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5 [0001] This application claims the benefit under 35 U.S.C. §119(e) of prior U.S.
Provisional Patent Application No. 61/447,143, filed February 28, 2011, which is incorporated

in its entirety by reference herein.

FIELD
10 [0002] The present disclosure is directed to silicone hydrogel contact lenses and related

compositions and methods.

BACKGROUND
[0003] Commercially and clinically, silicone hydrogel contact lenses are a popular
15 alternative to conventional hydrogel contact lenses (i.e., hydrogel contact lenses that do not
contain silicon or silicon-containing ingredients). The presence of hydrophobic ingredients,
such as siloxanes and other hydrophobic reactive ingredients, in silicone hydrogel contact lens
formulations is believed to contribute, at least in part, to the frequent occurrence of clinically
ophthalmically unacceptable surface wettabilities associated with the development of new
20  silicone hydrogel contact lenses.
[0004] The commercial manufacture of silicone hydrogel contact lenses frequently
includes one or more washing steps using volatile organic solvents, such as alcohol, to remove
unreacted or partially reacted chemicals, especially hydrophobic chemical ingredients, from
the polymerized lens bodies prior to packaging. This is frequently referred to as an extraction
25  process to remove extractable material from the polymerized silicone hydrogel contact lens
product. The use of such organic extraction methods are commonly necessary in order to
render the lens bodies acceptable for wear in the eye by removing potentially irritation or toxic
materials from the lenses, and in some cases to increase the wettability of the lens surfaces.
The use of volatile organic solvents facilitates removal of a component of the polymerized
30  silicone hydrogel contact lens that has poor solubility in aqueous solutions or water. However,

the use of volatile organic solvents presents safety risks to contact lens manufacturing sites,
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It is also necessary to process the swollen lenses so that they return to their initial size or close

to their original size, such as about 14.0 mm in diameter.
[0005] In addition to extracting with volatile organic solvents, a variety of additional
15 manufacturing techniques have been employed to make silicone hydrogel contact lenses
having clinically ophthalmically compatible lens surfaces. For example, some silicone
hydrogel contact lenses are treated with plasma to form a hydrophilic lens surface; some
silicone hydrogel contact lenses are formed from a polymerizable lens formulation containing
a hydrophilic polymeric internal wetting agent, such as polyvinyl pyrrolidone (PVP); some
20  silicone hydrogel contact lenses are formed using polar resin contact lens molds instead of
non-polar resin contact lens molds, and the lenses do not contain a hydrophilic polymeric
internal wetting agent in the polymerizable lens formulation, and are not subject to plasma
treatment; and some silicone hydrogel contact lenses are formed in non-polar resin molds and
are provided with ophthalmically compatible lens surfaces based on chemical reactivity
25  properties of the chemicals in the polymerizable lens formulation.
[0006] Based on the popularity of silicone hydrogel contact lenses, there continues to be
a need for new silicone hydrogel contact lenses that are ophthalmically compatible.
[0007] Some documents describing silicone hydrogel contact lenses include:
US4711943, US5712327, US5760100, US7825170, US6867245, US20060063852,
30  US20070296914, US7572841, US20090299022, US20090234089, and US20100249356, each

of which is incorporated in its entirety by reference herein.
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20  reduced size before being packaged and sterilized. By using the disclosed polymerizable

compositions which unexpectedly have been found to result in lens bodies which are capable

of both swelling significantly in aqueous environments and remaining swollen and

dimensionally stable following wet processing, it has been found to be possible to remove

significant amounts of irritating and toxic extractable materials from the lenses using aqueous

25  solutions containing little or no organic solvents, and to produce wettable lens surfaces, while

also producing silicone hydrogel contact lenses which remain dimensionally stable during
storage.

[0010] In accordance with the lenses and methods of the disclosure, the present contact

lenses comprise, or consist of, lens bodies comprising a polymeric component and a liquid

30 component. The polymeric component comprises units of one or more siloxanes, and one or

more non-siloxane reactive ingredients. It can therefore be understood that the polymeric
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combinations thereof. The combination of the polymeric component and the liquid component
5 is present as a hydrated silicone hydrogel contact lens, which is suitable for placement on an
eye of a person. The contact lens comprises a convex anterior surface and a concave posterior
surface, and has an equilibrium water content (EWC) greater than 10% weight by weight
(wt/wt). During the manufacture of the silicone hydrogel contact lenses, the lens bodies may
not have been extracted with a volatile organic solvent, such as a liquid composition
10  comprising, consisting essentially of, or consisting of, a volatile organic solvent. Examples of
volatile organic solvents that are excluded from the manufacture of the present silicone
hydrogel contact lenses to remove an extractable component from polymerized lens bodies
include primary alcohols, secondary alcohols, tertiary alcohols, or any combination thereof.
Unlike commercially available silicone hydrogel contact lenses, the present silicone hydrogel
15 contact lenses may only be exposed to aqueous solutions that are free of volatile organic
solvents to remove an extractable component from the polymerized lens bodies. The aqueous
solutions may contain non-volatile organic ingredients, such as surfactants, wetting agents,
anti-inflammatory agents, extraction aids, and the like, so long as the aqueous solution does
not contain a volatile organic solvent. Thus, in one example, the present silicone hydrogel
20  contact lenses can be understood to be aqueous extracted contact lenses. As discussed herein,
an aqueous extracted contact lens is chemically and physically different and distinct from an
organic solvent extracted contact lens.
[0011] The present silicone hydrogel contact lenses can comprise aqueous extracted lens
bodies. The aqueous extracted lens bodies each have an anterior surface and an opposing
25  posterior surface, the posterior surface being the surface adjacent to the corneal epithelium of
an eye on which the lens body is located.
[0012] Thus, the inventors have invented new silicone hydrogel contact lenses with
desirable properties to result in hydrated silicone hydrogel contact lenses of desired size or
physical dimensions which are not necessarily dependent upon the use of volatile organic

30  solvents to remove extractable material from the lens bodies during the manufacture thereof.
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body is packaged in"a contact lens packaging containing an aqueous liquid, such as a contact

20  lens packaging solution, and is sterilized, such as by autoclaving. The hydrated lens body has
a lens surface wettability characterized by an advancing contact angle less than 120 degrees,
and the hydrated lens body has a diameter (chord diameter) that is at least 24% larger than the
diameter of the lens body prior to washing. In one example the hydrated lens body has a
diameter that is from 24% greater to 40% greater than the diameter of the lens body prior to

25  washing. In another example the hydrated lens body has a diameter that is from 26% greater to
36% greater than the diameter of the lens body prior to washing. In another example, the
hydrated lens body has an advancing contact angle less than 90 degrees, and has a diameter
that is from 24% to 40% greater, or from 26% to 36% greater than the diameter of the lens
body prior to washing.
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DETAILED DESCRIPTION

15 [0017] As described herein, it has now been discovered that silicone hydrogel contact

lenses can be produced with wettable lens surfaces, wherein the silicone hydrogel contact lens
has a diameter that is at least 24% greater than the diameter of the polymerized lens body prior
to washing. In one example, the silicone hydrogel contact lenses have been manufactured
without contacting the polymerized silicone hydrogel contact lenses with one or more volatile
20  organic solvents, especially during processing steps between separating the lenses from mold
assemblies and packaging the lenses. Such wettable silicone hydrogel contact lenses can be
produced without requiring a surface treatment of a polymerized lens body to achieve the
wettability, without including a hydrophilic polymer in the formulation used to make the
contact lenses, or without using an_organic diluent in the formulation to reduce phase
25 separation of hydrophobic and hydrophilic components of the formulation.
[0018] In accordance with the present disclosure, methods of manufacturing silicone
hydrogel contact lenses are provided. The methods comprise a step of forming a lens body or
lens bodies. The lens body is the reaction product of a polymerizable composition that
comprises at least one siloxane monomer, at least one hydrophilic monomer, at least one
30  hydrophobic monomer, and at least one cross-linking agent. The at least one siloxane

monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and at least
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| ens Isanlpecur By dinmgraingthedenstbady in @ volbmeodaqueous washing liquid and allowing the
lens to soak for a period of time. The lens body can be immersed one or more times for
certain intervals. The aqueous liquid can be at room temperature (e.g., 20-25 degrees C) or
can be at a temperature between 20 degrees and 100 degrees. The immersion can be
conducted by placing the lens body in a carrier or tray and immersing the carrier in a tank, or
15  the immersion can be conducted in a contact lens package containing the washing liquid. At
the time the lens body is first immersed, the lens body can be attached to one or more mold
sections, or can be fully detached from the mold section(s) used to form the lens body. The
washing liquid can also be manipulated to increase the rate of removal of the extractable
material from the lens body, such as by delivering ultrasonic energy to the washing liquid
20  containing the lens body. In some methods, the washing is performed by directing a flow of
washing liquid over the lens body such that the extractable material is flushed from the lens
body.
[0020] Alternatively, the lens body can be washed in a volatile organic solvent, or in an
aqueous solution of a volatile organic solvent. In yet another example, the lens body need not
25 be washed prior to hydration in packaging solution. For example, the lens body may not be
contacted with any liquid during the manufacturing process prior to being contacted by
packaging solution.
[0021] The washed lens body caﬁ then be packaged in a contact lens package, such as a
blister pack or vial, containing an aqueous liquid, such as a contact lens packaging solution.

30  The lens body in the contact lens package can be understood to be a hydrated lens body.
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10  than 120 degrees and having a diameter (chord diameter) that is from 24% larger to 40% larger

f\

than the diameter of the lens body prior to washing. Thus, prior to washing the lens body, the
pre-washed lens body has a first diameter of Y, and after washing, the hydrated lens body has
a second diameter that is from 1.24 x Y to 1.40 x Y. In another example, silicone hydrogel
contact lenses so produced have a lens surface wettability characterized by an advancing
15  contact angle less than 120 degrees and having a diameter (chord diameter) that is at least 26%
larger than the diameter of the lens body prior to washing. Thus, prior to washing the lens
body, the pre-washed lens body has a first diameter of Y, and after washing, the hydrated lens
body has a second diameter that is at least1.26 x Y. In yet another example, silicone hydrogel
contact lenses so produced have a lens surface wettability characterized by an advancing
20  contact angle less than 90 degrees and having a diameter (chord diameter) that is from 26%
larger to 36% larger than the diameter of the lens body prior to washing. Thus, prior to
washing the lens body, the pre-washed lens body has a first diameter of Y, and after washing, -
the hydrated lens body has a second diameter that is from1.26 x Y to 1.36 x Y. This is unlike
other silicone hydrogel contact lenses that are washed with organic solvents, such as alcohol,
25  where the first diameter is Y, and the second diameter after washing is still Y, or is about Y, or
is less than 1.20 x Y. This is also unlike other silicone hydrogel contact lenses that swell when
washed with organic solvents and return to their original dimensions or near their original
dimensions when rinsed and hydrated in water. For example such lenses can have a diameter
of Y before being washed in an organic solvent, can have a diameter of 1.5 x Y when washed
30 in an organic solvent, and, when subsequently rinsed and hydrated in water or packaging

solution, return to having a diameter of Y or a diameter near Y, such as a diameter of 1.15x Y.
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silicone hydrogel contact lenses, comprising: forming a lens body that is the reaction product
of a polymerizable composition that comprises at least one siloxane monomer, at least one
20  hydrophilic monomer, at least one hydrophobic monomer, and at least one cross-linking agent;
washing the lens body to remove extractable material from the lens body; packaging the
washed lens body in a contact lens package containing an aqueous liquid resulting in a
hydrated lens body; and sterilizing the contact lens package containing the packaged hydrated
lens body; wherein the hydrated lens body has a lens surface wettability characterized by an
25  advancing contact angle less than 90 degrees and has a diameter that is at least 26% larger than
the diameter of the lens body prior to washing. |
[0027] Another example of a method of the present disclosure is a method of
manufacturing silicone hydrogel contact lenses, comprising: forming a lens body that is the
reaction product of a polymerizable composition that comprises at least one siloxane
30  monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and at least

one cross-linking agent; washing the lens body with an aqueous liquid free of volatile organic
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solvent to remove extractable material from the lens body; packaging the washed lens body in

a contact lens package containing an aqueous liquid resulting in a hydrated lens body; and
sterilizing the contact lens package containing the packaged hydrated lens body; wherein the
15  hydrated lens body has a lens surface wettability characterized by an advancing contact angle
less than 90 degrees and has a diameter that is at least 26% larger than the diameter of the lens
body prior to washing. A
[0029] In one example of the present methods, the forming step can comprise cast
molding the polymerizable composition in a non-polar resin contact lens mold assembly, such
20  as a contact lens mold assembly made of polypropylene resin. One example of such a method
is a method of manufacturing silicone hydrogel contact lenses, comprising: forming a lens
body that is the reaction product of a polymerizable composition that comprises at least one
siloxane monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and
at least one cross-linking agent; cast molding the polymerizable composition in a non-polar
25  resin contact lens mold assembly; washing the lens body to remove extractable material from
the lens body; packaging the washed lens body in a contact lens package containing an
aqueous liquid resulting in a hydrated lens body; and sterilizing the contact lens package
containing the packaged hydrated lens body; wherein the hydrated lens body has a lens surface
wettability characterized by an advancing contact angle less than 120 degrees and has a
30 diameter that is at least 24% larger than the diameter of the lens body prior to washing.

Another example of such a method is a method of manufacturing silicone hydrogel contact
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mold section. The first and second mold section are coupled together to provide a contact lens
shaped cavity between the first and second mold section. The first mold section has a concave
optical surface, which forms the anterior surface of the silicone hydrogel contact lens body.

15  The first mold section may thus be understood to be a front surface mold section. The second
mold section has a convex optical surface, which forms the posterior surface of the silicone
hydrogel contact lens body. The second mold section may thus be understood to be a rear
surface mold section.

[0031] The contact lens body can be formed in the contact lens mold assembly by

20  polymerizing the contact lens formulation or polymerizable composition to form the silicone
hydrogel contact lens body. The polymerization can occur by exposing the contact lens mold
assembly to thermal radiation, ultraviolet radiation, visible light, and the like. As described
herein, the polymerized contact lens bodies can be obtained by polymerizing a polymerizable
composition in a contact lens mold assembly using thermal radiation, or ultraviolet radiation,

25  or both. Typically, if thermal radiation is used, the polymerizable composition will include a
thermal initiator. If ultraviolet radiation is used, the polymerizable composition will include
an ultraviolet initiator. The curing times can vary depending on the silicone hydrogel contact
lens being produced and frequently raﬁge from 20 minutes to 4 hours. In some methods, the
curing can be achieved by providing a curing profile where a certain temperature or certain

30  light intensity is provided for a certain amount of time before changing to another temperature

or intensity for another amount of time.
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2032/ ¥aR660REOALE261L 2 PaRikbizable composition that comprises at least one siloxane

monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and at least

one cross-linking agent; cast molding the polymerizable composition in a contact lens mold
assembly; ; separating the lens body from the mold assembly by mechanically removing the
polymerized lens body without contact the lens body with any liquid; washing the lens body to
15 remove extractable material from the lens body; packaging the washed lens body in a contact
lens package containing an aqueous liquid resulting in a hydrated lens body; and sterilizing the
contact lens package containing the packaged hydrated'lens body; wherein the hydrated lens
body has a lens surface wettability characterized by an advancing contact angle less than 120
degrees and has a diameter that is at least 24% larger than the diameter of the lens body prior
20 to washing. Another example of such a method is a method of manufacturing silicone
hydrogel contact lenses, comprising: forming a lens body that is the reaction product of a
polymerizable composition that comprises at least one siloxane monomer, at least one
hydrophilic monomer, at least one hydrophobic monomer, and at least one cross-linking agent;
cast molding the polymerizable composition in a non-polar resin contact lens mold assembly;
25  separating the lens body from the mold assembly by mechanically removing the polymerized
lens body without contact the lens body with any liquid; washing the lens body to remove
extractable material from the lens body; packaging the washed lens body in a contact lens
package containing an aqueous liquid resulting in a hydrated lens body; and sterilizing the
contact lens package containing the packaged hydrated lens body; wherein the hydrated lens

30  body has a lens surface wettability characterized by an advancing contact angle less than 120
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or  paciagitéhst one cross-linkmg agent, cast molding the polymerizable composition in a non-
polar resin contact lens mold assembly; separating the lens body from the mold assembly by

25  contacting the polymerized lens body with an aqueous liquid free of volatile organic solvent;
washing the lens body with an aqueous liquid free of volatile organic solvent to remove
extractable material from the lens body; packaging the washed lens body in a contact lens
package containing an aqueous liquid resulting in a hydrated lens body; and sterilizing the

contact lens package containing the packaged hydrated lens body; wherein the hydrated lens

30 -body has a lens surface wettability characterized by an advancing contact angle less than 120
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of manufacturing
5  equilibrium water content from about 30% wt/wt to about 70% wt/wt, or a tensile modulus
from about 0.2 MPa to about 0.9 MPa, or any combination thereof. In some examples, the
silicone hydrogel contact lenses have an oxygen permeability of at least 55 barrers, and an
equilibrium water content from about 30% wt/wt to about 70% wt/wt, and a tensile modulus
from about 0.2 MPa to about 0.9 MPa. One example of such a method is a method of
10 manufacturing silicone hydrogel contact lenses, comprising: forming a lens body that is the
reaction product of a polymerizable composition that comprises at least one siloxane
monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and at least
one cross-linking agent; cast molding the polymerizable composition in a non-polar resin
contact lens mold assembly; separating the lens body from the mold assembly; washing the
15  lens body to remove extractable material from the lens body; packaging the washed lens body
in a contact lens package containing an aqueous liquid resulting in a hydrated lens body; and
sterilizing the contact lens package containing the packaged hydfated lens body; wherein the
hydrated lens body has a lens surface wettability characterized by an advancing contact angle
less than 120 degrees; has a diameter that is at least 24% larger than the diameter of the lens
20  body prior to washing; and has an oxygen permeability of at least 55 barrers, or an equilibrium
water content from about 30% wt/wt to about 70% wt/wt, or a tensile modulus from about 0.2
MPa to about 0.9 MPa, or any combination thereof . Another example of such a method is a
method of manufacturing silicone hydrogel contact lenses, comprising: forming a lens body
that is the reaction product of a polymerizable composition that comprises at least one siloxane
25  monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and at least
one cross-linking agent; cast molding the polymerizable composition in a non-polar resin
contact lens mold assembly; separating the lens body from the mold assembly; washing the
lens body to remove extractable material from the lens body; packaging the washed lens body
in a contact lens package containing an aqueous liquid resulting in a hydrated lens body; and
30  sterilizing the contact lens package containing the packaged hydrated lens body; wherein the

hydrated lens body has a lens surface wettability characterized by an advancing contact angle
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polymerizable compositions are free of a diluent, or free of a hydrophilic polymer, or both. As
another example, many of the present polymerizable compositions are free of N,N-
dimethylacrylamide (DMA).

15 [0036] One example of the polymerizable composition of the present disclosure
comprises a first siloxane monomer, a second siloxane monomer, at least one hydrophilic
monomer, at least one hydrophobic monomer, and at least one cross-lihking agent, wherein the
polymerizable composition is free of a diluent. Another example of the polymerizable
composition of the present disclosure comprises a first siloxane monomer, a second siloxane

20 monomer, at least one hydrophilic monomer, at least one hydrophobic monomer, and at least
one cross-linking agent, wherein the polymerizable composition is free of a pre-formed
hydrophilic polymer. Another example of the polymerizable composition of the present
disclosure comprises a first siloxane monomer, a second siloxane monomer, at least one
hydrophilic monomer, at least one hydrophobic monomer, and at least one cross-linking agent,

25  wherein the polymerizable composition is free of N,N-dimethylacrylamide (DMA). Yet
another example of the polymerizable composition of the present disclosure comprises a first
siloxane monomer, a second siloxane monomer, at least one hydrophilic monomer, at least one
hydrophobic monomer, and at least one cross-linking agent, wherein the polymerizable
composition is free of a diluent, is free of a pre-formed hydrophilic polymer, and is free of

30  N,N-dimethylacrylamide (DMA). In some detail, the siloxane monomer(s) in the present

polymerizable compositions may be monofunctional or multifunctional, such as bifunctional
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functional group(s) can be present on a side chain of the siloxane monomer on the main chain
5 or backbone of the siloxane monomer, or both on side chains and main chain for
multifunctional siloxane monomers. In some of the polymerizable compositions described
herein, the first siloxane monomer is a monofunctional siloxane monomer, and the second
siloxane monomer is a multifunctional siloxane monomer. In further examples, the number
average molecular weight of the first siloxane monomer is less than 2,000 daltons, or less than
10 1,000 daltons, or from 400 to 700 daltons. In examples containing a second multifunctional
siloxane monomer, the second siloxane monomer has a number average molecular weight
greater than 3,000 daltons. Some second siloxane monomers have a number average
molecular weight greater than 5,000 daltons, or greater than 9,000 daltons. Frequently, the
second multifunctional siloxane monomers have a number average molecular weight less than
15 20,000 daltons. The first siloxane monomer can be present in an amount from 20 to 45 unit
parts, or from 25 to 40 unit parts or from 27 to 35 unit parts of the polymerizable composition.
Additional details of the siloxane monomer(s) useful in any of the pfesent methods are
described herein.
[0037] One example of the polymerizable composition of the present disclosure
20  comprises a first siloxane monomer having a number average molecular weight of from 400 to
700 daltons, a second siloxane monomer, at least one hydrophilic monomer, and at least one
cross-linking agent. Another example of the polymerizable composition of the present
disclosure comprises a first siloxane monomer, a second siloxane monomer having a
molecular weight greater than 5,000 daltons, at least one hydrophilic monomer, and at least
25 one cross-linking agent. Another example of the polymerizable composition of the present
disclosure comprises a first siloxane monomer having a number average molecular weight of
from 400 to 700 daltons, a second siloxane monomer having a number average molecular
weight greater than 5,000 daltons, at least one hydrophilic monomer, and at least one cross-
linking agent. One example of the polymerizable composition of the present disclosure
30  comprises a first siloxane monomer having a number average molecular weight of from 400 to

700 daltons, a second siloxane monomer which is a dual-end methacrylate end-capped
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monomer and at least one vinyl ether-containing cross-linking agent in the polymerizable

composition. Such vinyl-containing monomers and vinyl-containing cross-linking agents are

15  distinguished from methacrylate type monomers and methacrylate type cross-linking agents
based on their differing reactivity ratios, among other things.

[0039] One example of the polymerizable composition of the preSent disclosure

comprises a first siloxane monomer, a second siloxane monomer, at least one hydrophilic

monomer, at least one hydrophobic vinyl-containing monomer, and at least one cross-linking

20  agent. Another example of the polymerizable composition of the present disclosure comprises

a first siloxane monomer, a second siloxane monomer, at least one hydrophilic vinyl-

containing monomer, at least one hydrophobic monomer, and at least one vinyl-containing

cross-linking agent. Another example of the polymerizable composition of the present

disclosure comprises a first siloxane monomer, a second siloxane monomer, at least one

25  hydrophilic vinyl-containing monomer, at least one hydrophobic monomer, at least one vinyl-

containing cross-linking agent, and at least one methacrylate-containing cross-linking agent.

Another example of the polymerizable composition of the present disclosure comprises a first

siloxane monomer, a second siloxane monomer, at least one hydrophilic amide monomer

having one N-vinyl group, at least one hydrophobic monomer, and at least one cross-linking

30  agent. Another example of the polymerizable composition of the present disclosure comprises

a first siloxane monomer, a second siloxane monomer, at least one hydrophilic amide
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monomer, and at least one cross-linking agent, wherein the polymerizable composmon is free

of a diluent, is free of a pre-formed hydrophilic polymer, and is free of N,N-
dimethylacrylamide (DMA).

