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Description

Field of the Invention

[0001] The invention relates to imidazolium zwitterion polymerizable compounds, polymers made therefrom, and their
use in ophthalmic devices and/or packaging solutions for ophthalmic devices.

Background of the Invention

[0002] Contactlenses have been used commercially to improve vision since the 1950s. The first contact lenses were
made of hard materials. Although these lenses are still currently used, they are not suitable for all patients due to their
poor initial comfort and their relatively low permeability to oxygen. Later developments in the field gave rise to soft contact
lenses, based upon hydrogels, which are extremely popular today. Many users find soft lenses are more comfortable,
andincreased comfortlevels can allow soft contactlens users to wear their lenses longer than users of hard contactlenses.
[0003] Many users rely on contact lenses for their vision care needs and there is therefore a continuing drive in the
industry to further improve the properties of contact lenses, and other ophthalmic devices, for instance to increase
hydrophilicity or equilibrium water content, and/or to provide non-fouling or anti-microbial activity.

Summary of the Invention

[0004] Theinvention relates to new zwitterion polymerizable compounds that are suitable for use in ophthalmic devices,
such as contact lenses. The compounds may, for instance, be incorporated into the covalent structure of an ophthalmic
device, or they be polymerized and used as coatings or non-covalently linked additives to the ophthalmic device. Polymers
derives from the zwitterion polymerizable compounds may also be used as additives in packaging solutions for ophthalmic
devices. Resultant ophthalmic devices exhibit favorable properties, including increased water content, which is partic-
ularly desirable in hydrogel contact lenses.

[0005] Accordingly, in one aspect, the invention provides a zwitterion polymerizable compound of formula I:

g N/<@ ”
J\<N L

D

wherein R, R2, and R3 are independently H, alkyl, cycloalkyl, phenyl or benzyl; L1 and L2 are each independently
a linking group; and Rg is a polymerizable group;

wherein Ry comprises styryl, vinyl carbonate, viny! ether, vinyl carbamate, N-vinyl lactam, N-vinylamide, (meth)acr-
ylate, or (meth)acrylamide.

[0006] In another aspect, the invention provides an ophthalmic device comprising a polymer derived from a zwitterion
polymerizable compound as described herein.

[0007] In a further aspect, the invention provides a blister package including an ophthalmic device and a packaging
solution, wherein the packaging solution comprises a polymer derived from a polymerizable zwitterion compound as
described herein.

Detailed Description of the Invention

[0008] It is to be understood that the invention is not limited to the details of construction or process steps set forth in
the following description. The invention is capable of other embodiments and of being practiced or being carried out in
various ways using the teaching herein.

[0009] With respect to the terms used in this disclosure, the following definitions are provided.

[0010] 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 the invention belongs. The polymer definitions are consistent with
those disclosed in the Compendium of Polymer Terminology and Nomenclature, IUPAC Recommendations 2008, edited
by: Richard G. Jones, Jaroslav Kahovec, Robert Stepto, Edward S. Wilks, Michael Hess, Tatsuki Kitayama, and W. Val
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Metanomski.

[0011] Asusedherein,theterm"(meth)" designates optional methyl substitution. Thus, aterm such as "(meth)acrylates"
denotes both methacrylates and acrylates.

[0012] Wherever chemical structures are given, it should be appreciated that alternatives disclosed for the substituents
on the structure may be combined in any combination. Thus, if a structure contained substituents R* and R**, each of
which contained three lists of potential groups, 9 combinations are disclosed. The same applies for combinations of
properties.

[0013] When a subscript, such as "n" in the generic formula [***],,, is used to depict the number of repeating units in
a polymer’s chemical formula, the formula should be interpreted to represent the number average molecular weight of
the macromolecule.

[0014] The term "individual" includes humans and vertebrates.

[0015] The term "ophthalmic device" refers to any device which resides in or on the eye or any part of the eye, including
the ocular surface. These devices can provide optical correction, cosmetic enhancement, vision enhancement, thera-
peutic benefit (for example as bandages) or delivery of active components such as pharmaceutical and nutraceutical
components, or a combination of any of the foregoing. Examples of ophthalmic devices include but are not limited to
lenses, optical and ocular inserts, including but not limited to punctal plugs, and the like. "Lenses" include soft contact
lenses, hard contact lenses, hybrid contact lenses, intraocular lenses, and overlay lenses. The ophthalmic device may
comprise a contact lens.

[0016] The term "contact lens" refers to an ophthalmic device that can be placed on the cornea of an individual’s eye.
The contact lens may provide corrective, cosmetic, or therapeutic benefit, including wound healing, the delivery of drugs
or nutraceuticals, diagnostic evaluation or monitoring, ultraviolet light absorbing, visible light or glare reduction, or any
combination thereof. A contact lens can be of any appropriate material known in the art and can be a soft lens, a hard
lens, or a hybrid lens containing at least two distinct portions with different physical, mechanical, or optical properties,
such as modulus, water content, light transmission, or combinations thereof.

[0017] The ophthalmic devices of the present invention may be comprised of silicone hydrogels or conventional hy-
drogels. Silicone hydrogels typically contain at least one hydrophilic monomer and at least one silicone-containing
component that are covalently bound to one another in the cured device.

[0018] "Target macromolecule" means the macromolecule being synthesized from the reactive monomer mixture
comprising monomers, macromers, prepolymers, cross-linkers, initiators, additives, diluents, and the like.

[0019] The term "polymerizable compound" means a compound containing one or more polymerizable groups. The
term encompasses, for instance, monomers, macromers, oligomers, prepolymers, cross-linkers, and the like.

[0020] "Polymerizable groups" are groups that can undergo chain growth polymerization, such as free radical and/or
cationic polymerization, for example a carbon-carbon double bond which can polymerize when subjected to radical
polymerization initiation conditions. Non-limiting examples of free radical polymerizable groups include (meth)acrylates,
styrenes, vinyl ethers, (meth)acrylamides, N-vinyllactams, N-vinylamides, O-vinylcarbamates, O-vinylcarbonates, and
other vinyl groups. Preferably, the free radical polymerizable groups comprise (meth)acrylate, (meth)acrylamide, N-vinyl
lactam, N-vinylamide, and styryl functional groups, and mixtures of any of the foregoing. More preferably, the free radical
polymerizable groups comprise (meth)acrylates, (meth)acrylamides, and mixtures thereof. The polymerizable group
may be optionally substituted. For instance, the nitrogen atom in (meth)acrylamide may be bonded to a hydrogen, or
the hydrogen may be replaced with alkyl or cycloalkyl (which themselves may be further substituted).

[0021] Any type of free radical polymerization may be used including but not limited to bulk, solution, suspension, and
emulsion as well as any of the controlled radical polymerization methods such as stable free radical polymerization,
nitroxide-mediated living polymerization, atom transfer radical polymerization, reversible addition fragmentation chain
transfer polymerization, organotellurium mediated living radical polymerization, and the like.

[0022] A "monomer"is a mono-functional molecule which can undergo chain growth polymerization, and in particular,
free radical polymerization, thereby creating a repeating unit in the chemical structure of the target macromolecule.
Some monomers have di-functional impurities that can act as cross-linking agents. A "hydrophilic monomer" is also a
monomer which yields a clear single phase solution when mixed with deionized water at 25°C at a concentration of 5
weight percent. A "hydrophilic component" is a monomer, macromer, prepolymer, initiator, cross-linker, additive, or
polymer which yields a clear single phase solution when mixed with deionized water at 25°C at a concentration of 5
weight percent. A "hydrophobic component" is a monomer, macromer, prepolymer, initiator, cross-linker, additive, or
polymer which is slightly soluble or insoluble in deionized water at 25°C.

[0023] A "macromolecule" is an organic compound having a number average molecular weight of greater than 1500,
and may be reactive or non-reactive.

[0024] A "macromonomer” or "macromer" is a macromolecule that has one group that can undergo chain growth
polymerization, and in particular, free radical polymerization, thereby creating a repeating unit in the chemical structure
of the target macromolecule. Typically, the chemical structure of the macromer is different than the chemical structure
of the target macromolecule, that is, the repeating unit of the macromer’s pendent group is different than the repeating
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unit of the target macromolecule or its mainchain. The difference between a monomer and a macromer is merely one
of chemical structure, molecular weight, and molecular weight distribution of the pendent group. As a result, and as used
herein, the patent literature occasionally defines monomers as polymerizable compounds having relatively low molecular
weights of about 1,500 Daltons or less, which inherently includes some macromers. In particular, monomethacryloxy-
propyl terminated mono-n-butyl terminated polydimethylsiloxane (molecular weight = 500-1500 g/mol) (mPDMS) and
mono-(2-hydroxy-3-methacryloxypropyl)-propyl ether terminated mono-n-butyl terminated polydimethylsiloxane (molec-
ular weight = 500-1500 g/mol) (OH-mPDMS) may be referred to as monomers or macromers. Furthermore, the patent
literature occasionally defines macromers as having one or more polymerizable groups, essentially broadening the
common definition of macromer to include prepolymers. As a result and as used herein, di-functional and multi-functional
macromers, prepolymers, and crosslinkers may be used interchangeably.

[0025] A "silicone-containing component" is a monomer, macromer, prepolymer, cross-linker, initiator, additive, or
polymer in the reactive mixture with at least one silicon-oxygen bond, typically in the form of siloxy groups, siloxane
groups, carbosiloxane groups, and mixtures thereof.

[0026] Examples of silicone-containing components which are useful in this invention may be found in U.S. Patent
Nos. 3,808,178, 4,120,570, 4,136,250, 4,153,641, 4,740,533, 5,034,461, 5,070,215, 5,244,981, 5,314,960, 5,331,067,
5,371,147, 5,760,100, 5,849,811, 5,962,548, 5,965,631, 5,998,498, 6,367,929, 6,822,016, 6,943,203, 6,951,894,
7,052,131, 7,247,692, 7,396,890, 7,461,937, 7,468,398, 7,538,146, 7,553,880, 7,572,841, 7,666,921, 7,691,916,
7,786,185, 7,825,170, 7,915,323, 7,994,356, 8,022,158, 8,163,206, 8,273,802, 8,399,538, 8,415,404, 8,420,711,
8,450,387, 8,487,058, 8,568,626, 8,937,110, 8,937,111, 8,940,812, 8,980,972, 9,056,878, 9,125,808, 9,140,825,
9,156,934, 9,170,349, 9,217,813, 9,244,196, 9,244,197, 9,260,544, 9,297,928, 9,297,929, and European Patent No.
080539.

[0027] A "polymer" is a target macromolecule composed of the repeating units of the monomers used during polym-
erization.

[0028] A "homopolymer" is a polymer made from one monomer; a "copolymer" is a polymer made from two or more
monomers; a "terpolymer” is a polymer made from three monomers. A "block copolymer" is composed of compositionally
different blocks or segments. Diblock copolymers have two blocks. Triblock copolymers have three blocks. "Comb or
graft copolymers" are made from at least one macromer.

[0029] A ‘"repeating unit"is the smallest group of atoms in a polymer that corresponds to the polymerization of a specific
monomer or macromer.

[0030] An "initiator" is a molecule that can decompose into radicals which can subsequently react with a monomer to
initiate a free radical polymerization reaction. A thermal initiator decomposes at a certain rate depending on the temper-
ature; typical examples are azo compounds such as 1,1’-azobisisobutyronitrile and 4,4’-azobis(4-cyanovaleric acid),
peroxides such as benzoyl peroxide, tert-butyl peroxide, tert-butyl hydroperoxide, tert-butyl peroxybenzoate, dicumyl
peroxide, and lauroyl peroxide, peracids such as peracetic acid and potassium persulfate as well as various redox
systems. A photo-initiator decomposes by a photochemical process; typical examples are derivatives of benzil, benzoin,
acetophenone, benzophenone, camphorquinone, and mixtures thereof as well as various monoacyl and bisacyl phos-
phine oxides and combinations thereof.

[0031] A "cross-linking agent" is a di-functional or multi-functional monomer or macromer which can undergo free
radical polymerization at two or more locations on the molecule, thereby creating branch points and a polymeric network.
Common examples are ethylene glycol dimethacrylate, tetraethylene glycol dimethacrylate, trimethylolpropane trimeth-
acrylate, methylene bisacrylamide, triallyl cyanurate, and the like.

[0032] A "prepolymer" is a reaction product of monomers which contains remaining polymerizable groups capable of
undergoing further reaction to form a polymer.

[0033] A "polymeric network" is a cross-linked macromolecule that can swell but cannot dissolve in solvents. "Hydro-
gels" are polymeric networks that swell in water or aqueous solutions, typically absorbing at least 10 weight percent
water. "Silicone hydrogels" are hydrogels that are made from at least one silicone-containing component with at least
one hydrophilic component. Hydrophilic components may also include non-reactive polymers.

[0034] "Conventional hydrogels" refer to polymeric networks made from components without any siloxy, siloxane or
carbosiloxane groups. Conventional hydrogels are prepared from reactive mixtures comprising hydrophilic monomers.
Examples include 2-hydroxyethyl methacrylate ("HEMA"), N-vinyl pyrrolidone ("NVP"), N, N-dimethylacrylamide ("DMA")
or vinyl acetate. U.S. Patent Nos. 4,436,887, 4,495,313, 4,889,664, 5,006,622, 5,039459, 5,236,969, 5,270,418,
5,298,533, 5,824,719, 6,420,453, 6,423,761, 6,767,979, 7,934,830, 8,138,290, and 8,389,597 disclose the formation of
conventional hydrogels. Conventional hydrogels may also be formed from polyvinyl alcohol. Conventional hydrogel
lenses may contain a coating, and the coating may be the same or different material from the substrate. Conventional
hydrogels may include additives such as polyvinyl pyrrolidone, and comonomers including polymerizable derivatives of
phosphoryl choline, methacrylic acid and the like. Commercially available conventional hydrogels include, but are not
limited to, etafilcon, genfilcon, hilafilcon, lenefilcon, nesofilcon, omafilcon, polymacon, and vifilcon, including all of their
variants.



