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Contact lenses and contact lens formulations with reduced rippling

[001] The present invention relates to a polymerizable formulation including
triphenylphosphine for use in manufacturing contact lenses, and contact lenses incorporating
a polymeric matrix formed from said polymerizable formulation. In particular, the invention
relates to polymerizable formulations that have been found to impart advantageous properties

to hydrogel contact lenses, such as reduced surface rippling.

BACKGROUND

[002] Silicone hydrogel contact lenses have been developed that have favourable
lens properties such as a high water content, low contact angle, and a high oxygen
permeability (Dk). However, when certain polymerizable compositions are cast moulded into
silicone hydrogel contact lenses surface rippling can be observed, especially when cast
moulding silicone hydrogel contact lenses in polypropylene (PP) moulds. It has been found
that surface rippling is particularly acute when contact lenses are cast from polymerizable
compositions having a relative high proportion of high molecular weight siloxane
components.

[003] There remains a need to reduce the surface ripping of silicone hydrogel

contact lenses whilst maintaining favourable lens properties.
SUMMARY OF THE INVENTION

[004] In a first aspect, the present invention provides a silicone hydrogel contact lens
formulation, comprising:

a. at least 40% (wt/wt) of a polymerizable siloxane component, wherein at least 50%
(wt/wt) of the polymerizable siloxane content is di-functional siloxanes having a
molecular weight of at least 5,000 daltons, especially at least 8,000 daltons;

b. at least 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s); and

c. atleast 0.10% (wt/wt) triphenylphosphine (TPP).

[005] In addition, the silicone hydrogel contact lens formulations of the invention
typically contain further polymerizable monomers, oligomers and/or pre-polymers, one or
more crosslinkers and one or more polymerization initiators.

[006] It has been found that by including at least 0.10% (wt/wt) TPP in contact lens

formulations, comprising: (a.) at least 40% (wt/wt) of a polymerizable siloxane component,
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wherein at least 50% (wt/wt) of the polymerizable siloxane content is di-functional siloxanes
having a relatively high molecular weight, i.e. of at least 5,000 daltons, especially at least
8,000 daltons, and (b.) at least 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s), the
resultant formulation is resistant to surface rippling compared to similar formulations that do
not include TPP, but the formulation maintains favourable lens properties, such as a high
water content, low contact angle, and a high oxygen permeability (Dk).

[007] In a second aspect, the invention provides a silicone hydrogel contact lens,
formed from the polymerization of the formulation of the first aspect of the invention. Thus,
the polymeric lens material of the silicone hydrogel contact lens of the second aspect of the
invention comprises the polymeric product of polymerizing a formulation comprising:

a. at least 40% (wt/wt) of a polymerizable siloxane component, wherein at least 50%
(wt/wt) of the polymerizable siloxane content is di-functional siloxanes having a
molecular weight of at least 5,000 daltons, especially at least 8,000 daltons;

b. at least 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s); and

c. atleast 0.10% (wt/wt) triphenylphosphine (TPP).

[008] In a third aspect, the invention provides the use of TPP to improve the surface
properties of a contact lens prepared from a formulation comprising:

a. at least 40% (wt/wt) of a polymerizable siloxane component, wherein at least 50%
(wt/wt) of the polymerizable siloxane content is di-functional siloxanes having a
molecular weight of at least 5,000 daltons, especially at least 8,000 daltons; and

b. at least 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s).

[009] Advantageously, TPP is used in an amount of at least 0.10% (wt/wt) based on
the total weight of the formulation in the third aspect of the invention.

[010] Advantageously, in each of the first, second and third aspects of the invention,
at least 20% (wt/wt) of the polymerizable siloxane content is mono-functional siloxanes
having a molecular weight of less than 3000 daltons.

[011] Formulations of the invention have been found to reduce the amount of
surface rippling present on cast moulded contact lenses compared to the lenses cast from
otherwise identical polymerizable formulations that lack TPP. A reduction in surface rippling
is particularly marked in silicone hydrogel contact lenses that have been cast moulded in the
polypropylene (PP) moulds. The addition of TPP in the polymerizable formulations from

which the lenses are formed has been found not to deleteriously affect properties such as
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water content, contact angle and oxygen transmissibility (Dk) of the resulting cast-moulded

lenses compared to those cast from polymerizable formulations that lack TPP.
DETAILED DESCRIPTION

[012] The present disclosure will be more fully understood and further advantages
will become apparent when reference is made to the following detailed description of
embodiments of the present disclosure. The invention will be described in further detail with
particular reference to the formulations of the first aspect of the invention, hereinafter
referred to as “formulations of the invention”. However, it is to be understood that as the
contact lenses of the second aspect of the invention are obtainable from polymerizing the
formulations of the first aspect of the invention, hereinafter referred to as “contact lenses of
the invention” and constituents of the formulations of the first aspect of the invention will,
therefore, be present in polymerized form in the polymeric lens material of the contact lenses
of the second aspect of the invention. Likewise, contact lenses that have been found to
particularly benefit from the use of TPP to improve the surface properties in accordance with
the third aspect of the invention, are those having the characteristics described herein for
lenses of the second aspect of the invention and/or those obtained from polymerization of
formulations having the characteristics described herein for formulations of the first aspect of
the invention. Thus, constituents of the formulations of the first aspect of the invention will
be present in polymerized form in the polymeric lens material of the contact lenses in which
TPP is used in accordance with the third aspect of the invention. Features of the formulations
or lenses, or components thereof, or features of the use of TPP (depending on context) that
are referred to herein can be combined with any combination of previously-described or
subsequently-described features, unless a particular combination of features is mutually
exclusive, or if context indicates otherwise. Further, as used in this specification, the singular
forms “a,” “an,” and “the” include plural referents (e.g. at least one or more) unless the
context clearly dictates otherwise. Thus, for example, reference to “a contact lens” includes a
single lens as well as two or more of the same or different lenses.