20  [0040] In any of the present methods, a batch of sterilized silicone hydrogel contact
lenses has an average diameter (i.e., average of each chord diameter for each silicone hydrogel
contact lens or representative population of silicone hydrogel contact lenses) that is at least
24% greater than the average diameter of the same batch of silicone hydrogel contact lens
bodies prior to the washing step of the present methods. Thus, the present silicone hydrogel

25  contact lenses are produced at a certain size in a dry state, and after washing, the contact lenses
have swollen to their final size, which is at least 24% greater than their size in the dry state.
This is in contrast to silicone hydrogel contact lenses which swell when exposed to a volatile
organic solvent and then return to their original size, or near their original size, when hydrated,
including lenses that are produced with volatile organic solvent extraction steps. For example,

30 in such silicone hydrogel contact lenses, the dry lenses are produced at a size that is

substantially equal, and less than 24% different, than their final hydrated size. Thus, when
18
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15  units of at least one siloxane having one or more functional acrylic groups, and units of one or -
more hydrophilic monomers having one or more functional non-acrylic vinyl groups.
[0043] Additional details of the present silicone hydrogel contact lenses, polymeﬁzable
compositions, and methods of manufacturing will now be described.
[0044] In one example, the present silicone hydrogel contact lenses are produced from

20  polymerizable compositions comprising a first siloxane monomer represented by formula (1):

R? R?
CI:HS CH;
R S i-(Oéli)m -CHzéHCHZO (CH,CH,0),C Oé=CH2
CH; CH, ( 1 )

wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
each R? of formula (1) is independently either a hydrogen atom or a methyl group. One
25  example of the polymerizable composition of the present disclosure comprises a first siloxane

monomer represented by formula (1):
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[ 0032] The present nethods can al so conprise a step of denolding the
cont act ssenbly to produce a first nold secty

second nD d50312}(3%%%(7)6:11 separated fromthe first nold secti%ﬁﬂU%gy@z&m
pol ynmeri zed | ens body remains attached to the first or second nold
section. The polynerized | ens body is then separated fromthe nold
section t 3w‘qg,_ph it R$ attached to 5 prattuce a del ensed | ens body. In
sone ex rg es; ‘the del ensed | ens body is| separated fromthe nold
secti oR't -(\Qéld,h-(i:Hz HGEH, QG EHOH, Q) Chh the pol ynerized | ens
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mechani cal Py Fénmoving the pol ymeri zed | ens body wi t Rbut cont act i ng

et hod BT RO SeCE g " P e Hn? 3 0 1 0 O BB (L rfofue e

f or mi rigteger feora 1body), Rhaf farmulah@) is an alkyl group having from 1 to 4 carbon atoms, and

each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second
5 siloxane monomer, at least one hydrophilic vinyl-containing monomer, at least one
hydrophobic monomer, and at least one cross-linking agent. Another example of the
polymerizable composition of the present disclosure comprises a first siloxane monomer

represented by formula (1):

R? R?
CH; CH;
R‘-%i-(oé| i), -CHzéHCHzo (CH,CH,0),C o$=CH2
CH; CH, (1)

10  wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R! of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second
siloxane monomer having a number average molecular weight greater than 5,000 daltons, at
least one hydrophilic vinyl-containing monomer, at least one hydrophobic, and at least one

15  cross-linking agent. Another example of the polymerizable composition of the present

disclosure comprises a first siloxane monomer represented by formula (1):

R2 R?
CHs Gy
R1-§i-(oéli)m -CHzéHCHZO(CHZCHZO)nC o<£=cH2
CHy CH, (1)

wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
20  each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second
siloxane monomer having a number average molecular weight of at last 5,000 daltons, at least
one hydrophilic amide monomer having one N-vinyl group, at least one hydrophobic

monomer, and at least one cross-linking agent. Yet another example of the polymerizable

20
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wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one

5 integer from 1 to 10, R1 of formula (lj is an alkyl group having from 1 to 4 carbon atoms, and
each R2 of formula (1) is independently either a hydrogen atom or a methyl group, the first
siloxane monomer having a number average molecular weight of from 400 daltons to 700
daltons; a second siloxane monomer having a number average molecular weight of at last
5,000 daltons, at least one hydrophilic amide monomer having one N-vinyl group, at least one

10  hydrophobic monomer, and at least one cross-linking agent. In any of the present methods and
polymerizable compositions, the polymerizable composition can comprise at least two
siloxane monomers, and the second siloxane monomer can have a number average molecular
weight of at least 3,000 daltons. In some methods, compositions, and contact lenses, the
second siloxane monomer is a dual-end methacrylate end-capped polydimethylsiloxane having

15 a number average molecular weight of at least 4,000 daltons. One example of the
polymefizable composition of the present disclosure comprises a first siloxane monomer

represented by formula (1):

R? R?
([)H3 CHs
R1-§i-(o§|i)m-c Hzé HCH,O(CH,CH,0),C oé=CH2
CH; CH, (1)

wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
20  integer from 1 to 10, R! of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second
siloxane monomer which is a dual-end methacrylate end-capped polydimethylsiloxane having
a number average molecular weight of at last 5,000 daltons, at least one hydrophilic amide
monomer having one N-vinyl group, at least one hydrophobic monomer, and at least one

25  cross-linking agent.
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2

5  wherein R, is selected from either hydrogen or a methyl group; R, is selected from either of
hydrogen or a C,4 hydrocarbon group; m represents an integer of from 0 to 10; n represents an
integer of from 4 to 100; a and b represent integers of 1 or more; atb is equal to 20-500;
b/(atb) is equal to 0.01-0.22; and the configuration of siloxane units includes a random
configuration. One example of the polymerizable composition of the present disclosure

10  comprises a first siloxane monomer; a second siloxane monomer represented by formula (2):

Ry CHy CHy. CHy  CH Ry
o) Hy O3~ CyHg—Si0—{8i0 Si0 Si-CqyHg— 0OC,H
Hch\rr ~+CaH, ‘)‘;‘ aHs élﬂ—‘-(lzlﬂ-)_(_a -)_b 3 Hg—0C; ‘-)—m o\[]/gCHz
o ) ) 3 o
Ot CH,CH,04+R
C3Hg ( 2CH; )n_ 2

@
wherein R is selected from either hydrogen or a methyl group; R; is selected from either of
hydrogen or a C,4 hydrocarbon group; m represents an integer of from 0 to 10; n represents an
integer of from 4 to 100; a and b represent integers of 1 or more; a+b is equal to 20-500;

15  b/(atb) is equal to 0.01-0.22; and the configuration of siloxane units includes a random
configuration; at least one hydrophilic vinyl-containing monomer, at least one hydrophobic
monomer, and at least one cross-linking agent. Another example of the polymerizable
composition of the present disclosure comprises a first siloxane monomer; a second siloxane

monomer represented by formula (2):

Ry CHy CHy. CHy  CHj R,
R,C m EHy  CH, @ b &y m CH;
0 3 3 3 o
01 CH,CH,04—R
CabeOf CHyGH;0} R, |
20 )
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ST R
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react uct of a polynerizable conposition that conprises at
| east pohwgneridableacempasitomeof thet pteserns t disahesure comprises a first siloxane monomer

represented by formula (1):

R? R2
CIH 3 C H3
RU80 $ i),.-C 11, CHCH,O(CH, CH,0),C oé=CH2
CH; CH; ( 1 )

10  wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second

siloxane monomer represented by formula (2):

Ry CH; CH;. CHy  CH, Ry
O~ CH, 03 CaHg—$I0—f S04 —F $10-+—§i-CyHg—£ OC,HJ—0
HC m CH, CH, 2 b ¢h, . m CH,
o) 3 3 3 0
Ot CHyCH,01+—R
CaHg { 2CH2 )n_ 2

2)

15  wherein R; is selected from either hydrogen or a methyl group; R, is selected from either of
hydrogen or a C.4 hydrocarbon group; m represents an integer of from 0 to 10; n represents an
integer of from 4 to 100; a and b represent integers of 1 or more; a+b is equal to 20-500;
b/(a+b) is equal to 0.01-0.22; and the configuration of siloxane units includes a random
configuration; at least one hydrophilic amide monomer having one N-vinyl group, at least one

20  hydrophobic monomer, and at least one cross-linking agent. Yet another example of the
polymerizable composition of the present disclosure comprises a first siloxane monomer

represented by formula (1):

RZ RZ
(|:H3 CHs
Rl-?i-(O#i)m-CHzéHCHZO(CHZCHZO)HCO(JZ=CH2
CH; CH; (1)
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monomer and the second siloxane monomer can be present in the polymerizable composition
15  at a ratio of at least 2:1 based on unit parts by weight. In other words, for every unit part by
weight of the second siloxane monomer present in the polymerizable composition, 2 or more
unit parts of the first siloxane monomer are also present in the polymerizable composition. In
accordance with the present disclosure, the first siloxane monomer and the second siloxane
monomer can be present in the polymerizable composition in a ratio from about 2:1 to about
20 10:1 based on unit parts by weight of the first siloxane monomer to the second siloxane
monomer. In another example, the first siloxane monomer and the second siloxane monomer
can be present in the polymerizable composition in a ratio from about 3:1 to about 6:1 based
on unit parts by weight. In yet another example, the first siloxane monomer and the second
siloxane monomer can be present in the polymerizable composition in a ratio of about 4:1
25  based on unit parts by weight. One example of the polymerizable composition of the present

disclosure comprises a first siloxane monomer represented by formula (1):
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first siloxane monomer represented by formula (1):

R2 R2
CHs  Ch
Rl-?i—(O#i)m-CH2$HCH20(CH2CH20)nC043=CH2
CH; CH; 1)

wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
20 each R? of formula (1) is independently either a hydrogen atom or a methyl group, the first
siloxane monomer have a number average molecular weight of from 400 daltons to 700

daltons; a second siloxane monomer represented by formula (2):
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Fieas one hy%rop%oblc monomer, and at least one cross-linking agent, wherein the first

siloxane monomer and the second siloxane monomer are present in the polymerizable
10  composition in a ratio from about 2:1 to about 10:1 based on unit parts by weight of the first
siloxane monomer to the second siloxane monomer. As used herein, ‘unit parts’ is understood
to mean unit parts by weight. For example, to prepare a formulation described as comprising x
unit parts of a first siloxane monomer and y unit parts of a second siloxane monomer, the
composition can be prepared by combining x grams of the first siloxane with y grams of the
15  second siloxane to obtain a total of x+y grams of polymerizable composition, or by combining
x ounces of the first siloxane with y ounces of the second siloxane to obtain a total of x+y
ounces of polymerizable composition, and so on. When the composition further comprises
additional optional ingredients such as, for example, z unit parts of a cross-linking agent, z
grams of the cross-linking agent are combined with x grams of the first siloxane monomer and
20y grams of the second siloxane to obtain a total of x+y+z grams of polymerizable composition,
and so on. Typically, a formula for a polymerizable composition will be composed of
ingredients in amounts totaling from about 90 to about 110 unit parts by weight. When
amounts of components of the polymerizable composition are recited herein as being in unit
parts, it is to be understood that the unit parts of these components are based on a formula
25  providing a total weight of the composition ranging from about 90 to 110 unit parts. In one

example, the unit parts by weight can be based on a formula providing a total weight of the

26



conposi tion of the present disclosure conprises a first siloxane
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si | oxane nmononer, a second sil oxane nonomer, at |east one hydrophilic
morto rreqomp(gpeqlté:élgtcoglﬁgse units of two or more siloxanes, and one or more non-sﬂlcon reactive
ingredients. It can therefore be understood that the polymeric component can be the reaction
product of a polymerizable composition comprising two or more siloxanes (the siloxane
monomer component of the composition), and one or more non-silicon reactive ingredients.
As used herein, a non-silicon reactive ingredient is understood to be an ingredient which has a
10  polymerizable double bond as part of its molecular structure, but which does not have a silicon
atom in its molecular structure. The ingredients of the polymerizable composition can be
monomers, macromers, pre-polymers, polymers, or any combination thereof. Optionally, the
ingredients of the polymerizable composition can further include at least one hydrophilic
monomer, or at least one hydrophobic monomer, or at least one cross-linking agent. The at
15 least one hydrophilic monomer, at least one hydrophobic monomer and at least one cross-
linking agent are understood to be silicon-free reactive ingredients. As used herein, the at least
one hydrophilic monomer can be understood to comprise a single hydrophilic monomer, or to
comprise a hydrophilic monomer component composed of two or more hydrophilic
monomers. Similarly, the at least one hydrophobic monomer can be understood to comprise a
20  single hydrophobic monomer, or to comprise a hydrophobic monomer component composed
of two or more hydrophobic monomers. The at least one cross-linking agent can be understood
to comprise a single cross-linking agent, or to comprise a cross-linking agent component
composed of two or more cross-linking agents: Additionally, the polymerizable composition
can optionally include at least one initiator, or at least one organic diluent, or at least one
25  surfactant, or at least one oxygen scavenger, or at least one tinting agent, or at least one UV
absorber, or at least one chain transfer-agent, or any combination thereof. The optional at least
one initiator, at least one organic diluent, at least one surfactant, at least one oxygen scavenger,
at least one tinting agent, at least one UV absorber, or at least one chain transfer agent are
understood to be non-silicon ingredients, and can be either non-polymerizable ingredients or
30  polymerizable ingredients (i.e., ingredients having a polymerizable functional group as part of

their molecular structure).
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mul ti functional siloxane nononers have a nunber average nol ecul ar
wei ghtandethe likeaare not included in this amount. One method in accordance with the present

disclosure is a method of manufacturing silicone hydrogel contact lenses, comprising: formihg
15  alens body that is the reaction product of a polymerizable composition that comprises at least
one siloxane monomer, at least one hydrophilic monomer, at least one hydrophobic monomer,
and at least one cross-linking agent; washing the lens body to remove extractable material
from the lens body; packaging the washed lens body in a contact lens package containing an
aqueous liquid resulting in a hydrated lens body; and sterilizing the contact lens package
20  containing the packaged hydrated lens body; wherein the hydrated lens body has a lens surface
wettability characterized by an advancing contact angle less than 120 degrees and has a
diameter that is at least 24% larger than the diameter of the lens body prior to washing, and
wherein an amount of the extractable material removed from the lens body during the washing
step is less than 15% (w/w) of the dry weight of the lens body, the extractable material
25  consists essentially of unreacted monomer, partially reacted monomer, or both.
[0050] The combination of the polymeric component and the liquid component are
present as a hydrated lens body, which is suitable for placement on an eye of a person. The
hydrated lens body has a generally convex anterior surface and a generally concave posterior
surface, and has an equilibrium water content (EWC) greater than 10% weight by weight

30 (wt/wt). Thus, the present contact lenses can be understood to be soft contact lenses, which as
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wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
10 each R? of formula (1) is independently either a hydrogen atom or a methyl group. In other
words, on a single molecule of the siloxane monomer represented by formula 1, the first R? of
formula (1), (the R? which is closest to the R! end group on the left side of the molecule), can
be either a hydrogen atom or a methyl group, and the second R? of formula (1) (the R? which is
part of the methacrylate end group on the right side of the molecule), can also be either a
15  hydrogen atom or a methyl group, regardless of whether the first R? of formula () is a
hydrogen atom or a methyl group. The polymerizable composition also comprises a second
siloxane monomer. The first siloxane monomer and the second siloxane monomer are present
in the polymerizable composition at a ratio of at least 2:1 based on unit parts by weight. The
second siloxane monomer has more than one polymerizable functional group (i.e., is a
20  multifunctional siloxane monomer) and has a number average molecular weight of at least
3,000 daltons. If the second siloxane monomer has two polymerizable functional groups, such
as two methacrylate groups, it is a bifunctional monomer. If the second siloxane monomer has
three polymerizable functional groups, it is a trifunctional monomer. The polymerizable
composition also comprises at least one hydrophilic monomer, or at least one hydrophobic
25  monomer, or at least one cross-linking agent, or any combination thereof.
[0053] The present disclosure also relates to a new silicone hydrogel contact lens or to
new silicone hydrogel contact lenses. A silicone hydrogel contact lens in accordance with the

present disclosure comprises a polymeric lens body. The polymeric lens body is the reaction
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part i cilicone dydingehtomtast lefs wag medhesintvith aneaqueous liquid free of volatile organic
5 solvent to remove extractable material from the lens body, and is hydrated with an aqueous
liquid. The hydrated lens body has a lens surface wettability characterized by an advancing
| contact angle less than 120 degrees, and the hydrated lens body has a diameter that is at least
24% larger than the diameter of the lens body prior to washing.

[0054] In some examples, the at least one cross-linking agent comprises a vinyl-
10  containing cross-linking agent; and an acrylate-containing cross-linking agent or a
methacrylate-containing cross-linking agent. In some examples, the at least one cross-linking
agent comprises at least one vinyl-containing cross-linking agent present in the polymerizable

composition in an amount from about 0.01 unit parts to about 2.0 unit parts by weight.
[0055] In any of the present silicone hydrogel contact lenses, or polymerizable

15  compositions used to produce the present silicone hydrogel contact lens or lenses a first

siloxane monomer represented by formula (1):

R? R?
(I:H3 CH;
Rl-?i—(Oéli)m-CHz(lJHCHzo(CH2CH20)nCOé=CH2
CH; CH; 1)

wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R' of formula (1) is an alky] group having from 1to 4 carbon atoms, and
20 each R* of formula (1) is independently either a hydrogen atom or a methyl group can be
provided.
[0056] In any of the present silicone hydrogel contact lenses, the polymerizable
composition comprises at least two siloxane monomers, and the second siloxane monomer is a
siloxane monomer having a number average molecular weight of at least 3,000 daltons. In
25  some silicone hydrogel contact lenses and polymerizable compositions, the second siloxane
monomer is a dual-end methacrylate end-capped polydimethylsiloxane having a number

average molecular weight of at least 4,000 daltons.
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average of the molecular weights of the individual molecules present in the sample of a

monomer. As the individual molecules in a sample of monomer may vary slightly from one
another in molar mass, some level of polydispersity may be present in the sample. As used
herein, when the second siloxane monomer, or any other monomer, macromer, pre-polymer,
20  or polymer, of the polymerizable composition is polydisperse, the term "molecular weight"
refers to the number average molecular weight of the monomer or ingredient. As one
example, a sample of the second siloxane monomer can have a number average molecular
weight of about 15,000 daltons, but if the sample is polydisperse, the actual molecular weights
of the individual monomers present in the sample may range from 12,000 daltons to 18,000
25  daltons.
[0060] The number average molecular weight can be the absolute number average

molecular weight as determined by proton nuclear magnetic resonance (NMR) end group
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nononer havi ng one vinyl group, at |east one hydrophobic mononer,
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of1 st hedatofs €at andtich @smpRR, Bt Alinkdr SRk Irhaleshlsi Weighnef hedsee@R] siloxane
cont aCrilonomer can be greater than 7,000 ;laltons, or from 7,000 daltons to 20,000 daltons. The
number average molecular weight of the second siloxane monomer can be less than 20,000
daltons. Thus, in some contexts, the second siloxane monomer can be considered a macromer
or prepolymer, but it will be referred to as a monomer herein since it forms a unit part of a
20 polymer formed with the other reactive components of the polymerizable composition.
[0063] The polymerizable composition also comprises at least one hydrophilic monomer,
or at least one hydrophobic monomer, or at least one cross-linking agent, or any combination
thereof. As used herein, the preceding three types of chemicals are non-silicon chemicals (i.e.,
chemicals whose molecular structure does not include a silicon atom) and thus are different
25  from the siloxane monomers present in the polymerizable compositions. The polymerizable
compositions can be understood to comprise at least two siloxane monomers, and other non-
silicon hydrophilic monomers, or non-silicon hydrophobic monomers, or non-silicon cross-
linking agents, or any combinatiqn thereof, although, optionally, the polymerizable
composition can further comprise at least a third siloxane monomer.

30 [0064] The first siloxane monomer, the second siloxane monomer and the optional at

least one third siloxane monomer comprise the siloxane monomer component of the
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carbon in the chain). The siloxane monomer can have at least one unit of ethylene glycol
adjacent to polymerizable functional groups present on both ends of the main chain of the
siloxane molecule. The siloxane monomer can have at least one unit of ethylene glycol present
in at least one side chain of the siloxane molecule. The at least one unit of ethylene glycol
20  present in at least one side chain of the siloxane molecule can be part of a side chain bonded to
a silicon atom of the main chain of the siloxane molecule. The siloxane molecule can have
both at least one unit of ethylene glycol adjacent to polymerizable functional groups present
on both ends of the main chain of the siloxane molecule, and at least one unit of ethylene
glycol present in at least one side chain of the siloxane molecule.

25  [0065] One example of the polymerizable composition of the present disclosure

comprises a first siloxane monomer represented by formula (1):

CH3
|
R1-§i-(o$i)m-CHZeHCHZO(CHZCHZO)nc OéZ=CH2
CH3 CH3 ( 1)
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[0066] Another example of the polymerizable composition of the present disclosure

10 . comprises a first siloxane monomer represented by formula (1):

R2 R2
CI:H;; CH3
R1-§i-(0éli)m-CHzéHCHzo(CH2CH20)nC Oé=CH2
CH; CH, D)

~ wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one
integer from 1 to 10, R of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second
15  siloxane monomer at least one unit of ethylene glycol adjacent to a polymerizable functional
group in the main chain of the second siloxane molecule and having a number average
molecular weight of from 5,000 daltons to 20,000 daltons; at least one hydrophilic monomer,

at least one hydrophobic monomer, and at least one cross-linking agent.
[0067] The hydrophilicity or hydrophobicity of a monomer can be determined using
20  conventional techniques, such as, for example, based on the monomer’s aqueous solubility.
For purposes of the present disclosure, a hydrophilic monomer is a monomer that is visibly
soluble in an aqueous solution at room temperature (e.g. about 20-25 degrees C). For
example, a hydrophilic monomer can be understood to be any monomer for which 50 grams of
the monomer are visibly fully soluble in 1 liter of water at 20° C (i.e., > 5% soluble in water)
25  as determined using a standard shake flask method as known to persons of ordinary skill in the

art. A hydrophobic monomer, as used herein, is a monomer that is visibly insoluble in an
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one integer froml to 10, RI of fornmula (1) is an al kyl group havi ng
from1l to 4 carbon atonms, and each R2 of forrmula (1) is independently
ei ther a hydrogen atom or a nethyl group. One 25exanpl e of the

pol y ok | sohRapasiobin0 fenferdnire, PuchSthat sepagaié, ovisuadly Cidemtifiabies phases rasd
si | oxane nmononer represented by fornmula (1): . WD

2012/ PIESergpthe agysorssolution, or such that the aqueous solution appears cloudy and separates

into two distinct phases over time after sitting at room temperature. For example, a
hydrophobic monomer can be understood to be any monomer for which 50 grams of the
5  monomer are not visibly fully soluble in 1 liter of water at 20° C.
[0068] In one example of the present contact lenses, the first siloxane monomer can be
represented by formula (1) where m of formula (1) is 4, n of formula (1) is 1, R! of formula (1)
is a butyl group, and each R? of formula (1) is independently either a hydrogen atom or a
methyl group. One example of such a first siloxane monomer is identified herein as Sil in the
10  Examples.
[0069] One example of the polymerizable composition of the present disclosure

comprises a first siloxane monomer represented by formula (1):

' R2 R2
C'IH 3 CHs
Rl SHO # i), -C Hz(]J HCH,O(CH,CH,0),C Oé=CH2
CH; CH,3 )

wherein m of formula (1) is 4, n of formula (1) is 1, R! of formula (1) is a butyl group, and
15 each R? of formula (1) is independently either a hydrogen atom or a methyl group; a second

siloxane monomer having a number average molecular weight greater than 5,000 daltons; at

least one hydrophilic monomer, at least one hydrophobic monomer, and at least one cross-

linking agent.

[0070] In another example of the present contact lenses, the second siloxane monomer
20 can be a dual-end methacrylate end-capped polydimethylsiloxane having a number average

molecular weight of at least 4,000 daltons, or of at least 5,000 daltons, or of at least 7,000

daltons. It will be understood that such siloxane monomers are bifunctional.