10

15

20

25

30

35

40

45

50

55

EP 4 165 446 B9

[0035] "Silicone hydrogels" refer to polymeric networks made from at least one hydrophilic component and at least
one silicone-containing component. Examples of suitable families of hydrophilic components that may be present in the
reactive mixture include (meth)acrylates, styrenes, vinyl ethers, (meth)acrylamides, N-vinyl lactams, N-vinyl amides, N-
vinyl imides, N-vinyl ureas, O-vinyl carbamates, O-vinyl carbonates, other hydrophilic vinyl compounds, and mixtures
thereof. Silicone-containing components are well known and have been extensively described in the patent literature.
For instance, the silicone-containing component may comprise at least one polymerizable group (e.g., a (meth)acrylate,
a styryl, avinyl ether, a (meth)acrylamide, an N-vinyl lactam, an N-vinylamide, an O-vinylcarbamate, an O-vinylcarbonate,
a vinyl group, or mixtures of the foregoing), at least one siloxane group, and one or more linking groups (which may be
a bond) connecting the polymerizable group(s) to the siloxane group(s). The silicone-containing components may, for
instance, contain from 1 to 220 siloxane repeat units. The silicone-containing component may also contain at least one
fluorine atom. Silicone hydrogel lenses may contain a coating, and the coating may be the same or different material
from the substrate.

[0036] Examples of silicone hydrogels include acquafilcon, asmofilcon, balafilcon, comfilcon, delefilcon, enfilcon, fan-
filcon, formofilcon, galyfilcon, lotrafilcon, narafilcon, riofilcon, samfilcon, senofilcon, somofilcon, and stenfilcon, including
all of their variants, as well as silicone hydrogels as prepared in US Patent Nos. 4,659,782, 4,659,783, 5,244,981,
5,314,960, 5,331,067, 5,371,147, 5,998,498, 6,087,415, 5,760,100, 5,776,999, 5,789,461, 5,849,811, 5,965,631,
6,367,929, 6,822,016, 6,867,245, 6,943,203, 7,247,692, 7,249,848, 7,553,880, 7,666,921, 7,786,185, 7,956,131,
8,022,158, 8,273,802, 8,399,538, 8,470,906, 8,450,387, 8,487,058, 8,507,577, 8,637,621, 8,703,891, 8,937,110,
8,937,111, 8,940,812, 9,056,878, 9,057,821, 9,125,808, 9,140,825, 9156,934, 9,170,349, 9,244,196, 9,244,197,
9,260,544, 9,297,928, 9,297,929 as well as WO 03/22321, WO 2008/061992, and US 2010/0048847.

[0037] An "interpenetrating polymeric network" comprises two or more networks which are at least partially interlaced
on the molecular scale but not covalently bonded to each other and which cannot be separated without braking chemical
bonds. A "semi-interpenetrating polymeric network" comprises one or more networks and one or more polymers char-
acterized by some mixing on the molecular level between at least one network and at least one polymer. A mixture of
different polymers is a "polymer blend." A semi-interpenetrating network is technically a polymer blend, but in some
cases, the polymers are so entangled that they cannot be readily removed.

[0038] The terms "reactive mixture" and "reactive monomer mixture" refer to the mixture of components (both reactive
and non-reactive) which are mixed together and, when subjected to polymerization conditions, form the polymeric net-
works of the present invention as well as ophthalmic devices and contact lenses made therefrom. The reactive monomer
mixture may comprise reactive components such as monomers, macromers, prepolymers, cross-linkers, and initiators,
additives such as wetting agents, polymers, dyes, light absorbing compounds such as UV absorbers, pigments, dyes
and photochromic compounds, any of which may be reactive or non-reactive but are capable of being retained within
the resulting contactlens, as well as pharmaceutical and nutraceutical compounds, and any diluents. It will be appreciated
that a wide range of additives may be added based upon the ophthalmic device which is made and its intended use.
Concentrations of components of the reactive mixture are expressed as weight percentages of all components in the
reactive mixture, excluding diluent. When diluents are used, their concentrations are expressed as weight percentages
based upon the amount of all components in the reactive mixture and the diluent.

[0039] "Reactive components" are the components in the reactive mixture which become part of the chemical structure
of the polymeric network of the resulting hydrogel by covalent bonding, hydrogen bonding, electrostatic interactions, the
formation of interpenetrating polymeric networks, or any other means.

[0040] Theterm "silicone hydrogel contactlens" refers to a hydrogel contact lens that is made from at least one silicone-
containing compound. Silicone hydrogel contact lenses generally have increased oxygen permeability compared to
conventional hydrogels. Silicone hydrogel contact lenses use both their water and polymer content to transmit oxygen
to the eye.

[0041] The term "multi-functional” refers to a component having two or more polymerizable groups. The term "mono-
functional" refers to a component having one polymerizable group.

[0042] The terms "halogen" or "halo" indicate fluorine, chlorine, bromine, and iodine.

[0043] "Alkyl" refers to an optionally substituted linear or branched alkyl group containing the indicated number of
carbon atoms. If no number is indicated, then alkyl (including any optional substituents on alkyl) may contain 1 to 16
carbon atoms. Preferably, the alkyl group contains 1 to 10 carbon atoms, alternatively 1 to 8 carbon atoms, alternatively
1 to 6 carbon atoms, or alternatively 1 to 4 carbon atoms. Examples of alkyl include methyl, ethyl, propyl, isopropyl,
butyl, iso-, sec- and tert-butyl, pentyl, hexyl, heptyl, 3-ethylbutyl, and the like. Examples of substituents on alkyl include
1, 2, or 3 groups independently selected from hydroxy, amino, amido, alkoxyalkyl, oxo ((=O)), carboxy, alkyl carboxy,
carbonyl, alkoxy, thioalkyl, carbamate, carbonate, halogen, phenyl, benzyl, and combinations thereof. Preferred sub-
stituents include hydroxy, alkoxy, halo, alkoxyalkyl, or oxo groups. "Alkylene" means a divalent alkyl group, such as
-CHy-, -CH,CH,-, -CH,CH,CH,-, -CH,CH(CH3)CH,-, and -CH,CH,CH,CHo-.

[0044] "Haloalkyl" refers to an alkyl group as defined above substituted with one or more halogen atoms, where each
halogen is independently F, Cl, Br or I. A preferred halogen is F. Preferred haloalkyl groups contain 1-6 carbons, more
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preferably 1-4 carbons, and still more preferably 1-2 carbons. "Haloalkyl" includes perhaloalkyl groups, such as -CF5-
or -CF,CF5-. "Haloalkylene" means a divalent haloalkyl group, such as -CH,CF,-.

[0045] "Cycloalkyl"refers to an optionally substituted cyclic hydrocarbon containing the indicated number of ring carbon
atoms. If no number is indicated, then cycloalkyl may contain 3 to 12 ring carbon atoms. Preferred are C3-Cg cycloalkyl
groups, C5-C; cycloalkyl, more preferably C,-C; cycloalkyl, and still more preferably Cs-Cq cycloalkyl. Examples of
cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. Examples of substituents
on cycloalkyl include 1, 2, or 3 groups independently selected from alkyl, hydroxy, amino, amido, alkoxyalkyl, carbonyl,
alkoxy, thioalkyl, amido, carbamate, carbonate, halo, phenyl, benzyl, and combinations thereof. Preferred substituents
include hydroxy, alkoxy, halo, alkoxyalkyl, or oxo groups. "Cycloalkylene" means a divalent cycloalkyl group, such as
1,2-cyclohexylene, 1,3- cyclohexylene, or 1,4- cyclohexylene.

[0046] "Heterocycloalkyl" refers to a cycloalkyl ring or ring system as defined above in which at least one ring carbon
has been replaced with a heteroatom selected from nitrogen, oxygen, and sulfur. The heterocycloalkyl ring is optionally
fused to or otherwise attached to other heterocycloalkyl rings and/or non-aromatic hydrocarbon rings and/or phenyl
rings. Preferred heterocycloalkyl groups have from 5 to 7 members. More preferred heterocycloalkyl groups have 5 or
6 members. Heterocycloalkylene means a divalent heterocycloalkyl group.

[0047] "Aryl" refers to an optionally substituted aromatic hydrocarbon ring system containing at least one aromatic
ring. The aryl group contains the indicated number of ring carbon atoms. If no number is indicated, then aryl may contain
6 to 14 ring carbon atoms. The aromatic ring may optionally be fused or otherwise attached to other aromatic hydrocarbon
rings or non-aromatic hydrocarbon rings. Examples of aryl groups include phenyl, naphthyl, and biphenyl. Preferred
examples of aryl groups include phenyl. Examples of substituents on aryl include 1, 2, or 3 groups independently selected
from alkyl, hydroxy, amino, amido, alkoxyalkyl, carboxy, alkyl carboxy, carbonyl, alkoxy, thioalkyl, carbamate, carbonate,
halo, phenyl, benzyl, and combinations thereof. "Arylene" means a divalent aryl group, for example 1,2-phenylene, 1,3-
phenylene, or 1,4-phenylene.

[0048] "Heteroaryl" refers to an aryl ring or ring system, as defined above, in which at least one ring carbon atom has
been replaced with a heteroatom selected from nitrogen, oxygen, and sulfur. The heteroaryl ring may be fused or
otherwise attached to one or more heteroaryl rings, aromatic or nonaromatic hydrocarbon rings or heterocycloalkyl rings.
Examples of heteroaryl groups include pyridyl, furyl, and thienyl. "Heteroarylene" means a divalent heteroaryl group.
[0049] "Alkoxy" refers to an alkyl group attached to the parent molecular moiety through an oxygen bridge. Examples
of alkoxy groups include, for instance, methoxy, ethoxy, propoxy and isopropoxy. "Thioalkyl" means an alkyl group
attached to the parent molecule through a sulfur bridge. Examples of thioalkyl groups include, for instance, methylthio,
ethylthio, n-propylthio and iso-propylthio. "Aryloxy" refers to an aryl group attached to a parent molecular moiety through
an oxygen bridge. Examples include phenoxy. "Cyclic alkoxy" means a cycloalkyl group attached to the parent moiety
through an oxygen bridge.

[0050] "Alkylamine" refers to an alkyl group attached to the parent molecular moiety through an -NH bridge. Alkyle-
neamine means a divalent alkylamine group, such as -CH,CH,NH-.

[0051] "Siloxanyl" refers to a structure having at least one Si-O-Si bond. Thus, for example, siloxanyl group means a
group having at least one Si-O-Si group (i.e. a siloxane group), and siloxanyl compound means a compound having at
least one Si-O-Si group. "Siloxanyl" encompasses monomeric (e.g., Si-O-Si) as well as oligomeric/polymeric structures
(e.g., -[Si-O],-, where n is 2 or more). Each silicon atom in the siloxanyl group is substituted with independently selected
RA groups (where RA is as defined in formula A options (b)-(i)) to complete their valence.

[0052] "Silyl" refers to a structure of formula R;Si- and "siloxy" refers to a structure of formula R5Si-O-, where each R
in silyl or siloxy is independently selected from trimethylsiloxy, C4-Cg alkyl (preferably C,-C5 alkyl, more preferably ethyl
or methyl), and C3-Cg cycloalkyl.

[0053] "Alkyleneoxy" refers to groups of the general formula -(alkylene-O),- or -(O-alkylene) -, wherein alkylene is as
defined above, and p is from 1 to 200, or from 1 to 100, or from 1 to 50, or from 1 to 25, or from 1 to 20, or from 1 to 10,
wherein each alkylene is independently optionally substituted with one or more groups independently selected from
hydroxyl, halo (e.g., fluoro), amino, amido, ether, carbonyl, carboxyl, and combinations thereof. If p is greater than 1,
then each alkylene may be the same or different and the alkyleneoxy may be in block or random configuration. When
alkyleneoxy forms a terminal group in a molecule, the terminal end of the alkyleneoxy may, for instance, be a hydroxy
or alkoxy (e.g., HO-[CH,CH,0],- or CH30-[CH,CH,0],,-). Examples of alkyleneoxy include polyethyleneoxy, polypro-
pyleneoxy, polybutyleneoxy, and poly(ethyleneoxy-co-propyleneoxy).

[0054] "Oxaalkylene" refers to an alkylene group as defined above where one or more non-adjacent CH, groups have
been substituted with an oxygen atom, such as -CH,CH,OCH(CH3)CH,-. "Thiaalkylene" refers to an alkylene group as
defined above where one or more non-adjacent CH, groups have been substituted with a sulfur atom, such as
-CH,CH,SCH(CH3)CHo-.

[0055] The term "linking group" refers to a moiety that links a polymerizable group to the parent molecule. The linking
group may be any moiety that is compatible with the compound of which it is a part, and that does not undesirably
interfere with the polymerization of the compound, and is stable under the polymerization conditions as well as the
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conditions for the processing and storage of the final product. For instance, the linking group may be a bond, or it may
comprise one or more alkylene, haloalkylene, amide, amine, alkyleneamine, carbamate, ester (-CO,-), arylene, heter-
oarylene, cycloalkylene, heterocycloalkylene, alkyleneoxy, oxaalkylene, thiaalkylene, haloalkyleneoxy (alkyleneoxy sub-
stituted with one or more halo groups, e.g., - OCF,-, -OCF,CF,-, -OCF,CH,-), siloxanyl, alkylenesiloxanyl, or combina-
tions thereof. The linking group may optionally be substituted with 1 or more substituent groups. Suitable substituent
groups may include those independently selected from alkyl, halo (e.g., fluoro), hydroxyl, HO-alkyleneoxy, MeO-alkyle-
neoxy, siloxanyl, siloxy, siloxy-alkyleneoxy-, siloxy-alkylene-alkyleneoxy- (where more than one alkyleneoxy groups may
be presentand wherein each methylenein alkylene and alkyleneoxy is independently optionally substituted with hydroxyl),
ether, amine, carbonyl, carbamate, and combinations thereof. The linking group may also be substituted with a polym-
erizable group, such as (meth)acrylate (in addition to the polymerizable group to which the linking group is linked).
[0056] Preferred linking groups include alkylene, cycloalkylene, heterocycloalkylene, arylene (e.g., phenylene), het-
eroarylene, oxaalkylene, alkylene-amide-alkylene, alkylene-amine-alkylene, or combinations of any of the foregoing
groups. Preferred linking groups also include C4-Cg alkylene (preferably C,-Cg alkylene, such as ethylene or propylene),
C4-Cg oxaalkylene (preferably C,-Cq oxaalkylene), C4-Cq4 alkylene-amide-C-Cg alkylene, and C4-Cg alkylene-amine-
C4-Cg alkylene, each of which is optionally substituted with 1 or 2 groups independently selected from hydroxyl and
siloxy. Preferred linking groups further include carboxylate, amide, C4-Cg alkylene-carboxylate-C-Cg alkylene, or C4-Cgq
alkylene-amide-C4-Cg alkylene.