[013] The inclusion of at least 40% (wt/wt) of siloxanes of which at least 50% are
high molecular weight di-functional siloxanes of at least 5,00 daltons, especially 8,000
daltons, together with 30% (wt/wt) N-vinyl amide hydrophilic monomer(s) in the
formulations of the invention has been found to provide contact lenses with an

advantageously high water content, high surface wettability, and high oxygen permeability
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(Dk). The optional inclusion of additional non-siloxane hydrophobic monomers, especially
hydroxybutyl methacrylate and/or isobornyl methacrylate has been found to enhance the
mechanical strength of the resulting lenses.

[014] The present disclosure is based on the further discovery that it is possible to
provide contact lenses, and their respective formulations, that are both resistant to surface
rippling and have favourable lens properties, when at least 0.10% (wt/wt) TPP is included in
the polymerizable formulation from which the contact lens is produced. Other comparable
formulations, without TPP, have been found to exhibit surface rippling. Surface rippling is an
undesirable property for a contact lens as surface rippling can cause discomfort for the
wearer. Furthermore, surface rippling may reduce the optical properties of the contact lens.
Therefore, formulations with little or no surface rippling are favourable. Contact lenses
formed from formulations with a high viscosity, such as a viscosity higher than 250 mm2/s at
25 °C, for example a viscosity higher than 300 mm2/s at 25 °C, have been found to be
particularly susceptible to surface rippling. Likewise, contact lenses formed from
formulations comprising a high proportion of high molecular weight siloxane components,
such as formulations in which at least 40% (wt/wt) are polymerizable siloxane components of
which polymerizable siloxane content at least 50% (wt/wt) is di-functional siloxanes having a
molecular weight of at least 5,000 daltons, especially at least 8,000 daltons, have been found
to be particularly susceptible to surface rippling. The inclusion of substantial amounts of high
molecular weight siloxanes, e.g. greater than 20 wt% based on the weight of the
polymerizable formulation of siloxanes having a viscosity of 300 mm2/s or more at 25 °C,
has been found to lead to the overall formulation having relatively high viscosity, e.g. a
viscosity of 250 mm2/s or more at 25 °C. Including TPP in such formulations has been found
to be effective in preventing or reducing surface rippling. The polymerizable constituents of
the formulations of the invention are typically incorporated into the contact lens of the
invention.

[015] References herein to an amount of an ingredient or component present in a
formulation expressed in terms of weight percent (i.e. % (wt/wt)) are based on the amount of
all formulation ingredients excluding diluents and/or solvents that are not incorporated into
the polymeric lens material of the finished contact lens. Thus, for example, the amount of
TPP in a formulation made by mixing together 0.5 parts TPP, 40 parts siloxane component,
30 parts of hydrophilic N-vinyl amide monomers, 4.5 parts of other active ingredients (e.g.
polymerization initiator, tinting agent, oxygen scavenger, etc.) and 25 parts organic solvent

and/or water (for a total of 100 parts) is 0.67% (wt/wt). As used herein a “component” of a
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formulation refers collectively to all ingredients of a particular type. For example, if a
formulation comprises 20% (wt/wt) of a first siloxane monomer and 25% of a second
siloxane monomer and no other siloxanes, the formulation can be described as comprising
45% (wt/wt) of a siloxane component.

[016] The polymerizable formulations of the present invention include
triphenylphosphine (TPP; CAS #: 603-35-0). TPP is a common organophosphorus compound
which is used in the synthesis of organic and organometallic compounds and an intermediate

to make pharmaceuticals, phosphonium salts, and other phosphorus compounds.

TPP

[017] The silicone hydrogel contact lens formulations of the invention include at
least 0.10% (wt/wt) TPP. The TPP can be present in the polymerizable formulation in an
amount of at least 0.15% (wt/wt), such as at least 0.20%, especially at least 0.25 %. For
example, TPP can be present in the polymerizable formulation in an amount from about
0.15% (wt/wt) to about 2.0% (wt/wt), such as from 0.20% (wt/wt) to 1.0% (wt/wt), typically
in an amount from about 0.25% (wt/wt) to about 1.0% (wt/wt).

[018] The contact lens formulations of the invention are silicone hydrogel contact
lens formulations comprising:

a. atleast 40% (wt/wt) of a polymerizable siloxane component, wherein at least 50%
(wt/wt) of the polymerizable siloxane content is di-functional siloxanes having a
molecular weight of at least 5,000 daltons, especially at least 8,000 daltons; and

b. atleast 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s); and

c. atleast 0.10% (wt/wt) of TPP, for example from about 0.20% (wt/wt) to about 2%
(wt/wt) TPP.

[019] A "silicone hydrogel" refers to a crosslinked polymeric material having a
three-dimensional polymer network (i.e., polymer matrix) that is insoluble in water, but
contains at least 10 percent by weight of water in its polymer matrix when fully hydrated. A

"silicone hydrogel" is obtained by polymerization of a polymerizable composition comprising
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at least one silicone-containing component, typically at least one silicone-containing
monomer or at least one silicone-containing pre-polymer or at least one cross-linkable
silicone-containing pre-polymer.

[020] The polymerizable contact lens formulations of the first aspect of the
invention are suitable for forming silicone hydrogel contact lenses. Polymerizable
formulations suitable for use in preparing silicone hydrogel contact lens bodies are well
known in the art. In addition to TPP, a polymerizable siloxane component and hydrophilic N-
vinyl amide monomer(s), the silicone hydrogel contact lens formulations of the first aspect of
the invention may include other components suitable for forming a contact lens body. The
polymerizable formulations typically include a crosslinker and a polymerization initiator. The
polymerizable formulations may include additional polymerizable monomers, oligomers
and/or pre-polymers.