[0071] As an example of a bifunctional siloxane monomer useful in the present silicone

hydrogel contact lenses, the second siloxane monomer can be represented by formula (2):

R, CHy CH;. CHy  Chy R,
o] H 04 CyHs—Si0O—{-Si0 Si0 Si-C3Hg—+0C.H Q
H:CJW]’ ~CaH, ')f’l":"'a (,:H"f'é“')a_'(' -)?(':H Hg—t 24‘}; \I(&CHz
0 3 3 3 - o
O+ CH,CH,04+R
CaHeO{ CHiCHO}R,
25 2)
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formula (1
represents an integer of from 4 to 100; a and b represent integers of 1 or more; a+b is equal to

5  20-500; b/(atb) is equal to 0.01-0.22; and the configuration of siloxane units includes a
random configuration. In one example in which the second siloxane monomer is a monomer
represented by formula (2), m of formula (2) is 0, n of formula (2) is an integer from 5 to 15, a
is an integer from 65 to 90, b is an integer from 1 to 10, R, of formula (2) is a methyl group,
and R; of formula (2) is either a hydrogen atom or a hydrocarbon group having 1 to 4 carbon

10 atoms. One example of such a second siloxane monomer as represented by formula (2) is
abbreviated Si2 in the Examples. The number average molecular weight for this second
siloxane monomer represented by formula (2) can be from about 9,000 daltons to about 10,000
daltons. In another example, the second siloxane monomer represented by formula (2) can
have a molecular weight from about 5,000 daltons to about 10,000 daltons. It can be

15 appreciated that the second siloxane ‘represented by formula (2) is a bifunctional siloxane
having two terminal methacrylic groups. Additional details of this second siloxane monomer
can be found in US20090234089, the entire content of which is incorporated herein by
reference. One example of the polymerizable compovsition of the present disclosure comprises

a first siloxane monomer; a second siloxane monomer represented by formula (2):

Ry CHy CHy. CHy CHy Ry
Y 2c)m,o-\tczmoa—c,n-:.——s;m—(-s.no-)—{-s:o-}—s.- ._.H.,—(-oc:zﬂ.-)-—om/&cH
CH; CH, CH, . ! 2
CaHsOL CHoCH,0 R
aHg ( 2CH; )I‘_"' 2 ‘
20 (2)

wherein R is selected from either hydrogen or a methyl group; R; is selected from either of
hydrogen or a Cy4 hydrocarbon group; m of formula (2) is 0, n of formula (2) is an integer
from 5 to 15, a is an integer from 65 to 90, b is an integer from 1 to 10, R; of formula (2) is a
methyl group, and R; of formula (2) is either a hydrogen atom or a hydrocarbon group having
25 1 to 4 carbon atoms; and the configuration of siloxane units includes a random configuration;
at least one hydrophilic vinyl-containing monomer, at least one hydrophobic monomer, and at

least one cross-linking agent. Another example of the polymerizable composition of the
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formul a (1;)‘: R2R2 cH3 c I:a'* My  CHy  Chy R,
0~ C;H,03-CyH;—SiO—{-SiO: Sio Si-C3Hg—OC,H 0
Hchj( £ CaH, ‘);':He é'H"‘(‘é‘H‘)a_(' -};-(':H :,oa"f 2 4‘)'"7 \[]/&CHz
o] 3 3 k] 0
O+ CH,CH,0+R
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2

5  wherein R; is selected from either hydrogen or a methyl group; R; is selected from either of
hydrogen or a C;4 hydrocarbon group; m of formula (2) is 0, n of formula (2) is an integer

from 5 to 15, a is an integer from 65 to 90, b is an integer from 1 to 10, R; of formula (2) is a
methyl group, and R, of formula (2) is either a hydrogen atom or a hydrocarbon group having

1 to 4 carbon atoms; and the configuration of siloxane units includes a random configuration;

10 at least one hydrophilic vinyl-containing monomer, at least one hydrophobic monomer, and at
least one cross-linking agent. Yet another example of the polymerizable composition of the
present disclosure comprises a first siloxane monomer having a number average molecular

weight of from 400 daltons to 700 daltons; a second siloxane monomer represented by formula

(2):
Ry CH; CH;. CHy  GHy Ry
O~ CH, 04 CiH;~—Si0~Si0O Sio Si-CyHg—+0C,H 0
“2°)Y ~CH, ');_‘3H6 éh“('é:"):f -)—b—(':H He—t zn‘)’m— \N/&CHZ
o 3 3 3 - o
CsHgO1+ CH,CH,O01+R
3Hg { 2GH; )n— 2 '
15 2)

wherein R, is selected from either hydrogen or a methyl group; R, is selected from either of
hydrogen or a C;4 hydrocarbon group; m of formula (2) is 0, n of formula (2) is an integer
from 5 to 15, a is an integer from 65 to 90, b is an integer from 1 to 10, R; of formula (2) is a
methyl group, and R; of formula (2) is either a hydrogen atom or a hydrocarbon group having
20 1 to 4 carbon atoms; and the configuration of siloxane units includes a random configuration;
at least one hydrophilic amide monomer having at least one N-vinyl group, at least one

hydrophobic monomer, and at least one cross-linking agent.
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one integer from1l to 10, R of fornmula (1) is an al kyl group having
from1l to 4 carbon atonms, and 20 each R2 of formula (1) is

i ndependent|y either a hydrogen atomor a nethyl group; a second
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silicone hydrogel contact lenses, the second siloxane monomer can be represented by formula

(3):
o CHy (CHs cp, 0
3 | ; Si s| o) R’
P AP AP W W SO
m L, "L M CH,
CH, 3 CHg 3 3)

wherein R’ is selected from either a hydrogen atom or a methyl group, m of formula (3)
represents an integer from 0 to 15, and n of formula (3) represents an integer from 1 to 500. In
one example, the siloxane monomer is represented by formula (3), and R’ is a methyl group, m
of formula (3) is 0, and n of formula (3) is one integer from 40 to 60.

10  [0073] The second siloxane monomer of this example is represented by formula (4), and
is abbreviated Si3 in the Examples (available from Gelest, Inc. (Morrisville, PA, USA) as
product code DMS-R18):

CH3 CHj CH, CHy '

CHj | ,
T S et e
0]

Si

[0074] The siloxane of formula (4) can have a number average molecular weight from
15  about 4,000 to about 4,500 daltons.

[0075] One example of the polymerizable composition of the present disclosure

comprises a first siloxane monomer; a second siloxane monomer at least one hydrophilic

vinyl-containing monomer, at least one hydrophobic monomer, and at least one cross-linking

agent, wherein the polymerizable composition is free of a siloxane monomer represented by
20  formula (4):

CHj
O\/\/
H,C
(0]

3

| | |
TI\O‘%TI\Oi | I\/\/ %CHZ
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conposition of the present disclosure conprises a first siloxane

nononer by formula (1): RZR2 ?H3 C H3 PCT/US201 /026210
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(1) represents one integer from3 to 10, n of fornula (1) represents
one 5 integer from1l to 10, R of forrmula (1) is an al kyl group
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daltons to 700 daltons; a second sil oxane nononer having a nunber

aver age nol ecul ar wei ght of at | ast S,Q,Qﬂwcgia,lothns at | east one
hydr ophi | i esam de nononer chjavasfg Qggcp group, at |east one |lo

the or obemcoRBoRARRoni b R 1 sgle pohpﬁ%wwoﬂﬂﬁéﬁ%c“pof%“m?f‘iaﬁf e
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ensearbein K ARaN 8L 4 REER B TRERLI R AT ek BT AR R om -
end- cappest Pahdi (Spishin integex<fo@ 316Vdnddhe Mn = 12,800, and the Mw = 16,200. The
siloxane monomer of formula (5) has a chemical name of a-w-Bis(methacryloyloxyethyl
iminocarboxy ethyloxypropyl)-poly(dimethylsiloxane)-poly (trifluoropropylmethylsiloxane)-
poly (co—--methoxy-poly(ethyleneglycdl)propylmethylsiloxane).
[0077] In some polymerizable compositions that include the siloxane monomer of
10 formula (5), a monofunctional siloxane monomer can be provided in the composition as
represented by formula (6)
CH, . CH, CH; CH,
H,C = éc.ooczrt‘ NHCOOCZH‘OC,HS%O - sl.'io ) - %i(l‘H,

CH, CH, CH,
6

wherein n of formula (6) is an integer from 13-16, and the molecular weight is about 1500
daltons. The monofunctional siloxane monomer of formula (6) has a chemical name of a-
15  Methacryloyloxyethyliminocarboxyethyloxypropyl-poly(dimethylsiloxy)-butyldimethylsilane.
[0078] One example of the polymerizable composition of the present disclosure
comprises a first siloxane monomer represented by formula (6)
CH, CH, CH; CH,
H,C = écooczﬂ, NHCOOCZH40C3HG%O —( S:il) )— S:iiC‘H,

CH, CH, CH, ©

wherein n of formula (6) is an integer from 13-16, and the molecular weight is about 1500
20  daltons; 3-[tris (trimethylsilyloxy) silyl] propyl methacrylate (TRIS); at least one hydrophilic

monomer; at least one hydrophobic monomer; and at least one cross-linking agent; wherein
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| I |

CH; CH; CH, ©

5  wherein n of formula (6) is an integer from 13-16, and the molecular weight is about 1500
daltons; 3-[tris (trimethylsilyloxy) silyl] propyl methacrylate (TRIS); at least one hydrophilic
vinyl-containing monomer; at least one hydrophobic monomer; and at least one cross-linking
agent, wherein the polymerizable composition is free of N,N-dimethylacrylamide (DMA).
Another example of the polymerizable composition of the present disclosure comprises a first

10  siloxane monomer represented by formula (6)
CH, CH, CH, CH,
HC= écac:oc,u‘l NHCOOC,H ‘OCSHG%O - szio ) :SiC‘Hs

CH, CHy CH,
(6)

wherein n of formula (6) is an integer from 13-16, and the molecular weight is about 1500

daltons; 3-[tris (trimethylsilyloxy) silyl] propyl methacrylate (TRIS); at least one hydrophilic

amide monomer having at least one N-vinyl group; at least one hydrophobic monomer; and at
15 least one cross-linking agent, wherein the polymerizable composition is free of N,N-

dimethylacrylamide (DMA). Yet another example of the polymerizable composition of the

present disclosure comprises a first siloxane monomer represented by formula (6)

CH, CH;, CH, CH,
H,C= éco‘ocrzu,l NHCOOCZH‘O(:;HB%O—( sZio Yo tSiC‘HS

CH, CH; CH, ©

wherein n of formula (6) is an integer from 13-16, and the molecular weight is about 1500
20  daltons; 3-[tris (trimethylsilyloxy) silyl] propyl methacrylate (TRIS); at least one hydrophilic

amide monomer having at least one N-vinyl group; at least one hydrophobic monomer; and at
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least one methacrylate-containing cross-linking agent, wherein the polymerizable composition
is free of N,N-dimethylacrylamide (DMA).

[0079] The polymerizable compositions used to prepare the present silicone hydrogel
contact lenses can also include additional ingredients other than those described above. For
examplé, some polymerizable compositions can include at least one third siloxane monomer.
The polymerizable compositions can comprise one third siloxane monomer, or can comprise a
third siloxane monomer component where the third siloxane monomer component is
comprised of two or more siloxane monomers, each of which differ from the first siloxane
monomer and the second siloxane monomer of the polymerizable composition. Examples of
the third siloxane monomer or third siloxane monomer component can include poly
(organosiloxane) monomers or macromers or prepolymers, such as, for example, 3-
[tris(trimethylsiloxy)silyl Jpropyl allyl carbamate, or 3-[tris(trimethylsiloxy)silyl]propyl vinyl
carbamate, or trimethylsilylethyl vinyl carbonate, or trimethylsilylmethyl vinyl carbonate, or
3-[tris (trimethylsilyloxy) silyl] propyl methacrylate (TRIS), or 3-methaycryloxy-2-
hydroxypropyloxy) propylbis (trimethylsiloxy) methylsilane (SiGMA), or methyldi
(trimethylsiloxy) silylpropylglycerolethyl methacrylate (SiGEMA), or
monomethacryloxypropyl terminated polydimethylsiloxane (MCS-M11), MCR-MO07, or
monomethacryloxypropyl terminated mono-n-butyl terminated polydimethyl siloxane
(mPDMS), or any combination thereof. In one example of a polymerizable composition of the
present disclosure, the at least one third siloxane can comprise one or more of the first
siloxanes described herein or the second siloxanes described herein, wherein the at least one
third siloxane differs from the first siloxane and the second siloxane present in the
polymerizable composition based on molecular weight, molecular formula, or both molecular
weight and formula. For example, the third siloxane monomer can be a siloxane monomer of
formula (1) having a different molecular weight than the first siloxane monomer of the
polymerizable composition. In another example, the at least one third siloxane can comprise at
least one of the siloxanes disclosed in the following patents:  US2007/0066706,
US2008/0048350, US3808178, US4120570, US4136250, US 4153641, US470533,
US5070215, US5998498, US5760100, US6367929, and EP080539, the entire content of

which are hereby incorporated by reference.
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1 MCH CH3 ab CM C3H60( CH2CH20)-R2 n (2) 5 wherein Rl is selected
fromeither hydrogen or a nethyl group; R2 is selected fromeither of
hydr ogen or a Cl hydrocarbon group; mrepresents an integer of fromO
to 10; n represents an integer of from4 to 100; a and b represent
integers of 1 or nore; atb is equal to 20-500; b/(a+b) is equal to
0.01-0.22; and the configuration of siloxane units includes a random
configuration. One exanple of the polynerizable conposition of the
present disclosure 10 conprises a first siloxane nononer; a second
si | oxand088Honer Ap eprvisseht sigied yoptionahlyl she(polymerizable compositions of the present

disclosure can comprise at least one hydrophilic monomer. The polymerizable compositions
can comprise a single hydrophilic monomer, or can comprise two or more hydrophilic
monomers present as the hydrophilic monomer component. Non-silicon hydrophilic v
5  monomers which can be used as the hydrophilic monomer or the hydrophilic monomer
component in the polymerizable compositions disclosed herein include, for example,
acrylamide-containing monomers, or acrylate-containing monomers, or acrylic acid-containing
monomers, or methacrylate-containing monomers, or methacrylic acid-containing monomers,
or any combination thereof. In one example, the hydrophilic monomer or monomer
10  component can comprise or consist of a methacrylate-containing hydrophilic monomer. It is
understood that the hydrophilic monomer or hydrophilic monomer component is a non-silicon
monomer. Examples of hydrophilic monomers which can be included in the present
polymerizable compositions can include, for example, N,N-dimethylacrylamide (DMA), or 2-
hydroxyethyl acrylate, or 2-hydroxyethyl methacrylate (HEMA), or 2-hydroxypropyl
15 methacrylate, or 2-hydroxybutyl methacrylate (HOB), or 2-hydroxybutyl acrylat¢, or 4-
hydroxybutyl acrylate, or glycerol methacrylate, or 2-hydroxyethyl methacrylamide, or
polyethyleneglycol monomethacrylate, or methacrylic acid, or acrylic acid, or any
combination thereof.
[0081] In one example, the hydrophilic monomer or hydrophilic monomer component
20 can comprise or consist of a vinyl-containing monomer. Examples of hydrophilic vinyl-
containing monomers which can be provided in the polymerizable compositions include,
without limitation, N-vinyl formamide, or N-vinyl acetamide, or N-vinyl-N-ethyl acetamide,
or N-vinyl isopropylamide, or N-vinyl-N-methyl acetamide (VMA), or N-vinyl pyrrolidone
(NVP), or N-vinyl caprolactam, or N-vinyl-N-ethyl formamide, or N-vinyl formamide, or N-2-
25  hydroxyethyl vinyl carbamate, or N-carboxy-{B-alanine N-vinyl ester, 1,4-butanediol vinyl
ether (BVE), or ethylene glycol vinyl ether (EGVE), or diethylene glycol vinyl ether
(DEGVE), or any combination thereof.
[0082] In another example, the hydrophilic monomer or hydrophilic monomer
component of the polymerizable composition can comprise or consist of a hydrophilic amide
30 monomer. The hydrophilic amide monomer can be a hydrophilic amide monomer having one

N-vinyl group, such as, for example, N-vinyl formamide, or N-vinyl acetamide, or N-vinyl-N-
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ethyl acetamide, or N-vinyl isopropylamide, or N-vinyl-N-methyl acetamide (VMA), or N-
vinyl pyrrolidone (NVP), or N-vinyl caprolactam, or any combination thereof. In one example,
the hydrophilic monomer or hydrophilic monomer component comprises N-vinyl-N-methyl
acetamide (VMA). For example, the hydrophilic monomer or monomer component can
comprise or consist of VMA. In one particular example, the hydrophilic monomer can be
VMA.

[0083] In another example, the hydrophilic vinyl-containing monomer or monomer
component can comprise or consist of a vinyl ether-containing monomer. Examples of vinyl
ether-containing monomers include, without limitation, 1,4-butanediol vinyl ether (BVE), or
ethylene glycol vinyl ether (EGVE), or diethylene glycol vinyl ether (DEGVE), or any
combination thereof. In one example, the hydrophilic monomer component comprises or
consists of BVE. In another example, the hydrophilic monomer component comprises or
consists of EGVE. In yet another example, the hydrophilic vinyl component comprises or
consists of DEGVE. In one particular example, the vinyl ether-containing monomer can be a
vinyl ether-containing monomer which is more hydrophilic than BVE, such as, for example,
DEGVE. In another example, the hydrophilic monomer of the polymerizable composition can
be a mixture of a first hydrophilic monomer which is a vinyl-containing monomer but which is
not a vinyl ether-containing monomer, and a second hydrophilic monomer which is a vinyl
ether containing monomer. Such mixtures include, for example, mixtures of VMA and one or
more vinyl ethers such as, for example, BVE, or DEGVE, or EGVE, or any combination
thereof.

[0084] When present, the hydrophilic vinyl ether-containing monomer can be present in
the polymerizable composition in an amount from about 1 to about 15 unit parts, or from about
3 to about 10 unit parts. When present as a mixture with a hydrophilic vinyl-containing
monomer which is not a vinyl ether, the hydrophilic vinyl-containing monomer which is not a
vinyl ether and the hydrophilic vinyl ether-containing monomer can be present in the
polymerizable corhposition at a ratio of at least 3:1, or from about 3:1 to about 15:1, or of
about 4:1 based on the ratio of the unit parts of the hydrophilic vinyl-containing monomer
which is not a vinyl ether to the unit parts of the hydrophilic vinyl ether-containing monomer.
[0085] In yet another example, the hydrophilic vinyl-containing monomer component

can comprise or consist of a combination of a first hydrophilic monomer or monomer
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CH3 CHmoneBs0l anaplar expmplrp the first hydrophilic monomer has a different polymerizable

functional group than each monomer of the second hydrophilic monomer component. In yet
another example, each monomer of the first hydrophilic monomer component has a different
polymerizable functional group than each monomer of the second hydrophilic monomer
component.

10  [0086] For example, when the first hydrophilic monomer or monomer component
comprises or consists of one or more amide-containing monomers, the second hydrophilic
monomer or monomer component can comprise or consist of one or more non-amide
monomers (i.e., one or more monomers each of which do not have an amide functional group
as part of their molecular structures). As another example, when the first hydrophilic monomer

15  or monomer component comprises or consists of one or more vinyl-containing monomers, the
second hydrophilic monomer or monomer component can comprise one or more non-vinyl-
containing monomers (i.e., one Or more ‘monomers each of which do not have a vinyl
polymerizable functional group as part of their molecular structures). In another example,
when the first hydrophilic monomer or monomer component comprises or consists of one or

20 more amide monomers each having an N-vinyl group, the second hydrophilic monomer or
monomer component can comprise or consist of one or more non-amide monomers. When the
first hydrophilic monomer or monomer component comprise or consists of one or more non-
acrylate monomers (i.e., one or more monomers each of which do not have an acrylate or
methacrylate polymerizable functional group as part of their molecular structures), the second

25  hydrophilic monomer or monomer component can comprise or consist of one or more
acrylate-containing monomers, or one or more methacrylate-containing monomers, or any
combination thereof. When the first hydrophilic monomer or monomer components comprises
or consists of one or more non-vinyl ether-containing monomers (i.e., one or more monoOMmMers
each of which do not have a vinyl ether polymerizable functional group as part of their

30 molecular structures), the second hydrophilic monomer or monomer component can comprise

or consist of one or more vinyl ether-containing monomers. In a particular example, the first

44



n 20(2) WD 2012/118670PCT/ US2012/ 026210 wherein Rl is selected from
either h a nmethyl group; R2 is selected fromgi
Wl 985Ryh. feb st fherng

hydr ogen "or ydrocarbon group; mrepresents an in rom
0 to 10; n represents an integer of from4 to 100; a and b represent
integers of 1 or nore; atb is equal to 20-500; b/(a-Fb) is equal to

0. 01- Gyddsphdftdmbhdn&uifrhnonddr icomp6hiens chrDscngrise ur cndistAf wee dr tora e ier
5 configuration; at |east aqne h?/\gr_ophi | ic am de nmononer havi ng one
N vi nydongining mozpmerseach dawng pp Nopmsheroupg ke sccand hydrophili mosemer or

2% MRELRS 9, B i 0P Sl W OGSl SR
repr esgovodeerly fornmula (1): R2ZR2 ?Hs cH3 R1-S i-(00111 - CH2C
HCH20( CH2CH20) nC 0- =- CH2 .

5 [0087] In one example, when the first hydrophilic monomer or monomer component
comprises or consists of a hydrophilic amide-containing monomer having one N-vinyl group,
the second hydrophilic monomer or monomer component can comprise or consist of a vinyl
ether-containing monomer. In a particular example, the first hydrophilic monomer can
comprise VMA, and the second hydrophilic monomer or monomer component can comprise

10 BVE or EGVE or DEGVE or any combination thereof. The first hydrophilic monomer can
comprise VMA and the second hydrophilic monomer can comprise BVE. The first hydrophilic
monomer can comprise VMA and the second hydrophilic monomer can comprise EGVE. The
first hydrophilic monomer can comprise VMA and the second hydrophilic monomer can
comprise DEGVE. The first hydrophilic monomer can comprise VMA, and the second

15  hydrophilic monomer component can comprise EGVE and DEGVE.

[0088] Similarly, the first hydrophilic .monomer can be VMA, and the second
hydrophilic monomer or monomer component can comprise BVE or EGVE or DEGVE or any
combination thereof. The first hydrophilic monomer can be VMA and the second hydrophilic
monomer can be BVE. The first hydrophilic monomer can be VMA and the second

20  hydrophilic monomer can be EGVE. The first hydrophilic monomer can comprise VMA and
the second hydrophilic monomer can be DEGVE. The first hydrophilic monomer can be
VMA, and the second hydrophilic monomer component can be a combination of EGVE and
DEGVE.

[0089] In another example, the non-silicon hydrophilic vinyl-containing monomer can

25  have any molecular weight, such as a molecular weight less than 400 daltons, or less than 300
daltons, or less than 250 daltons, or less than 200 daltons, or less than 150 daltons, or from
about 75 to about 200 daltons.

[0090] When a hydrophilic monomer or a hydrophilic monomer component is present in
the polymerizable composition, the hydrophilic monomer or monomer component can be

30 present in the polymerizable composition in an amount from 30 to 60 unit parts of the

polymerizable composition. The hydrophilic monomer or monomer component can be present
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in the polymerizable composition from 40 to 55 unit parts, or from 45 to 50 unit parts by
weight. When the hydrophilic monomer component of the polymerizable composition
comprises a first hydrophilic monomer or monomer component and a second hydrophilic
monomer or monomer component, the second hydrophilic monomer or monomer component
can be present in the polymerizable composition in an amount from 0.1 to 20 unit parts of the
polymerizable composition. For example, of the total amount of from 30 to 60 unit parts of
hydrophilic monomer or monomer component present in the polymerizable composition, 29.9
to 40 unit parts can comprise the first hydrophilic monomer or monomer component, and 0.1
to 20 unit parts can comprise the second hydrophilic monomer or monomer component. In
another example, the second hydrophilic monomer or monomer component can be present in
the polymerizable composition from 1 to 15 unit parts, or from 2 to 10 unit parts, or from 3 to
7 unit parts. ‘

[0091] As used herein, a vinyl-containing monomer is a monomer having a single
polymerizable carbon-carbon double bond (i.e., a vinyl polymerizable functional group)
present in its molecular structure, where, under free radical polymerization, the carbon-carbon
double bond in the vinyl polymerizable functional group is less reactive than the carBon—
carbon double bond present in an acrylate or a methacrylate polymerizable functional group.
In other words, although a carbon-carbon double bond is present in acrylate groups and
methacrylate groups, as understood herein, monomers comprising a single acrylate or
methacrylate polymerizable group are not considered to be vinyl-containing monomers.
Examples of polymerizable groups having carbon-carbon double bonds which are less reactive
than the carbon-carbon double bonds of acrylate or methacrylate polymerizable groups include
vinyl amide, vinyl ether, vinyl ester, and allyl ester polymerizable groups. Thus, as used
herein, examples of vinyl-containing monomers include monomers having a single vinyl
amide, a single vinyl ether, a single vinyl ester, or a single allyl ester polymerizable group.