[0057] When the linking group is comprised of combinations of moieties (e.g., alkylene-cycloalkylene), the moieties
may be present in any order. Notwithstanding this, the listing order represents the preferred order in which the moieties
appear in the compound starting from the terminal polymerizable group to which the linking group is attached.

[0058] "Optionally substituted" means that a moiety may contain one or more optional substituents. The term "optional
substituent" means that a hydrogen atom in the underlying moiety is optionally replaced by a substituent. Any substituent
may be used that is sterically practical at the substitution site and is synthetically feasible. Identification of suitable
optional substituents is well within the capabilities of an ordinarily skilled artisan. Examples of an "optional substituent”
include, without limitation, C4-Cgalkyl, C4-Cg alkoxy, C4-Cg thioalkyl, C5-C- cycloalkyl, aryl, halo, hydroxy, amino, NR4RS,
benzyl, SO3H, SO3Na, or -Y-Pg, wherein R* and R® are independently H or C4-Cg alkyl, Y is a linking group; and Pg is
apolymerizable group. The foregoing substituents may be optionally substituted by an optional substituent (which, unless
otherwise indicated, is preferably not further substituted). For instance, alkyl may be substituted by halo (resulting, for
instance, in CF3).

[0059] Unless otherwise indicated, ratios, percentages, parts, and the like are by weight.

[0060] Unless otherwise indicated, numeric ranges, for instance as in "from 2 to 10," are inclusive of the numbers
defining the range (e.g., 2 and 10).

[0061] As noted above, the invention provides zwitterion polymerizable compounds. The compounds are of formula I:

R1

L']
Rg/ \N%%_LZ
~ S
<5
R® O

M

wherein R, R2, and R3 are independently H, alkyl, cycloalkyl, phenyl or benzyl; L1 and L2 are each independently
a linking group; and Rg is a polymerizable group;

wherein Ry comprises styryl, vinyl carbonate, viny! ether, vinyl carbamate, N-vinyl lactam, N-vinylamide, (meth)acr-
ylate, or (meth)acrylamide.

R'in the compound of formula | may be H. R" in the compounds of formula | maybe or C4-Cg alkyl, preferably C;-C5
alkyl, more preferably methyl.

R2 in the compound of formula | may be H.

R3 in the compound of formula | may be H.

L'and L2in the compound of formula | may be independently alkylene, cycloalkylene, heterocycloalkylene, arylene,
heteroarylene, oxaalkylene, alkylene-amide-alkylene, alkylene-amine-alkylene, or combinations thereof.

L' and L2 may be independently alkylene, preferably independently C,-C4 alkylene. Each alkylene is optionally
substituted, for instance with 1 or 2 groups independently selected from hydroxy, alkoxy, halo, alkoxyalkyl, and oxo.
Rg may be (meth)acrylate or (meth)acrylamide.

R4 may be methacrylate.
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[0062] Exemplary compounds of formula | are shown in Table 1.

Table 1
0]
O 3-(1-(3-methacrylamidopropyl)-1H-imidazol-3-ium-3-yl)
propanoate
O /L O
N/\/\N \C:\l_)/\/u\o@
H \:/ 3-(1-(3-methacrylamidopropyl)-2-methyl-1H-imidazol-3-

ium-3-yl)propanoate

0
%N/\/\NLCN_D/\/\H/O@
H \—/

— O 4-(1-(3-methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-
yl)butanoate

[0063] The zwitterion polymerizable compounds of the invention may be formed into polymers for incorporation in
ophthalmic devices by a variety of techniques. For example, the compounds may be homo- or co-polymerized into
polymers that are then coated onto an ophthalmic device or added to the reactive monomer mixture from which the
ophthalmic device is made (to, for instance, form a semi interpenetrating network with the other components of the
reactive monomer mixture).

[0064] A zwitterion polymerizable compound according to the invention may also be incorporated in an ophthalmic
device via grafting, as further demonstrated by the Examples. Exemplary grafting techniques are described in U.S. pre-
grant publication 20180037690.

[0065] In addition, a zwitterion polymerizable compound according to the invention may added to a reactive monomer
mixture containing other monomers suitable for making the ophthalmic device and reacted therewith under free radical
polymerization conditions to form polymers from which the ophthalmic device may be made. Such reactive mixtures
may comprise, in addition to a zwitterion polymerizable compound as described above, one or more monomers suitable
for making the desired ophthalmic device, as well as optional ingredients. Thus, the reactive mixture may, for instance,
contain: hydrophilic components, hydrophobic components, silicone-containing components, wetting agents such as
polyamides, crosslinking agents, and further components such as diluents and initiators.

Hydrophilic Components

[0066] Examples of suitable families of hydrophilic monomers include (meth)acrylates, styrenes, vinyl ethers,
(meth)acrylamides, N-vinyl lactams, N-vinyl amides, N-vinyl imides, N-vinyl ureas, O-vinyl carbamates, O-vinyl carbon-
ates, other hydrophilic vinyl compounds, and mixtures thereof.

[0067] Non-limiting examples of hydrophilic (meth)acrylate and (meth)acrylamide monomers include: acrylamide, N-
isopropyl acrylamide, N,N-dimethylaminopropyl (meth)acrylamide, N,N-dimethyl acrylamide (DMA), 2-hydroxyethyl
methacrylate (HEMA), 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2,3-dihydroxypropyl (meth)acr-
ylate, 2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl (meth)acrylate, 4-hydroxybutyl (meth)acrylate, N-(2-hydroxyethyl)
(meth)acrylamide, N,N-bis(2-hydroxyethyl) (meth)acrylamide, N-(2-hydroxypropyl) (meth)acrylamide, N,N-bis(2-hydrox-
ypropyl) (meth)acrylamide, N-(3-hydroxypropyl) (meth)acrylamide, N-(2-hydroxybutyl) (meth)acrylamide, N-(3-hydroxy-
butyl) (meth)acrylamide, N-(4-hydroxybutyl) (meth)acrylamide, 2-aminoethyl (meth)acrylate, 3-aminopropyl (meth)acr-
ylate, 2-aminopropyl (meth)acrylate, N-2-aminoethyl (meth)acrylamides), N-3-aminopropyl (meth)acrylamide, N-2-ami-
nopropyl (meth)acrylamide, N,N-bis-2-aminoethyl (meth)acrylamides, N,N-bis-3-aminopropyl (meth)acrylamide), N,N-
bis-2-aminopropyl (meth)acrylamide, glycerol methacrylate, polyethyleneglycol monomethacrylate, (meth)acrylic acid,
vinyl acetate, acrylonitrile, and mixtures thereof.

[0068] Hydrophilic monomers may also be ionic, including anionic, cationic, zwitterions, betaines, and mixtures thereof.
Non-limiting examples of such charged monomers include (meth)acrylic acid, N-[(ethenyloxy)carbonyl]-f-alanine
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(VINAL), 3-acrylamidopropanoic acid (ACA1), 5-acrylamidopentanoic acid (ACA2), 3-acrylamido-3-methylbutanoic acid
(AMBA), 2-(methacryloyloxy)ethyl trimethylammonium chloride (Q Salt or METAC), 2-acrylamido-2-methylpropane sul-
fonic acid (AMPS), 1-propanaminium, N-(2-carboxyethyl)-N,N-dimethyl-3-[(1-ox0-2-propen-1-yl)amino]-, inner salt
(CBT), 1-propanaminium, N,N-dimethyl-N-[3-[(1-0x0-2-propen-1-yl)amino]propyl]-3-sulfo-, inner salt (SBT), 3,5-Dioxa-
8-aza-4-phosphaundec-10-en-1-aminium, 4-hydroxy-N,N,N-trimethyl-9-oxo-, inner salt, 4-oxide (9Cl) (PBT), 2-meth-
acryloyloxyethyl phosphorylcholine, 3-(dimethyl(4-vinylbenzyl)Jammonio)propane-1-sulfonate (DMVBAPS), 3-((3-acry-
lamidopropyl)dimethylammonio)propane-1-sulfonate (AMPDAPS), 3-((3-methacrylamidopropyl)dimethylammonio)pro-
pane-1-sulfonate (MAMPDAPS), 3-((3-(acryloyloxy)propyl)dimethylammonio)propane-1-sulfonate (APDAPS), and
methacryloyloxy)propyl)dimethylammonio)propane-1-sulfonate (MAPDAPS).

[0069] Non-limiting examples of hydrophilic N-vinyl lactam and N-vinyl amide monomers include: N-vinyl pyrrolidone
(NVP), N-vinyl-2-piperidone, N-vinyl-2-caprolactam, N-vinyl-3-methyl-2-caprolactam, N-vinyl-3-methyl-2-piperidone, N-
vinyl-4-methyl-2-piperidone, N-vinyl-4-methyl-2-caprolactam, N-vinyl-3-ethyl-2- pyrrolidone, N-vinyl-4,5-dimethyl-2-pyr-
rolidone, N-vinyl acetamide (NVA), N-vinyl-N-methylacetamide (VMA), N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl for-
mamide, N-vinyl formamide, N-vinyl-N-methylpropionamide, N-vinyl-N-methyl-2-methylpropionamide, N-vinyl-2-meth-
ylpropionamide, N-vinyl-N,N’-dimethylurea, 1-methyl-3-methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone,
5-methyl-3-methylene-2-pyrrolidone; 1-ethyl-5-methylene-2-pyrrolidone, N-methyl-3-methylene-2-pyrrolidone, 5-ethyl-
3-methylene-2-pyrrolidone, 1-N-propyl-3-methylene-2-pyrrolidone, 1-N-propyl-5-methylene-2-pyrrolidone, 1-isopropyl-
3-methylene-2-pyrrolidone, 1-isopropyl-5-methylene-2-pyrrolidone, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl forma-
mide, N-vinyl formamide, N-vinyl isopropylamide, N-vinyl caprolactam, N-vinylimidazole, and mixtures thereof

[0070] Non-limiting examples of hydrophilic O-vinyl carbamates and O-vinyl carbonates monomers include N-2-hy-
droxyethyl vinyl carbamate and N-carboxy-B-alanine N-vinyl ester. Further examples of hydrophilic vinyl carbonate or
vinyl carbamate monomers are disclosed in U.S. Patent No. 5,070,215. Hydrophilic oxazolone monomers are disclosed
in U.S. Patent No. 4,910,277.

[0071] Other hydrophilic vinyl compounds include ethylene glycol vinyl ether (EGVE), di(ethylene glycol) vinyl ether
(DEGVE), allyl alcohol, and 2-ethyl oxazoline.

[0072] The hydrophilic monomers may also be macromers or prepolymers of linear or branched poly(ethylene glycol),
polypropylene glycol), or statistically random or block copolymers of ethylene oxide and propylene oxide, having polym-
erizable moieties such as (meth)acrylates, styrenes, vinyl ethers, (meth)acrylamides, N-vinylamides, and the like. The
macromers of these polyethers have one polymerizable group; the prepolymers may have two or more polymerizable
groups.

[0073] The preferred hydrophilic monomers of the present invention are DMA, NVP, HEMA, VMA, NVA, and mixtures
thereof. Preferred hydrophilic monomers include mixtures of DMA and HEMA. Other suitable hydrophilic monomers will
be apparent to one skilled in the art.

[0074] Generally, there are no particular restrictions with respect to the amount of the hydrophilic monomer that may
be present in the reactive monomer mixture. The amount of the hydrophilic monomers may be selected based upon the
desired characteristics of the resulting hydrogel, including water content, clarity, wettability, protein uptake, and the like.
Wettability may be measured by contact angle, and desirable contact angles are less than about 100°, less than about
80°, and less than about 60°. The hydrophilic monomer may be present in an amount in the range of, for instance, about
0.1 to about 100 weight percent, alternatively in the range of about 1 to about 80 weight percent, alternatively about 5
to about 65 weight percent, alternatively in the range of about 40 to about 60 weight percent, or alternatively about 55
to about 60 weight percent, based on the total weight of the reactive components in the reactive monomer mixture.

Silicone-Containing Components

[0075] Silicone-containing components suitable for use in the invention comprise one or more polymerizable com-
pounds, where each compound independently comprises at least one polymerizable group, at least one siloxane group,
and one or more linking groups connecting the polymerizable group(s) to the siloxane group(s). The silicone-containing
components may, for instance, contain from 1 to 220 siloxane repeat units, such as the groups defined below. The
silicone-containing component may also contain at least one fluorine atom.

[0076] The silicone-containing component may comprise: one or more polymerizable groups as defined above; one
or more optionally repeating siloxane units; and one or more linking groups connecting the polymerizable groups to the
siloxane units. The silicone-containing component may comprise: one or more polymerizable groups that are independ-
ently a (meth)acrylate, a styryl, a vinyl ether, a (meth)acrylamide, an N-vinyl lactam, an N-vinylamide, an O-vinylcar-
bamate, an O-vinylcarbonate, a vinyl group, or mixtures of the foregoing; one or more optionally repeating siloxane units;
and one or more linking groups connecting the polymerizable groups to the siloxane units.

[0077] The silicone-containing component may comprise: one or more polymerizable groups that are independently
a (meth)acrylate, a (meth)acrylamide, an N-vinyl lactam, an N-vinylamide, a styryl, or mixtures of the foregoing; one or
more optionally repeating siloxane units; and one or more linking groups connecting the polymerizable groups to the
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siloxane units.

[0078] The silicone-containing component may comprise: one or more polymerizable groups that are independently
a (meth)acrylate, a (meth)acrylamide, or mixtures of the foregoing; one or more optionally repeating siloxane units; and
one or more linking groups connecting the polymerizable groups to the siloxane units.