[021] Typically, silicone hydrogel contact lenses are formed through free-radical
propagated reactions involving the polymerization of terminal ethylenically unsaturated
groups, also referred to herein as “polymerizable groups”. Exemplary polymerizable groups
include (meth)acryl, (meth)acrylamide, allyl and vinyl and styrenyl groups. As used herein, a
“vinyl-containing monomer” is any non-siloxane monomer that has a single polymerizable
carbon-carbon double bond (i.e., a vinyl group) present in its molecular structure, where the
carbon-carbon double bond of the vinyl group is attached to an sp3 hybridized carbon atom.
A vinyl group is less reactive than the carbon-carbon double bond present in an acrylate or a
methacrylate polymerizable group under free radical polymerization. The term
"(meth)acrylamide" refers to methacrylamide and/or acrylamide. The term "(meth)acrylate"
refers to methacrylate and/or acrylate. The term "terminal (meth)acryl group" refers to one
(meth)acryl group at one of two ends of the main chain (or backbone) of an organic
compound. An "N-vinyl amide monomer" refers to an amide compound having a vinyl group
CH=CH2 that is directly attached to the nitrogen atom of the amide group.

[022] A “monomer” is a molecule having one or more polymerizable groups that can
react together with other monomers that are the same or different to form a larger polymer or
copolymer chain or three-dimensional matrix in a polymerization process. A monomer
having two or more polymerizable groups can be referred to as a “cross-linking agent”, as
described further below. The term “monomer” encompasses macromonomers and
polymerizable oligomers, i.e. a polymerizable molecule that contains one or more chains of

repeating units such as polymerizable polysiloxanes; thus there is no size-constraint (i.e.
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maximum molecular weight) of the monomer unless indicated otherwise. The term "polymer"
refers a material formed by polymerizing and/or crosslinking one or more monomers.

[023] As used in this application, the term "molecular weight" of a polymeric
material, including components comprising multiple siloxane units, refers to the absolute
number average molecular weight (in units of daltons), for example determined by GPC
using polystyrene standards or by 1H NMR end-group analysis, unless otherwise noted
specifically. An “oligomer” is a compound that consists of 2 to 10 repeating units which
could be derived, actually or conceptually, from monomers. A pre-polymer is a partially
polymerized polymer comprising multiple monomeric units, typically more than 10, reacted
to an intermediate-molecular mass state that retains the ability to continue reacting to fully
cure into a higher molecular mass polymeric material.

[024] The silicone hydrogel contact lens formulations of the invention may include
other hydrophilic monomers in addition to the N-vinyl amide-containing monomers and may
also include hydrophobic monomers.

[025] As used herein, a “hydrophilic monomer” refers to a silicone-free monomer in
which at least 50 grams of the monomer are fully soluble in 1 litre of water at 20 °C (i.e., ~
5% soluble in water) as determined visibly using a standard shake flask method.

[026] The silicone hydrogel contact lens formulation comprises one or more
hydrophilic N-vinyl amide-containing monomer in an amount of at least 30% (wt/wt), such as
in an amount of at least 35% (wt/wt), especially in an amount of at least 37% (wt/wt). The
formulation may additionally include other hydrophilic monomers such as hydrophilic vinyl
ether-containing monomers. The total amount of hydrophilic monomers in the formulation of
the first aspect of the invention is typically no more than 55% (wt/wt), such as no more than
50% (wt/wt).

[027] In some examples, the hydrophilic N-vinyl amide-containing monomers can
be selected from N-vinyl-N-methyl acetamide (VMA), or N-vinyl pyrrolidone (NVP), or N-
vinyl formamide, or N-vinyl acetamide, or N-vinyl-N-ethyl acetamide, or N-vinyl
isopropylamide, or N-vinyl caprolactam, or N-vinyl-N-ethyl formamide, or any combination
thereof. In some examples, the hydrophilic vinyl amide-containing monomer consists of
VMA or NVP, or a combination of VMA and NVP. The vinyl ether-containing monomers
can be selected from 1,4-butanediol vinyl ether (BVE), or ethylene glycol vinyl ether
(EGVE), or diethylene glycol vinyl ether (DEGVE), or 1,4-cyclohexanedimethanol vinyl
ether (CHDMVE), or a poly(ethylene glycol) vinyl ether having from 4 to 10 ethylene glycol

units, or a poly(ethylene glycol) vinyl ether having more than 10 ethylene glycol units, or any
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combination thereof. In some examples, the vinyl ether-containing monomer can be a
poly(ethylene glycol) vinyl ether having at least 1, 2, or 3 ethylene glycol units and up to 4, 6,
8, or 10 ethylene glycol units. One or more vinyl-containing monomers, in addition to the
hydrophilic N-vinyl amide-containing monomers and hydrophilic vinyl ether-containing
monomers, may be included in the polymerizable formulations of the invention described
herein. For example, vinyl monomers having a vinyl ester or allyl ester polymerizable group
may be included in the formulations of the invention in addition to the N-vinyl amide-
containing monomers and vinyl ether-containing monomers. The hydrophilic monomer may
be a (meth)acrylate or (meth)acrylamide group-containing hydrophilic monomer, examples of
which include 2-hydroxyethyl methacrylate (HEMA), 4-hydroxybutyl acrylate glycerol
methacrylate, 2-hydroxyethyl methacrylamide, ethoxyethyl methacrylamide (EOEMA),
polyethyleneglycol monomethacrylate, methacrylic acid (MA) and acrylic acid.

[028] The formulation of the first aspect of the invention includes at least one N-
vinyl amide hydrophilic monomer in an amount of at least 30% (wt/wt), especially in an
amount of at least 35% (wt/wt). The formulations of the first aspect of the invention typically
include no more than 55% (wt/wt) of N-vinyl amide hydrophilic monomers, such as less than
50% (wt/wt) of N-vinyl amide hydrophilic monomers. The formulation of the first aspect of
the invention may include N-vinyl amide hydrophilic monomers in an amount of from 35 to
55%, especially from 37 to 50%. The formulation of the first aspect of the invention may
include N-methyl N-vinyl acetamide in an amount of from 30 to 55%, such as from 35 to
50%, especially from 37 to 50%.