[0092] In addition, the polymerizable compositions of the present disclosure can
optionally comprise at least one non-silicon hydrophobic monomer. The at least one
hydrophobic monomer of the polymerizable composition can be one hydrophobic monomer,
or can comprise a hydrophobic monomer component composed of at least two hydrophobic
monomers. Examples of hydrophobic monomers that can be used in the polymerizable

compositions disclosed herein, include, without limitation, acrylate-
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formul a
methyl acrylate, or ethyl acrylate, or propyl acrylate, or isopropyl acrylate, or cyclohexyl

acrylate, or 2-ethylhexyl acrylate, or methyl methacrylate (MMA), or ethyl methacrylate, or
5  propyl methacrylate, or butyl acrylate, or vinyl acetate, or vinyl propionate, or vinyl butyrate,
or vinyl valerate, or styrene, or chloroprene, or vinyl chloride, or vinylidene chloride, or
acrylonitrile, or 1-butene, or butadiene, or methacrylonitrile, or vinyltoluene, or vinyl ethyl
ether, or perfluorohexylethylthiocarbonylaminoethyl methacrylate, or isobornyl methacrylate,
or trifluoroethyl methacrylate, or hexafluoroisopropyl methacrylate, or hexafluorobutyl
10  methacrylate, or ethylene glycol methyl ether methacrylate (EGMA), or any combination
thereof. In one particular example, the hydrophobic monomer or monomer component can
comprise or consist of methyl methacrylate, or ethylene glycol methyl ether methacrylate, or
both.
[0093] When present in the polymerizable composition, the hydrophobic monomer or
15 monomer component can be present in an amount from about 5 to about 25 unit parts, or from -
about 10 to about 20 unit parts. |
[0094] In one example, the hydrophobic monomer component can comprise at least two
hydrophobic monomers each having different polymerizable functional groups. In another
example, the hydrophobic monomer component can comprise at least two hydrophobic
20  monomers each having the same polymerizable functional group. The hydrophobic monomer
component can comprise or consist of two hydrophobic monomers, both having the same
polymerizable functional group. In one example, the hydrophobic monomer component can
comprise or consist of two hydrophobic methacrylate-containing monomers. The hydrophobic
monomer component can comprise or consist of MMA and EGMA. In one example, the at
25  least two hydrophobic monomers of the hydrophobic monomer component can comprise or
consist of MMA and EGMA, and the ratio of the amounts of MMA and EGMA present in the
polymerizable composition can be from about 6:1 to about 1:1 based on the unit parts of
MMA to the unit parts of EGMA. The ratio of the unit parts of MMA and EGMA present in
the polymerizable composition can be about 2:1 based on the unit parts of MMA to the unit
30 parts of EGMA.
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can comprise a cross-linking agent component comprised of at least two cross-linking agents.
As used herein, a cross-linking agent is a non-silicon cross-linking agent and thus is different
from multifunctional siloxane monomers which may be present in the polymerizable
compositions.

[0096] In accordance with the present disclosure, a cross-linking agent is understood to
be a monomer having more than one polymerizable functional group as part of its molecular
structure, such as two or three or four polymerizable functional groups, i.e., a multifunctional
monomer such as a bifunctional or trifunctional or tetrafunctional monomer. Non-silicon
cross-linking agents that can be used in the polymerizable compositions disclosed herein
include, for example, without limitation, allyl (meth)acrylate, or lower alkylene glycol
di(meth)acrylate, or poly(lower alkylene) glycol di(meth)acrylate, or lower alkylene
di(meth)acrylate, or divinyl ether, or divinyl sulfone, or di- and trivinylbenzene, or
trimethylolpropane tri(meth)acrylate, or pentaerythritol tetra(meth)acrylate, or bisphenol A
di(meth)acrylate, or methylenebis(meth)acrylamide, or triallyl phthalate and diallyl phthalate,
or any combination thereof. Cross-linking agents, as disclosed in the Examples, include, for
example, ethylene glycol dimethacrylate (EGDMA), or triethylene glycol dimethacrylate
(TEGDMA), or triethylene glycol divinyl ether (TEGDVE), or any combination thereof. In
one example, the cross-linking agent can have a molecular weight less than 1500 daltons, or
less than 1000 daltons, or less than 500 daltons, or less than 200 daltons.

[0097] In one example, the cross-linking agent can be a vinyl-containing cross-linking
agent. As used herein, a vinyl-containing cross-linking agent is a monomer having at least two
polymerizable carbon-carbon double bonds (i.e., at least two vinyl polymerizable functional
groups) present in its molecular structure, where each of the at least two polymerizable
carbon-carbon double bonds present in the vinyl polymerizable functional groups of the vinyl-
containing cross-linking agent is less reactive than a carbon-carbon double bond present in an
acrylate or methacrylate polymerizable functional group. Although carbon-carbon double
bonds are present in acrylate and methacrylate polymerizable functional groups, as understood
herein, cross-linking agents comprising one or more acrylate or methacrylate polymerizable

group (e.g., an acrylate-containing cross-linking agent or a methacrylate-containing cross-
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having at least two polymerizable functional groups selected from a vinyl amide, a vinyl ether,
a vinyl ester, an allyl ester, and any combination thereof. As used herein, a mixed vinyl-
containing cross-linking agent is a cross-linking agent having at least one polymerizable
carbon-carbon double bond (i.e., at least one vinyl polymerizable functional group) present in
10 its structure which is less reactive than the carbon-carbon double bond present in an acrylate or
methacrylate polymerizable functional group, and at least one polymerizable functional group
present in its structure having a carbon-carbon double bond which is at least as reactive as the
carbon-carbon double bond in an acrylate or methacrylate polymerizable functional group.
[0098] In one example, the cross-linking agent or cross-linking agent component can
15 comprise a vinyl-containing cross-linking agent. For example, the vinyl-containing cross-
linking agent or cross-linking agent .component can comprise or consist of a vinyl ether-
containing cross-linking agent. In another example, the cross-lihking agent or cross-linking
agent component can comprise or consist of an acrylate-containing cross-linking agent (i.e., a
cross-linking agent having at least two acrylate polymerizable functional groups), or a
20  methacrylate-containing cross-linking agent (i.e., at least two methacrylate polymerizable
functional groups), or at least one acrylate-containing cross-linking agent and at least one
methacrylate-containing cross-linking agent.
[0099] The cross-linking agent component can comprise or consist of a combination of
two or more cross-linking agents, each of which has a different polymerizable functional
25 group. For example, the cross-linking agent component can comprise one vinyl-containing
cross-linking agent, and one acrylate-containing cross-linking agent. The cross-linking agent
component can comprise one vinyl-containing cross-linking agent and one methacrylate-
containing cross-linking group. The cross-linking agent component can comprise or consist of
one vinyl ether-containing cross-linking agent, and one methacrylate-containing cross-linking
30 agent. One example of the polymerizable composition of the present disclosurg comprises a

first siloxane monomer; a second siloxane monomer; at least one hydrophilic amide monomer
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[00100] Optionally, the polymerizable composition of the present disclosure can comprise

10 or consist of at least one vinyl-containing cross-linking agent or cross-linking agent
component, and can be free of a non-silicon vinyl-free cross-linking agent. In other words, in
this example, the polymerizable composition comprises the first siloxane monomer, the second
siloxane monomer, and at least one cross-linking agent, wherein the at least one cross-linking
agent consists of at least one vinyl-containing cross-linking agent (i.e., a single vinyl-

15  containing cross-linking agent or a vinyl-containing cross-linking agent component comprised
of two or more vinyl-containing cross-linking agents), as no non-silicone cross-linking agents
other than vinyl-containing cross-linking agents are present in the polYmerizable composition.
In other words, in this example, no non-vinyl-containing cross-linking agents are present in the
polymerizable composition.

20 [00101] The optional cross-linking agent or cross-linking agent component can be present
in the polymerizable composition in an amount from 0.01 to 10.0 unit parts, such as, for
example, from 0.05 to 5.0 unit parts, or from 0.1 to 2.0 unit parts, or from 0.2 to 1.0 unit parts,
or from 0.3 to 0.8 unit parts. In one example, when the cross-linking agent or cross-linking
agent component comprises a vinyl-containing cross-linking agent, the vinyl-containing cross-

25 linking agent or cross-linking agent component can be present in the polymerizable
composition in an amount from 0.01 to 0.80 unit parts, such as, for example, 0.05 to 0.30 unit
parts or from 0.1 to 0.2 unit parts. When the at least one cross-linking agent is a acrylate-
containing or methacrylate-containing cross-linking agent or cross-linking agent component,
the acrylate-containing or methacrylate-containing cross-linking agent or cross-linking agent

30 component can be present in the polymerizable composition in an amount from 0.1 to 2.0 unit

parts, such as, for example, 0.3 to 1.2 unit parts or from 0.5 to 0.8 unit parts. When a
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an acrylate-containing or methacrylate-containing cross-linking agent or cross-linking agent
component is used, the vinyl-containing cross-linking agent or cross-linking agent component
and the acrylate-containing or methacrylate-containing cross-linking agent or cross-linking
5  agent component can be present in the polymerizable composition in a ratio from 1:2 to 1:20,
or from 1:3 to 1:12, or from 1:4 to 1:7 based on the ratio by weight of the unit parts of the
vinyl-containing cross-linking agent or cross-linking agent component to the unit parts of the
acrylate-containing or methacrylate-containing cross-linking agent or cross-linking
component. ,

10 [00102] While in some polymerizable compositions limiting the amount of vinyl-
containing cross-linking agent can improve wettability, in many cases, the inclusion of a vinyl-
containing cross-linking agent in the polymerizable composition can also improve the
dimensional stability of the resulting contact lens formed from the polymerizable composition.
Thus, in some polymerizable compositions, a vinyl-containing cross-linking agent can be

15  present in the polymerizable composition in an amount effective to produce a contact lens
having improved dimensional stability as compared to a contact lens produced from the same
polymerizable composition but without the vinyl-containing cross-linking égent.

[00103] Yet another approach for producing contact lenses having ophthalmically
acceptably wettable surfaces in accordance with the present disclosure, can be to include an

20 amount of a vinyl-containing cross-linking agent in the polymerizable composition based on
the ratio of the unit parts of the hydrophilic vinyl-containing monomer present in the
composition to the unit parts of the vinyl-containing cross-linking agent present in the
composition. For example, the unit parts of the hydrophilic vinyl-containing monomer and the
unit parts of the vinyl-containing cross-linking agent can be present in the polymerizable

25  composition in a ratio greater than about 125:1, or from about 150:1 to about 625:1, or from
about 200:1 to about 600:1, or from about 250:1 to about 500:1, or from about 450:1 to about
500:1, based on the ratio of the unit parts of the hydrophilic vinyl-containing monomer to the
unit parts of the vinyl-containing cross-linking agent.

[00104] The polymerizable composition can optionally include one or more organic

30 diluents, one or more polymerization initiators (i.e., ultraviolet (UV) initiators or thermal

initiators, or both), or one or more UV absorbing agents, or one or more tinting agents, or one
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In addition, many of the present polymerizable compositions are essentially free of water (e.g.,
contain no more than 3.0% or 2.0% water by weight).
[00105] The polymerizable compositions disclosed herein can optionally comprise one or
more organic diluents, i.e., the polymerizable composition can comprise an organic diluent, or
10  can comprise an organic diluent component comprising two or more organic diluents. Organic
diluents that can optionally be included in the present polymerizable compositions include
alcohols, including lower alcohols, such as, for example, without limitation, pentanol, or
hexanol, or octanol, or decanol, or any combination thereof. When included, the organic
diluent or organic diluent component can be provided in the polymerizable composition in an
15  amount from about 1 to about 70 unit parts, or from about 2 unit parts to about 50 unit parts, or
from about 5 unit parts to about 30 unit parts.
[00106] Approaches commonly employed to increase the miscibilify of siloxane
monomers and hydrophilic monomers include adding organic diluents to the polymerizable
composition to act as compatiblizers between the hydrophilic monomers and the siloxane
20  monomers which typically are more hydrophobic, or using only siloxane monomers having
low molecular weights (e.g., molecular weights below 2500 daltons). The use of the first
siloxane as described above makes it possible to include both a high molecular weight second
siloxane and a high level of one or more hydrophilic monomers in the polymerizable
compositions of the present disclosure. And while it is possible to include one or more organic
25  diluents in the present polymerizable compositions disclosed herein, it may not be necessary to
do so in order to obtain a miscible polymerizable composition in accordance with the present
disclosure. In other words, in at least one example, the silicone hydrogel contact lenses of the
present disclosure are formed from polymerizable compositions which are free of an organic
diluent.
30 [00107] An example of the disclosed polymerizable composition can be miscible when

initially prepared, and can remain miscible over a period of time adequate for the commercial
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[00108] The present polymerizable compositions can optionally comprise one or more
polymerization initiators, i.e., the polymerizable composition can comprise an initiator, or can
comprise an initiator component comprising two or more polymerization initiators.
Polymerization initiators that can be included in the present polymerizable compositions
include, for example, azo compounds, or organic peroxides, or both. Initiators that can be
present in the polymerizable composition include, for example, without limitation, benzoin
ethyl ether, or benzyl dimethyl ketal, or alpha, alpha-diethoxyacetophenone, or 2,4,6-
trimethylbenzoyl diphenyl phosphine axide, or benzoin peroxide, or t-butyl peroxide, or
azobisisobutyronitorile, or azobisdimethylvaleronitorile, or any combination thereof. UV
photoinitiatdrs can include, for example, phosphine oxides such as diphenyl (2,4,6-trimethyl
benzoyl) phosphine oxide, or benzoin methyl ether, or 1 -hydroxycyclohexylphenyl ketone, or
Darocur (available from BASF, Florham Park, NJ, USA), or Irgacur (also available from
BASF), or any combination thereof. In many of Examples disclosed herein, the
polymerization initiator is tﬁe thermal initiator 2,2'-azobis-2-methyl propanenitrile '(V AZ0O-64
from E.I. DuPont de Nemours & Co., Wilmington, DE, USA). Other commonly used
thermoinitiators can include 2,2'-azobis(2,4-dimethylpentanenitrile) (VAZO-52) and 1,1'-azo
bis(cyanocyclohexane) (VAZO-88). The polymerization initiator or initiator component can
be present in the polymerizable composition in an amount from about 0.01 unit parts to about
2.0 unit parts, or in an amount from about 0.1 unit parts to about 1.0 unit parts, or from about
0.2 unit parts to about 0.6 unit parts by weight.

[00109] Optionally, the present polymerizable compositions can comprise one or more
UV absorbing agents, i.e., the polymerizable composition can comprise an UV absorbing
agent, or can comprise an UV absorbing agent component comprising two or more UV
absorbing agents. UV absorbing agents that can be included in the present polymerizable
compositions include, for example, benzophenones, or benzotriazoles, or any combination
thereof. In many of the Examples disclosed herein, the UV absorbing agent is 2-(4-Benzoyl-
3-hydroxyphenoxy)ethyl acrylate (UV-416) or 2-(3-(2H-benzotriazol-2-YL)-4-hydroxy-
phenyl) ethyl methacrylate (NORBLOC® 7966 from Noramco, Athens, GA, USA). The UV
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absorbing agent or UV absorbing agent component can be present in the polymerizable
composition in an amount from about 0.01 unit parts to about 5.0 unit parts, or in an amount
from about 0.1 unit parts to about 3.0 unit parts, or from about 0.2 unit parts to about 2.0 unit
parts by weight.

[00110] The polymerizable compositions of the present disclosure can also optionally
include at least one tinting agent (i.e., one tinting agent or a tinting agent component
comprising two or more tinting agents), although both tinted and clear lens products are
contemplated. In one example, the tinting agent can be a reactive dye or pigment effective to
provide color to the resulting lens product. The tinting agent or tinting agent component of the
polymerizable composition can comprise a polymerizable tinting agent, or can comprise a
non-polymerizable tinting agent, or any combination thereof. The polymerizable tinting agent
can be a tinting agent whose molecular structure comprises a polymerizable functional group,
or can be a tinting agent whose molecular structure includes both a monomer portion and a
dye portion, i.e., the tinting agent can be a monomer-dye compound. Tinting agents can
include, for example, VAT Blue 6 (7,16-Dichloro-6,15-dihydroanthrazine-5,9,14,18-tetrone),
or 1-Amino-4-[3-(beta-sulfatoethylsufonyl)anilio]-2-anthraquinonesulfonic acid (C. L
Reactive Blue 19, RB-19), or a monomer-dye compound of Reactive Blue 19 and
hydroxyethylmethacrylate (RB-19 HEMA), or 1,4-bis[4-[(2-methacryl-oxyethyl)phenylamino]
anthraquinone (Reactive Blue 246, RB-246, available from Arran Chemical Company,
Athlone, Ireland), or 1,4-Bis[(2-hydroxyethyl)amino]-9,10-anthracenedione  bis(2-
propenoic)ester (RB-247), or Reactive Blue 4, RB-4, or a monomer-dye compound of
Reactive Blue 4 and hydroxyethyl methacrylate (RB-4 HEMA or "Blue HEMA™), or any
combination thereof. In one example, the tinting agent or tinting agent component can
comprise a polymerizable tinting agent. The polymerizable tinting agent component can
comprise, for example, RB-246, or RB-247, or RB-4 HEMA, or RB-19 HEMA, or any
combination thereof. Examples of monomer-dye compounds include RB-4 HEMA and RB-19
HEMA. Additional examples of monomer-dye compounds are described in US5944853 and
US7216975, both of which are incorporated in their entirety by reference herein. Other
exemplary tinting agents are disclosed, for example, in U.S. Patent Application Publication
No. 2008/0048350, the disclosure of which is incorporated in its entirety herein by reference.

In many of the Examples disclosed herein, the tinting agent is a reactive blue dye, such as
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ranging from about 0.001 unit parts to about 15.0 unit parts, or about 0.005 unit parts to about
10 10.0 unit parts, or about 0.01 unit parts to about 8.0 unit parts.
[00111] The polymerizable compositions of the present disclosure can optionally
comprise at least one oxygen scavenger, i.e., one oxygen scavenger or an oxygen scavenger
component comprising two or more oxygen scavengers. Examples of oxygen scavengers
which can be included as the oxygen scavenger or oxygen scavenger component of the present
15 pol)"merizable compositions include, for example, Vitamin E, or phenolic compounds, or
phosphite compounds, or phosphine compounds, or amine oxide compounds, or any
combination thereof. For example, the oxygen scavenger or oxygen scavenger component can
consist of or comprise a phosphine-containing compound. In many of the Examples disclosed
herein, the oxygen scavenger or oxygen scavenger component is a phosphine-containing
20  compound, such as triphenyl phosphine, or a polymerizable form of triphenyl phosphine, such
as diphenyl(P-vinylphenyl)phosphine. .
[00112] Chain transfer is a polymerization reaction in which the activity of a growing
polymer chain is transferred to another molecule, reducing the average molecular weight of the
final polymer. The polymerizable compositions of the present disclosure can optionally
25  comprise at least one chain transfer agent, i.e., can comprise one chain transfer agent or can
comprise a chain transfer agent component comprising at least two chain transfer agents.
Examples of chain transfer agents which can be included as the chain transfer agent or the
chain transfer component of the present polymerizable compositions include, for example,
thiol compounds, or halocarbon compounds, or C3-C5 hydrocarbons, or any combination
30  thereof. In many of the Examples disclosed herein, the chain transfer agent is allyloxy ethanol.

When present in the polymerizable composition, the chain transfer agent or chain transfer
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[001C14] The present contact lenses can have an oxygen permeability (or Dk) of at least 55
barrers (Dk > 55 barrers), or an oxyger'l permeability of at least 60 barrers (Dk > 60 barrers), or
an oxygen permeability of at least 65 barrers (Dk > 65 barrers). The lenses can have an oxygen
permeability from about 55 barrers to about 135 barrers, or from about 60 barrers to about 120

15  barrers, or from about 65 barrers to about 90 barrers, or from about 50 barrers to about 75
barrers. Various methods of determining oxygen permeability are known to those of ordinary
skill in the art.

[00115] The silicone hydrogel contact lenses of the present disclosure have, when fully
hydrated, an average tensile modulus about 0.20 MPa to about 0.90 MPa. For example, the

20  average modulus can be from about 0.30 MPa to about 0.80 MPa, or from about 0.40 MPa to
about 0.75 MPa, or from about 0.50 MPa to about 0.70 MPa.

[00116] As used herein, the modulus of a contact lens or lens body is understood to refer
to the tensile modulus, also known as Young’s modulus. It is a measure of the stiffness of an
elastic material. The tensile modulus can be measured using a method in accordance with

25 ANSI Z80.20 standard. In one example, the tensile modulus can be measured using an Instron
Model 3342 or Model 3343 mechanical testing system.

[00117] The present contact lenses can have an oxygen permeability of at least 55 barrers
(Dk > 55 barrers), or an EWC from about 30% to about 70%, or a tensile modulus from about
0.2 MPa to about 0.9 MPa, or any combination thereof. In one example, the contact lenses can

30  have an oxygen permeability of at least 60 barrers (Dk > 60 barrers), or an EWC from about

35% to about 65%, or a tensile modulus from about 0.3 MPa to about 0.8 MPa, or any

56



5 conponent can conprise units of two or nore sil oxanes, and one or
nore nonsSi | i active ingredients. It can therefor é*ﬁ] od
t hat thevﬁgkvzgp?@?conponent can be the reaction produgq 0 g@?ﬁ&g&ﬁ
pol ymeri zabl e conposition conprising two or nore siloxanes (the

si | oxane nmononer conponent of the conposition), and one or nore

non- sidonthinatioaathtiev ilngnhether pkamplésthe gresehecetact lanseovasilave @n oxygen
reactive ingredient is ug?erstood tQ be an ingredi ent which has a 10

pol y neRermadhility of 4| leash 6H PagrsTsy gF an d WL ommbert 44 19 1abawtk bn’a, oy densile
whi ch \AD iNgpJ L ure. The

I ngr edrlq gﬁ?ggﬁe§m¥%§&p@?§wﬂ iqga %9?3 rrl\glc)) io? flﬁ&ggﬂr’\m%gon%%%%r S,

macr oni@0%18]pr elmpone/erantple, pied presentcontact nyesdandamakygen pehladability of at least
Optional ly, the _ingredients _of the palynerizabl e conposition can

f ult hel bdteruge FéY&f@as byt d0%nta B 107 apd A denstle medulys froppahoupl@ MPa
hydrogggg&&(gpgﬁger, or at |east one cross-linking agent. The at 15

| east one hydrophilic nononer, at |east one hydrophobic nononer and
at | eg80119)e ciThs sillconk ihpdrogelecuntat densexdef dieoprdseno diselosudei @annhdvepevhen

reactiyve ingredjents. As used herejn, the at |least o hydr ophi i c
monomeIE Y edzr?&e@\@f%dpetr@%ﬁmﬁ dergy Lshdom pyet 6 1 bl it For

or to ' I N Yol

ror e 1A, & el pRR tab o ALK lost IR RN ARIPERE %, Shou M9 lor can
nmaoo e ft@an abeut BhtetosboudB %4 conpri se a 20 si ngl e hydrophobi c

nmononer to,co | se. a_hydrophobi c noner conponent conposed of
two orl A 1y St BeEinnBETERIF :ofb rg&ﬁ%selaétm@ﬁ e&?aé%@rrqr %fes heat
agent \GRd dRrgydsding afuhi8adifEBYdISEard aﬁ;&lf&ﬂ't@ Vit O Sstik indtb s %F‘d%htag@ bf
to conprise a cross-linking agent conmponent conposed of two or nore
cr oss-dnergyi logs cageatdetermgwidtusmgad number o€ methodsbnowmbd thospeferdinaryskild am
optionally include at |east one . initiator, or at |eas ne_or gani.c
a1 uere af Tof etamel. diolte SiiBpadin eRpindt Pimals o ne g 294 then
SGaVengRimin®lit BL0% R atconftant! fafel éaAbePdeHnind ardll use8 36 caleiate e percentage
absorber, or at |east one chain transfer agent, or any conbination

t her eaiergyHessdpt themadterzl. | east one initiator, at |east one organic

di | ue | east one surfactant., at | east one. oxygen,scavenger, .at..3
cast LAY, e Thg PEGERT UoudSt Blikes Ghohdil 4, LPRRY U5 eRf HEIEF o o
chai n hndMihesr RS Manadut!Tdek TGO Anibe o Gi3s Fhdn LYt IS0k ey e RS /min.
and can be either non-polynerizable ingredients or 30pol ynmerizabl e
i ngr edY @Hus mathads of defgrraimingripsofhitxare gonvepdonahand argkmawn (o ghose aherdinary
gr?up g paht .@f their nolecular structure). WO
2621 PRBEPORE A US2012/ 026210

[00122] Silicone hydrogel contact lenses of the present invention can have captive bubble

dynamic advancing contact angles of less than 120 degrees, such as, for example, less than 90
degrees when fully hydrated, less than 80 degrees when fully hydrated, less than 70 degrees
when fully hydrated, or less than 65 degrees when fully hydrated, or less than 60 degrees when
25  fully hydrated, or less than 50 degrees when fully hydrated.
[00123] Silicone hydrogel contact lenses of the present invention can have captive bubble
static contact angles of less than 70 degrees when fully hydrated, or less than 60 degrees when
fully hydrated, or less than 55 degrees when fully hydrated, or less than 50 degrees when fully
hydrated, or less than 45 degrees when fully hydrated.
30 [00124] In one example, the present contact lenses can have a wet extractable component.