Formula A. The silicone-containing component may comprise one or more polymerizable compounds of Formula A:

[0079]
RA RA
RA—{—Si—0—si—R*
n
RA RA
Formula A
wherein:

atleastone RA is a group of formula Rg-L- wherein Rg is a polymerizable group and L is a linking group, and the remaining
RA are each independently:

(a) RgL-,

(b) C?-C16 alkyl optionally substituted with one or more hydroxy, amino, amido, alkoxyalkyl, carboxy, alkyl carboxy,
carbonyl, alkoxy, amido, carbamate, carbonate, halo, phenyl, benzyl, or combinations thereof,

(c) C5-C4, cycloalkyl optionally substituted with one or more alkyl, hydroxy, amino, amido, alkoxyalkyl, carbonyl,
alkoxy, amido, carbamate, carbonate, halo, phenyl, benzyl, or combinations thereof,

(d) a Cg-C44 aryl group optionally substituted with one or more alkyl, hydroxy, amino, amido, alkoxyalkyl, carboxy,
alkyl carboxy, carbonyl, alkoxy, amido, carbamate, carbonate, halo, phenyl, benzyl, or combinations thereof,

(e) halo,

(f) alkoxy, cyclic alkoxy, or aryloxy,

(g) siloxy,

(h) alkyleneoxy-alkyl or alkoxy-alkyleneoxy-alkyl, such as polyethyleneoxyalkyl, polypropyleneoxyalkyl, or poly(eth-
yleneoxy-co-propyleneoxyalkyl), or

(i) a monovalent siloxane chain comprising from 1 to 100 siloxane repeat units optionally substituted with alkyl,
alkoxy, hydroxy, amino, alkoxyalkyl, carboxy, alkyl carboxy, alkoxy, amido, carbamate, halo or combinations thereof;
and

n is from 0 to 500 or from 0 to 200, or from 0 to 100, or from 0 to 20, where it is understood that when n is other than 0,
n is a distribution having a mode equal to a stated value. When n is 2 or more, the SiO units may carry the same or
different RA substituents and if different RA substituents are present, the n groups may be in random or block configuration.
[0080] In Formula A, three RA may each comprise a polymerizable group, alternatively two RA may each comprise a
polymerizable group, or alternatively one RA may comprise a polymerizable group.

[0081] Examples of silicone-containing components suitable for use in the invention include, but are not limited to,
compounds listed in Table A. Where the compounds in Table A contain polysiloxane groups, the number of SiO repeat
units in such compounds, unless otherwise indicated, is preferably from 3 to 100, more preferably from 3 to 40, or still
more preferably from 3 to 20.

Table A

mono-methacryloxypropyl terminated mono-n-butyl terminated polydimethylsiloxanes (mPDMS) (preferably
containing from 3 to 15 SiO repeating units)

2 mono-acryloxypropyl terminated mono-n-butyl terminated polydimethylsiloxane
3 mono(meth)acryloxypropyl terminated mono-n-methyl terminated polydimethylsiloxane
4 mono(meth)acryloxypropyl terminated mono-n-butyl terminated polydiethylsiloxane
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(continued)
5 mono(meth)acryloxypropyl terminated mono-n-methyl terminated polydiethylsiloxane
6 mono(meth)acrylamidoalkylpolydialkylsiloxanes
7 mono(meth)acryloxyalkyl terminated mono-alkyl polydiarylsiloxanes
8 3-methacryloxypropyltris(trimethylsiloxy)silane (TRIS)
9 3-methacryloxypropylbis(trimethylsiloxy)methylsilane
10 3-methacryloxypropylpentamethyl disiloxane
11 mono(meth)acrylamidoalkylpolydialkylsiloxanes
12 mono(meth)acrylamidoalkyl polydimethylsiloxanes
13 N-(2,3-dihydroxypropane)-N’-(propyl tetra(dimethylsiloxy) dimethylbutylsilane)acrylamide
14 N-[3-tris(trimethylsiloxy)silyl]-propyl acrylamide (TRIS-Am)
15 | 2-hydroxy-3-[3-methyl-3,3-di(trimethylsiloxy)silylpropoxy]-propyl methacrylate (SIMAA)
16 | 2-hydroxy-3-methacryloxypropyloxypropyl-tris(trimethylsiloxy)silane
O
| Lol
. %O/\(\O/\/\Sl NS
OH | | n mono-(2-hydroxy-3-
methacryloxypropyloxy)-propyl terminated mono-n-butyl terminated polydimethylsiloxanes (OH-mPDMS)
(containing from 4 to 30, or from 4 to 20, or from 4 to 15 SiO repeat units)
O
18 | | )
O—(CHy)— O —(CH5)3Si— O Si—(CH>)3CH3
| |
o)

19 H |

’}l_(CHz)3 SI— Si— CH2)3CH3

! |

0]
N—(CH2)3—QSi—O%—?i—(CHz)3CH3
20 | 2
CH3(CH2)3€SI-O)_SI
| i |
0]
_(CH2)3-QS.—09-S| (CH2)sCHs
21 oq | |
OH

12
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(continued)
O
OH |
22 H '
N—CHZ_C_CHz CHZ SI—'O Si— (CH2 3CH3
| |1| J2 |
O
OH |
23 '
O_CHQ_C_CHZ CH2 SI— Si— CH2 3CH3
|1| i2 I
Si(CH
o Il( 33
?
| N—(CH2)3-?i—
24 (I)
Si(CH
(CH3)sSi—O (Cla)s
i
~ ‘(I)
Si(CHs3),

[0082] Additional non-limiting examples of suitable silicone-containing components are listed in Table B. Unless oth-
erwise indicated, j2 where applicable is preferably from 1 to 100, more preferably from 3 to 40, or still more preferably
from 3 to 15. In compounds containing j1 and j2, the sum of j1 and j2 is preferably from 2 to 100, more preferably from
3 to 40, or still more preferably from 3 to 15.
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Table B
(CH3)3Si Ti(CHa)s
|
O O Si(CH
0 :Si: 1 ( 3)3
25 ? Q
I}I_CHZ_(I:_CH2_O_(CH2)3-?i_
H H CI)
Si(CH»)5
0O
|
CH2-N—C—O‘(CHZCH20
p
26
O
J | i
’;l O_(CH2)2_O_(CH2)3 SI_O%Sl_(CHz)g,CHQ,
H | e | pis 1t0 10

13
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(continued)
O
YLO—(CHZ)s—QSi—o)—QSi—oa—Si—
27 | i i2
CH3;0+tCH,CH,0O OCH,CH,4+—0CH3
’ -< 2 p t pis 5-10
O
0 I
28 i | _
O—(CH5);=NH—=C—=0—(CH5),=0—(CH5)3+tSi— O Si—(CH,)3sCH3
| io |
29 | |
| iz |
30 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl]tetramethyl-disiloxane
31 3-(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxy)silane]
32 3-[tris(trimethylsiloxy)silyl] propyl allyl carbamate
33 3-[tris(trimethylsiloxy)silyl] propyl vinyl carbamate
34 tris(trimethylsiloxy)silylstyrene (Styryl-TRIS)
0]
0 | S
O—(CHz)zNHCO(CHz)zo(CHz)g-Sl—O(-§|—O)-S|—(CH2)3O
n ]
| RA | CH2
35 |
RA = CHj (a) or CH,CH,CF5 (b) or CHo~(CH,) G
= LHg (&) or LHLHA LIRS (D) or LRp-(LHZ)o-
[OCH,CH5)1.10-OCH3 (c);a+ b +c=n )J\[(O (CHZ)ZNHﬁ O
O
O
| o/\|/\o si” |si o/\(\o |
OH I OH
X "
37 | ol o1l
Z>o O(/\L\Sli/ J[S|| j2?|H;oJLo/\
O
| ol
O/\(\O/\/\[.SI } LS VN
3 |
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(continued)

39 WHLH/\/\} Otsl,l/\/\ )H(

o
40 \[HLO/\/\[S:i/Ot?i/\/\O
J

Y
41 )ﬁ\/ N&—o)—(&—o}—?\/\/o
j2
- O j1 = 80-90
j2=5-6
p=7-8

[0083] Mixtures of silicone-containing components may be used. By way of example, suitable mixtures may include,
but are not limited to: a mixture of mono-(2-hydroxy-3-methacryloxypropyloxy)-propyl terminated mono-n-butyl termi-
nated polydimethylsiloxane (OH-mPDMS) having different molecular weights, such as a mixture of OH-mPDMS con-
taining 4 and 15 SiO repeat units; a mixture of OH-mPDMS with different molecular weights (e.g., containing 4 and 15
repeat SiO repeat units) together with a silicone based crosslinker, such as bis-3-acryloxy-2-hydroxypropyloxypropyl
polydimethylsiloxane (ac-PDMS); a mixture of 2-hydroxy-3-[3-methyl-3,3-di(trimethylsiloxy)silylpropoxy]-propyl meth-
acrylate (SiMAA) and mono-methacryloxypropyl terminated mono-n-butyl terminated polydimethylsiloxane (mPDMS),
such as mPDMS 1000.

[0084] Silicone-containing components for use in the invention may have an average molecular weight of from about
400 to about 4000 daltons.

[0085] The silicone containing component(s) may be present in amounts up to about 95 weight %, or from about 10
to about 80 weight %, or from about 20 to about 70 weight %, based upon all reactive components of the reactive mixture
(excluding diluents).

Polyamides

[0086] The reactive mixture may include at least one polyamide. As used herein, the term "polyamide" refers to
polymers and copolymers comprising repeating units containing amide groups. The polyamide may comprise cyclic
amide groups, acyclic amide groups and combinations thereof and may be any polyamide known to those of skill in the
art. Acyclic polyamides comprise pendant acyclic amide groups and are capable of association with hydroxyl groups.
Cyclic polyamides comprise cyclic amide groups and are capable of association with hydroxyl groups.

[0087] Examples of suitable acyclic polyamides include polymers and copolymers comprising repeating units of For-
mulae G and G1:
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X

N O
/
Ra4o
Ra1

Formula G

R42
Formula G1

wherein X is a direct bond, -(CO)-, or -(CONHR,4)-, wherein Ry, is a C to C5 alkyl group; Ry is selected from H, straight
or branched, substituted or unsubstituted C, to C, alkyl groups; R4, is selected from H, straight or branched, substituted
or unsubstituted C, to C, alkyl groups, amino groups having up to two carbon atoms, amide groups having up to four
carbon atoms, and alkoxy groups having up to two carbon groups; R, is selected from H, straight or branched, substituted
or unsubstituted C, to C4 alkyl groups; or methyl, ethoxy, hydroxyethyl, and hydroxymethyl; R,5 is selected from H,
straight or branched, substituted or unsubstituted C, to C, alkyl groups; or methyl, ethoxy, hydroxyethyl, and hydroxyme-
thyl; wherein the number of carbon atoms in R4q and R,4 taken together is 8 or less, including 7, 6, 5, 4, 3, or less; and
wherein the number of carbon atoms in Ry, and R,3 taken together is 8 or less, including 7, 6, 5, 4, 3, or less. The
number of carbon atoms in Ryq and Ry, taken together may be 6 or less or 4 or less. The number of carbon atoms in
R,4o and R43 taken together may be 6 or less. As used herein substituted alkyl groups include alkyl groups substituted
with an amine, amide, ether, hydroxyl, carbonyl or carboxy groups or combinations thereof.

[0088] R, and R,y may be independently selected from H, substituted or unsubstituted C, to C, alkyl groups. X may
be a direct bond, and R,y and R44 may be independently selected from H, substituted or unsubstituted C4 to C, alkyl
groups. Ry and R43 can be independently selected from H, substituted or unsubstituted C to C, alkyl groups, methyl,
ethoxy, hydroxyethyl, and hydroxymethyl.

[0089] The acyclic polyamides of the present invention may comprise a majority of the repeating units of Formula G
or Formula G1, or the acyclic polyamides can comprise at least 50 mole percent of the repeating unit of Formula G or
Formula G1, including at least 70 mole percent, and at least 80 mole percent. Specific examples of repeating units of
Formula G and Formula G1 include repeating units derived from N-vinyl-N-methylacetamide, N-vinylacetamide, N-vinyl-
N-methylpropionamide, N-vinyl-N-methyl-2-methylpropionamide, N-vinyl-2-methylpropionamide, N-vinyl-N,N’-dimethy-
lurea, N, N-dimethylacrylamide, methacrylamide, and acyclic amides of Formulae G2 and G3:
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A

Formula G2
O (0]
N N
H |
Formula G3

[0090] Examples of suitable cyclic amides that can be used to form the cyclic polyamides of include a-lactam, B-lactam,
y-lactam, 3-lactam, and e-lactam. Examples of suitable cyclic polyamides include polymers and copolymers comprising
repeating units of Formula G4:

f

Formula G4

wherein R,z is a hydrogen atom or methyl group; wherein f is a number from 1 to 10; wherein X is a direct bond, -(CO)-,
or -(CONHRg)-, wherein Ryg is a C¢ to C3 alkyl group. In Formula G4, f may be 8 or less, including 7, 6, 5, 4, 3, 2, or
1. In Formula G4, f may be 6 or less, including 5, 4, 3, 2, or 1. In Formula G4, f may be from 2 to 8, including 2, 3, 4, 5,
6, 7, or 8. In Formula G4, f may be 2 or 3. When X is a direct bond, f may be 2. In such instances, the cyclic polyamide
may be polyvinylpyrrolidone (PVP).

[0091] The cyclic polyamides of the present invention may comprise 50 mole percent or more of the repeating unit of
Formula G4, or the cyclic polyamides can comprise at least 50 mole percent of the repeating unit of Formula G4, including
at least 70 mole percent, and at least 80 mole percent.

[0092] The polyamides may also be copolymers comprising repeating units of both cyclicand acyclicamides. Additional
repeating units may be formed from monomers selected from hydroxyalkyl(meth)acrylates, alkyl(meth)acrylates, other
hydrophilic monomers and siloxane substituted (meth)acrylates. Any of the monomers listed as suitable hydrophilic
monomers may be used as co-monomers to form the additional repeating units. Specific examples of additional monomers
which may be used to form polyamides include 2-hydroxyethyl (meth)acrylate, vinyl acetate, acrylonitrile, hydroxypropyl
(meth)acrylate, methyl (meth)acrylate and hydroxybutyl (meth)acrylate, dihydroxypropyl (meth)acrylate, polyethylene
glycol mono(meth)acrylate, and the like and mixtures thereof. lonic monomers may also be included. Examples of ionic
monomers include (meth)acrylic acid, N-[(ethenyloxy)carbonyl]-B-alanine (VINAL, CAS #148969-96-4), 3-acrylamido-
propanoic acid (ACA1), 5-acrylamidopentanoic acid (ACA2), 3-acrylamido-3-methylbutanoic acid (AMBA), 2-(methacry-
loyloxy)ethyl trimethylammonium chloride (Q Salt or METAC), 2-acrylamido-2-methylpropane sulfonic acid (AMPS), 1-
propanaminium, N-(2-carboxyethyl)-N,N-dimethyl-3-[(1-oxo-2-propen-1-yl)amino]-, inner salt (CBT, carboxybetaine;
CAS 79704-35-1), 1-propanaminium, N,N-dimethyl-N-[3-[(1-0x0-2-propen-1-yl)amino]propyl]-3-sulfo-, inner salt (SBT,
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sulfobetaine, CAS 80293-60-3), 3,5-Dioxa-8-aza-4-phosphaundec-10-en-1-aminium, 4-hydroxy-N,N,N-trimethyl-9-
oxo-, inner salt, 4-oxide (9Cl) (PBT, phosphobetaine, CAS 163674-35-9, 2-methacryloyloxyethyl phosphorylcholine,
3-(dimethyl(4-vinylbenzyl)ammonio)propane-1-sulfonate (DMVBAPS), 3-((3-acrylamidopropyl)dimethylammonio)pro-
pane-1-sulfonate (AMPDAPS), 3-((3-methacrylamidopropyl)dimethylammonio)propane-1-sulfonate (MAMPDAPS),
3-((3-(acryloyloxy)propyl)dimethylammonio)propane-1-sulfonate (APDAPS), methacryloyloxy)propyl)dimethylammo-
nio)propane-1-sulfonate (MAPDAPS).