[029] Where more than one hydrophilic monomer is included in the formulations of
the invention, advantageously at least 70% or 80% by weight of the hydrophilic monomers
have a solubility in water of > 20%. In a specific example, 100% of the hydrophilic vinyl-
containing monomer in the polymerizable formulation has a solubility in water of > 10%. The
hydrophilic vinyl-containing monomer typically has a molecular weight of about 75 to about
500, and more typically about 75 to 250.

[030] The formulations of the invention may optionally include hydrophobic
monomers that lack siloxane groups. The term "hydrophobic monomer", as used herein,
refers to a monomer that lacks siloxane groups and which is less than 5% soluble in water at
20 °C as determined using a standard shake flask method.

[031] Hydrophobic monomers may be (meth)acrylate group-containing hydrophobic
monomers. As used herein, a “hydrophobic acrylate-containing monomer” is any non-

siloxane monomer that has a single polymerizable acrylate group (e.g. methyl methacrylate,
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acrylamide, etc.). In a specific example, the hydrophobic acrylate-containing monomer has a
polymerizable methacrylate group. Numerous suitable acrylate-containing monomers are
known in the field. Exemplary hydrophobic acrylate-containing monomers include methyl
acrylate, isopropyl acrylate, cyclohexyl acrylate, methyl methacrylate (MMA), butyl acrylate,
tert-butyl methacrylate (tBMA), perfluorohexylethylthiocarbonylaminoethyl methacrylate,
isobornyl methacrylate (IBM), trifluoroethyl methacrylate, hexafluoroisopropyl methacrylate,
hexafluorobutyl methacrylate, 2-hydroxybutyl methacrylate (HOB), 2-hydroxypropyl
methacrylate (HPMA), and ethylene glycol methyl ether methacrylate (EGMA). Favoured
non-siloxane hydrophobic monomers include hydroxybutyl methacrylate, isobornyl
methacrylate or a combination of hydroxybutyl methacrylate and isobornyl methacrylate. A
silicone hydrogel contact lens formulation may comprise an acrylate-containing hydrophobic
monomer to further enhance mechanical strength and/or stiffness of the lens, or confer other
desired properties.

[032] Hydrophobic monomers that lack siloxane groups are not restricted to
(meth)acrylate group-containing monomers and may comprise vinyl or other ethylenically
unsaturated reactive groups. Further examples of hydrophobic monomers include vinyl
acetate, vinyl propionate, vinyl butyrate, styrene, chloroprene, vinyl chloride, vinylidene
chloride, acrylonitrile, and methacrylonitrile.

[033] The polymerizable formulation may comprise from about 2% to about 20%
(wt/wt), such as 4% to 16% (wt/wt) especially 6% to 12% (wt/wt) of a non-siloxane
hydrophobic monomer component. From 2 to 20% (wt/wt), especially from 5 to 15% (wt/wt)
of the formulation may be hydroxybutyl methacrylate, isobornyl methacrylate or a
combination of hydroxybutyl methacrylate and isobornyl methacrylate.

[034] A “siloxane monomer”, as used herein, refers to a monomer having at least
one siloxane group. The siloxane monomers may comprise a terminal acrylate or
methacrylate group. (Meth)acrylate-containing siloxane monomers that can be used in the
formulations of the invention described herein are well-known in the field. The siloxane
monomers may include mono-functional (meth)acrylate-containing siloxanes, di-functional
(meth)acrylate-containing siloxane or comprise a combination of mono- and di-functional
(meth)acrylate-containing siloxane monomers. In examples where the (meth)acrylate-
containing siloxane monomers consist of one or more mono-functional (meth)acrylate-
containing siloxane monomers (i.e. it does not contain any multi-functional (meth)acrylate-
containing siloxane monomers), the polymerizable formulation will typically further

comprise a (meth)acrylate-containing cross-linking agent, described further below. In a
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specific example, the (meth)acrylate-containing siloxane monomer has one or more
polymerizable methacrylate groups. Various non-limiting examples of suitable acrylate-
containing siloxane monomers include 3-[tris(trimethylsiloxy)silyl]propyl methacrylate
(“TRIS”), 3-methacryloxy-2-hydroxypropyloxy) propylbis(trimethylsiloxy)methylsilane
(“SiGMA”), methyldi(trimethylsiloxy)sylylpropylglycerolethyl methacrylate (“SiGEMA”),
and monomethacryloxypropyl functional polydimethylsiloxanes such as MCR-M07 and
MCS-M11, all available from Gelest (Morrisville, PA, USA).

[035] The silicone hydrogel contact lens formulations of the invention comprise a
polymerizable siloxane component in an amount of at least 40% (wt/wt), such as in an
amount of at least 42% (wt/wt), especially in an amount of at least 45% (wt/wt). The
polymerizable siloxane component typically constitutes no more than 60% (wt/wt) of the
formulation, for example no more than 55% (wt/wt) of the formulation.

[036] The silicone hydrogel contact lens formulation may include at least one mono-
functional siloxane monomer, for example, having a molecular weight of less than 3000
daltons. At least 10% (wt/wt) of the siloxane content may be mono-functional siloxanes
having a molecular weight of less than 3000 daltons. Advantageously, at least 20% (wt/wt) of
the siloxane content is mono-functional having a molecular weight of less than 3000 daltons.
The formulation may comprise between 10 and 30 wt% mono-functional siloxane
monomer(s), for example, between 10 and 30 wt% mono-functional siloxane monomer(s)
having a molecular weight of less than 3000 daltons. The mono-functional siloxanes typically
have a molecular weight of at least 200 daltons.