The wet extractable component is determined based on the weight lost during methanol
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10 components and partially reacted polymerizable ingredients. In lenses made from a
polymerizable composition free of a diluent, the wet extractable component can be present in
the contact lens in an amount from about 1% wt/wt to about 15% wt/wt, or from about 2%
wt/wt to about 10% wt/wt, or from about 3% wt/wt to about 8% wt/wt based on the dry weight
of the lens body prior to extraction testing. In lenses made from a polymerizable composition

15  comprising a diluent, the wet extractable component may consist of a portion of the diluent as
well as unreacted and partially reacted polymerizable ingredients, and can be present in the
contact lens in an amount from about 1% wt/wt to about 20% wt/wt, or from about 2% wt/wt
to about 15% wt/wt of the lens, or from about 3% wt/wt to about 10% wt/wt based on the dry
weight of the lens body prior to extraction testing.

20 [00125] In one example, the present contact lenses have a dry extractable component. The
dry extractable component is determined based on the weight lost during extraction in
methanol of polymeric lens bodies which have not been washed, extracted (as part of a
manufacturing process), hydrated or sterilized prior to the drying and extraction testing. The
dry extractable component can comprise unreacted or partially reacted polymerizable

25  ingredients of the polymerizable composition. When optional non-reactive ingredients such as
diluents and the like are present in the polymerizable composition, the dry extractable
component may further comprise the non-reactive ingredients.

[00126] In lenses made from a polymerizable composition free of a diluent, the dry
extractable component of the lens consists primarily of dry extractable components

30  contributed by polymerizable ingredients of the polymerizable composition (i.e., unreacted or

partially reacted polymerizable ingredients), and may also include dry extractable materials
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reactive ingredients and non-polymerizable ingredients present in the contact lens can consist
15  of an amount from about 1% wt/wt to about 75% wt/wt, or from about 2% wt/wt to about 50%
wt/wt of the lens, or from about 3% wt/wt to about 40% wt/wt, or from about 4% wt/wt to
about 20% wt/wt, or from about 5% to about 10% based on the dry weight of the polymeric
lens body prior to extraction testing. The total amount of dry extractable components
contributed by polymerizable ingredients (i.e., unreacted or partially reacted polymerizable
20 ingredients) can be an amount from about 1% wt/wt to about 30% wt/wt of the lens body, or
from about 2% wt/wt to about 25% wt/wt, or from about 3% wt/wt to about 20% wt/wt, or
from about 4% wt/wt to about 15% wt/wt, or from 2% wt/wt to less than 10% wt/wt based on
the dry weight of the lens body prior to extraction testing.
[00128] The contact lenses of the present disclosure, as they are configured to be placed or
25 disposed on a cornea of an animal or human eye, are ophthalmically acceptable contact lenses.
As used herein, an ophthalmically acceptable contact lens is understood to be a contact lens
having at least one of a number of different properties as described below. An ophthalmically
acceptable contact lens can be formed of, and packaged in, ophthalmically acceptable
ingredients such that the lens is not cytotoxic and does not release irritating and/or toxic
30 ingredients during wear. An ophthalmically acceptable contact lens can have a level of clarity

in the optic zone of the lens (i.e., the portion of the lens providing vision correction) sufficient
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for its intended use in contact with the cornea of an eye, for example, a transmittance of at
least 80%, or at least 90%, or at least 95% of visible light. An ophthalmically acceptable
contact lens can have sufficient mechanical properties to facilitate lens handling and care for a
duration of time based on its intended lifetime. For example, its modulus, tensile strength, and
elongation can be sufficient to withstand insertion, wear, removal and, optionally, cleaning
over the intended lifetime of the lens. The level of these properties which are appropriate will
vary depending upon the intended lifetime and usage of the lens (e.g., single use daily
disposable, multiple use monthly, etc). An ophthalmically acceptable contact lens can have an
effective or appropriate ionoflux to substantially inhibit or substantially prevent corneal
staining, such as corneal staining more severe than superficial or moderate corneal staining
after continuous wear of the lens on a comea for 8 or more hours. An ophthalmically
acceptable contact lens can have a level of oxygen permeability sufficient to allow oxygen to
reach the cornea of an eye wearing the lens in an amount sufficient for long term corneal
health. An ophthalmically acceptable contact lens can be a lens which does not cause
substantial or undue corneal swelling in an eye wearing the lens, for example, no more than
about 5% or 10% corneal swelling after being worn on a cornea of an eye during an overnight
sleep. An ophthalmically acceptable contact lens can be a lens which allows movement of the
lens on the cornea of an eye wearing the lens sufficient to facilitate tear flow between the lens
and the eye, in other words, does not cause the lens to adhere to the eye with sufficient force to
prevent normal lens movement, and that has a low enough level of movement on the eye to
allow vision correction. An ophthalmically acceptable contact lens can be a lens which allows
wearing of the lens on the eye without undue or significant discomfort and/or irritation and/or
pain. An ophthalmically acceptable contact lens can be a lens which inhibits or substantially
prevents lipid and/or protein deposition sufficient to cause the lens wearer to remove the lens
because of such deposits. An ophthalmically acceptable contact lens can have at least one of a
water content, or a surface wettability, or a modulus or a design, or any combination thereof,
that is effective to facilitate ophthalmically compatible wearing of the contact lens by a contact
lens wearer at least for one day. Ophthalmically compatible wearing is understood to refer to
the wearing of a lens by a lens wearer with little or no discomfort, and with little or no

occurrence of comeal staining., Determining whether a contact lens is ophthalmically
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15  treatments which increase the hydrophilicity of the lens surface. While it is possible to apply
one or more surface plasma treatments to the present lens bodies, it is not necessary to do so in
order to obtain a silicone hydrogel contact lens having ophthalmically acceptably wettable lens
surfaces when fully hydrated. In other words, in one example, the silicone hydrogel contact
lenses of the present disclosure can be free of a surface plasma or corona treatment.

20 [00131] Surface modifications include binding wetting agents to the lens surface, such as,
for example, binding a wetting agent such as a hydrophilic polymer to at least a lens surface
by chemical bonding or another form of chemical interaction. In some cases, the wetting agent
may be bound to the lens surface as well as a least a portion of the polymeric matrix of the
lens, i.e., at least a portion of the bulk of the lens, by chemical bonding or another form of

25  chemical interaction. The ophthalmically acceptably wettable lens surfaces of the present
disclosure can be ophthalmically acceptably wettable without the presence of a wetting agent
(e.g., a polymeric material or a non-polymeric material) bound to at least the lens surface.
While it is possible to bind one or more wetting agents to the present lenses, it is not necessary
to do so in order to obtain a silicone hydrogel contact lens having ophthalmically acceptably

30  wettable lens surfaces when fully hydrated. Thus, in one example, the lenses of the present

disclosure can comprise wetting agents, such as, for example, hydrophilic polymers and
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(e.g., a polymeric material or a non-polymeric material) physically entrapped in the lens body
following formation of the polymeric lens body. While it is possible to physically entrap one
or more wetting agents in the present lenses, it is not necessary to do so in order to obtain a
silicone hydrogel contact lens having ophthalmically acceptably wettable lens surfaces when
15  fully hydrated. Thus, in one example, the lenses of the present disclosure can comprise wetting
agents, such as, for example, hydrophilic polymers and including polyvinyl pyrrolidone,
entrapped within the lenses. Alternatively, the silicone hydrogel contact lenses of the present
disclosure can be free of a wetting agent physically entrapped within the lens. As used herein,
physically entrapped refers to immobilizing a wetting agent, or other ingredient, in the
20  polymeric matrix of the lens with little or no chemical bonding or chemical interaction being
present between the wetting agent and or other ingredient and the polymeric matrix. This is in
contrast to ingredients that are chemically bound to the polymeric matrix, such as by ionic

bonds, covalent bonds, van der Waals forces, and the like.
[00133] Another approach commonly used in the art to increase the wettability of silicone
25  hydrogel contact lenses includes adding one or more wetting agents to the polymerizable
composition. In one example, the wetting agent can be a polymeric wetting agent. However,
the contact lenses of the present disclosure can have ophthalmically acceptably wettable lens
surfaces when the polymerizable composition used to form the polymeric lens body is free of a
wetting agent. While it is possible to include one or more wetting agents in the present
30 polymerizable compositions to increase the wettability of the silicone hydrogel contact lenses

of the present disclosure, it is not necessary to do so in order to obtain a silicone hydrogel
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polymerizable compositions of the present invention can further comprise a wetting agent.

5 [00134] In one example, the wetting agent can be an internal wetting agent. The internal
wetting agent can be bound within at least a portion of the polymeric matrix of the lens. For
example, the internal wetting agent can be bound within at least a portion of the polymeric
matrix of the lens by chemical bonding or another form of chemical interaction. In some cases,
the wetting agent may be bound to the lens surface as well. The internal wetting agent can

10  comprise a polymeric material or a non-polymeric material. While it is possible to bind one or
more internal wetting agents within the polymeric matrix of the present lenses, it is not
necessary to do so in order to obtain a silicone hydrogel contact lens having ophthalmically
acceptably wettable lens surfaces when fully hydrated. Thus, in one example, the lenses of the
present disclosure can comprise internal wetting agents bound to at least a portion of the

15  polymeric matrix of the lens. Alternatively, in another example, the silicone hydrogel contact
lenses of the present disclosure can be free of an internal wetting agent bound to at least a
portion of the polymeric matrix of the lens.

[00135] In another example, the wetting agent can be an internal polymeric wetting agent.
The internal polymeric wetting agent can be present in the polymeric lens body as part of an

20 interpenetrating polymer network (IPN) or a semi-IPN. An interpenetrating polymer network
is formed by at least two polymers, each of which is cross-linked to itself, but none of which
are cross-linked to each other. Similarly, a semi-IPN is formed by at least two polymers, at
least one of which is cross-linked to itself but not to the other polymer, and the other of which
is not cross-linked either to itself or the other polymer. In one example of the present

25  disclosure, the contact lens can have ophthalmically acceptably wettable lens surfaces when
the polymeric lens body is free of an internal polymeric wetting agent present in the lens body
as an IPN or a semi-IPN. Alternatively, the contact lens can comprise an internal polymeric
wetting agent present in the lens body as an IPN or a semi-IPN.

[00136] In yet another example, the wetting agent can be a linking compound present in

30  the polymerizable composition used to form the lens body, or a linking agent physically

entrapped within the polymeric lens body after the lens body has been formed. When the
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second wetting agent to the lens body when the lens body is contacted by the wetting agent.
The linking can occur as part of the manufacturing process, for example as a washing process,
or can take place when the lens body is contacted by a packaging solution. The linking can
take the form of an ionic bond, or a covalent bond, or a form of van der Waals attraction. The
linking agent can comprise a boronic acid moiety or group such that a polymerized boronic
acid moiety or group is present in the polymeric lens body, or such that a boronic acid moiety
or group is physically entrapped in the polymeric lens body. For example, when the linking
agent comprises a form of boronic acid, the second wetting agent can comprise a form of
poly(vinyl alcohol) which becomes beund to the form of boronic acid. Optionally, silicone
hydrogel contact lenses of the present disclosure can be understood to be free of linking
agents. In one example, the silicone hydrogel contact lenses can be free of boronic acid
moieties or groups, including polymerized boronic acid moieties or groups, that is,
specifically, the silicone hydrogel contact lenses can be formed from a polymerizable
composition free of a form of boronic acid such as, for example, a polymerizable form of
boronic acid including vinyl phenyl boronic acid (VPB), can be formed of a polymer free of
units derived from a polymerizable form of boronic acid such as vinyl phenyl boronic acid
(VPB), and the polymeric lens body and the silicone hydrogel contact lenses can be free of a
form of boronic acid, including polymeric or non-polymeric form of boronic acid, physically
entrapped therein. Alternatively, the polymerizable composition, or the polymeric lens body,
or the silicone hydrogel contact lens, or any combination thereof, can comprise at least one
linking agent. .

[00137] In one example, the silicone hydrogel contact lenses of the present disclosure
have not been exposed to a volatile organic solvent or a solution of a volatile organic solvent
as part of a manufacturing process. In one example, the silicone hydrogel contact lenses of the
present disclosure can be formed from a polymerizable composition free of a wetting agent, or
the polymeric lens body and/or hydrated contact lens can be free of a wetting agent, or free of
surface treatment, or free of a surface modification, or was not exposed to a volatile organic
solvent or a solution of a volatile organic solvent during the manufacturing process, or any

combination thereof. Instead, for example, the silicone hydrogel contact lenses can be
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[00138] The use of volatile organic solvents to extract lens bodies contributes significantly
to production costs, due to factors such as the cost of the organic solvents, the cost of disposal
5  of the solvents, the need to employ explosion-proof production equipment, the need to remove
the solvents from the lenses prior to packaging, and the like. However, development of
polymerizable compositions capable of consistently producing contact lenses with
ophthalmically acceptably wettable lens surfaces when extracted in aqueous media free of
volatile organic solvents can be challenging. For example, it is common to find non-wetting
10 regions present on the lens surfaces of contact lenses which have been extracted in aqueous
media free of volatile organic solvents, as discussed herein.
[00139] As previously discussed, in one example, the contact lenses disclosed herein are
contact lenses which have not been exposed to a volatile organic solvent, such as a lower
alcohol, during their manufacture. In other words, the extraction media used for such lenses, as
15  well as all liquids used during wet demolding, or wet delensing, or washing, or any other
manufacturing step, are all free of volatile organic solvents. In one example, the polymerizable
composition used to form these entirely aqueous media extracted lenses can comprise a
hydrophilic vinyl-containing monomer or monomer component, such as, for example, a
hydrophilic vinyl ether-containing monomer. The vinyl-containing hydrophilic monomer or
20  monomer component can include, for example, VMA. The vinyl ether-containing monomers
can include, for example, BVE, or EGVE, or DEGVE, or any combination thereof. In one
particular example, the vinyl ether-containing monomer can be a vinyl ether-containing
monomer which is more hydrophilic than BVE, such as, for example, DEGVE. In another
example, the hydrophilic monomer component of the polymerizable composition can be a
25  mixture of a first hydrophilic monomer which is a vinyl-containing monomer but which is not
a vinyl ether-containing monomer, and a second hydrophilic monomer which is a vinyl ether-
containing monomer. Such mixtures iﬁclude, for example, mixtures of VMA and one or more
vinyl ethers such as, for example, BVE, or DEGVE, or EGVE, or any combination thereof.
[00140] When present, the hydrophilic vinyl ether-containing monomer or monomer
30  component can be present in the polymerizable composition in an amount‘from about 1 to

about 15 unit parts, or from about 3 to about 10 unit parts. When present as a mixture with a
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composition. For example, a vinyl-containing cross-linking agent or cross-linking agent
component can be present in the polymerizable composition in an amount from about 0.01 to
about 0.80 unit parts, or from 0.05 to about 0.30 unit parts, or from about 0.05 to about 0.20
15  unit parts, or in an amount of about 0.1 unit parts. In one example, a vinyl-containing cross-
linking agent or cross-linking agent component can be present in the polymerizable
composition in an amount effective to produce a contact lens having improved wettability as
compared to a contact lens produced from the same polymerizable composition but having an
amount of the vinyl-containing cross-linking agent or cross-linking agent component greater
20  than about 2.0 unit parts, or greater than 1.0 unit parts, or greater than about 0.8 unit parts, or
greater than about 0.5 unit parts, or greater than about 0.3 unit parts.
[00142] Certain specific examples of silicone hydrogel contact lenses will now be
described, in accordance with the present teachings.
[00143] As one example (example A), a silicone hydrogel contact lens comprises a
25  polymeric lens body that is the reaction product of a polymerizable composition comprising a
first monofunctional siloxane monomer, such as the siloxane monomer represented by formula
(1), wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents
one integer from 1 to 10, R! of formula (1) is an alkyl group having from 1 to 4 carbon atoms,
and each R? of formula (1) is independently either a hydrogen atom or a methyl group; a

30  second siloxane monomer having more than one polymerizable functional group and that has a

number average molecular weight of at least 5,000 daltons; and a hydrophilic amide monomer
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10  or a methyl group; a second siloxane monomer having more than one polymerizable functional
group and that has a number average molecular weight of at least 5,000 daltons; and a
hydrophilic amide monomer or monomer component having one N-vinyl group, at least one
hydrophobic monomer, and at least one cross-linking agent; wherein the first siloxane
monomer and second siloxane monomer are present in the composition at a ratio of 2:1 based

15  on unit parts by weight, the lens body is washed to remove extractable material from the lens
body, and is hydrated with an aqueous liquid, and the hydrated lens body has a lens surface
wettability characterized by an advancing contact angle less than 120 degrees, and the
hydrated lens body has a diameter that is at least 24% larger than the diameter of the lens body

prior to washing. Another example of a silicone hydrogel contact lens of the present disclosure

20 is a silicone hydrogel contact lenses, comprising: a lens body that is the reaction product of a
polymerizable composition that comprises at least one siloxane monomer represented by
formula (1), wherein m of formula (1) represents one integer from 3 to 10, n of formula (1)
represents one integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4
carbon atoms, and each R? of formula (1) is independently either a hydrogen atom or a methyl

25  group; a second siloxane monomer having more than one polymerizable functional group and
that has a number average molecular weight of at least 5,000 daltons; N-vinyl-N-methyl
acetamide (VMA), at least one hydrophobic monomer, and at least one cross-linking agent;
wherein the first siloxane monomer and second siloxane monomer are present in the
composition at a ratio of 2:1 based on unit parts by weight, the lens body is washed to remove

30  extractable material from the lens body, and is hydrated with an aqueous liquid, and the

hydrated lens body has a lens surface wettability characterized by an advancing contact angle
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from 1 to 4 carbon atoms, and each R” of formula (1) is independently either a hydrogen atom

or a methyl group; a second siloxane monomer having more than one polymerizable functional
group and that has a number average molecular weight of at least 5,000 daltons; and a
15  hydrophilic amide monomer or monomer component having one N-vinyl group, methyl
methacrylate (MMA), and at least one cross-linking agent; wherein the first siloxane monomer
and second siloxane monomer are present in the composition at a ratio of 2:1 based on unit
parts by weight, the lens body is washed to remove extractable material from the lens body,
and is hydrated with an aqueous liquid, and the hydrated lens body has a lens surface
20  wettability characterized by an advancing contact angle less than 120 degrees, and the
hydrated lens body has a diameter that is at least 24% larger than the diameter of the lens body
prior to washing. Another example of a silicone hydrogel contact lens of the present disclosure
is a silicone hydrogel contact lenses, comprising: a lens body that is the reaction product of a
polymerizable composition that comprises at least one siloxane monomer represented by
25  formula (1), wherein m of formula (1) represents one integer from 3 to 10, n of formula (1)
represents one integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4
carbon atoms, and each R? of formula (1) is independently either a hydrogen atom or a methyl
group; a second siloxane monomer having more than one polymerizable functional group and
that has a number average molecular weight of at least 5,000 daltons; N-vinyl-N-methyl
30 acetamide (VMA), methyl methacrylate (MMA), and at leést one cross-linking agent; wherein

the first siloxane monomer and second siloxane monomer are present in the composition at a
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cHa c Hydrophilic amide monomer or monomer component having one N-vinyl group, at least one

20 hydrophobic monomer, and at least one vinyl-containing cross-linking agent; wherein the first

siloxane monomer and second siloxane monomer are present in the composition at a ratio of

2:1 based on unit parts by weight, the lens body is washed to remove extractable material from

the lens body, and is hydrated with an aqueous liquid, and the hydrated lens body has a lens

surface wettability characterized by an advancing contact angle less than 120 degrees, and the

25  hydrated lens body has a diameter that is at least 24% larger than the diameter of the lens body

prior to washing. Another example of a silicone hydrogel contact lens of the present disclosure

is a silicone hydrogel contact lenses, comprising: a lens body that is the reaction product of a

polymerizable composition that comprises at least one siloxane monomer represented by

formula (1), wherein m of formula (1) represents one integer from 3 to 10, n of formula (1)

30  represents one integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4

carbon atoms, and each R? of formula (1) is independently either a hydrogen atom or a methyl
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linking agent; wherein the first siloxane monomer and second siloxane monomer are present in

the composition at a ratio of 2:1 based on unit parts by weight, the lens body is washed to
remove extractable material from the lens body, and is hydrated with an aqueous liquid, and
the hydrated lens body has a lens surface wettability characterized by an advancing contact
angle less than 120 degrees, and the hydrated lens body has a diameter that is at least 24%
larger than the diameter of the lens body prior to washing.

[00146] As a fourth example (example D), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or C, and wherein the polymerizable composition further comprises a
thermal initiator or thermal initiator component.

[00147] As a fifth example (example E), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or C or D, and wherein the polymerizable composition further comprises an
oxygen scavenger or oxXygen scavenger component.

[00148] As a sixth example (example F), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or C or D or E, and wherein the polymerizable composition further
comprises a UV blocker or UV blocker component.

[00149] As a seventh example (example G), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or C or D or E or F, and wherein the polymerizable composition further
comprises a tinting agent or tinting agent component.

[00150] As an eighth example (example H), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or C or D or E or F or G, and wherein the second siloxane monomer is
represented by formula (2), wherein Ry of formula (2) is selected from either hydrogen atom
or a methyl group; R, of formula (2) is selected from either of hydrogen or a hydrocarbon

group having 1 to 4 carbon atoms; m of formula (2) represents an integer of from 0 to 10; n of
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formula (2) represents an integer of from 4 to 100; a and b represent integers of 1 or more; a+b
is equal to 20-500; b/(atb) is equal to 0.01-0.22; and the configuration of siloxane units
includes a random configuration. As one example, the second siloxane monomer can be
represented by formula (2), wherein m of formula (2) is 0, n of formula (2) is one integer from
5 to 10, a is one integer from 65 to 90, b is one integer from 1 to 10, R, of formula (2) is a
methyl group, and R; of formula (2) is either a hydrogen atom or a hydrocarbon group having
1 to 4 carbon atoms.

[00151] As a ninth example (example I), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or C or D or E or F or G or H, and wherein the polymerizable composition
further comprises a methacrylate-containing cross-linking agent or cross-linking agent
component, specifically the cross-linking agent or agent component comprises or consists of
ethylene glycol dimethacrylate (EGDMA). In this example, when the polymerizable
composition also comprises a vinyl ether-containing cross-linking agent as part of the cross-
linking agent component, specifically the cross-linking agent component can comprise or
consist .of triethylene glycol divinyl ether (TGDVE) in combination with a methacrylate-
containing cross-linking agent, which can specifically comprise or consist of ethylene glycol
dimethacrylate (EGDMA). In this example, it can be appreciated that the polymerizable
composition comprises two cross-linking agents, each having different reactivity ratios, i.e.,
the polymerizable composition comprises a cross-linking agent component comprising or
consisting of a vinyl-containing cross-linking agent and a methacrylate-containing cross-
linking agent, the methacrylate-containing cross-linking agent having polymerizable
functional groups which are more reactive and which thus react at a faster rate than the vinyl
polymerizable functional groups present in the vinyl-containing cross-linking agent.

[00152] As a tenth example (example J), a silicone hydrogel contact lens comprises a
polymeric lens body that is the reaction product of a polymerizable composition as described
in example A or B or Cor D or E or F or G or H or I, and wherein the polymerizable
composition further comprises a chain transfer agent or chain transfer agent component which
can specifically comprise or consist of allyloxy ethanol (AE).

[00153] As an eleventh example (example K), a silicone hydrogel contact lens comprises

a polymeric lens body that is the reaction product of a polymerizable composition as described
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vinyl ether (EGVE), or diethylene glycol vinyl ether (DEGVE), or any combination thereof.
[00155] In any or each of the foregoing examples A-L, as well as any or all other
examples disclosed herein, the amount of the first siloxane monomer can be from 20 to 45 unit
parts of the polymerizable composition. The amount of the first siloxane monomer can be
15  from 25 to 40 unit parts of the polymerizable composition. The amount of the first siloxane
monomer can be from 27 to 35 unit parts of the polymerizable composition.
[00156] In any or each of the foregoing examples A-L, as well as any or all other
examples disclosed herein, the amount of the second siloxane monomer can be from 1 to 20
unit parts of the polymerizable composition, as long as the ratio of 2:1 based on unit parts by
20  weight of the first siloxane to the second siloxane is maintained. The amount of the second
siloxane monomer can be from 2 to 15 unit parts of the polymerizable composition. The
amount of the second siloxane monomer can be from 5 to 13 unit parts of the polymerizable
composition.
[00157] In any or each of the foregoing examples A-L, as well as any or all other
25  examples disclosed herein, the amount of the hydrophilic monomer or monomer component
present in the polymerizable composition can be from 1 to 60 unit parts of the polymerizablev
composition. The hydrophilic monomer component can constitute from 4 to 60 unit parts of
the polymerizable composition. When the hydrophilic monomer comprises or consists of the
VMA, it can be present in an amount from 30 unit parts to 60 unit parts. VMA can be present
30  in the polymerizable composition in an amount from about 40 unit parts to about 50 unit parts.