[0093] The reactive monomer mixture may comprise both an acyclic polyamide and a cyclic polyamide or copolymers
thereof. The acyclic polyamide can be any of those acyclic polyamides described herein or copolymers thereof, and the
cyclic polyamide can be any of those cyclic polyamides described herein or copolymers thereof. The polyamide may be
selected from the group polyvinylpyrrolidone (PVP), polyvinylmethyacetamide (PVMA), polydimethylacrylamide (PDMA),
polyvinylacetamide (PNVA), poly(hydroxyethyl(meth)acrylamide), polyacrylamide, and copolymers and mixtures thereof.
The polyamide may be a mixture of PVP (e.g., PVP K90) and PVMA (e.g., having a M,, of about 570 KDa).

[0094] The total amount of all polyamides in the reactive mixture may be in the range of between 1 weight percent
and about 35 weight percent, including in the range of about 1 weight percent to about 15 weight percent, and in the
range of about 5 weight percent to about 15 weight percent, in all cases, based on the total weight of the reactive
components of the reactive monomer mixture.

[0095] Without intending to be bound by theory, when used with a silicone hydrogel, the polyamide functions as an
internal wetting agent. The polyamides of the present invention may be non-polymerizable, and in this case, are incor-
porated into the silicone hydrogels as semi-interpenetrating networks. The polyamides are entrapped or physically
retained within the silicone hydrogels. Alternatively, the polyamides of the present invention may be polymerizable, for
example as polyamide macromers or prepolymers, and in this case, are covalently incorporated into the silicone hydro-
gels. Mixtures of polymerizable and non-polymerizable polyamides may also be used.

[0096] When the polyamides are incorporated into the reactive monomer mixture they may have a weight average
molecular weight of at least 100,000 daltons; greater than about 150,000; between about 150,000 to about 2,000,000
daltons; between about 300,000 to about 1,800,000 daltons. Higher molecular weight polyamides may be used if they
are compatible with the reactive monomer mixture.

Cross-linking Agents

[0097] It is generally desirable to add one or more cross-linking agents, also referred to as cross-linking monomers,
multi-functional macromers, and prepolymers, to the reactive mixture. The cross-linking agents may be selected from
bifunctional crosslinkers, trifunctional crosslinkers, tetrafunctional crosslinkers, and mixtures thereof, including silicone-
containing and non-silicone containing cross-linking agents. Non-silicone-containing cross-linking agents include ethyl-
ene glycol dimethacrylate (EGDMA), tetraethylene glycol dimethacrylate (TEGDMA), trimethylolpropane trimethacrylate
(TMPTMA), triallyl cyanurate (TAC), glycerol trimethacrylate, methacryloxyethyl vinylcarbonate (HEMAVc), allyimeth-
acrylate, methylene bisacrylamide (MBA), and polyethylene glycol dimethacrylate wherein the polyethylene glycol has
a molecular weight up to about 5000 Daltons. The cross-linking agents are used in the usual amounts, e.g., from about
0.000415 to about 0.0156 mole per 100 grams of reactive Formulas in the reactive mixture. Alternatively, if the hydrophilic
monomers and/or the silicone-containing components are multifunctional by molecular design or because of impurities,
the addition of a cross-linking agent to the reactive mixture is optional. Examples of hydrophilic monomers and macromers
which can act as the cross-linking agents and when present do not require the addition of an additional cross-linking
agent to the reactive mixture include (meth)acrylate and (meth)acrylamide endcapped polyethers. Other cross-linking
agents will be known to one skilled in the art and may be used to make the silicone hydrogel of the present invention.
[0098] It may be desirable to select crosslinking agents with similar reactivity to one or more of the other reactive
components in the formulation. In some cases, it may be desirable to select a mixture of crosslinking agents with different
reactivity in order to control some physical, mechanical or biological property of the resulting silicone hydrogel. The
structure and morphology of the silicone hydrogel may also be influenced by the diluent(s) and cure conditions used.
[0099] Multifunctional silicone-containing components, including macromers, cross-linking agents, and prepolymers,
may also be included to further increase the modulus and retain tensile strength. The silicone containing cross-linking
agents may be used alone or in combination with other cross-linking agents. An example of a silicone containing com-
ponent which can act as a cross-linking agent and, when present, does not require the addition of a crosslinking monomer
to the reactive mixture includes a, ®w-bismethacryloxypropyl polydimethylsiloxane. Another example is bis-3-acryloxy-2-
hydroxypropyloxypropyl polydimethylsiloxane (ac-PDMS).

[0100] Cross-linking agents that have rigid chemical structures and polymerizable groups that undergo free radical
polymerization may also be used. Non-limiting examples of suitable rigid structures include cross-linking agents com-
prising phenyl and benzyl ring, such are 1,4-phenylene diacrylate, 1,4-phenylene dimethacrylate, 2,2-bis(4-methacry-
loxyphenyl)-propane, 2,2-bis[4-(2-acryloxyethoxy)phenyl]propane, 2,2-bis[4-(2-hydroxy-3-methacryloxypropoxy)-phe-
nyl]propane, and 4-vinylbenzyl methacrylate, and combinations thereof. Rigid crosslinking agents may be included in

18



10

15

20

25

30

35

40

45

50

55

EP 4 165 446 B9

amounts between about 0.5 and about 15, or 2-10, 3-7 based upon the total weight of all of the reactive components.
The physical and mechanical properties of the silicone hydrogels of the present invention may be optimized for a particular
use by adjusting the components in the reactive mixture.

[0101] Non-limiting examples of silicone cross-linking agents also include the multi-functional silicone-containing com-
ponents described above, such as the multi-functional compounds shown in Table B.

Further Constituents

[0102] The reactive mixture may contain additional components such as, but not limited to, diluents, initiators, UV
absorbers, visible light absorbers, photochromic compounds, pharmaceuticals, nutraceuticals, antimicrobial substances,
tints, pigments, copolymerizable dyes, nonpolymerizable dyes, release agents, and combinations thereof.

[0103] Classes of suitable diluents for silicone hydrogel reactive mixtures include alcohols having 2 to 20 carbon
atoms, amides having 10 to 20 carbon atoms derived from primary amines and carboxylic acids having 8 to 20 carbon
atoms. The diluents may be primary, secondary, and tertiary alcohols.

[0104] Generally, the reactive components are mixed in a diluent to form a reactive mixture. Suitable diluents are
known in the art. For silicone hydrogels, suitable diluents are disclosed in WO 03/022321 and US 6020445.

[0105] Classes of suitable diluents for silicone hydrogel reactive mixtures include alcohols having 2 to 20 carbons,
amides having 10 to 20 carbon atoms derived from primary amines, and carboxylic acids having 8 to 20 carbon atoms.
Primary and tertiary alcohols may be used. Preferred classes include alcohols having 5 to 20 carbons and carboxylic
acids having 10 to 20 carbon atoms.

[0106] Specific diluents which may be used include 1-ethoxy-2-propanol, diisopropylaminoethanol, isopropanol, 3,7-
dimethyl-3-octanol, 1-decanol, 1-dodecanol, 1-octanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-me-
thyl-3-pentanol, tert-amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-propanol, 1-propanol, eth-
anol, 2-ethyl-1-butanol, (3-acetoxy-2-hydroxypropyloxy)-propylbis(trimethylsiloxy) methylsilane, 1-tert-butoxy-2-propa-
nol, 3,3-dimethyl-2-butanol, tert-butoxyethanol, 2-octyl-1-dodecanol, decanoic acid, octanoic acid, dodecanoic acid,
2-(diisopropylamino)ethanol mixtures thereof and the like. Examples of amide diluents include N,N-dimethyl propiona-
mide and dimethyl acetamide.

[0107] Preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol, 1-octanol, 1-pentanol, 1-hexanol,
2-hexanol, 2-octanol, 3-methyl-3-pentanol, 2-pentanol, t-amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-
pentanol, 2-ethyl-1-butanol, ethanol, 3,3-dimethyl-2-butanol, 2-octyl-1-dodecanol, decanoic acid, octanoic acid, dodeca-
noic acid, mixtures thereof and the like.

[0108] More preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol, 1-octanol, 1-pentanol, 1-hex-
anol, 2-hexanol, 2-octanol, 1-dodecanol, 3-methyl-3-pentanol, 1-pentanol, 2-pentanol, t-amyl alcohol, tert-butanol, 2-
butanol, 1-butanol, 2-methyl-2-pentanol, 2-ethyl-1-butanol, 3,3-dimethyl-2-butanol, 2-octyl-1-dodecanol, mixtures there-
of and the like.

[0109] If adiluentis present, generally there are no particular restrictions with respect to the amount of diluent present.
When diluent is used, the diluent may be present in an amount in the range of about 2 to about 70 weight percent,
including in the range of about 5 to about 50 weight percent, and in the range of about 15 to about 40 weight percent,
based on the total weight of the reactive mixtures (including reactive and nonreactive Formulas). Mixtures of diluents
may be used.

[0110] A polymerization initiator may be used in the reactive mixture. The polymerization initiator may include, for
instance, at least one of lauroyl peroxide, benzoyl peroxide, iso- propyl percarbonate, azobisisobutyronitrile, and the
like, that generate free radicals at moderately elevated temperatures, and photoinitiator systems such as aromatic alpha-
hydroxy ketones, alkoxyoxybenzoins, acetophenones, acylphosphine oxides, bisacylphosphine oxides, and a tertiary
amine plus a diketone, mixtures thereof and the like. lllustrative examples of photoinitiators are 1-hydroxycyclohexyl
phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine
oxide (DMBAPO), bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide (Irgacure 819), 2,4,6-trimethylbenzyldiphenyl
phosphine oxide and 2,4,6-trimethylbenzoyl diphenylphosphine oxide, benzoin methyl ester and a combination of cam-
phorquinone and ethyl 4-(N,N-dimethylamino)benzoate.

[0111] Commercially available (from IGM Resins B.V., The Netherlands) visible light initiator systems include Irgacure®
819, Irgacure® 1700, Irgacure® 1800, Irgacure® 819, Irgacure® 1850 and Lucrin® TPO initiator. Commercially available
(from IGM Resins B.V.) UV photoinitiators include Darocur® 1173 and Darocur® 2959. These and other photoinitiators
which may be used are disclosed in Volume Ill, Photoinitiators for Free Radical Cationic & Anionic Photopolymerization,
2nd Edition by J. V. Crivello & K. Dietliker; edited by G. Bradley; John Wiley and Sons; New York; 1998. The initiator is
used in the reactive mixture in effective amounts to initiate photopolymerization of the reactive mixture, e.g., from about
0.1 to about 2 parts by weight per 100 parts of reactive monomer mixture. Polymerization of the reactive mixture can
be initiated using the appropriate choice of heat or visible or ultraviolet light or other means depending on the polymer-
ization initiator used. Alternatively, initiation can be conducted using e-beam without a photoinitiator. However, when a
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photoinitiator is used, the preferred initiators are bisacylphosphine oxides, such as bis(2,4,6-tri-methylbenzoyl)-phenyl
phosphine oxide (Irgacure® 819) or a combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-
2,4-4-trimethylpentyl phosphine oxide (DMBAPO).

[0112] Thereactive mixture for making the ophthalmic devices of the invention may comprise, in addition to a zwitterionic
polymerizable compound of formula |, any of the other polymerizable compounds and optional components described
above.

[0113] Preferredreactive mixtures may comprise: a zwitterionic polymerizable compound of formula |, and a hydrophilic
component.

[0114] Preferredreactive mixtures may comprise: a zwitterionic polymerizable compound of formula |, and a hydrophilic
component selected from DMA, NVP, HEMA, VMA, NVA, methacrylic acid, and mixtures thereof. Preferred are mixtures
of HEMA and methacrylic acid.

[0115] Preferred reactive mixtures may comprise: a zwitterionic polymerizable compound of formula I, a hydrophilic
component, and a silicone-containing component.

[0116] Preferred reactive mixtures may comprise: a zwitterionic polymerizable compound of formula I, a hydrophilic
component, and a silicone-containing component comprising a compound of formula A.

[0117] Preferred reactive mixtures may comprise: a zwitterionic polymerizable compound of formula I, a hydrophilic
component selected from DMA, NVP, HEMA, VMA, NVA, and mixtures thereof; a silicone-containing component such
as a compound of formula A; and an internal wetting agent.

[0118] Preferred reactive mixtures may comprise: a zwitterionic polymerizable compound of formula I, a hydrophilic
component selected from DMA, HEMA and mixtures thereof; a silicone-containing component selected from 2-hydroxy-
3-[3-methyl-3,3-di(trimethylsiloxy)silylpropoxy]-propyl methacrylate (SiIMAA), mono-methacryloxypropyl terminated mo-
no-n-butyl terminated polydimethylsiloxane (mPDMS), mono-(2-hydroxy-3-methacryloxypropyl)-propyl ether terminated
mono-n-butyl terminated polydimethylsiloxane (OH-mPDMS), and mixtures thereof; and a wetting agent (preferably PVP
or PVMA). For the hydrophilic component, mixtures of DMA and HEMA are preferred. For the silicone containing com-
ponent, mixtures of SIMAA and mPDMS are preferred.