[037] In one example, the mono-functional siloxane monomer may comprise a

(meth)acrylate-containing siloxane monomer represented by formula (I),

AN T
Rl-?i-(OSli)m-CHzéHCHzo(CH2CH20)nCOC—CH2
CH3 CH3 (I)

where m is an integer from 3 to 10, n is an integer from 0 to 10, R'is an alkyl group having 1
to 4 carbon atoms, R?is hydrogen or a methyl group, and R*is hydrogen or a methyl group.
In a further specific example, the acrylate-containing siloxane monomer is represented by
formula I wherein R! is a butyl group, R? is hydrogen, R*is a methyl group, mis 4, and nis 1.
Methods of making siloxane monomers represented by formula (I) are described in U.S. Publ.

no. 2009/0299022, incorporated herein by reference.
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[038] In another example, the mono-functional siloxane monomer may comprise a

(meth)acrylate-containing siloxane monomer represented by formula (II),

0 . / AN ./ \SI/
. O\/\ N)ko/\/o\/\/SI\O%SI\O/y N
" " 0

where n is an integer from about 10 to 25, especially from 10 to 20. Siloxane monomers of
formula II and other suitable monomers are described in U.S. Pat. No. 6,867,245 and U.S.

Pat. No. 6,310,169, both incorporated herein by reference.

[039] Examples of suitable commercially available mono-functional siloxane
monomers include 2-propenoic acid, 2-methyl-,2-[3-(9-butyl-1,1,3,3,5,5,7,7,9,9-
decamethylpentasiloxane-1-yl)propoxy Jethyl ester, X-22-1622 / KF-1622 available from
Shin-Etsu Chemical Co., Ltd., Tokyo, Japan (CAS # 1052075-57-6), the methacryloxypropyl
terminated poly(dimethyl) siloxane FMM Shin-Etsu Silicones of America, Akron, Ohio,
USA (CAS # 697234-76-7) and 3-methacryloxy-2-hydroxypropyloxy
propylbis(trimethylsiloxy)methylsilane SIGMA.
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[040] The silicone hydrogel contact lens formulation includes at least one di-
functional siloxane having a molecular weight of at least 5,000 daltons, for example at least
6,500 daltons, especially at least 8,000 daltons. The di-functional siloxanes may include or
consist of di-functional (meth)acrylate-containing siloxane monomers, especially di-
functional (meth)acrylate-containing siloxanes having a molecular weight of at least 5,000
daltons, for example at least 6,500 daltons, especially at least 8,000 daltons. The di-functional
siloxanes typically have molecular weight of less than 25,000 daltons, such as a molecular
weight of less than 20,000 daltons, especially a molecular weight of less than 15,000 daltons.
It has been found that including siloxanes having higher molecular weights can result in
formulations that have an unacceptably high viscosity. The silicone hydrogel contact lens
formulation may include at least one di-functional siloxane having a molecular weight of
from 5,000 to 25,000 daltons, for example at least one di-functional siloxane having a
molecular weight of from 6,500 to 20,000 daltons, especially at least one di-functional
siloxane having a molecular weight of at least 8,000 to 15,000 daltons. At least 50% (wt/wt)
of the siloxane content is di-functional siloxanes, especially di-functional (meth)acrylate-
containing siloxanes, having a molecular weight of at least 5,000 daltons. At least 50%
(wt/wt) of the siloxane content may be di-functional siloxanes, especially di-functional
(meth)acrylate-containing siloxanes, having a molecular weight of at least 6,500 daltons.
Advantageously, at least 50% (wt/wt) of the siloxane content are di-functional siloxanes,
especially di-functional (meth)acrylate-containing siloxanes, having a molecular weight of at
least 8,000 daltons. The formulation may comprise between 20 and 45% (wt/wt) di-functional
siloxane, for example, between 20 and 40% (wt/wt) di-functional siloxane, especially di-
functional (meth)acrylate-containing siloxanes. The formulation may comprise between 20
and 45% (wt/wt) di-functional siloxane, especially di-functional (meth)acrylate-containing
siloxanes, having a molecular weight of at least 5,000 daltons, for example, between 20 and

40% (wt/wt) di-functional siloxane, especially di-functional (meth)acrylate-containing
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siloxanes, having a molecular weight of at least 5,000 daltons. The formulation may comprise
between 15 and 45% (wt/wt) di-functional siloxane, especially di-functional (meth)acrylate-
containing siloxanes, having a molecular weight of at least 8,000 daltons, for example,
between 20 and 45% (wt/wt) or between 20 and 40% (wt/wt) di-functional siloxane,
especially di-functional (meth)acrylate-containing siloxanes, having a molecular weight of at
least 8,000 daltons. It has been found that the inclusion of TPP is particularly advantageous in
formulations that include high amounts of high molecular weight siloxanes, such as
formulations comprising at least 20% (wt/wt), especially at least 25% (wt/wt), of siloxanes
having a molecular weight of at least 5,000 daltons, especially at least 8,000 daltons.

[041] In one example, the di-functional siloxane monomer may comprise a

(meth)acrylate-containing siloxane monomer represented by formula (III),

Ry C“ b 2N \..»H % {;"‘51 &,
“ c»;é\-\? L CgH O Bt &iﬁ s &30 *‘“‘ $ 5‘{3‘;‘“333“‘:«&?5 RREHUR ;‘ L2 \\\
Hat { ™ C§ y {:}i B f..:‘{;‘ \\g
H X

faheof CHCHO TR,
(IIT)

wherein R; is selected from either hydrogen or a methyl group; Rz is selected from either
hydrogen or a C14 hydrocarbon group; m represents an integer of from 0 to 10; n represents
an integer of from 4 up to about 15, 25, or 100; a and b represent integers of 1 or more; a+tb 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.

[042] For example, di-functional siloxane monomer, M5A, is represented by
formula (IIT) where R1 is methyl, R2 is methyl, m is O, n is about 7, a is about 75, and b is
about 10. M5A has a molecular weight of between 8,000 and 11,000 daltons.