When the hydrophilic monomers, N,N-dimethylacrylamide (DMA), 2-hydroxyethyl
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the polymerizable composition can be from 1 to 30 uhit parts of the polymerizable
composition. For example, the total amount of hydrophobic monomer or monomer
component can be from about 5 to about 20 unit parts of the polymerizable composition. In
10  polymerizable compositions in which the hydrophobic monomer MMA is present as the
hydrophobic monomer or as part of the hydrophobic monomer component, the MMA can be
present in an amount from about 5 to about 20 unit parts, or from about 8 to about 15 unit
parts.
[00159] In any or each of the foregoing examples A-L, as well as any or all other
15 examples disclosed herein, the amount of the cross-linking agent or cross-linking agent
component present in the polymerizable composition can be from 0.01 to 4 unit parts of the
polymerizable cbmposition. TEGDVE can be present in amounts from 0.01 to 1.0 unit parts.
EGDMA can be present in amounts from 0.01 to 1.0 unit parts. TEGDMA can be present in
amounts from 0.1 to 2.0 unit parts. Each of these non-silicon cross-linking agents can be
20  present alone or in any combination in the polymerizable composition.
[00160] In any or each of the foregoing examples A-L, as well as any or all other
examples disclosed herein, when the polymerizable composition contains EGMA, BVE,
DEGVE, EGVE, or any combination thereof, they are each present in amounts from 1 unit
part to 20 unit parts of the polymerizable composition. EGMA can be present in an amount
25  from about 2 unit parts to about 15 unit parts. BVE can be present in an amount from 1 unit
part to about 15 unit parts. BVE can be present in an amount from about 3 unit parts to about 7
unit parts. DEGVE can be present in an amount from 1 unit part to about 15 unit parts.
DEGVE can be present in an amount from about 7 unit parts to about 10 unit parts. EGVE
can be present in an amount from 1 unit part to about 15 unit parts, or in an amount from about

30 3 unit parts to about 7 unit parts.
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component, tinting agents or tinting agent components, UV absorbing agents or UV absorbmg

agent components, OXygen scavengers or oxygen scavenger components, or chain transfer

5 agents or chain transfer agent components, can each be present in amounts from about 0.01

unit parts to about 3 unit parts. An initiator or initiator component can be present in the

polymerizable in an amount from 0.1 unit parts to 1.0 unit parts. When a thermal initiator or

thermal initiator component is present, such as Vazo-64, it can be present in an amount from

about 0.3 to about 0.5 unit parts. Tinting agents or tinting agent components can be present in

10 amounts from 0.01 unit parts to 1 unit part. When reactive dyes are used as tinting agents or

as part of a tinting agent component, such as Reactive Blue 246 or Reactive Blue 247, they can

each be present in amounts of about 0.01 unit parts. UV absorbing agents or UV absorbing

agent components can be present in amounts from 0.1 unit parts to 2.0 unit parts. For

example, the UV absorbing agent UV1 described in the Examples below can be present in an

15  amount from about 0.8 to about 1.0 unit parts, such as 0.9 unit parts; or the UV absorbing

agent UV2 described in the Examples below, can be present in an amount from 0.5 unit parts

to 2.5 unit parts, such as from about 0.9 unit parts to about 2.1 unit parts. Oxygen scavengers

or oxygen scavenger components can be present in amounts from 0.1 unit parts to 1.0 unit

parts. As an example, when triphenyl phosphine (TPP) or diphenyl(P-vinylphenyl)phosphine

20 (pTPP) or any combination thereof is used as an oxygen scavenger or oxygen scavenger

component in the polymerizable composition, each or the combination can be present in an

amount from 0.3 unit parts to 0.7 unit parts, such as about 0.5 unit parts. Chain transfer

reagents or chain transfer reagent components can be present in the polymerizable composition

in an amount from 0.1 unit parts to 2.0 unit parts, and in many of the Examples below is

25  present in an amount from 0.2 unit parts to 1.6 unit parts. For exampie, the chain transfer

reagent allyloxy ethanol (AE) can be present in an amount from about 0.3 to about 1.4 unit
parts.

[00162] In any or each of the foregoing examples A-L, as well as any or all other

examples disclosed herein, the silicone hydrogel contact lenses can be free of a wetting agent

30 that is present in the polymerizable composition, or in the polymeric lens body, or in the

silicone hydrogel contact lens. Similarly, the silicone hydrogel contact lens can have lens
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wetting agent or two or more wetting agents present as a wetting agent component) in the
polymerizable composition, in the polymeric lens body, or in the silicone hydrogel contact
lens. The silicone hydrogel contact lens can have treated or modified lens surfaces. In addition
or alternatively, any or each of the ‘foregoing examples A-L, as well as any or all other
examples of silicone hydrogel contact lenses disclosed herein, the contact lenses can be
understood to be free of a linking agent such as, for example, a form of boronic acid.

[00163] In another example, new polymerizable compositions are provided, including
each and every polymerizable composition described herein in reference to the silicone
hydrogel contact lenses and methods. The polymerizable compositions can be diluent-free in
that they do not contain an organic solvent, such as alcohols and the like, which can help
reduce phase separation of the polymerizable composition. However, such diluent-free
polymerizable compositions can still contain one or more chain transfer agents, such as
allyloxy ethanol. However, if desired, the polymerizable composition can include a diluent or
a diluent component, which can be present in an amount from 1 to 20 unit parts.

[00164] As described herein, the present silicone hydrogel contact lenses which comprise
polymeric lens bodies that comprise units derived from a first siloxane monomer represented
by formula (1) and a second siloxane monomer having more than one polymerizable
functional group and having a number average molecular weight of at least 3,000 daltons, such
as those represented by formulas (2), (3), or (4), are dimensionally stable. The present
disclosure also relates to a batch of silicone hydrogel contact lenses.

[00165] As used herein, a batch of silicone hydrogel contact lenses refers to a group of
twenty or more silicone hydrogel contact lenses, and frequently, a batch refers to at least 20, or
at least 100, or at least 1,000 silicone hydrogel contact lenses. In accordance with the present
disclosure, a batch of silicone hydrogel contact lenses comprises at least 20 of any of the
silicone hydrogel contact lenses described herein.

[00166] When initially tested shortly after manufacturing and then tested again at a later
time point, a batch of lenses can exhibit a change in its average physical dimensions. As
batches of lenses in accordance with the present disclosure are dimensionally stable, they can

exhibit an acceptable level of change‘ in their average physical dimensions. As used herein,
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15  at a higher temperature (i.e., under accelerated shelf life testing conditions), the second time
point is a time point representative of storage of the batch from two weeks to seven years at
room temperature, is considered to be a dimensionally stable batch. In one example,
accelerated shelf life testing conditions which are especially useful in determining average
dimensional stability variance are for 4 weeks at 70 degrees C, although other periods of time

20  and other temperatures can be used. The average dimensional stability variance is determined
by averaging the individual dimensienal stability variances for each of the representative
lenses using the actual diameters of representative lenses measured initially (Diameter original)
and the actual diameters of representative lenses measured following (Diameter isa) Storage at
room temperature or under accelerated shelf life conditions. The representative lenses

25 measured initially and the representative lenses measured following storage can be the same
lenses or can be different lenses. As used herein, the average dimensional stability variance is
represented as a percent (%). The individual dimensional stability variances are determined
using the following equation (A):

((Diameter fina — Diameter origina) / Diameter origina) X 100 (A).
30  [00167] On average, the diameters of the silicone hydrogel contact lenses of the batch

vary by less than three percent in either direction of a target value (+ 3.0%). As one example,
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14.48 mm. Preferably, the average diameter of the batch of silicone hydrogel contact lenses
does not vary by more than plus or minus 0.20 mm from the target diameter, which is
commonly from 13.00 mm to 15.00 mm. ’ |

10 [00168] In accelerated shelf life studies, the average dimensional stability variance can be
determined for contact lenses that were stored for a period of time at an elevated temperature,
such as above 40 degrees C, including, for example, 50 degrees C, or 55 degrees C, or 65
degrees C, or 70 degrees C, or 80 degrees C, or 95 degrees C, and the like. Or, the average
dimensional stability can be determined for contact lenses that were stored for a period of time

15  atroom temperature (e.g., about 20-25 degrees C).

[00169] For accelerated shelf life studies, the following formula can be used to determine
the number of months of storage ata particular temperature that are equivalent to storage for a
desired length of time at room temperature:

Desired shelf life = [N x 2'] +n (B)

20 where

N = number of months of storage under accelerated conditions

2 = acceleration factor

y = (test temperature — 25 °C)/10 °C

n = age of lenses (in months) at start of the study.

25 [00170] Based on this equation, the following storage times have been calculated: 6
months of storage at 35 degrees C is equivalent to 1 year aging at 25 degrees C, 3 months of
storage at 45 degrees C is equivalent to 1 year of aging at 25 degrees C, 3 months of storage at
55 degrees C is equivalent to 2 years of aging at 25 degrees C, and 3 months of storage at 65
degrees C is equivalent to 4 years of aging at 25 degrees C.

30 [00171] As discussed herein, the present disclosure also provides methods of

manufacturing silicone hydrogel contact lenses. In accordance with the present teachings,
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wherein m of formula (1) represents one integer from 3 to 10, n of formula (1) represents one

integer from 1 to 10, R' of formula (1) is an alkyl group having from 1 to 4 carbon atoms, and
each R? of formula (1) is independently either a hydrogen atom or a methyl group. The
polymerizable composition also comprises a second siloxane monomer having more than one
polymerizable functional group and having a number average molecular weight of at least
3,000 daltons. The first siloxane monomer and the second siloxane monomer are present in
the polymerizable composition at a ratio of at least 2:1 based on unit parts. The polymerizable
composition also comprises at least one hydrophilic monomer, or at least one hydrophobic
monomer, or at least one cross-linking agent, or any combination thereof.

[00172] The method can also comprise a step of polymerizing the polymerizable
composition to form a polymeric contact lens body. The step of polymerizing the
polymerizable composition can be conducted in a contact lens mold assembly. The
polymerizable composition can be cast molded between molds formed of a thermoplastic
polymer. The thermoplastic polymer used to form the molding surfaces of the mold can
comprise a polar polymer, or can comprise a non-polar polymer. Alteratively, the
polymerizable composition can be formed into a lens via various methods known to those of
ordinary skill in the art, such as spin casting, injection molding, forming a polymerized rod
that is subsequently lathed to form a lens body, etc.

[00173] The method also comprises contacting the polymeric lens body with an aqueous
washing liquid to remove extractable material, such as unreacted monomers, uncross-linked
materials that are otherwise not physically immobilized in the polymeric contact lens body,
diluents, and the like.

[00174] In accordance with the present disclosure, the polymeric contact lens body can be

packaged along with a contact lens packaging solution in a contact lens package, such as a
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(3): can be removed from the polymeric contact lens body during the process. In the present
methods, the contacting step comprises contacting the polymeric contact lens body with an
aqueous washing liquid that is free of a volatile organic solvent. Such methods may be
understood to be entirely aqueous washing steps, as no volatile organic solvents are included
10  in the washing liquid. Water-based washing liquids that can be used in such methods include
water, such as deionized water, saline solutions, buffered solutions, or aqueous solutions
containing surfactants or other non-volatile ingredients that can improve the removal of
hydrophobic components from the polymeric contact lens bodies, or can reduce distortion of
the polymeric contact lens bodies, compared to the use of deionized water alone.
15  [00176] After washing, the contact lenses can be placed in packages, such as plastic blister
packs, with a packaging solution, such as a buffered saline solution, which may or may not
contain surfactants, anti-inflammatory agénts, anti-microbial agents, contact lens wetting

agents, and the like, and can be sealed and sterilized.

20 EXAMPLES
[00177] The following Examples illustrate certain aspects and advantages of the present
invention, which should be understood not to be limited thereby.
[00178] As can be readily determined by a review of the Examples below, all of the
Example formulations are free of an organic diluent. Also, all of the Example formulations are

25  free of N,N-dimethylacrylamide (DMA). Additionally, all of the Example formulations below
are free of a polymeric wetting agent. Furthermore, all of the Example formulations comprise
at least one hydrophilic amide monomer having one N-vinyl group. A majority of the Example
formulations comprise a second siloxane which is a dual-end methacrylate end-capped
polydimethylsiloxane having a number average molecular weight of at least 5,000 daltons.

30  [00179] The following chemicals .are referred to in Examples C1 and 1-25, and may be

referred to by their abbreviations.
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1622).

5 Si2: a,w-Bis (methacryloxypropyl)-poly(dimethyl siloxane)- poly(w-methoxy-
poly(ethylenegylcol)propylmethylsiloxane) (the synthesis of this compound can be performed
as described in US20090234089, which is incorporated herein by reference)

Si3: Poly(dimethyl siloxane), methacryloxypropyl terminated (CAS number 58130-
03-3; DMS-R18 available from Gelest)
10 VMA: N-vinyl-N-methylacetamide (CAS number 003195786)
DMA: N,N-dimethylacrylamide (CAS number 2680-03-7)
HEMA: 2-hydroxyethyl methacrylate (CAS number 868-77-9)
HOB: 2-hydroxylbutyl methacrylate (CAS number 29008-35-3)
EGMA: Ethylene glycol methyl ether methacrylate (CAS number 6976-93-8)
15 MMA: Methyl methacrylate (CAS number 80-62-6)
EGDMA: Ethylene glycol dimethacrylate (CAS number 97-90-5)
TEGDMA: triethylene glycol dimethacrylate (CAS number 109-16-0)
BVE: 1,4-butanediol vinyl ether (CAS number 17832-28-9)
DEGVE: diethylene glycol vinyl ether (CAS number 929-37-3)
20 EGVE: ethylene glycol vinyl ether (CAS number 764-48-7)
TEGDVE: triethylene glycol divinyl ether (CAS number 765-12-8)
AE: 2-Allyloxy ethanol (CAS number 111-45-5)
V-64: 2,2'-Azobis-2-methyl propanenitrile (CAS number 78-67-1)
UV1: 2-(4-benzoyl-3-hydroxyphenoxy)ethyl acrylate (CAS number 16432-81-8)
25 UV2: 2-(3-(2H-benzotriazol-2-YL)-4-hydroxy-phenyl) ethyl methacrylate (CAS
number 96478-09-0)
RBT1: 1,4-Bis[4-(2-methacryloxyethyl)phenylamino]anthroquinone (CAS number
121888-69-5)
RBT2: 1,4-Bis[(2-hydroxyethyl)amino]-9,10-anthracenedione bis(2-propenoic)ester
30 (CAS Reg. No. 109561071)
TPP: Triphenyl phosphine (CAS number 603-35-0)

80



2 n |

CH3CH3cHO(4) [0074] The sil oxane of fornmula (4) can have a

nunber a ecul ar wei ght from 15about 4,000 to % Qgg
dal t ons. %gggf@@ exanpl e of the pol ynerizabl e conposi Szﬁ}ﬁ Mo
present disclosure conprises a first siloxane nononer; a second

si | oxane nmononer at | east one hydrophilic vinyl-containing nononer,

at

| east OMETAPY PodhéHyable TPPO diphenyd(Fviay1pheds jphesphire! (ORAS thinfter 4053 8-

agent,

wherein the polynerizable conposition is free of a sil oxane

nmonomerl-Pepr esent ed by

10

15

20

25

30

Silicone Hydrogel Contact Lens Fabrication and Testing Procedure

[00180] The chemical compounds set forth in Examples were, for each example, weighed
out in amounts corresponding to the described unit parts. and combined to form a mixture. The
mixture was filtered through a 0.2-5.0 micron syringe filter into a bottle. Mixtures were stored
for up to about 2 weeks. The mixtures are understood to be polymerizable silicone hydrogel
contact lens precursor compositions, or as used herein, polymerizable compositions. In the
Examples, the listed amounts of ingredients are given as unit parts of the polymerizable
composition by weight.

[00181] A volume of the polymerizable composition was cast molded by placing the
composition in contact with a lens defining surface of a female mold member. In all of the
following Examples, the molding surface of the female mold member was formed of a non-
polar resin, specifically polypropylene, although polar resins, such as PBT could also be used.
A male mold member was placed in contact with the female mold member to form a contact
lens mold assembly comprising a contact lens shaped cavity containing the polymerizable
composition. In the following Examples, the molding surface of the male mold member was
formed of a non-polar resin, specifically polypropylene.

[00182] Contact lens mold assemblies were placed in a nitrogen flushed oven to allow the
precursor compositions to thermally cure. For all of the Examples, the contact lens mold
assemblies were exposed to temperatures of at least about 55° C for about 2 hours. Examples
of curing profiles which can be used to cure silicone hydrogel contact lenses described herein
include exposing the contact lens mold assemblies to temperatures of 55° C for 40 minutes,
80° C for 40 minutes, and 100° C for 40 minutes. Other contact lenses can be made with the
same curing profile, but instead of the first temperature being at 55° C, it can be at 65° C.
[00183] After polymerizing the polymerizable compositions, the contact lens mold
assemblies were demolded to separate the male and female mold members. The polymerized
contact lens body remained adhered to the male mold or the female mold. A dry demolding

process where the mold assembly is not contacted with a liquid medium can be used, or a wet
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example, water or an aqueous solution, can be used. A mechanical dry demolding process can
involve applying mechanical force to a portion of one or both of the mold members in order to
separate the mold members. In all of the following Examples, a dry demolding process was
5 used.
[00184] The polymerized contact lens body was then delensed from the male mold or
female mold to produce a delensed polymerized contact lens body. In one example of a
delensing method, the polymerized contact lens body can be delensed from the male mold
member using a dry delensing process, such as by manually peeling the lens from the male
10  mold member or by compressing the male mold member and directing a gas toward the male
mold member and the polymerized contact lens body, and lifting the dry polymerized contact
lens body with a vacuum device from the male mold member, which is discarded. In other
methods, the polymerized contact lens body can be delensed using a wet delensing process by
contacting the dry polymerized contact lens body with a liquid releasing medium, such as
15  water or an aqueous solution. For example, a male mold member with the attached
polymerized contact lens body can be dipped into a receptacle containing a liquid until the
polymerized contact lens body separates from the male mold member. Or, a volume of liquid
releasing medium can be added to the female mold to soak the polymerized contact lens body
in the liquid and to separate the lens body from the female mold member. In the following
20  Examples, a dry delensing process was used. Following separation, the lens body can be lifted
from the mold member manually using tweezers or using a vacuum device and placed into a
tray.
[00185] The delensed lens product was then washed to remove extractable materials from
the polymerized contact lens body, and hydrated.  Extractable materials included
25  polymerizable components such as, for example, monomers, or cross-linking agents, or any
optional polymerizable ingredients such as tints or UV blockers, or combinations thereof,
present in the polymerizable composifion which remain present in the polymeric lens body in
an unreacted form, in a partially reacted form, or in an uncross-linked form, or any
combination thereof, following polymerization of the lens body and prior to extraction of the
30 lens body. Extractable materials may have also included any non-polymerizable ingredients

present in the polymerizable composition, for example, any optional non-polymerizable tinting
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extraction media, such as an aqueous extraction media free of a volatile organic solvent, for
example deionized water or an aqueous solution of a surfactant such as Tween 80.

10 [00187] In other methods, such as those involving wet delensing by contacting the mold
and lens with a liquid releasing medium, the delensed polymerized contact lens bodies can be
washed to remove extractable components from the lens bodies using a washing liquid that is
free of a volatile organic solvent, such as a lower alcohol, for example, methanol, ethanol, or
any combination thereof. For example, the delensed polymerized contact lens bodies can be

15 washed to remove extractable components from the lens bodies by contacting the lens bodies
with aqueous washing media free of a volatile organic solvent, such as, for example, deionized
water, or a surfactant solution, or a saline solution, or a buffer solution, or any combination
thereof. The washing can take place in the final contact lens. package, or can take place a in
washing tray or a washing tank.

20 [00188] In the following Examples, following the dry demolding and dry delensing steps,
the dry delensed lens bodies were placed in cavities of trays, and the delensed polymeric lens
bodies were extracted and hydrated by contacting the polymeric lens bodies with one or more
volumes of extraction media. The extraction and hydration media used in the extraction and
hydration process consisted of volatile organic solvent-free extraction and hydration media,

25 l.e., entirely aqueous-based extraction and hydration media. Specifically, in the Examples
below, the extraction and hydration process used comprised at least three extraction and
hydration steps in separate portions of a solution of Tween 80 in deionized water, wherein the
temperature of the Tween 80 solution of the portions ranged from room temperature to about
90 degrees C, and wherein each extraction and hydration step lasted from about 15 minutes to

30  about 3 hours.
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1007810ne exanpl e of the polynerizable conposition of the present
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)"-Si C41-19 11 CH3 CH3 CR3 (6) wherein n of forrmula (6) is an
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lens bhster packages with a phosphate buffered saline packaging solution. The blister
packages were sealed and sterilized by autoclaving.

[00190] Following sterilization, lens properties such as contact angle, including dynamic
and static contact angle, oxygen permeability, ionoflux, modulus, elongation, tensile strength,
water content, and the like were determined, as described herein.

[00191] For the present contact lenses, contact angles including dynamic and static contact
angles, can be determined using routine methods known to persons of ordinary skill in the art.
For example, the advancing contact angle and receding contact angle of the contact lenses
provided herein can be measured using a conventional drop shape method, such as the sessile
drop method or captive bubble method.

[00192] In the following Examples, the advancing and receding contact angle of silicone
hydrogel contact lenses was determined using a Kruss DSA 100 instrument (Kruss GmbH,
Hamburg), and as described in D. A. Brandreth: "Dynamic contact angles and contact angle
hysteresis", Journal of Colloid and Interface Science, vol. 62, 1977, pp. 205-212 and R.
Knapikowski, M. Kudra: Kontaktwinkelmessungen nach dem Wilhelmy-Prinzip-Ein
statistischer Ansatz zur Fehierbeurteilung", Chem. Technik, vol. 45, 1993, pp. 179-185, and
U.S. Pat. No. 6,436,481, all of which are incorporated by reference herein.

[00193] As an example, the advancing contact angle and receding contact angle was be
determined using a captive bubble method using phosphate buffered saline (PBS; pH=7.2).
The lens was flattened onto a quartz surface and rehydrated with PBS for at least 10 minutes
before testing. An air bubble was placed onto a lens surface using an automated syringe
system. The size of the air bubble was increased and decreased to obtain the receding angle
(the plateau obtained when increasing the bubble size) and the advancing angle (the plateau
obtained when decreasing the bubble size).

[00194] The modulus, elongation, and tensile strength values of the present lenses can be
determined using routine methods known to persons of ordinary skill in the art, such as, for
example, a test method in accordance with ANSI Z80.20. The modulus, elongation, and tensile
strength values reported herein were determined by using an Instron Model 3342 or 3343
mechanical testing system (Instron Corporation, Norwood, MA, USA) and Bluehill Materials

Testing Software, using a custom built rectangular contact lens cutting die to prepare the
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ufaridarkepid strip. HAE nrodeieXlBithtidiTichd feakHd$tno 0w deferrhlrfed ifksidd

a chamber having a relative humidity of least 70%. The lens to be tested was soaked in

CH3

phosphate buffered solution (PBS) for at least 10 minutes prior to testing. While holding the
lens concave side up, a central strip of the lens was cut using the cutting die. The thickness of
the strip was determined using a calibrated gauge (Rehder electronic thickness gauge, Rehder
Development Company, Castro Valley, CA, USA). Using tweezers, the strip was loaded into
the grips of the calibrated Instron apparatus, with the strip fitting over at least 75% of the grip
surface of each grip. A test method designed to determine the maximum load (N), the tensile
strength (MPa), the strain at maximum load (% elongation) and the mean and standard
deviation of the tensile modulus (MPaj was run, and the results were recorded.