[0119] Preferred reactive mixtures may comprise: a zwitterionic polymerizable compound of formula I, a hydrophilic
component comprising a mixture of DMA and HEMA,; a silicone-containing component comprising a mixture of OH-
mPDMS having from 2 to 20 repeat units (preferably a mixture of 4 and 15 repeat units). Preferably, the reactive mixture
further comprises a silicone-containing crosslinker, such as ac-PDMS. Also preferably, the reactive mixture contains a
wetting agent (preferably DMA, PVP, PVMA or mixtures thereof).

[0120] Preferred reactive mixtures may comprise: a zwitterionic polymerizable compound of formula |; between about
1 and about 15 wt% of at least one polyamide (e.g., an acyclic polyamide, a cyclic polyamide, or mixtures thereof); at
least one first mono-functional, hydroxyl substituted poly(disubstituted siloxane) having 4 to 8 siloxane repeating units
(e.g., OH-mPDMS where n is 4 to 8, preferably n is 4); at least one second hydroxyl substituted poly(disubstituted
siloxane) that is a mono-functional hydroxyl substituted poly(disubstituted siloxane)s having 10 to 200 or 10-100 or 10-50
or 10-20 siloxane repeating units (e.g., OH-mPDMS where n is 10 to 200 or 10-100 or 10-50 or 10-20, preferably n is
15); about 5 to about 35 wt% of at least one hydrophilic monomer; and optionally a multifunctional hydroxyl substituted
poly(disubstituted siloxane)s having 10 to 200, or 10 to 100 siloxane repeating units (e.g., ac-PDMS). Preferably, the
first mono-functional, hydroxyl substituted poly(disubstituted siloxane) and the second hydroxyl substituted poly(disub-
stituted siloxane) are present in concentrations to provide a ratio of weight percent of the first mono-functional, hydroxyl
substituted poly(disubstituted siloxane) to weight percent of the second hydroxyl substituted poly(disubstituted siloxane)
of 0.4-1.3, or 0.4-1.0.

[0121] The foregoing reactive mixtures may contain optional ingredients such as, but not limited to, one or more
initiators, internal wetting agents, crosslinkers, UV or high energy visible light absorbers, and diluents.

Curing of Hydrogels and Manufacture of Lens

[0122] The reactive mixtures may be formed by any of the methods known in the art, such as shaking or stirring, and
used to form polymeric articles or devices by known methods. The reactive components are mixed together either with
or without a diluent to form the reactive mixture.

[0123] For example, ophthalmic devices may be prepared by mixing reactive components, and, optionally, diluent(s),
with a polymerization initiator and curing by appropriate conditions to form a product that can be subsequently formed
into the appropriate shape by lathing, cutting, and the like. Alternatively, the reactive mixture may be placed in a mold
and subsequently cured into the appropriate article.

[0124] A method of making a molded ophthalmic device, such as a silicone hydrogel contact lens, may comprise:
preparing a reactive monomer mixture; transferring the reactive monomer mixture onto a first mold; placing a second
mold on top the first mold filled with the reactive monomer mixture; and curing the reactive monomer mixture by free
radical copolymerization to form the silicone hydrogel in the shape of a contact lens.
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[0125] The reactive mixture may be cured via any known process for molding the reactive mixture in the production
of contact lenses, including 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 Nos. 4,113,224 and 4,197,266. The
contact lenses of this invention may be formed by the direct molding of the silicone hydrogels, which is economical, and
enables precise control over the final shape of the hydrated lens. For this method, the reactive mixture is placed in a
mold having the shape of the final desired silicone hydrogel and the reactive mixture is subjected to conditions whereby
the monomers polymerize, thereby producing a polymer in the approximate shape of the final desired product.

[0126] After curing, the lens may be 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 aqueous solutions.

[0127] Aqueous solutions are solutions which comprise water. The aqueous solutions of the present invention may
comprise at least about 20 weight percent water, or at least about 50 weight percent water, or at least about 70 weight
percent water, or at least about 95 weight percent water. Aqueous solutions may also include additional water soluble
Formulas such as inorganic salts or release agents, wetting agents, slip agents, pharmaceutical and nutraceutical
Formulas, combinations thereof and the like. Release 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 aqueous solution that does not comprise the release agent. The aqueous solutions may
not require special handling, such as purification, recycling or special disposal procedures.

[0128] Extraction may be accomplished, for example, via immersion of the lens in an aqueous solution or exposing
the lens to a flow of an aqueous solution. Extraction may also include, for example, one or more of: heating the aqueous
solution; stirring the aqueous solution; increasing the level of release aid in the aqueous solution to a level sufficient to
cause release of the lens; mechanical or ultrasonic agitation of the lens; and incorporating at least one leaching or
extraction aid in the aqueous solution 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.

[0129] Application of physical agitation may be desired to 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 methods
may include ultrasonic waves through the aqueous solution.

[0130] The lenses may be sterilized by known means such as, but not limited to, autoclaving.

[0131] Silicone hydrogel ophthalmic devices (e.g., contact lenses) according to the invention preferably exhibit the
following properties. All values are prefaced by "about," and the devices may have any combination of the listed properties.
The properties may be determined by methods known to those skilled in the art, for instance as described in United
States pre-grant publication US20180037690.

Equilibrium water content %: at least 20 %, or at least 25 % and up to 80 % or up to 70 %

Haze: 30 % or less, or 10 % or less

Advancing dynamic contact angle (Wilhelmy plate method): 100° or less, or 80° or less; or 50° or less

Tensile Modulus (psi): 150 or less, or 135 or less, 120 or less, or 80 to 135

Oxygen permeability (Dk, barrers): at least 60 barrers, or at least 80, or at least 100, or at least 150, or at least 200
Elongation to Break: at least 100

For ionic silicon hydrogels, the following properties may also be preferred (in addition to those recited above):

Lysozyme uptake (ng/lens): at least 100, or at least 150, or at least 500, or at least 700
Polyquaternium 1 (PQ1) uptake (%): 15 or less, or 10 or less, or 5 or less.

[0132] In addition to being incorporated into an ophthalmic device by the methodologies described above, the zwitte-
rionic polymerizable compounds may alternatively (or in addition) be used in blister package packaging solutions. Thus,
according to this embodiment, a blister package may be provided that includes an ophthalmic device and a packaging
solution, wherein the packaging solution comprises a polymer derived from a polymerizable zwitterion compound as
described above.

[0133] Blister packages generally comprise a bowl portion and a foil top. These packages house the soft contact lens
and its aqueous packaging solution. The bowl portion may be made from any suitable material. Typically, the bowl portion
is made from a hydrophobic material such as polypropylene. Polypropylene is a commonly used material for contact
lens packages. Polypropylene is resilient enough to withstand the sterilization steps of contact lens manufacture, and
can be injection molded into a number suitable shapes and sizes. See, U.S. Patent Nos. 4,691,820; 5,054,610; 5,337,888;
5,375,698; 5,409,104; 5,467,868; 5,515,964; 5,609,246; 5,695,049; 5,697,495; 5,704,468; 5,711,416; 5,722,536;
5,573,108; 5,823,327, 5,704,468; 5,983,608; 6,029,808; 6,044,966; and 6,401,915 for non-limiting examples of such
packaging.
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[0134] Packaging solutions for use with ophthalmic devices, such as contact lenses, are well known. Suitable solutions
include, without limitation, saline solutions, other buffered solutions, and deionized water. For instance the packaging
solution may be a saline solution containing salts including, without limitation, sodium chloride, sodium borate, sodium
phosphate, sodium hydrogenphosphate, sodium dihydrogenphosphate, or the corresponding potassium salts of the
same. These ingredients are generally combined to form buffered solutions that include an acid and its conjugate base,
so that addition of acids and bases cause only a relatively small change in pH. The buffered solutions may additionally
include 2-(N-morpholino)ethanesulfonic acid (MES), sodium hydroxide, 2,2-bis(hydroxymethyl)-2,2’,2"-nitrilotriethanol,
n-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid, citric acid, sodium citrate, sodium carbonate, sodium bicarbo-
nate, acetic acid, sodium acetate, ethylenediamine tetraacetic acid and the like and combinations thereof. Preferably,
the solution is a borate buffered or phosphate buffered saline solution.

[0135] Some embodiments of the invention will now be described in detail in the following Examples.

EXAMPLES

[0136] The test methods used to characterize contact lenses are described below. Some abbreviations were used in
the tables as headings, and some standard deviations were reported in the tables inside parentheses.

[0137] Water content was measured gravimetrically. Lenses were equilibrated in packing solution for 24 hours. Each
of three test lenses is 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 is placed in a tared weighing pan and weighed. Then two more sets of samples are prepared and weighed. All
weight measurements were done in triplicate, and the average of those values used in the calculations. The wet weight
is defined as the combined weight of the pan and wet lenses minus the weight of the weighing pan alone.

[0138] The dry weight was measured by placing the sample pans in a vacuum oven which has been preheated to
60°C for 30 minutes. Vacuum was applied until the pressure reaches at least 1 inch of Hg is attained; lower pressures
are allowed. The vacuum valve and pump are turned off and the lenses are dried for at least 12 hours, typically overnight.
The purge valve is opened allowing dry air or dry nitrogen gas to enter. The oven is allowed to reach atmospheric
pressure. The pans are removed and weighed. The dry weight is defined as the combined weight of the pan and dry
lenses minus the weight of the weighing pan alone. The water content of the test lens was calculated as follows: % water
content (%WC) = (wet weight - dry weight)/wet weight x 100. The average water content and its standard deviation were
calculated, and the average value reported as the percent water content of the test lens. Standard deviations are listed
in the table in the parentheses.

[0139] The percent grafted weight gain (%GWG) was calculated as follows: (dry weight of the grafted lens - dry weight
of the substrate lens)/dry weight of the substrate lens x 100. Both the grafted lens and the substrate lens were equilibrated
in deionized water for several hours to remove any residual salts prior to vacuum drying. Typically, at least three lenses
are weighed and averaged for each sample.

[0140] The refractive index (RI) of a contact lens was measured by a Leica ARIAS 500 Abbe refractometer in manual
mode or by a Reichert ARIAS 500 Abbe refractometer in automatic mode with a prism gap distance of 100 microns. The
instrument was calibrated using deionized water at 20°C (+/- 0.2 °C). The prism assembly was opened, and the test
lens placed on the lower prism between the magnetic dots closest to the light source. If the prism is dry, a few drops of
saline were applied to the bottom prism. The front curve of the lens was against the bottom prism. The prism assembly
was then closed. After adjusting the controls so that the shadow line appeared in the reticle field, the refractive index
was measured. The RI measurementwas made onfive testlenses. The average Rl calculated from the five measurements
was recorded as the refractive index as well as its standard deviation.

[0141] The invention is now described with reference to the following examples. Before describing several exemplary
embodiments of the invention, it is to be understood that the invention is not limited to the details of construction or
process steps set forth in the following description. The invention is capable of other embodiments and of being practiced
or being carried out in various ways.

[0142] The following abbreviations will be used throughout the Examples and have the following meanings:

DMA: N, N-dimethylacrylamide (Jarchem)

HEMA: 2-hydroxyethyl methacrylate (Bimax)

CBT: 1-Propanaminium, N-(2-carboxyethyl)-N,N-dimethyl-3-[(1-ox0-2-propen-1-yl)amino]-,
inner salt; carboxybetaine; CAS 79704-35-1
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Norbloc: 2-(2’-hydroxy-5-methacrylyloxyethylphenyl)-2H-benzotriazole (Janssen)

Blue HEMA: 1-amino-4-[3-(4-(2-methacryloyloxy-ethoxy)-6-chlorotriazin-2-ylamino)-4-sulfophenylamino]anthraqui-
none-2-sulfonic acid, as described in US Patent No. 5,944,853

PVP K90: poly(N-vinylpyrrolidone) (ISP Ashland)

EGDMA: ethylene glycol dimethacrylate (Esstech)

TEGDMA: tetraethylene glycol dimethacrylate (Esstech)

AIBN: azobisisobutyronitrile

Omnirad 403: bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide

Omnirad 819: bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (IGM Resins)

Omnirad 1173: 2-hydroxy-2-methyl-1-phenylpropanone

Omnirad: 1700: mixture of 25 weight % Omnirad 403 and 75 weight % Omnirad 1173

TEMPO: (2,2,6,6-tetramethylpiperidin-1-yl)oxyl or (2,2,6,6-tetramethylpiperidin-1-yl)oxidanyl

HO-mPDMS: mono-n-butyl terminated mono-(2-hydroxy-3-methacryloxypropyl)-propyl ether terminated poly-
dimethylsiloxane (M,, = 400-1500 g/mol) (Ortec or DSM-Polymer Technology Group)

HO-mPDMS (n=4):

DFJ?\O{;
. e i,_nBu
0T S’}a
OH i
HO-mPDMS (n=15):
R
=
A
618 Cf'
e~ 1O 0B
0T TSI T S

OH o

nBu: n-butyl

PP: polypropylene which is the homopolymer of propylene

Z: Zeonor which is a polycycloolefin thermoplastic polymer (Nippon Zeon Co Ltd)

D30: 3,7-dimethyl-3-octanol (Vigon)

BAGE: Boric Acid Glycerol Ester (molar ratio of boric acid to glycerol was 1:2) 299.3 grams ( mol) of glycerol and
99.8 grams ( mol) of boric acid were dissolved in 1247.4 grams of a 5% (w/w) aqueous ethylenediaminetetraacetic
acid solution in a suitable reactor and then heated with stirring to 90-94°C under mild vacuum (2-6 torr) for 4-5 hours
and allowed to cool down to room temperature.