[043] Other suitable di-functional siloxane monomers are represented by formula
Iv):
CHs C”s o
(IV)

wherein R? is selected from either hydrogen or a methyl group, m represents an integer from

0 to 10, and n represents an integer from 1 to 500. In a specific example, the di-functional
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siloxane monomer is a methacryloxypropyl-terminated polydimethylsiloxane represented by
formula (IV) where R? is a methyl group, m is 0, and n is an integer from 40 to 60 having a
Mw of 4500 to 5500 is available from Gelest (Morrisville, PA, USA) and is referred to as
“DMS-R18” from the manufacturer. Additional suitable methacryloxypropyl-terminated
polydimethylsiloxanes include DMS-R22 and DMS-R31, also available from Gelest.

[044] Yet another suitable di-functional siloxane monomer is represented by formula

V),

OH CH, OHy  CHEF,
! ‘ y i
B DUDOC,H, NHOSOD 00, H,

D, S HEO0H DCONNOH OO0
t

{RENY ~ O~ R
o8, 08, 08,  OH,

V)

wherein n is an integer of about 100 to 150, m and p are both integers of about 5 to 10, and h
is an integer of about 2 to 8. Methods of making compounds of formula (V) are described in
U.S. Pat. No. 6,867,245, incorporated herein by reference. An example of a suitable siloxane
monomer represented by formula (V) is (a-0)-Bis(methacryloyloxyethyl iminocarboxy
ethyloxy-propyl)-poly(dimethylsiloxane)-poly(trifluoropropylmethylsiloxane)-poly (co-
methoxy-poly(ethyleneglycol)propylmeth-ylsiloxane) (M3U) where n is 121, mis 7.6, h is
4.4, and the molecular weight is from 12,000 to 20,000 daltons, typically about 12,800
daltons. Additional (meth)acrylate-containing siloxane monomers that can be used in the
formulations of the invention described herein are known in the field (see e.g. U.S. Pat. No.
7,572,841, U.S. Pat. No. 2006/0063852, and U.S. Pat. No. 5,998,498, each incorporated
herein by reference).

[045] In one example, the siloxane monomers may comprise a combination of a
mono-functional (meth)acrylate-containing siloxane monomer and a di-functional
(meth)acrylate-containing siloxane monomer. In one such example, the mono-functional
(meth)acrylate-containing siloxane monomer has a molecular weight of less than 3,000,
2,000, or 1,000 daltons, and the di-functional acrylate-containing siloxane monomer has a
molecular weight of at least 5,000, 6,500 or 8,000 daltons. In a specific example, the mono-
functional (meth)acrylate-containing siloxane monomer has a molecular weight of from about
250 to about 1000 daltons, and the di-functional acrylate-containing siloxane monomer has a

molecular weight of from about 5,000 to about 16,000 daltons. In a further specific example,
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the mono-functional (meth)acrylate-containing siloxane monomer has a molecular weight of
from about 500 to about 1000 daltons, and the di-functional (meth)acrylate-containing
siloxane monomer has a molecular weight of from about 5,000 to about 12,000 daltons.

[046] The silicone hydrogel contact lens formulations of the invention typically
comprise one or more polymerization initiators, i.e., the formulations can comprise an
initiator, or can comprise an initiator component comprising two or more polymerization
initiators or a combination of polymerization initiators, synergists and activators. The term
“initiator" refers to a chemical that initiates a crosslinking/polymerizing reaction. The
initiator is typically a free radical initiator that forms radicals that initiate radical propagated
polymerization reactions. Polymerization initiators that may be included in the formulations
of the invention include, for example, azo compounds, or organic peroxides, or both. The
initiator may be a photoinitiator that is activated on exposure to actinic radiation, such as UV
light, or a thermal initiator that is activated on exposure to heat. Initiators that can be present
in the polymerizable formulations include, for example, benzoin ethyl ether, or benzyl
dimethyl ketal, or alpha, alpha-diethoxyacetophenone, or 2,4,6-trimethylbenzoyl diphenyl
phosphine oxide, or benzoin peroxide, or t-butyl peroxide, or azobisisobutyronitorile, or
azobisdimethylvaleronitorile, or any combination thereof. UV photoinitiators 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, N.J., USA), or Irgacur (also available from BASF), or any combination
thereof. Advantageously the polymerization initiator is a thermal initiator. Examples of
suitable thermal initiators include 2,2'-azobis-2-methyl propanenitrile abbreviated as “AIBN”
(VAZO-64 from E I. DuPont de Nemours & Co., Wilmington, Del., USA), 2,2'-azobis(2,4-
dimethylpentanenitrile) (VAZO-52) and 1,1'-azo bis(cyanocyclohexane) (VAZO-88 also
from E.I. DuPont). The polymerization initiator or initiator component can be present in the
silicone hydrogel contact lens formulations of the invention in an amount from about 0.1%
(wt/wt) to about 1.5% (wt/wt), or from about 0.2% (wt/wt) to about 1.0% (wt/wt), especially
from about 0.2 to about 0.8% (wt/wt). The formulation of the first aspect of the invention is
optionally a thermally cured formulation comprising at least one thermal initiator. Thermal
curing or actinic curing methods are well-known to a person skilled in the art.

[047] The silicone hydrogel contact lens formulation may further comprise a cross-
linking agent. A cross-linking agent can react with functional groups on two or more polymer
chains to bridge one polymer to another. As used herein, a “cross-linking agent” is any