[00195] The percent energy loss of the present silicone hydrogel contact lenses can be
determined using routine methods known to persons of ordinary skill in the art. For the
following Examples, the percent energy loss was determined using an Instron Model 3343
(Instron Corporation, Norwood, MA, USA) mechanical testing system, with a 10N force
transducer (Instron model no. 2519-101) and Bluehill Materials Testing Software including a
TestProfiler module. The energy loss was determined inside a chamber having a relative
humidity of least 70%. Before testing, each lens was soaked in phoéphate buffered solution
(PBS) for at least 10 minutes. Using tweezers, the lens was loaded into the grips of the
calibrated Instron apparatus, with the lens loaded vertically between the grips as symmetrically
as possible so that the lens fit over at least 75% of the grip surface of each grip. A test
designed to determine the energy required to stretch the lens to 100% strain and then return it
to 0% strain at a rate of 50 mm/minute was then run on the lens. The test was conducted only
once on a single lens. Once the test was finished, energy loss was calculated using the
following 'equation: Lost Energy (%) = (Energy to 100% strain — Energy to return to 0%
strain) / Energy to 100% strain x 100%.

[00196] The ionoflux of the present lenses can be determined using routine methods
known to persons of ordinary skill in the art. For the lenses of the following Examples, the
ionoflux was measured using a technique substantially similar to the “lonoflux Technique”
described in U.S. Patent 5,849,811, which is incorporated by reference herein. Prior to
measurement, a hydrated lens was equilibrated in deionized water for at least 10 minutes. The

lens to be measured was placed in a lens-retaining device, between male and female portions.
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(6) 5 wherein n of fornmula (6) is an integer from 13-16, and the

it L i g e S i

silyl] p yr- at | east one hydrophi
vi nyl - contai ni ng nononer; at |east one hydrophobic nonomer; and at
| east one cross-1linking agent, wherein the polynerizable conposition

i's frage alaldNallt Hntard pottivhs wcRided ﬂeﬁi@l\é“éealil?" hiek aveé posifioriedebetween

fih
pol ymeri zabl e conposition of the present disclosure conprises a first
i ¢ si texizne and tlenrespectipe arade Ob derhsle portian aAfte) peyifieing theslenyn the lens-

FEC = SRR OO R B BT B T T
wei ghtcrbwedbtdta d1allube to define a donor chamber. The donor chamber was filled with 16
5 mlof0.1 .molar NaCl solution. A receiving chamber was filled with 80 ml of deionized water.
Leads of the conductivity meter were immersed in the deionized water of the receiving
chamber and a stir bar was added to the receiving chamber. The receiving chamber was
placed in a water bath and the temperature was held at about 35° C. Finally, the donor
chamber was immersed in the receiving chamber such that the NaCl solution inside the donor

10 chamber was level with the water inside the receiving chamber. Once the temperature inside
the receiving chamber was equilibrated to 35 degrees C, measurements of conductivity were
taken every 2 minutes for at least 10 minutes. The conductivity versus time data was
substantially linear, and was used to calculate the ionoflux value for the lenses tested.

[00197] The oxygen permeability (Dk) of the present lenses can be determined using

15  routine methods known to persons of ordinary skill in the art. For example, the Dk value can
be determined using the Mocon Method, as described in U.S. Patent No. 5,817,924, which is
incorporated by reference herein. The Dk values of the lenses of the folloMng Examples were
determined using a commercially available instrument under the model designatioh of
MOCON® Ox-Tran System (Mocon Inc., Minneapolis, MN, USA).

20 [00198] The equilibrium water content (EWC) of the present lenses can be determined
using routine methods known to persons of ordinary skill in the art. For the lenses of the
following Examples a hydrated silicone hydrogel contact lens was removed from an aqueous
liquid, wiped to remove excess surface water, and weighed. The weighed lens was then dried
in an oven at 80 degrees C under a vacuum, and the dried lens was then weighed. The weight

25  difference was determined by subtracting the weight of the dry lens from the weight of the
hydrated lens. The water content (%) is the (weight difference/hydrated weight) x 100.
[00199] The percentage of the wet extractable component or dry extractable component in
a lens can be determined by extracting the lenses in an organic solvent in which the polymeric
lens body is not soluble in accordance to methods known to those of ordinary skill in the art.

30  For the lenses of the following Examples, an extraction in methanol using a Sohxlet extraction

process was used. For determination of the wet extractable component, a sample (e.g., at least
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cross-1linking agent, wherein the polynerizable conposition is free of
N, Ndi met hyl acryl am de (DMA). Yet another exanple of the polynerizable

conposs 1dmeés pér fobeofPfu rfled ah® SieFifz&OPBMtACE 88nses Wak reparddOBRAénovi
mononer reprgésrenpgd by§'?gtrdrml a (6) CH3CH3 CH3 CH3 | H CPEtCCC&ZI—MVHI{%
COOC2 Hx4es3paskiging colgion drogn eapholeny ad dryingCHBM @yernight ér @ah 808 Gfvacuum

zbout Vb0 o iR ST e i Rl BB IE LY bbb Ap s Bodies
met hackdicRhed adfbeeh wahed, @REAct&) ByIuebd AR Ridriliged was prepared by drying the lens
5  bodies overnight in an 80° C vacuum oven. When dried and cooled, each lens was weighed to
determine its initial dry weight (W1). Each lens was then placed in a perforated, stackable

Teflon thimble, and the thimbles were stacked to form an extraction column with an empty
thimble placed at the top of the column. The extraction column was placed into a small
Sohxlet extractor attached to a condenser and a round bottom flask containing 70-80 ml

10  methanol. Water was circulated through the condenser and the methanol was heated until it
gently boiled. The lenses were extracted for at least 4 hours from the time condensed
methanol first appeared. The extracted lenses were again dried overnight at 80° C in a vacuum

oven. When dried and cooled, each lens was weighed to obtain the dry weight of the extracted

lens (W2), and the following calculation was made for each lens to determine the percent wet

15  extractables: [(W1-W2)/W1] x 100.

EXAMPLE 1
[00200] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

20  Hydrogel Contact Lens Fabrication and Testing Procedure given above.
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A batch of silicone hydrogel contact lenses was prepared using this formulation

and tested in accordance with the fabrication procedure and test methods described in the

Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding

process, a dry delensing process, and an extraction and hydration process which used

extraction and hydration media which consisted of volatile organic solvent-free extraction

media. The lenses of this batch were not exposed to a volatile organic solvent during their

manufacture. These contact lenses contained units derived from two siloxane monomers, Sil

10
[00202]

and Si3. This batch of contact lenses had acceptable average dimensional stability variance.

In addition, these silicone hydrogel contact lenses had, when fully hydrated, an

EWC of about 55% wt/wt, an ionoflux from about 3.1 (x10 mm?*min), a Dk of about 72

barrers, a modulus of about 0.70 MPa, an elongation of about 345%, a tensile strength of about

2.4 MPa, a water break up time greater than 20 seconds, a wet extractable component of about

15

3.9% wt/wt, and an energy loss of about 40% when tested at the start of the shelf life study,

and had an average dimensional stability variance less than plus or minus 3.0% after storage
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20 present disclosure, the at |east one third sil oxane can conprise
one or first siloxanes described herein or

Ssi | oxangg&(gé@%/rl”%z(h herein, wherein the at |east one thé?ﬁugﬁﬁ%&gﬁ]é’
differs fromthe first siloxane and the second sil oxane present in
t he pol yneri zabl e conposition based on nol ecul ar wei ght, nol ecul ar

f or mulfgs moke BRI WRbleCat! 8 dawét. Wien ftéstedibrior b traxtionPimel hydiaticn)ithel
si |l oxane nononer can be a sil oxane nononmer of 25 fornula (1) having

a di f frebarariclensshodieshadieidgn extragteblegomponensof 8hquyt Aeviwhoner  of t he
pol yneri zabl e conposition. In another exanple, the at |east one third
sil oxane can conprise at |east one of the siloxanes disclosed in the
follow ng patents: US2007/ 0066706GXAEP088 0048350, US3808178,
U54120570, US4136250, US 4153641, US470533, US5070215, US5998498, .
US576d90%93] useaarhuerizahly worpgsiten was ebtainediby anixig: andtfiltsring s follewing

opt + orcpRrl PR B i RiBeg Bmona?, Wb PRt oleR i e Siticone

can CHyrbge CahtabEldls FabRcdivf had Medting ProvdiR giveh#opel ymeri zabl e
conpositions can conprise a single hydrophilic nononmer, or can
conprise two or nore hydrophilic nononers present as the hydrophilic
nonomer conponent. Notisiti —hydronhid i b momerswhi ch can be
used as the hydrophilp@mwgﬁg 'Ppéfdﬁﬁ@bﬁv rapﬁﬁﬁﬂ?n noner comnponent
in the polynerizabl ef conpositiayg di scl osed| heregn 1 nglude, for
exanpl e, acryl am de-jcont ai ni ng_mnoners, or|acryl ate-dontai ni ng
monomers, or acrylic| aci d-cont &i%i ng nononefs, of
nethacrylate-contaigLng ﬁDﬁuﬁEK

nonomers, Or any conpi nation tugyﬁg; Fﬁtgg; Z;;F%féfu{ﬁgnﬁsthgﬁi|ic
mononer or nononer MMA 14 '
TEGDMA 0.8
TEGDVE 0.2
V-64 0.5
Uv2 0.9
RBT2 0.01
pTPP 0.5

10  [00204] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction

15 media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si3. This batch of contact lenses had acceptable average dimensional stability variance.
[00205] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC of about 58% wt/wt, an ionoflux from about 4.14 (x10'3 mmz/min), a modulus of about
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conbi nation thereof 100811l n one exanple, the hydrophilic nonomer or
hy8r ogRideg€esenoner conponent 20 can conprise or consist of a

vi nyl - cont ai ni ng nononer. Exanples of hydrophilic vinyl-containing
nononmer s whi ch can be provided in the polynerizabl e conpositions

i nclude, without limtation, N—vmnyumPQEmanide or N-vinyl acetamn de,

or N-vinyl-N-ethyl acetam de or. N-vi gg i sopropyl am de, or
N- Vi nwﬂﬁl]ﬁhet héxpokerrizablecomppsifion wias tamqgi |bymlmg| and dilieripgtirs follgping

N- Vi |
f o\r“rrg%l-‘%{lg ?orﬁpoz%ﬁ% ?Oﬂ-lygpgégéci ﬁ%&t&}?ﬁ% Pacggmeod’esé}lfb\éh N lthe Silicone
N1 gar pdyogst @bﬁﬂabtrlﬁenmbﬂ‘bahoﬂSﬁcﬁﬂ“esuhg‘l’r&wﬂﬁﬂ%ﬁkdmabdve]y| et her (BVE),

or ethylene glycol vinyl ether (EGVE), or diethylene glycol vinyl
ether (DEGVE), or any comnbination thereof 100821In another exanple,

Togleyrr]rg?irggg: IeI goggsrﬁ%ﬁ{cgja]%&mg&orl se or rjgony sﬁﬁp{ ' nLySI o?aﬂiGI iC
anm de 30 nonomer. The hydrophilSic am de nonprer x3an bg a hydrophilic
am de nononer having-one N-vinyl group such as__for gxanple, N vinyl
formani de, or N-vinyl acetam dSi2or N-vinyl[N- MO
2012/ 118670PCTPLTS2012+026216 VMA 20
MMA 10
EGMA 5
BVE 7
TEGDMA 1.0
TEGDVE 0.1
V-64 0.5
Uv2 0.9
RBT2 0.01
pTPP 0.5

[00207] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
15  Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and extraction an extraction and hydration process which

used extraction and hydration media which consisted of volatile organic solvent-free

90



et hyl acetam de, or N-vinyl isopropylam de, or N-vinyl-Nnethyl
acetamd N-vinyl pyrrolidone (NVP), or N-vi

capr ol actevaényd\@ausg% conbi nation thereof. In one exanple riy(J,‘”lifHSZOIZ/OMZIO
hydr ophi | i ¢ nmonomer or hydrophilic nononer component conprises
N-vinyl-N-methyl acetanmide (VMA). For exanple, the hydrophilic

”Dnon'@ktr&ftloﬁﬁﬁ@df@r Th® flﬁiﬁébeﬁi tHig Bateh 004D Mot @xpdsed A0 ﬁélat(i)ﬁe ofivhic Isolvente
particul ar exanp t he hydrophilic nmononer can be VMA. [0083]1n

anot hdnring ahgit enantlfastum; dTlt%‘h icpRtactylenses-coprineinin drstyedndrond twhomlsnene
t l,..at

Co O Siog B LIRGISEE, T B B Bl Sl BERER0 S Siersope

i m t@{abgmyvaﬂagmsut anedi oI vi nyl et her (BYE) or o ethylene glycol

vinyl ether (EGVE), or diethylene choI i et her GVE or. any
cohbi 1@0208h t hlaradgition, these silisgughy ogetl wenqaw%&m Yhen ated, had an

conpo 0 con t3

ST R W T
anot here1ex@apartelohfetion drabpiti 17506, \4l teiydilectrepgih @fitabenrips il MPa, afwater break
consists of DEGVE. I n one particul ar exanple, the viny

et her npémeagrﬁatﬁgthﬁ@ RBegonds gngha et extrantailq ccénpf@ﬁnkfefr@bamrﬂ Hyo vafiinghen
whi ch i

anot h éers§eélng sryr(fI e ﬁ%}é :fg% hszﬁﬁy? Xlnl?dolrl]%cfr:éélpax%fagg d%er%?%%gpgtgoﬂl%%cé Rss
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cont ai ni ng nmononer. Such m xtur egst Qglp ﬁq, for exanple, mxtures of
VMA and one or 20 nore vinyl ethers suc for exanple, BYE, or
DEGVE [00209FGVEA potynastizable cbmpasitiom wak ebtaimkd bﬁy @ﬁ&rhg\uhd filterieg éet following

hydr ophi | j ¢ vi nyl et her,.-cont. nonoper . can resent
Y pﬂem{cal comgounﬁs pn the spemf3 CCP gunts uSHl% the procegurg descrlrl])ed in the Silicone

15  Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 23
Si2 15

VMA 45
MMA 10
BVE 7
TEGDMA 1.0
TEGDVE 0.1
V-64 0.5
Uv2 0.9
RBT2 0.01
pTPP 0.5
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f unct anh8i2. g?lusjbateh]aﬁ\cqnﬁ?@t keaseshad RocepBpleiaverage dimansional stabylity yarisnce.
| f hydro f £
Funct 1R G, ol SRR o BPRGRA hfiSeificy ROAT RuPhREg 100,

COOPOIBWIC .of laBoWeI8Ya MaALdn Keflt Romesolt 5 Gl rﬁin /nhe) aimadulus of about
hydrophlllc nononer conponent has a dlfferenééﬁaLynerlz

| e
e theaMBar L HopEaonl HhorcHOTe 2 Iensilersgesdh o b b He & watkrdeak

ConpoLg Hime greater than 20 seconds, and a wet extractable component of about 4.56% wt/wt when

tested at the start of the shelf life study, and had an average dimensional stability variance less

than plus or minus 3.0% after storage for 6 days at 95 degrees C.

15
EXAMPLE 5
[00212] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone
Hydrogel Contact Lens Fabrication and Testing Procedure given above.
20
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10 100861For exarrpl e, when the first hydrophilic nmononer or nononer
corrponengv(?%dm 65 Or consists of one or nore am de- copt-ph&e™o2s210
nonomer s second hydrophilic nononer or nononer conponent can
conprise or consist of one or nore non-am de nononers (i.e., one or
nore nononers each of which do not have an am de functional group as
part of their nolecular structures). As another exanple, when the

first hydrophilic no - [ ri ses or
consi sts of one or no?éemlcﬁwommwléi(ﬁphﬁvf}onoﬁ@tﬂaﬂﬁhﬁ second
hydrophi l'i ¢ monomer [or—moTOMET EPPOTIETt CalT COTRIr I Se|one or nore
non-vinyl - containing nononers (1.e., one of nore nongners each of
whi ch do not have a |[vinyl polymgrizable function@ grqup as part of
their nmolecular structures). 1n another exanple,
VMA 40
MMA 12
EGMA 5
BVE 7
TEGDMA 1.2
TEGDVE 0.1
V-64 0.5
uv2 0.9
RBT2 0.01
pTPP 0.5

[00213] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
5  Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil

10  and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
[00214] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC of about 56% wt/wt, an ionoflux from about 3.54 ( x10” mm?/min), a modulus of about
0.57 MPa, an elongation of about 310%, a tensile strength of about 1.90 MPa, a water break
up time greater than 20 seconds, a wet extractable component of about 4.74% wt/wt, and an
15  energy loss from about 34 to 36% when tested at the start of the shelf life study, and had an

average dimensional stability variance less than plus or minus 3.0% after storage for 7 days at
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when the first hydrophilic nmononer or nononer component conprises or
consi sts 20 nore am de nononers each havin '

group, the gﬁ%@ﬁﬁahydrophilic nonomer or nononer congoﬁgﬁab%ggy&mzw
conprise or consist of one or nore non-am de nononers. Wien the first
hydr ophi Il i ¢ nononmer or nonomer conponent conprise or consists of one
or NDIRY depiees B WHenltestéP PR ex rhctidon, andgdeitiondthe polawerlenseteliesdfad a
whi ch do not have an acryl ate or nethacryl ate pol yneri zabl e

f unct dohextragtableprompopentior gboutH4i3p%awVwkul ar structures), the second
25 hydrophilic nonomer or nononer conponent can conprise or consi st
of one or nore acryl ate-contai ni ng nononers, or one or nore

nmet hacr yl at e- cont ai ni ng nononer s EXXMRDE éconbi nati on t hereof. Wen
the first hydrophilic nmononer or nononer, conponents conpr.i ses

5  [00215] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 26
Si2 10

VMA 45
MMA 12
EGMA 2
BVE 5
TEGDMA 1.2
TEGDVE 0.2
V-64 0.5
Uv2 0.9
RBT2 0.01
pTPP 0.5

10  [00216] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction

15 media. The lenses of this batch were not exposed to a volatiletorganic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil

and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
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or consists of one or nore non-vinyl ether-containing nononmers (i.e.,
one or NMY&BANEes S each of which do not have a vinyl g&EB882012/026210
pol yneri zabl e functional group as part of their 30 nol ecul ar
structures), the second hydrophilic nonomer or nonomer conponent can
conprise or consist of one or nore vinyl ether-containing nononers.

I n a eo217¢ul aln sddatigel, ehest Bidicbne hydrofgiD cdfithy Iehsss/ ORET . M&Zh‘)ﬁc&ét@&ﬂ%ﬂOan

one b1k R i 1 g %%%%Qé%ﬁﬁzém%%ﬁ%aﬁ&.rﬁ oot
and 1 fygos rgﬁ»gngn BdE AR df dbo s @hsillARHEN SUBBANESS MR %Qf%’é‘sﬂif?‘n

or consi’'s f one ©r nore Vviny hers Cont ni Ng NDNONErs.
one exrjrhe greatee thanh2) $dcosds, hywebt cephadtzihie romporent of atvomn dr8dP46 edigy.oareindn

SR TR R ST T -
ronomeroioral SABEY Sftidoc JERahal oty of Ay 004 ARET SRR [P divs 2 80

conpr idsgre®$B, and t he second hydroph| | i c nmonomer or nonomer conponent
can conprise

EXAMPLE 7
10 [00218] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts

Sil 26

Si3 2
Si2 10
VMA 45
MMA 12

BVE 5
TEGDMA 1.2
TEGDVE 0.2
V-64 0.5
Uv2 0.9
RBT2 0.01
pTPP 0.5

15 [00219] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the

Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
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10 BYE or EGVE or DEGVE or any conbination thereof. The first
hydr ophi W&zﬁ?ﬂ%ﬁf can conprise VMA and the second hydﬂ(ﬂ%ﬁoﬁﬁoz
nononmer can conprise BYE. The first hydrophilic nononmer can conp
VMA and t he second hydrophilic nmononer can conprise EGVE. The first
hydr ophi | i ¢ nononmer can conprise VMA and the second hydrophilic
NONOMpocesy) £ P! detsiAzGuiocesEand i dns extgoti pdnid! hedrassto pedcesiwhich used
conprise VMA, and the second 15 hydrophilic npnoner conponent can

conpr iesBagtioyRnsh lydeteyEmefponbick; Genpister yof okatile jorganicy gelyesstitee extraction

nononmer_ ¢ e , il .
iy R s L R
t her eghanufdeturé.i Thebe Botlic Rhis¢s contiivdiits darivdderodvihrasiloxbge mesomers, Sil,
hydrophi li ¢ nmononer can be BYE.. The first hydrophilic npnoner can be

VMA arfd2 tand Sidconbis2bately @f sontaci densesnbak acespiablscavemge. dmprasiongls stability
hydr ophi.l i ¢ nononmer can conprise VMA and the second hydrophilic
nononef ‘E5H be DEGVE. The first hydr ophi I i ¢ nononmer can be VMA, and

t he sqgen2d] hy dmogdditidrg tHe3e QiRbnE ﬁf@@@ﬁfﬁon&aﬂlehﬁesawth&mﬁhl@ahj'cﬁﬁteﬁ,f hd&dQE
and DEGVE. 00&3} | n anot her exanple, the_naon-sijicgn _hi/dr ophilic

vi nyl T¥Gtafiakpwgd 3vo meaivey acipnofiex framyaborh- Ofntx Kt umay /mig), grnodulyrcof abgul
nmol ecu) i ght, |l ess. t dal t S n al ,
ese. thaMBEHkiongibn GaRelcbPRia 35t Bepp BT HERY SEMES s A ik
dabt onp, tiré gfdatemtieddo20 setbnds) a ald eiktrddiblélabmpdient of about 2.38% wt/wt, and an

energy loss of about 36% when tested at the start of the shelf life study, and had an average

6210
rrse

dimensional stability variance less than plus or minus 3.0% after storage for 14 days at 80

degrees C.

15 EXAMPLE 8
[00221] A polymerizable composition was obtained by mixing and filtering the following

chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

96



[ 0090] When a hydrophilic nmonomer or a hydrophilic nononmer conponent
S presegl, E(ﬂz/ﬁﬂs%ﬁ)o' yneri zabl e conposition,

or nonomner corrponent

can be 30 present int

t he hydro

he pol yneri z

BB TR

conposition in an anmobunt from30 to 60 unit parts of the

pol yneri zabl e conpos

conponent can be present

55 unit parts, or fr

ition. The hydrophilic

omd45 to 50 unit parts

nononer or

hv Wej nh'r

hydr ophi | i ¢ nmononer

conprises a first h
second hydrophilic n

cﬁhgonemompomldéAbbneyde
ul U|J||| | | \.; |U||C|

THL.
ononer or f$6]ﬂOITEI'

Ot

I
corrponent26 he

ri Pabipertg on

hydr ophi | i ¢ nononer
pol ymeri zabl e conpog

or nonomner Sgprrponent 5
ition in an anount fron

can flpe pre
0 0.1 to 20

t he pol yneri zabl e cdg
from30 to 60 unit ¢
present in the polyn

eri zabl e sition 2

of t40e t ot

9.9 t'g 40 U

conprise the first t
to 20 unit parts can
nononer conponent. |
nononer or nonomer g

nposi ti on.VMa&r exanpl e,
yar opnl i EGNpAOITET

conpri se tﬁg second hy

NOMEE CO
drophi lic 1

n 10 anotBV¥E exanpl e,

onpaonent can he present

t he second
LN th

conposition from1 t

o 15 uni TEGRMA

or fro
L.ono1 1AM

m 2 tléd 10

nononer

in the polynerizable conposition from40 to

When t he

rposi tion

)nent and a
gecond

sent in the
unit parts of
al armount of
jomer conponent
nit parts can
onent, and 0 1
rononer or

hydr ophilic
yneri zabl e

nit parts, or

from3 to 7 unit parft
nonomer i s a nobnoner

AYAYA

havi ng

HigFe

ar aO\./j' yt

V-64

0.5

cont ai ni ng

Uuv2

0.9

RBT2

0.01

pTPP

0.5

[00222]

A batch of silicone hydrogel contact lenses was prepared using this formulation

and tested in accordance with the fabrication procedure and test methods described in the

Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding

process, a dry delensing process, and an extraction and hydration process which used

extraction and hydration media which consisted of volatile organic solvent-free extraction

media. The lenses of this batch were not exposed to a volatile organic solvent during their

manufacture. These contact lenses contained units derived from two siloxane monomers, Sil

10
[00223]

EWC of about 54% wt/wt, an ionoflux from about 3.57 (x10”

and Si2. This batch of contact lenses had acceptable average dimensional stability variance.