Borate Buffered Packing Solution: 18.52 grams (300 mmol) of boric acid, 3.7 grams (9.7 mmol) of sodium borate
decahydrate, and 28 grams (197 mmol) of sodium sulfate were dissolved in enough deionized water to fill a 2-liter
volumetric flask.

mL: milliliter(s)

nm: nanometer(s)

LED: light emitting diode(s)

TLO3 lights: Phillips TLK 40W/03 bulbs

NMR: nuclear magnetic resonance spectroscopy

D,0: deuterium oxide
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Example 1

Synthesis of 3-(1-(3-methacrylamidopropyl)-1H-imidazol-3-ium-3-yl)propanoate (A)

[0143]
(0]
0 B ~ ~~  NayCOy, H,0 O
H '\L\/N > room temp: > H \Q/N‘-\,J(
= 80°C P: ©

(A)

[0144] A solution of 1-(3-methacrylamidopropyl)-1H-imidazole (19.3 grams, 0.1 moles) and ethyl-3-bromopropionate
(19.0 grams, 0.105 moles) in 10 mL of ethanol was heated at 80°C with constant stirring. After eight hours, the mixture
was cooled to room temperature, and the ethyl alcohol was evaporated under reduced pressure. The residual material
was dissolved in 150 mL of water and washed three times with 100 mL of ethyl acetate. After the addition of 0.1 grams
of butylated hydroxytoluene, the volatile organic components were evaporated at a pressure of 50 mm Hg while main-
taining the temperature <20°C. Sodium carbonate (15 g, ~1.4 eq.) was added to the aqueous solution and stirred for 24
hours at room temperature. After rotary evaporation of water, the residual solids are washed with warm acetonitrile
(2X150 mL) and the liquids decanted. The rude product is redissolved in a (5:95) ethyl alcohol: acetonitrile mixture and
filtered. After the addition of 150 mg of butylated hysroxytoluene to the filtrate, the solvents are evaporated under reduced
pressure and the resulting solids are washed with ethyl acetate and further dried in a rotary evaporator to yield the
desired product (compound (A)). Compound (A) is 3-(1-(3-methacrylamidopropyl)-1H-imidazol-3-ium-3-yl)propanoate.
TH NMR (500 MHz, D,0) & (ppm): 1.93 (3H, s, CH3), 2.18 (2H, dddd, J = 6.5 Hz, CH,), 2.77 (2H, t, J = 7 Hz, CH,), 3.35
(2H,t, J=6.5Hz, CH,), 4.28 (2H, t, J =7 Hz, CH,), 4.43 (2H, t, J = 6.5 Hz), 5.48 (1H, bs, vinylic), 5.70 (1H, bs, vinylic),
7.54-7.55 (2H, dd, J = 5, 2 Hz, Ar-H), 8.83 (1H, bs, Ar-H).

Example 2
Synthesis of 3-(1-(3-methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-yl)propanoate (B)

[0145]

Methacrylic Anhyride

O
/L Na,CO /L
H2N/\/\N NN 2L0U3 » YL”/\/\N Ny

\—/ 10°C \—/

O
O O
{ PPN e
H \—/

>
N82CO3

(B)

[0146] Methacrylic anhydride (34 grams, 0.22 moles) was added in a dropwise fashion to a chilled and stirred sus-
pension of 2-methyl-1-(3-aminopropyl)-1H-imidazole (27.8 grams, 0.2 moles) and 23.32 grams of sodium carbonate
(0.22 moles) in water, while maintaining the temperature below 10°C. The solution warmed up to room temperature and
stirred for an additional hour. After adding 0.05 grams of butylated hydroxytoluene to the reaction mixture, the volatile
components were evaporated under reduced pressure with the temperature below 20°C. The product was re-dissolved
in a 75:25 (v/v) mixture of ethyl acetate and hexanes and filtered through a short silica gel plug. The solvents were then
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evaporated under reduced pressure, and the product was used "as is" for the subsequent alkylation reaction to form the
desired zwitterion. 2-methyl-1-(3-acrylamidopropyl)-1H-imidazole (10.4 grams, 0.05 moles) and B-lactone (3.6 grams,
0.06 moles) were dissolved in 50 mL of ethyl alcohol containing 100 milligrams of suspended sodium carbonate. The
mixture was stirred at room temperature for 20 hours, after which the solution appeared to contain a single major product
by thin layer chromatography. 100 mL of ethyl acetate was added, and the mixture was vacuum filtered through a fritted
glass funnel to remove the sodium carbonate. All volatile components were evaporated under reduced pressure, while
maintaining the temperature below 20°C. The residue was washed at less twice with warm ethyl acetate and vacuum
filtered over a fritted glass funnel. The filtrates were dried under reduced pressure to yield the desired product (compound
(B)). TH NMR (500 MHz, D,0) & (ppm): 1.93 (3H, s, CH3), 2.11 (2H, m, CH,), 2.64 (3H, s, CH3), 2.65-2.69 (2H, m, CH,),
3.35(2H, t, J =6.75 Hz, CH,), 4.17 (2H, m, CH,), 4.33 (2H, m, CH,), 5.48 (1H, s, vinylic), 5.70 (1H, s, vinylic), 7.42 (2H,
s, vinylic).

Example 3
Synthesis of 4-(1-(3-methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-yl)butanoate (C)

[0147]

O

/t Br\/\/”\ L
N/\/\N SN ’ N/\/\N @
H \:/ N32CO3

(C)

[0148] A solution of 2-methyl-1-(3-acrylamidopropyl)-1H-imidazole (10 grams, 0.048 moles) and 10.3 grams of ethyl
4-bromobutyrate (1.1 equivalents) in 20 mL of ethanol was heated at 80°C while stirring and monitoring the reaction by
thin layer chromatography. The mixture was cooled to room temperature after overnight stirring; 0.100 grams of BHT
were added; and the volatile components were evaporated under reduced pressure while maintaining the temperature
below 20°C. The product was dissolved in water, and the mixture was extracted three times with 100 mL of ethyl acetate
to remove the unreacted ethyl 4-bromobutyrate. 0.100 Grams of butylated hydroxytoluene and 6.0 grams of sodium
carbonate (0.056 moles) were added to the aqueous portion. The aqueous portion was then stirred at room temperature
to generate the desired zwitterion. Once the reaction was complete, the volatile components were evaporated under
reduced pressure with the temperature maintained below 20°C. The product was re-dissolved in 10% (v/v) ethyl alcohol
in acetonitrile, and the resulting suspension was filtered to remove the residual sodium carbonate. The volatile solvents
were removed from the filtrate under reduced pressure maintaining a temperature below 20°C. The product (compound
(C)) was washed with warm acetonitrile over a fritted glass funnel to obtain the desired zwitterion. TH NMR (500 MHz,
D,0) 5 (ppm): 1.94 (3H, s, CH3), 2.07 (1H, m, CH,), 2.14 (1H, m, CH,), 2.24 (2H, t, J = 7.5 Hz, CH,), 2.63 (3H, s, CH5),
3.37 (2H, t, J =7.25 Hz, CHy), 4.15 (2H, t, J = 7.25 Hz, CH,), 4.20 (2H, t, J = 7.25 Hz), CH,), 5.48 (1H, s, vinylic), 5.70
(1H, s, vinylic), 7.44 (2H, s, Ar-H).

Example 4 - Grafted Silicone Hydrogel Contact Lenses

[0149] A reactive monomer mixture was prepared composed of 75 weight percent of the formulation listed in Table 2
and 25 weight percent of the diluent D30. The reactive monomer mixture was filtered through a 3 wm filter using a
stainless-steel syringe under pressure and subsequently degassed under reduce pressure for about thirty minutes. In
a glove box with a nitrogen gas atmosphere and less than 0.2 percent oxygen gas (v/v), about 75-100 pL of the reactive
mixture were dosed using an Eppendorf pipet at room temperature into the front curve mold made of Zeonor. The base
curve mold made of a 55:45 (w/w) blend of Zeonor and polypropylene was then placed onto the front curve mold. The
molds were equilibrated for a minimum of twelve hours in the glove box prior to dosing. A plate containing about four
pallets, each pallet containing eight lens mold assemblies, was transferred into an adjacent glove box maintained at
about 62°C, and the lenses were cured from the top for 12 minutes using 435 nm LED lights having intensity of 4 mW/cm2,
[0150] Working under yellow lights and limiting general exposure to additional light exposure (e.g., by wrapping con-
tainers with aluminum foil, etc.), the lenses were manually de-molded with most lenses adhering to the front curve mold
and released by suspending the lenses in 70 percent isopropanol for about one or two hours (about one lens per 15
mL), sometimes overnight, followed by washing two times with 70 percent isopropanol, two times with deionized water,
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and finally stored in deionized water in the refrigerator in aluminum foil covered containers. These lenses (4A) comprised
covalently bound monoacylphosphine oxide groups from which chemical grafting reactions may be initiated. Each wash-
ing step lasted about 30 minutes. A person of ordinary skill recognizes that the exact lens release process can be varied
depending onthe lens formulation and mold materials, regarding the concentrations of the aqueous isopropanol solutions,
the number of washings with each solvent, and the duration of each step. The purpose of the lens release process is to
release all lenses without defects and transition from diluent swollen networks to the deionized water or packaging
solution swollen hydrogels.

[0151] 25 Lenses (4A) were suspended in 50 mL of a 10% (w/v) CBT solution of 50:50 (v/v) aqueous 1, 2-propylene
glycol in a 100 mL glass jar and degassed for 15 minutes under reduced pressure (ca. 40 mm Hg) and purged with
nitrogen gas aeration. The jar was capped and transferred into glove box with a nitrogen gas atmosphere with less than
0.2 percent oxygen gas (v/v) and a temperature of 55°C and equilibrated on a shaker (180 rpm) for 90 minutes. The
temperature of the suspension was then 55°C. The cap was replaced by a clear plastic cover, and the suspension was
irradiated using 420 LEDs from the top having an intensity of 1.2 mW/cm?2 for 20 minutes while still being shaken. After
irradiation, the lenses were removed and washed two times with deionized water and two times with borate buffered
packing solution. The lenses were stored in vials. After one day of equilibration, the lenses were inspected and sterilized
by autoclaving at 122°C for 30 minutes. The lenses (4B) were equilibrated 3-4 days after sterilization, and then, the
physical properties of the sterile lenses were measured as listed in Table 3.

[0152] 25 Lenses (4A) were suspended in 50 mL of a 10% (w/v) compound (B) solution of 50:50 (v/v) aqueous 1, 2-
propylene glycol in a 100 mL glass jar and degassed for 15 minutes under reduced pressure (ca. 40 mm Hg) and purged
with nitrogen gas aeration. The jar was capped and transferred into glove box with a nitrogen gas atmosphere with less
than 0.2 percent oxygen gas (v/v) and a temperature of 55°C and equilibrated on a shaker (180 rpm) for 90 minutes.
The temperature of the suspension was then 55°C. The cap was replaced by a clear plastic cover, and the suspension
was irradiated using 420 LEDs from the top having an intensity of 1.2 mW/cm?2 for 20 minutes while still being shaken.
Afterirradiation, the lenses were removed and washed two times with deionized water and two times with borate buffered
packing solution. The lenses were stored in vials. After one day of equilibration, the lenses were inspected and sterilized
by autoclaving at 122°C for 30 minutes. The lenses (4C) were equilibrated 3-4 days after sterilization, and then, the
physical properties of the sterile lenses were measured as listed in Table 3.

[0153] 25 Lenses (4A) were suspended in 50 mL of a 10% (w/v) compound (C) solution of 50:50 (v/v) aqueous 1, 2-
propylene glycol in a 100 mL glass jar and degassed for 15 minutes under reduced pressure (ca. 40 mm Hg) and purged
with nitrogen gas aeration. The jar was capped and transferred into glove box with a nitrogen gas atmosphere with less
than 0.2 percent oxygen gas (v/v) and a temperature of 55°C and equilibrated on a shaker (180 rpm) for 90 minutes.
The temperature of the suspension was then 55°C. The cap was replaced by a clear plastic cover, and the suspension
was irradiated using 420 LEDs from the top having an intensity of 1.2 mW/cm? for 20 minutes while still being shaken.
Afterirradiation, the lenses were removed and washed two times with deionized water and two times with borate buffered
packing solution. The lenses were stored in vials. After one day of equilibration, the lenses were inspected and sterilized
by autoclaving at 122°C for 30 minutes. The lenses (4D) were equilibrated 3-4 days after sterilization, and then, the
physical properties of the sterile lenses were measured as listed in Table 3.

Table 2. Formulation Components

Component Weight Percent
OH-mPDMS (n=4) 13
OH-mPDMS (n=15) 49
DMA 21
HEMA 6
PVP K90 7
TEGDMA 1.64
Norbloc 2
Blue-HEMA 0.02
Omnirad 819 0.34
¥ Components 100
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Table 3. Physical Properties

Description Lenses 4A | Lenses 4B Lenses 4C Lenses 4D
Zwitterionic Monomer None CBT Compound (B) | Compound (C)
%GWG 0 5.33 4.34 2.36
%WC 39 (0) 47 (0) 48 (1) 43 (0)
Refractive Index 1.4126 1.4037 1.4052 1.4079

[0154] Grafted Lenses 4D were round with acceptable circularity. Grafted lenses 4C were slightly out of round but
acceptable. Grafted lenses 4B were completely distorted with wavy edges.

Example 5 - Polymers

Preparation 1

[0155] 50.0 grams (39.2 mmol) of tellurium powder was reacted with 14.4 mL of a 3.0 M methyl lithium solution (43.1
mmol) in anhydrous tetrahydrofuran to form a tellurolate intermediate, which was reacted with 8.82 grams (45.1 mmol)
of ethyl a-bromoisobutyrate to form the organotellurium mediated living radical polymerization mediator, ethyl 2-methyl-
2-methyltellanyl-propanoate (Te-Me). The reaction was performed with an ice bath for the metal exchange step. Following
the addition of ethyl a-bromoisobutyrate, the reaction mixture was warmed and maintained at room temperature until
the reaction was complete (about 2 hours). Thereafter, the tetrahydrofuran was removed at reduced pressure in a rotary
evaporator. The crude product was vacuum distilled at 50-55°C (1-2 mbar) to yield the organotellurium mediated living
radical polymerization mediator, Te-Me, and characterized by proton nuclear magnetic resonance spectroscopy.
[0156] The following Examples 5A to 5D, and 6 are prophetic and serve to further illustrate the invention.

Example 5A

[0157] 26.5 grams (100 mmol) Compound (A) and 578 milligrams (3.5 mmol) AIBN are added into a 1-liter reactor
and dissolved in about 250 mL of 50:50 (v/v) aqueous methanol. The solution is degassed by bubbling nitrogen gas
through the system for about 15 minutes at room temperature. The reaction mixture is heated at 60-62°C under a nitrogen
gas atmosphere for about 12 hours and then cooled to room temperature. The solvent is evaporated under reduced
pressure. Acetone is added to the residue. The resulting mixture is heated to 62°C for 12 hours with constant stirring;
thereafter, the mixture is cooled to room temperature. Upon standing for two hours at room temperature, the insoluble
solids settle. The acetone is decanted off and discarded. The crude product is rinsed for two additional hours in acetone
at room temperature with stirring. The acetone is decanted off and discarded. The homopolymer is then vacuum dried
at 60-65°C to constant weight.