compound having a molecular weight of less than about 2,000 daltons, typically less than 700
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daltons with two or more polymerizable groups. As used herein, “acrylate-containing cross-
linking agent” has at least two polymerizable acrylate groups, and no other type of
polymerizable group. A “vinyl-containing cross-linking agent” has at least two polymerizable
vinyl groups, and no other type of polymerizable group. The vinyl-containing cross-linking
agents, as well as the acrylate-containing cross-linking agents, typically can have a molecular
weight of less than 1,500, 1,000, 500, or 250 daltons. Examples of vinyl-containing cross-
linking agents that can be used in the formulations of the invention disclosed herein include,
without limitation, divinyl ethers, or divinyl sulfones, or triallyl isocyanurates (TAIC), and
any combination thereof. Exemplary divinyl ethers include diethyleneglycol divinyl ether, or
triethyleneglycol divinyl, or 1,4-butanediol divinyl ether, or 1,4-cyclohexanedimethanol
divinyl ether, or any combination thereof. Typically, the vinyl-containing cross-linking agent
can have two or three polymerizable vinyl groups. When present, the total amount of vinyl-
containing cross-linking agent in the silicone hydrogel contact lens formulation is typically
from about 0.02, 0.04, or 0.06 mol. % up to about 0.10, 0.15, or 0.20 mol. %. Examples of
acrylate-containing cross-linking agents that can be used in the formulations of the invention
disclosed herein, include, without limitation, lower alkylene glycol di(meth)acrylate,
poly(lower alkylene) glycol di(meth)acrylate, lower alkylene di(meth)acrylate,
trimethylolpropane tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A
di(meth)acrylate, methylenebis(meth)acrylamide, and 1,3-bis(3-methacryloxypropyl)
tetramethyldisiloxane. In certain examples, the acrylate-containing cross-linking agent is a
non-siloxane cross-linking agent. When present, the total amount of acrylate-containing
cross-linking agent in the formulation of the invention is typically from about 0.20, 0.25,
0.30, or 0.35 mol. % up to about 0.50, 0.60, 0.70, 0.80, or 1.0 mol. %. For the avoidance of
doubt, multi-functional polymerizable compounds having a molecular weight of more than
2,000 daltons are not considered to be cross-linking agents. Thus di-functional siloxanes as
described herein having a molecular weight of more than 2,000 daltons are not considered to
be cross-linking agents.

[048] The formulations of the invention may optionally further comprise a chain
transfer agent. 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. Examples of chain transfer agents include, for example, thiol compounds,
halocarbon compounds or C3-C5 hydrocarbons, such as allyloxy ethanol.

[049] The formulations of the invention may comprise non-polymerizable

ingredients, in addition to the polymerizable ingredients, that are conventionally used in
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contact lens formulations. Additional ingredients may also be included such as an organic
solvent diluent. Non-limiting examples of these and additional ingredients that may be
included in the polymerizable formulation are provided in US 2007/0296914. The
formulations of the present invention may comprise no more than 2% (wt/wt) of non-
polymerizable ingredients other than TPP, especially no more than 1% (wt/wt) of non-
polymerizable ingredients other than TPP. In particular, the formulations of the present
invention may comprise no more than 2% (wt/wt) of an organic solvent diluent, especially no
more than 1% (wt/wt) of an organic solvent diluent.

[050] Favoured formulations of the invention comprise a siloxane component
present in an amount of at least 40% (wt/wt), wherein at least 50% of the siloxane content is
di-functional siloxanes having a molecular weight of at least 5,000 Daltons; and an N-vinyl
amide monomer component present in an amount of at least 30% (wt/wt). The contact lens of
the second aspect of the invention favourably comprises a polymeric lens material derived
from a favoured polymerizable formulation of the first aspect of the invention comprising
monomers and siloxane components described above.

[051] The formulations that are improved in the third aspect of the invention are
advantageously those described above with respect to formulations of the other aspects of the
invention. For example, the improved formulations in the third aspect of the invention may
comprise any or all of the siloxane components, hydrophilic N-vinyl amide monomer(s),
optional further hydrophilic monomers, optional further hydrophobic monomers, optional
crosslinkers, optional chain transfer agents and optional radical initiators that are described
above. Also for example, the improved formulations in the third aspect of the invention
comprise siloxane components, hydrophilic N-vinyl amide monomer(s), optional further
hydrophilic monomers and optional further hydrophobic monomers in the amounts described

above with respect to formulations of the invention.

EXAMPLES

[052] The following Examples illustrate certain aspects and advantages of the

present invention, which should be understood not to be limited thereby.

Base formulations

[053] Base polymerizable silicone hydrogel contact lens formulation 1 was

prepared containing:

17



WO 2025/003697

[054]

11 wt.% hydrophobic monomers (consisting of 8.29 wt% hydroxybutyl methacrylate
and 2.49 wt% isobornyl methacrylate),

42 wt.% hydrophilic N-vinyl amide monomers (consisting of 10.48 wt% N-vinyl N-
methyl acetamide and 31.44 wt% N-vinyl pyrrolidone),

45 wt.% polymerizable siloxanes (with a varying ratio of monomers — as shown in
Table 1),

2 wt.% of other agents including a thermal initiator (azobisisobutyronitrile (AIBN)) and
a cross linker (triallyl isocyanate).

Base polymerizable silicone hydrogel contact lens formulation 2 was

prepared containing:

9 wt.% hydrophobic monomers (consisting of 9.94% hydroxybutyl methacrylate and
2.09% isobornyl methacrylate),

39 wt.% hydrophilic N-vinyl amide monomers (N-vinyl N-methyl acetamide),

49 wt.% polymerizable siloxanes, in a 62:38 ratio of high molecular weight,
difunctional siloxane (30.23 wt% MSA, Mn 8,000 — 11,000) : low molecular weight,
monofunctional siloxane (18.04 wt% FMM and 0.49wt% KF-1622 Mn <2,000),

3 wt.% of other agents including a thermal initiator (azobisisobutyronitrile (AIBN)) and

a cross linker (triallyl isocyanate).

Assessment of surface rippling

[055]

Rippling severity was assessed visually based on zonometer or SAG optimec

images of the lens and rated from O to 5, using the following scale:

0 — no visible ripples.

1 — very minor, faint ripples.
2 — minor ripples.

3 — moderate ripples.

4 — severe ripples.

5 — very severe, long and deep ripples.

Surface rippling without TPP

[056]

The following examples illustrate the severity of surface rippling that occurs

in the PP moulds for the formulation, and how this can be mitigated by the inclusion of TPP.
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[057] The severity of surface ripples was investigated using polymerizable mixtures
that combine base formulation 1, with a silicone content fixed at 46 parts by weight and
different silicone ratios between M5A : KF-1622 and M5A : FMM. No TPP was included in
the polymerizable mixtures and no further changes to the monomer formulations were made.
All formulations were cast in identical PP moulds. The results are summarized in Table 1
below. The table shows that the severity of rippling increases with increased loading of MSA,

with the most severe surface rippling exhibited by mixture 6, containing 75:25 M5A : FMM.