In addition, these silicone hydrogel contact lenses, when fully hydrated, had an

mm?/min), a modulus of about

0.66 MPa, an elongation of about 274%, a tensile strength of about 1.40 MPa, and a wet

extractable content of about 3.8% wt/wt when tested at the start of the shelf life study, and had

15

at 80 degrees C.
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A batch of silicone hydrogel contact lenses was prepared using this formulation

and tested in accordance with the fabrication procedure and test methods described in the

Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding

process, a dry delensing process, and an extraction and hydration process which used

extraction and hydration media which consisted of volatile organic solvent-free extraction

media. The lenses of this batch were not exposed to a volatile organic solvent during their

manufacture. These contact lenses contained units derived from three siloxane monomers, Sil,

10
Si2 and Si3.
15  variance.
[00226]

This batch of contact lenses had acceptable average dimensional stability

In addition, these silicone hydrogel contact lenses, when fully hydrated, had a

modulus of about 0.81 MPa, an elongation of about 351%, a tensile strength of about 1.61
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10 net hacryl ate, or ethylene glycol nethyl ether nethacrylate (EGW),
or any cw@'&(ﬁ%h&%ther eof . In one particul ar exanpl e, lg(t}ﬁUSZOJZ/ 262,
hydr ophobi ¢ "nbonomer or nononer conponent can conprise or conS|s? o]f0
met hyl nethacrylate, or ethylene glycol nethyl ether nethacrylate, or
bot h. 100931When present in the polytnerizable conposition, the

hydr ophipRia6d BWICTfRsm G0%lwt/ WP ROT% WianaRartestedhs the startes elnd shelf 1ifa study,
anount from about 5 to about 25 unit parts, or from about 10 to about

20 uniand pad e averagrodimensional stability variance desp {handpbwrotsi Ieingp A Qi for 14 days at
corrpo:}gﬁ can~conprise at |east two hydrophobi c nononmers each havi ng
di f f ePSEESY Srrer i zabl e functional groups. In another exanple, the
hydr ophobi ¢ nononer conponent can conprise at |east two hydrophobic
20 nononers each having the sanme polynerizable functional group. The
hy8r ophobi ¢ mononer conponent caﬁ%ﬂéﬂn @ or consist of two

hydr o = NMORQNELS, . L: L yQer. ; i L
o oup PR e B A iZABls o e ¥ oDRHRARY HEle SR M fErinl ¥ KPS ing.
or coRgémicaPéorhpsundy tH thiehwpbdifiedrambanms,yisaigethe ppdcedmicrigseribedrimtise Silicene
hydr ophobi ¢ _nononer conponent can conprise or _consist of MVA and
EGVA. Hydroged Contaatdians Fabrcation and Tegting Progsdwieivasa®B¥e mononers of the
hydr ophobi ¢ nononmer conponent can conprise or consist of MVA and
EGWA, and the ratio of the anpbunts of MVA and EGVA present in the

pol yneri zabl e conpos|i UhemicabCompoirdqabdkeat | 6 Uhitmarabqut 1: 1 based on
the unit parts of to the unit parts of EGMA.__The rfatio of the
unit parts of MVA and EGVA presBht in the ppl yma'%q zablje conposition
can be about 2:1 based—on—the l.gf.gt parts of TIVVA to theg unit 30 parts
of EGVA.
Si2 10
VMA 40
EGMA 15
BVE 7
TEGDMA 1.6
TEGDVE 0.2
V-64 0.5
Uuv2 0.9
RBT2 0.01
pTPP 0.5

10
[00228] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
15  extraction and hydration media which consisted of volatile organic solvent-free extraction

media. The lenses of this batch were not exposed to a volatile organic solvent during their

99



WO 2012/ 118670PCMS52012/ 026210 [ 0095] Opti onal Iy, the pol ynerizable
conp05|tbﬂ9mﬁgﬂf&#gther conprise at | east one cross- "”#{ﬂﬂsﬁ@ﬁ&%zm
in

The pol ynerizable conmposition can conprise one cross-| I ng agent,
or can conprise a cross-linking agent conponent conprised of at |east
two cross-linking agents. As used herein, a cross-linking agent is a
non- sirhanufacture OBlsest icuirtaa:tgemge nontaineld tihitssddrived iffone tvem siléxahe amnomers, Sil
mul tifu ctlonal ane resent

pol ynéf %I e bk of Sins Fenpescusa pprroRbls deade STIFIpE e Sargace.
di scl 3& 2 fif ORfdd, " se%ﬂpcgagpga@%nr&ﬁ{aéf RASks! Q1B FALTRARKEH, had an

havi n than one po yneriz ctional group as par
nol ec ud)rm‘ﬂux from about 3.33 (x10” mm?*/min), a modulus of about 0.74 MPa, and an elongatlon of
5  about 222% when tested at the start of the shelf life study, and had an average dimensional

stability variance less than plus or minus 3.0% for 14 days at 80 degrees C.

EXAMPLE 11
[00230] A polymerizable composition was obtained by mixing and filtering the following
10 chemical compounds in the spéciﬁed amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 32
Si3 4
VMA 45
MMA 13
EGMA 3
BVE 3
TEGDMA 1.0
TEGDVE 0.2
V-64 0.5
Uv2 1.3
RBT2 0.01
pTPP 0.5

[00231] A batch of silicone hydrogel contact lenses was prepared using this formulation
15 and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding

process, a dry delensing process, and an extraction and hydration process which used
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structure, such as two or three or four polynerizable functional
groups, iwéazf ti functional 10 nononer such as a blﬁéjﬁﬁé% ?ﬂ(%ﬁzlﬂr
trifunctional or tetrafunetional nonomer. Non-silicon cross

agents that can be used in the polynerizabl e conpositions dlsclosed
herein include, for exanple, without limtation, allyl

(et h) aaraetioh end Cl‘[ydkaﬁbﬁrmédlkyﬂ'lﬁae cohyisied oflivorm@ildpdani! dlwnt-Bke extraction
pol y(Il ower al k | ene) fg' .ycol di(meth)acrylate, or lower alkyl ene

d| ( met Aedier §I hat enseppf Hiy ibﬁty‘h V@F%@Pt exnoses] ta ayplasile ergaric solvent duringitheir

t I i,
bent aclnSAGERE THite dobde WIS Mo REa B Betlod BB R Bl paigprs
or metmd &Be Hm&(bmﬂﬁmnmbtaeﬁséeha@accembab Iayéragdlhﬁhﬁb@al andiliy aéﬂahlce

pht hal ate or any comnbi nation thereof. Cross nki ng agents,

di stl o832 t hisi @d&m ghese shigpribydrogal centastlerses.cwhsy yett@i had an

0 T el ST b RS0 HNGBL o BBy o,

conbi nedptiea bublsle elgﬁaxhi& amm gt @n%lE ke fiohPalsout 150 lﬂ) ABO@UB dcofRY when
have a nol ecul ar wej ght | ess than 1500 daltons, or |less than I000

dal t onsted at fhestart ofthe shwif lifaistudhisanddiad aaewerape dinrnsiodall stability VEOOBE]léss
one exﬁmpkﬁm o&ﬁﬁm?sr:«,oﬁ‘?’ flo} p&(gﬁﬁergﬁﬁégr rq.be a vinyl -containi ng

Cross I'ng agent". use V nyl - cont ai ni ng cross-1inking
agent is a nononer haV|ng at | east two pol ynerizabl e carbon-carbon
doubl e bonds (i.e., at least two vinyl polynerizable functional 25
groups) present inits nnlecularﬁﬁﬁxm%jaﬁy where each of the at

cast tpeal YRR e AR SRR SRR AR BT fe i

cr oss-dhenk¢al gompeomidsiin meslsecrfﬁdcarﬁoxmtst nsing ahd:pmbaiti)llre: d?ﬁﬁbecﬂﬁluﬁhlb Silong
prese ate rret acryl ate_pol ynerj zabl e functiona
gr oupnhﬁ‘%lrpﬁagz}}? gL L%P%n&)%‘iﬁ’ﬁ%&/“é? gveRakevgt in acryl ate

and net hacryl ate pol yrrerl zabl e functional groups, as under st ood

Chemical Compound (Abbrev.) Unit parts
Sil 26
Si2 10

VMA 40
MMA 12
EGMA 5
BVE 7
TEGDMA 1.2
TEGDVE 0.2
V-64 0.5
Uv2 1.3
RBT2 0.01
pTPP 0.5
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30herein, cross-linking agents conprising one or nore acrylate or

et hacry 909[1)8\4 rizable group (e.g., an acrylate- co@%iwzm&w
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t he carbon-carbon doubl e bonds of acrylate or nethacryl ate

pol ymeaidztgipd iy meeqsdancacvid ghe f&brw%t;@&nm}peedum ayd t%smféhodmmnl@éﬂerthe
nyl t T

5 X edHiF ARl oo Shs AL Pl HESHLBARL. BB Wbt

exanpl @rocess,08 Sdryi dddendingA peakss, hmll ay ektradtdas ind \W9dfaciby nfrocesabliich used
functional _groups selected froma vi néd am de, a vinyl ether, a vinyl
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I 009 | e,
the cr gnqnilaq%nﬁ t 298i6t0 éfone;la 9{}3@% g%ﬁﬁ[reeé ﬁ@ﬂ%de atiie start of the

shelf life study, and had an average dimensional stability variance less than plus or minus

3.0% for 4.4 weeks at 80 degrees C.

15 ' EXAMPLE 13
[00236] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.
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agent. In another exanple, the cross-1linking agent or cross-Iinking
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cross-linking agent (i.e., a cross-linking agent having at |east two
acryl ate pol yneri zablefunctional-groups) - or a 20
met hacryl at e-contain @eé}i%gﬂmpﬁkﬁ%(ﬁ%@h} (iUmdtpartst | east two
nmet hacryl ate pol yner [zablie funbéﬁunai groups); u% at—teast one
acryl ate-containing gross-1inking agent and|at | %st ohe
met hacryl at e-cont ai n| ng cross-1§inpki ng agent | [009®] The| cross-1i nki ng
agent conponent can conprise or consist of @ conbinatipn of two or
nmore cross-linking agents, eacMMA which has a d#@ferent
pol ymeri zabl e functi pral—25—¢grpgp—For—exanpte—the—eross-1 i nki ng
agent conponent can gonpri se @inyl-containin cross-1inki ng
agent, and one acryl pte-contaiggyg Cr 0SS-T1 NKi ng sagent| The
cross-1linking agent tonponent can conprise ¢ne vinyl-cpntaining
cross-1linking agent and one neBV&ryl ate- contai Bi ng cfoss-1inking
roup. The cross-| i nkHrg—agert—sorponrent—cah—conrprse—or consi st of
gne einyl et her - cont pi ni ng cr%@§m45nking agent, @ﬁd one

met hacryl at e- cont ai nf g CT oSSR ERHEENT 01
V-64 0.5
Uv2 1.3
RBT2 0.01
pTPP 0.5

[00237] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
5  Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
10 and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
[00238] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC of about 55% wt/wt, a modulus of about 0.60 MPa, and a captive bubble dynamic
advancing contact angle of from about 47 to about 55 degrees when tested at the start of the
shelf life study, and had an average dimensional stability variance less than plus or minus

15  3.0% after storage for 2 weeks at 80 degrees C.
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RBT2 0.01
pTPP 0.5

[00240] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding

10  process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si2. This batch of contact lenses had acceptable average dimensional stability variance.

15 [00241] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC from about 55% wt/wt to about 56% wt/wt, a modulus of about 0.71 MPa, and a captive

bubble dynamic advancing contact angle of from about 45 to about 47 degrees when tested at
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anount HydrogeldCdntaad [2nOF abmicttiqreandsTesting Proasduré giver xbovel e, 0. 3 to 1.2
unit parts or fromO0.5 to 0.8 unit parts. Wen a

Chemical Compound (Abbrev.) Unit parts
éil 29
Si2 8

VMA 44
MMA 14
EGVE 5
EGDMA 0.6
TEGDVE 0.15
V-64 0.5
Uv2 1.3
RBT2 0.01

10  [00243] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction

15 media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
[00244] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC of about 56% wt/wt, and a modulus of about 0.65 MPa when tested at the start of the
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shelf life study, and had an average dimensional stability variance less than plus or minus

3.0% for 2 weeks at 80 degrees C.

EXAMPLE 16
[00245] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 29
Si2 8

VMA 45
MMA 13

HEMA 4
EGDMA 0.5
TEGDVE 0.1
V-64 0.5
Uuv2 1.7
RBT2 0.01
pTPP 0.5
AE 0.3

[00246] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil

and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
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[00247] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC of from about 55% wt/wt to about 56% wt/wt, a modulus of about 0.53 MPa, a captive
bubble dynamic advancing contact anéle of from about 51 to about 53 degrees, and an energy
loss of about 34% when tested at the start of the shelf life study, and had an average

dimensional stability variance less than plus or minus 3.0% for 4.4 weeks at 80 degrees C.

EXAMPLE 17
[00248] A polymerizable silicone composition was obtained by mixing and filtering the
following chemical compounds in the specified amounts, using the procedure described in the

Silicone Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 29
Si2 8

VMA 42
MMA 8
EGMA 6
DEGVE 7
EGDMA 0.6
TEGDVE 0.1
V-64 0.5
Uv2 1.7
RBT2 0.01
pTPP 0.5
AE 0.4

[00249] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding

process, a dry delensing process, and an extraction and hydration process which used
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extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si2. This batch of contact lenses had acceptable average dimensional stability variance.

[00250] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC from 57% wt/wt to 58% wt/wt, an ionoflux of about 2.9 (xlO'3 mmz/min), a modulus of
about 0.7 MPa, an elongation of about 300%, a tensile strength of about 1.5 MPa, a captive

bubble dynamic advancing contact angle of from about 44 to about 48 degrees, a wet

extractable component of about 5.10% wt/wt, and an energy loss from about 32% to about

33% when tested at the start of the shelf life study, and had an average dimensional stability
variance less than plus or minus 3.0% after storage for 4.4 weeks at 80 degrees C. When tested
prior to extraction and hydration, the polymeric lens bodies had a dry extractable component

of about 12.2% wt/wt.

EXAMPLE 18
[00251] A polymerizable composition was obtained by mixing and filtering the following
chemical compdunds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.
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Chemical Compound (Abbrev.) Unit parts
Sil 29
Si2 8

VMA 45
HOB 7
EGMA 10
EGDMA 0.5
TEGDVE 0.1
V-64 0.5
Uuv2 1.7
RBT2 0.01
pTPP 0.5
AE 0.3

[00252] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, av dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si2. This batch of contact lenses had acceptable average dimensional stability variance.

[00253] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC from about 55% wt/wt to about 56% wt/wt, an ionoflux of about 4.1 (x10° mmz/min), a
modulus of about 0.6 MPa, an elongation of about 275%, a tensile strength of about 1.2 MPa,
a captive bubble dynamic advancing contact angle of from about 55 to about 58 degrees, a wet
extractable component of about 4.6% wt/wt, an energy loss from about 31% to about 32%, and
a swell factor of about 27% when tested at the start of the shelf life study, and had an average

dimensional stability variance less than plus or minus 3.0% for after storage for 4.4 weeks at

109



10

15

WO 2012/118670 PCT/US2012/026210

80 degrees C. When tested prior to extraction and hydration, the polymeric lens bodies had a
dry extractable component of about 10.6% wt/wt.

EXAMPLE 19
[00254] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 30
Si2 7

VMA 44
MMA 8
EGMA
BVE 4
DEGVE 10
EGDMA 0.6
TEGDVE 0.1
V-64 0.5
uv2 1.8
RBT2 0.01
pTPP 0.5

[00255] A batch of silicone hydrc;gel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, and an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction

media. The lenses of this batch were not exposed to a volatile organic solvent during their
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manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
[00256] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC of about 61% wt/wt, an ionoflux of about 3.8 (x10” mm?/min), a modulus of about 0.5
MPa, an elongation of about 279%, a tensile strength of about 1.2 MPa, a captive bubble
dynamic advancing contact angle of from about 45 to about 47 degrees, a wet extractable
component of about 4.55% wt/wt, and an energy loss from about 30% to about 33% when
tested at the start of the shelf life study, and had an average dimensional stability variance less
than plus or minus 3.0% after storage for 14 days at 80 degrees C. When tested prior to
extraction and hydration, the polymeric lens bodies had a dry extractable component of about
13.65% wt/wt.

EXAMPLE 20
[00257] A polymerizable composition was obtained by mixing and filtering the following
chemical compounds in the specified amounts, using the procedure described in the Silicone

Hydrogel Contact Lens Fabrication and Testing Procedure given above.

Chemical Compound (Abbrev.) Unit parts
Sil 30
Si2 7

VMA 45
MMA 12
EGMA : 5
BVE 5
TEGDMA 1.4
TEGDVE 0.2
V-64 0.5
Uuv2 1.8
RBT2 0.01
pTPP 0.5
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[00258] A batch of silicone hydrogel contact lenses was prepared using this formulation
and tested in accordance with the fabrication procedure and test methods described in the
Silicone Hydrogel Contact Lens Fabrication and Testing Procedure, using a dry demolding
process, a dry delensing process, aﬁd an extraction and hydration process which used
extraction and hydration media which consisted of volatile organic solvent-free extraction
media. The lenses of this batch were not exposed to a volatile organic solvent during their
manufacture. These contact lenses contained units derived from two siloxane monomers, Sil
and Si2. This batch of contact lenses had acceptable average dimensional stability variance.
[00259] In addition, these silicone hydrogel contact lenses, when fully hydrated, had an
EWC from about 55% wt/wt to about 57% wt/wt, an ionoflux of about 3.6 (x10™ mm?/min), a
modulus of about 0.7 MPa, an elongation of about 285%, a tensile strength of about 1.3 MPa,
a captive bubble dynamic advancing contact angle of from about 47 to about 53 degrees, a wet
extractable component of about 4.10% wt/wt, and an energy loss from about 34% to about
35% when tested at the start of the shelf life study, and had an average dimensional stability
variance less than plus or minus 3.0% after storage for 14 days at 80 degrees C. When tested
prior to extraction and hydration, the polymeric lens bodies were found to have a dry
extractable component of about 9.80% wi/wt.

[00260] Although the disclosure herein refers to certain illustrated embodiments, it is to be
understood that these embodiments are presented by way of example and not by way of
limitation. The intent of the foregoing detailed description, although discussing exemplary
embodiments, is to be construed to cover all modifications, alternatives, and equivalents of the
embodiments as may fall within the spirit and scope of the invention as defined by the
additional disclosure.

[00261] A number of publications and patents have been cited hereinabove. Each of the

cited publications and patents are hereby incorporated by reference in their entireties.
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What is claifned is:

1. A method of manufacturing silicone hydrogel contact lenses, comprising:
forming a lens body that is the reaction product of a polymerizable
5  composition that comprises at least one siloxane monomer, at least one hydi‘ophilic
monomer, at least one hydrophobic monomer, and at least one cross-linking agént;
' washing the lens body to remove extractable material from the lens body;
packaging the washed lens body in a contact lens package containing an
aqueous liquid resulting in a hydrated lens body; and ‘
10 sterilizing the contact lens package containing the packaged hydrated lens
body; ' |
wherein the hydrated lens body has a lens surface wettability characterized
by an advancing contact angle less than 120 degrees and has a diameter that is at least 24% '
" larger than the diameter of the lens body prior to washing. ‘
15 '
2. The method of claim 1, wherein the washing comprises washing the lens

.b'ody with an aqueous liquid free of volatile organic solvent.

3. The method of claim 1, wherein the hydrated lens body has an advancing

20  contact angle less than 90 degrees.

4. The method of claim 1, wherein the forming comprises cast molding the

polymerizable composition in a non-polar resin contact lens mold assembly.

25 5. The method of claim 1, further comprising demolding the contact lens mold

. asse‘mbly to produce a first mold section and a second mold section separated from the first
mold section, wherein the polymerized lens b_od); remains attached to the first or secoﬁd
mold section; and separating the polymerized lens body from the mold section to which it
is attached to proc-iucc a delénsed lens body. A .

30
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6. The method of claim 1, wherein the delensed lens body is separated from
the mold section to which it is attached by contacting the polymerized lens body with an
aqueous liquid free of volatile organic solvent or by mechanically mmoving the

polymerized lens body without contacting the lens body with any liquid.

5
7. The method of claim 1, wherein the lens body is not contacted with any
volatile organic solvent after the lens body is formed and prior to sterilizing the lens body -
in the contact lens package. '
10 8. The method of claim 1, wherein the polymerizable composition comprises a

first siloxane monomer represented by formula (1):

R? R?
CHy CHy
R'-%i—(O#i)m‘-CHzéZHCHzo(CHZCHZO)nCOJI=CH2
CH, CH, ' %))

wherein m of formula (1) represents one integer from 3 to 10, n of formula
(1) represents one integer from 1 to 10, R' of formula (1) is an alkyl group having ﬁ'or/n 1
15  to 4 carbon atoms, and each R? of formula (1) is independently either a hydrogen atom or a
methyl group; and '
' a second siloxane monomer having a numbe.r average molecular weight greater

than 5,(_)00 daltons.

20 9. The method of claim 8, wherein the second siloxane monomer is a dual-end

methacrylate end-capped polydimethylsiloxane.

25

114

AMENDED SHEET - IPEA/US



PCT/US12/26210 20-12-2012 PCTIUSZO1 2/026210 13.08.2013

[REPLACEMENT SHEET]

Attomney Docket No. 3038-062-01 PCT
[P10024WO]

10.  The method of claim 1, wherein the polymerizable composition comprises a
first siloxane monomer having a number average molecular weight of from 400 daltons to

700 daltons, and a second siloxane monomer is represented by formula (2):

Ry CHy CHy CH, Hy - . R,
O-~f C4H,03-C3Hg—Si0—{SiO-F—f Si0F— Si-C3Hg~f OC,H—0
H,C m P b &y m CH2
fe) 3 3 3 o
CaHg Ot CH,CH04—R
aHs { 2CH; )n_ 2

@)

wherein R, of formula (2) is selected from either a hydrogen atom or a methyl
group; Rz of formula (2) is selected from either of hydrogen atom or a hydrocarbon group
having 1 to 4 carbon atoms; m of formula (2) represents an integer of from 0 to 10; n of
formula (2) represents an integer of from 4 to 100; a and b represent integers of 1 or more;
10  a+b is equal to 20-500; b/(a+b) is equal to 0.01-0.22; and the configuration of siloxane

units includes a random configuration.

11.  The method of claim 1, wherein the polymerizable composition comprises a
siloxane monomer represented by formula (6):
CH, CH, CH, CH,
i | I |
H,C = CCOOC ;H, NHCOOC H ,0C,H;Si0 —{ SiO ), - SiC H,
| | |

. CH CH, CH
15 s | 3 (6)

wherein n of formula (6) is an integer from 13-16, and the molecular weight is
about 1500 daltons; and '

3-{tris (trimethylsilyloxy) silyl] propyl methacrylate (TRIS);

wherein the polymerizable coniposition is free of N,N-dimethylacrylamide (DMA).

20
12.  The method of claim 1, wherein the at least one cross-linking agent
comprises a cross-linking agent component comprising a vinyl-containing cross-linking
agent in combination with an acrylate-containing cross-linking agent or a methacrylate-
containing cross-linking agent.
25
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13.  The method of claim 1, wherein the at least one hydrophilic monomer

.comprises a hydrophilic vinyl-containing monomer.

14.  The method claim 13, wherein the hydrophilic vinyl-containing monomer

5  comprises a hydrophilic amide monomer having one N-vinyl group.

15.  The method of claim 1, wherein the polymerizable composition is free of a
diluent, or free of a pre-formed hydrophilic polymer, or free of N,N-dimethylacrylamide
(DMA), or any combination thereof. .

10 16.  Asilicone hydrogel contact lens, comprising:.

‘ a lens body that is the reaction product of a polymerizable composition that
comprises at least one siloxane monomer, at least one hydrophilic moriomer,, at least one
hydrophobic monomer, and at least one cross-linking agent; ‘ '

wherein the lens body is washed to remove extractable material from the

15 lens body, and is hydrated v&ith, an aqueous liquid, and the hydrated lens bodly has a lens
surface wettability characterized by an advancing contact angle less than 120 degrees, and

the hydrated lens body has a diameter that is at least 24% larger than the diameter of the

lens body prior to washing.

20 17.  The contact lens'of claim 16, wherein the lens body is washed with an
aqueous liquid free.of volatile organic solvent to remove extractable material from the lens

body.

18..  The contact lens of claim 16 which has an oxygen permeability of at least
25 55 barrers, or an equilibrium water content from about 30% wt/wt to about 70% wt/wt, or a

tensile modulus from about 0.2 MPa to about 0.9 MPa, or any combination thereof.
19.  The contact lens of claim 16, wherein the polymérizable composition
comprises a first siloxane monomer having a number average molecular weight of from

30 400 daltons to 700 daltons, and a second siloxane monomer having a number average

molecular weight of greater than 5,000 daltons.
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20.  The contact lens of claim 16, wherein the polymerizable composition is free
of N,N-dimethylacrylamide (DMA).
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