Example 5B

[0158] 13.3 grams (50 mmol) Compound (A), 5.0 grams (50 mmol) DMA, and 578 milligrams (3.5 mmol) AIBN are
added into a 1-liter reactor and dissolved in about 250 mL of 50:50 (v/v) aqueous methanol. The solution is degassed
by bubbling nitrogen gas through the system for about 15 minutes at room temperature. The reaction mixture is heated
at 60-62°C under a nitrogen gas atmosphere for about 12 hours and then cooled to room temperature. The solvent is
evaporated under reduced pressure. Acetone is added to the residue. The resulting mixture is heated to 62°C for 12
hours with constant stirring; thereafter, the mixture is cooled to room temperature. Upon standing for two hours at room
temperature, the insoluble solids settle. The acetone is decanted off and discarded. The crude product is rinsed for two
additional hours in acetone at room temperature with stirring. The acetone is decanted off and discarded. The copolymer
is then vacuum dried at 60-65°C to constant weight.

Example 5C
[0159] 13.3 grams (50 mmol) Compound (A), 5.0 grams (50 mmol) DMA, 907 milligrams (3.5 mmol) Te-Me, and 578
milligrams (3.5 mmol) AIBN are added into a 1-liter reactor and dissolved in about 250 mL of 50:50 (v/v) aqueous

methanol. The solution is degassed by bubbling nitrogen gas through the system for about 15 minutes at room temper-
ature. The reaction mixture is heated at 60-62°C under a nitrogen gas atmosphere for about 12 hours and then cooled
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to room temperature. The solventis evaporated under reduced pressure. Acetone is added to the residue. The resulting
mixture is heated to 62°C for 12 hours with constant stirring; thereafter, the mixture is cooled to room temperature. Upon
standing for two hours at room temperature, the insoluble solids settle. The acetone is decanted off and discarded. The
crude product is rinsed for two additional hours in acetone at room temperature with stirring. The acetone is decanted
off and discarded. The copolymer is then vacuum dried at 60-65°C to constant weight.

Example 5D

[0160] 13.3 grams (50 mmol) Compound (A), 907 milligrams (3.5 mmol) Te-Me, and 578 milligrams (3.5 mmol) AIBN
are added into a 1-liter reactor and dissolved in about 250 mL of 1-propanol. The solution is degassed by bubbling
nitrogen gas through the system for about 15 minutes at room temperature. The reaction mixture is heated at 60-62°C
under a nitrogen gas atmosphere for about 3 hours. 13.0 grams (100 mmol) HEMA is dissolved in 30 mL of 1-propanol,
degassed by bubbling nitrogen gas through the system for 15 minutes at room temperature, charged into the reaction
vessel, and heated at 70-72°C with constant stirring for about 6 hours. Finally, 13.3 grams (50 mmol) Compound (A) is
dissolved in 30 mL of 1-propanol, degassed by bubbling nitrogen gas through the system for 15 minutes at room
temperature, charged into the reaction vessel, and heated at 60-62°C with constant stirring for about 4 hours.

[0161] The volatile components of the reaction mixture are removed under reduced pressure in a rotary evaporator.
The crude product is re-dissolved in 400 mL of toluene at 60°C and cooled down to room temperature. The mixed solvent
system is removed by rotary evaporation to yield a crude product free of 1-propanol. The crude product contains a methyl
tellurium end group. To remove this organometallic end group, the crude productis dissolved in 250 mL toluene containing
an amount of TEMPO representing 3.5 times the theoretical molar amount of methyl tellurium. This solution is heated
at 88°C for 4 hours. The reaction mixture is cool down to room temperature, and then the volatile components are
evaporated at 60-65°C on a rotary evaporator. The residue is dissolved in 1000 mL of acetonitrile at 72°C for 30 minutes,
forming a cloudy solution. The cloudy solution was cooled to room temperature. After standing for some time allowing
the insoluble solids to settle, the solvent is decanted off. The triblock copolymer is isolated by evaporating off the
acetonitrile and vacuum drying at 60-65°C to constant weight. The triblock copolymer may be further purified by precip-
itation or extraction.

Example 6 - Hydrogel Contact Lenses

[0162] A reactive monomer mixture is prepared composed of 50 weight percent of the formulation listed in Table 4
and 50 weight percent of the diluent BAGE. The reactive monomer mixture is filtered through a 3 pum filter using a
stainless-steel syringe under pressure and subsequently degassed under reduce pressure for about thirty minutes. In
a glove box with a nitrogen gas atmosphere and less than 0.2 percent oxygen gas (v/v), about 75-100 pL of the reactive
mixture are dosed using an Eppendorf pipet at room temperature into the front curve mold made of Zeonor. The base
curve mold made of a 55:45 (w/w) blend of Zeonor and polypropylene is then placed onto the front curve mold. The
molds are equilibrated for a minimum of twelve hours in the glove box prior to dosing. A plate containing about four
pallets, each pallet containing eight lens mold assemblies, is transferred into an adjacent glove box maintained at about
62°C, and the lenses are cured from the top for 5 minutes using TLO3 lights having intensity of 4.5 mW/cm2.

[0163] The lenses are manually de-molded with most lenses adhering to the front curve mold and released by sus-
pending the lenses in 80 percentisopropanol for about one or two hours (aboutone lens per 15 mL), sometimes overnight,
followed by washing two times with 80 percentisopropanol, two times with deionized water, two times with borate buffered
packing solution, and finally stored in borate buffered packing solution in vials. After one day of equilibration, the lenses
were inspected and sterilized by autoclaving at 122°C for 30 minutes.

Table 4. Formulation Components

Component Weight Percent
HEMA 94
Compound (A) 3
EGDMA 1
Norbloc 1
Blue-HEMA 0.02
Omnirad 1700 0.98
¥ Components 100
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Claims

1.

10.

1.

12.

13.

14.

A zwitterionic polymerizable compound of formula I:

R1

R~y /\<@

— 2
. J§<N L}/_O@

R® O
(@
wherein R, R2, and R3 are independently H, alkyl, cycloalkyl, phenyl or benzyl;
L' and L2 are each independently a linking group; and
Ry is a polymerizable group;
wherein Ry comprises styryl, vinyl carbonate, vinyl ether, vinyl carbamate, N-vinyl lactam, N-vinylamide,
(meth)acrylate, or (meth)acrylamide.
The compound of claim 1 wherein R' is H or C4-Cg alkyl.
The compound of any one of claims 1 to 2 wherein R2 is H.
The compound of any one of claims 1 to 3 wherein R3 is H.
The compound of any one of claims 1 to 4 wherein L1 and L2 are independently alkylene, cycloalkylene, heterocy-
cloalkylene, arylene, heteroarylene, oxaalkylene, alkylene-amide-alkylene, alkylene-amine-alkylene, or combina-
tions thereof.
The compound of any one of claims 1 to 5 wherein L1 and L2 are independently alkylene.
The compound of claim 1 that is:
3-(1-(3-methacrylamidopropyl)-1H-imidazol-3-ium-3-yl)propanoate;
3-(1-(3-methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-yl)propanoate; or
4-(1-(3-methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-yl)butanoate.

An ophthalmic device comprising a polymer derived from a zwitterionic polymerizable compound according to any
one of claims 1to 7.

The ophthalmic device of claim 8 wherein the polymer is contained in or is coated on the device.

The ophthalmic device of claim 8 wherein the polymer comprises a free radical reaction product of the compound
and one or more monomers suitable for making the ophthalmic device.

The ophthalmic device of claim 10 wherein the monomer suitable for making the ophthalmic device is selected from
a hydrophilic component, a hydrophobic component, a silicone-containing component, and mixtures of two or more
thereof.

The ophthalmic device of any one of claim 8 to 11 that is an intraocular lens or a soft contact lens.

The ophthalmic device of claim 12 that is a hydrogel contact lens.

Ablister package including an ophthalmic device and a packaging solution, wherein the packaging solution comprises
a polymer derived from a polymerizable zwitterion compound according to any one of claims 1 to 7.
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Patentanspriiche

1.

10.

1.

12.

13.

14.

Zwitterionische polymerisierbare Verbindung der Formel I:

R1

A A
Re™ N \9 E
— @
=2 )—o
R O
(1)

wobei R, RZ und R3 unabhangig fiir H, Alkyl, Cycloalkyl, Phenyl oder Benzyl stehen;

L' und L2 jeweils unabhangig fir eine Verknlipfungsgruppe stehen und

Rg fir eine polymerisierbare Gruppe steht;

wobei Ry Styryl, Vinylcarbonat, Vinylether, Vinylcarbamat, N-Vinyllactam, N-Vinylamid, (Meth)acrylat oder

(Meth)acrylamid umfasst.
Verbindung nach Anspruch 1, wobei R' fur H oder C-C4-Alkyl steht.
Verbindung nach einem der Anspriiche 1 bis 2, wobei R? fiir H steht.
Verbindung nach einem der Anspriiche 1 bis 3, wobei R3 fiir H steht.
Verbindung nach einem der Anspriiche 1 bis 4, wobei L' und L2 unabhéngig fiir Alkylen, Cycloalkylen, Heterocyc-
loalkylen, Arylen, Heteroarylen, Oxaalkylen, Alkylen-amid-alkylen, Alkylen-amin-alkylen oder Kombinationen davon
stehen.
Verbindung nach einem der Anspriiche 1 bis 5, wobei LT und L2 unabhangig fur Alkylen stehen.
Verbindung nach Anspruch 1, bei der es sich um Folgendes handelt:

3-(1-(3-Methacrylamidopropyl)-1H-imidazol-3-ium-3-yl)propanoat;

3-(1-(3-Methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-yl)propanoat oder

4-(1-(3-Methacrylamidopropyl)-2-methyl-1H-imidazol-3-ium-3-yl)butanoat.

Ophthalmische Vorrichtung, umfassend ein Polymer, das sich von einer zwitterionischen polymerisierbaren Verbin-
dung nach einem der Anspriiche 1 bis 7 ableitet.

Ophthalmische Vorrichtung nach Anspruch 8, wobei das Polymer in der Vorrichtung enthalten ist oder auf die
Vorrichtung aufgetragen ist.

Ophthalmische Vorrichtung nach Anspruch 8, wobei das Polymer ein Radikalreaktionsprodukt der Verbindung und
eines oder mehrere Monomere, die fur die Herstellung der ophthalmischen Vorrichtung geeignet sind, umfasst.

Ophthalmische Vorrichtung nach Anspruch 10, wobei das Monomer, das fiir die Herstellung der ophthalmischen
Vorrichtung geeignet ist, aus einer hydrophilen Komponente, einer hydrophoben Komponente, einer silikonhaltigen

Komponente und Mischungen von zwei oder mehr davon ausgewahilt ist.

Ophthalmische Vorrichtung nach einem der Anspriiche 8 bis 11, bei der es sich um eine Intraokularlinse oder eine
weiche Kontaktlinse handelt.

Ophthalmische Vorrichtung nach Anspruch 12, bei der es sich um eine Hydrogel-Kontaktlinse handelt.
Blisterpackung, enthaltend eine ophthalmische Vorrichtung und eine Verpackungslésung, wobei die Verpackungs-

I6sung ein Polymer, das sich von einer polymerisierbaren zwitterionischen Verbindung nach einem der Anspriiche
1 bis 7 ableitet, umfasst.
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Revendications

1.

10.

1.

12.

13.

14.

Composé polymérisable zwitterionique de formule | :

R1

LY
Ry™ N’Q?_Lz
e o
R2 O
R? O
(I)

R1, R2, et R3 étant indépendamment H, alkyle, cycloalkyle, phényle ou benzyle ;

L' et L2 étant chacun indépendamment un groupe de liaison ; et

Ry étant un groupe polymérisable ;

R4 comprenant styryle, carbonate de vinyle, éther de vinyle, carbamate de vinyle, N-vinyllactame, n-vinylamide,
(méth)acrylate ou (méth)acrylamide.

Composé selon la revendication 1, R! étant H ou C4-Cg alkyle.
Composé selon I'une quelconque des revendications 1 & 2, R? étant H.
Composé selon I'une quelconque des revendications 1 & 3, R3 étant H.
Composé selon I'une quelconque des revendications 1 a 4, L1 et L2 étant indépendamment alkyléne, cycloalkyléne,
hétérocycloalkylene, arylene, hétéroaryléne, oxaalkylene, alkylene-amide-alkylene, alkylene-amine-alkyléne ou des
combinaisons correspondantes.
Composé selon I'une quelconque des revendications 1 a 5, L1 et L2 étant indépendamment alkyléne.
Composé selon la revendication 1 qui est :
3-(1-(3-méthacrylamidopropyl)-1H-imidazol-3-ium-3-yl)propane ;
3-(1-(3-méthacrylamidopropyl)-2-méthyl-1H-imidazol-3-ium-3-yl)propanoate ; ou

4-(1-(3-méthacrylamidopropyl)-2-méthyl-1H-imidazol-3-ium-3-yl)butanoate.

Dispositif ophtalmique comprenant un polymere dérivé d’'un composé polymérisable zwitterionique selon I'une quel-
conque des revendications 1a 7.

Dispositif ophtalmique selon la revendication 8, le polymére étant contenu dans le dispositif ou étant revétu sur le
dispositif.

Dispositif ophtalmique selon la revendication 8, le polymére comprenant un produit de réaction radicalaire libre du
composé et d’un ou plusieurs monomeres appropriés pour la fabrication du dispositif ophtalmique.

Dispositif ophtalmique selon la revendication 10, le monomeére approprié pour la fabrication du dispositif ophtalmique
étant sélectionné parmi un composant hydrophile, un composant hydrophobe, un composant contenant une silicone

et des mélanges de deux ou plus correspondants.

Dispositif ophtalmique selon I'une quelconque des revendication 8 a 11 qui est une lentille intraoculaire ou une
lentille de contact souple.

Dispositif ophtalmique selon la revendication 12 qui est une lentille de contact en hydrogel.
Emballage blister comprenant un dispositif ophtalmique et une solution de conditionnement, la solution de condi-

tionnement comprenant un polymeére dérivé d’'un composé zwitterionique polymérisable selon I'une quelconque des
revendications 1 a 7.
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