{molkg}*
zf'ff"r content | 59 4 NT NT 43.7 NT 500 | s34
70
bl B )
?f?; Uptake %0 12 6 0 34 74 79
/0,
Lysozyme 176 66 117 129 148 133 136
{ug /lens)
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* Ionic Monomer concentration is reported as moles of ionic monomer per kilogram
of reactive monomer mix, excluding diluent. Tripentylamine is included as a
diluent in all formulations.

These results in Table 5 and 6 show the addition of the sulfonic acid-containing
component (i.e., AMPS or 2-SEMA) into the silicone hydrogel contact lens (i.¢., the lens
manufactured with Blends 1-2 and 5-16) increased the uptake of lysozyme into the
contact lens as compared to the silicone hydrogel contact lens without such sulfonic acid-
containing component {1.¢., the lens manufactured with Blend 4),

PQ1 Uptake is reported for Blends 4-16 in Tables 5 and 6. PO 1s a preservative
used n many commercially available contact lens care cleaning solutions. PQ1 is known
to cause ocular discomfort and corneal staining and s0 its uptake into the lens is not
desirable.

It 1s understood that while the invention has been described in conjunction with
the detailed description thereof, that the foregoing description is intended to illustrate and
not it the scope of the invention, which is defined by the scope of the appended

claims. Other aspects, advantages, and modifications are within the claims,
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Claims

I A silicone polymer comprising a sulfonic acid component formed from
reactive components comprising (1) at least one silicone component and (i1} at least one
sulfonic acid-containing component, wherein said sulfonic acid-containing component is
comprised of a non-polymerizable, hydrophobic cation and a polymerizable sulfonic acid.

2. A silicone polymer of claim 1, wherein said polymerizable sulfonic acid is
selected from the group consisting of 2-acrylamido-2-methylpropane sulfonic acid, p-
styrenesulfonic acid, 2-methacryloyloxyethylsulfonic acid, 3~-methacryloyloxy-2-
hydroxypropylsulonic acid, allylsulfonic acid, 3-methacryloviosypropylsuifonic acid,

vinylsulfonic acid, and combinations thereof.

3 A silicone polyroer of claim 1, wherein sard hydrophobic cation 1s selected

from the group consisting of alkyl amines, siloxy alkyl amunes, and aryl alkyl amine,

4. A silicone polymer of claim 1, wherein at least one silicone component is
selected from compounds of Formula I

RV RIR
R S0 - §i~0~Si~R 1
B R K

b

Formula {
wherein:

R is independently selected from monovalent reactive groups, monovalent alkyl
groups, or monovalent aryl groups, any of the forcgoing which may further comprise
functionality selected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido,
carbamate, carbonate, halogen or combinations thereof, and monovaient siloxane chains

comprising 1-100 5i-O repeat units which may further comprise functionality sclected
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from alkyl, hydroxy, amino, oxa, carboxy, atkyl carboxy, alkoxy, amido, carbamate,
halogen or combinations thereof;

where b = 0 to 500, where it is understood that when b is otherthan 8, bis a
distribution having a mode equal to a stated value; and

. 1 . ; .
wherein at least one R comprises a monovalent reactive group.

5. A silicone polymer of claim | wherein said at icast one silicone
component 15 selected from the group consisting of methacryloxypropy! terminated,
mono-n-alkyl terminated polydialkylsiloxane; bis-3-acrvioxy-2-hydroxypropvioxypropyl
polydialkylsitoxane; methacryloxypropyl-terminated polvdialkyisiloxane; mono-(3-
methacryloxy-2-hydroxypropyloxypropyl terminated, mono-alky! terminated

polydialkylsitoxane; and mixtures thereof.

. A stlicone polymer of claim 1 wherein said at least one silicone
component is selected from monomethacrylate terminated polydimethyisiloxanes; bis-3-
acryloxy-2-hydroxypropyloxypropyl polydialkylsitoxane; mono-(G-muethacryloxy-2-
hydroxypropyloxypropyl terminated, mono-butyl terminated polydialkylsiloxane; and

maixiures thereof,

7. A stlicone polymer of claim 1, wherein said at least one silicone
component comprises 3-methacryloxy-2-hydroxypropyloxy ~-n-butyl terminated

polydialkylsiloxane.

8. A silicone polymer of claim 1, wherein said reactive components further

comprise at least one non-ionic hydrophilic acrylic-containing monomer.

9. A silicone polymer of claim 7, wherein said at least one non-ionic

hydrophilic acrylic-containing monomer comprises HEMA, DMA and mixtures thereof.
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10, A stlicone polymer of claim 1, whercin the ratio of (i} said at icast one
silicone component and (i1} said sulfonic acid-containing component is icss than about

100 kg/mol.

P, A silicone hydrogel comprising the silicone polymer of claim 1.
12, A silicone hydrogel formed from the reaction mixture comprising (i) at

lcast one silicone componcnt and (i1} at least one suifonic acid-containing component,
wherein said sulfonic acid-containing component is comprised of a non-polymerizable

hydrophobic cation and a polymerizable sulfonic acid,

13. A silicone hydrogel of claim 12, wherein the sulfonate group of the at least
one sulfonic acid-containing component is present in a concentration to all components

exchuding diluent of less than 2 mol/kg,

14, A silicone hydrogel of claim 12, wherein the reaction mixture further

comprises a polvamide.

IS, A contact lens comprising a stlicone polymer of claim 1.
16, A contact lens formed from a silicone hydrogel of ¢laim 12,
17. A contact lens of claim 15, wherein said contact leans has a lysozyme

uptake of at least 50 ug per lens.

1¥. A contact lens of claim 16, wherein said contact feans has a lysozyme

uptake of at least 50 ug per lens.

19. A biomedical device comprising a silicone polymer of claim 1.
20, A biomedical device formed from a silicone hydrogel of claim 12,