Table 1.
Mixture Formulation Silicone Mixture Severity of rippling

1 Formulation 1 MSA : KF-1622 (25:75) 1
2 Formulation 1 MS5A : KF-1622 (50:50) 2
3 Formulation 1 MS5A : KF-1622 (75:25) 3
4 Formulation 1 MS5A : FMM (25:75) 2
5 Formulation 1 MS5A : FMM (50:50) 4
6 Formulation 1 MS5A : FMM (75:25) 5
7 Formulation 1 M3U : FMM (81:19) 5

[058] Severe rippling was also observed for lenses made from mixture 7 containing

81:19 M3U : FMM. In comparison Stenfilcon A lenses, comprising ~35% (wt/wt) silicone
content containing 75:25 KF-1622 : M5A, and fanfilcon A lenses, comprising ~39% (wt/wt)
silicone content containing 68:32 KF-1622 : M5A, made using the same process in PP

moulds showed no ripples (0).

Effect of TPP on surface rippling

[059] Addition of TPP to the monomer formulation enabled contact lens
manufacturing free from surface rippling. As the TPP loading is increased the degree of
rippling observed is reduced.

[060] TPP addition to base formulation 2, with an overall silicone content of 54
parts by weight made up of a formulation of 62:38 difunctional : monofunctional siloxanes,

are shown in Table 2 below.

Table 2.
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Mixture Formulation Weight percentage TPP | Severity of rippling
9 Formulation 2 0.000% 3
10 Formulation 2 0.091% 3
11 Formulation 2 0.181% 2
12 Formulation 2 0.271% 1
13 Formulation 2 0.404% 0
[061] The table shows that the severity of rippling decreases with increased loading

of TPP. When no TPP is included (mixture 9), the rippling is at its most prominent. When
0.404% TPP is included (mixture 13), the rippling is mitigated to such an extent that it can no
longer be observed visually.

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

[063] The entire contents of all cited references in this disclosure, to the extent that
they are not inconsistent with the present disclosure, are incorporated herein by reference.
[064] Other embodiments of the present invention will be apparent to those skilled
in the art from consideration of the present specification and practice of the present invention
disclosed herein. It is intended that the present specification and examples be considered as
exemplary only with a true scope and spirit of the invention being indicated by the following

claims and equivalents thereof.
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CLAIMS

1. A silicone hydrogel contact lens formulation comprising:
a. atleast 40% (wt/wt) of a polymerizable siloxane component, wherein at least
50% (wt/wt) of the polymerizable siloxane content is di-functional siloxane
having a molecular weight of at least 5,000 daltons;
b. atleast 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s); and
c. atleast 0.10 % (wt/wt) triphenylphosphine (TPP).

2. The formulation of claim 1, comprising from 35 to 50% (wt/wt) of N-methyl N-vinyl

acetamide monomer(s).

3. The formulation of any preceding claim, comprising at least 37% (wt/wt) of N-vinyl

amide monomer(s).

4. The formulation of any preceding claim, wherein the polymerizable siloxane

component is present in an amount of at least 45% (wt/wt).

5. The formulation of any preceding claim, wherein at least 50% (wt/wt) of the
polymerizable siloxane content is di-functional siloxane(s) having a molecular weight

of at least 8,000 daltons.

6. The formulation of any preceding claim, comprising from 20 to 40% (wt/wt) of di-
functional, (meth)acrylate-containing siloxane(s) having a molecular weight of at least

8,000 daltons.

7. The formulation of any preceding claim, wherein from 20 to 50 % (wt/wt) of the
polymerizable siloxane content is mono-functional siloxanes having a molecular

weight of less than 3000 daltons.
8. The formulation of any preceding claim, comprising from 10 to 30 % (wt/wt) of

mono-functional, (meth)acrylate-containing siloxane(s) having a molecular weight of

less than 3000 daltons.
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9. The formulation of any preceding claim, further comprising:
d. non-siloxane hydrophobic monomer(s), especially hydrophobic methacrylate

monomer(s).

10. The formulation of claim 9, wherein the non-siloxane hydrophobic monomer(s)
include or consist of hydroxybutyl methacrylate, isobornyl methacrylate or a

combination of hydroxybutyl methacrylate and isobornyl methacrylate.

11. The formulation of claim 9 or claim 10, wherein at least 5% (wt/wt) is non-siloxane

hydrophobic monomer(s).

12. The formulation of any preceding claim, comprising TPP in an amount of from 0.2 %
to 2.0% (wt/wt).

13. The formulation of claim 1, comprising:

al. di-functional, (meth)acrylate-containing siloxanes having a molecular weight
of at least 8,000 daltons in an amount of from 20 to 40% (wt/wt);

a2. mono-functional, (meth)acrylate-containing siloxanes having a molecular
weight of less than 3000 daltons in an amount of from 10 to 30 (wt/wt);

b.  N-methyl N-vinyl acetamide in an amount of from 37 to 50% (wt/wt);

c. atleast 0.2% (wt/wt) TPP; and

d. atleast 5% (wt/wt) of hydroxybutyl methacrylate, isobornyl methacrylate or

a combination of hydroxybutyl methacrylate and isobornyl methacrylate.

14. The formulation of any preceding claim, wherein the polymerizable siloxane
component includes a di-functional (meth)acrylate-containing siloxane monomer

represented by formula (III),

8y C’}‘is {A‘f‘; (\““33 CH-; s&,
) ,,\;lwms CHOFCoRe GO SOF— S04 CabtOCHA=OL_A
- i ® I Y é

S0l om0,
(IID)
wherein R is selected from either hydrogen or a methyl group; Ry is selected from

either hydrogen or a Ci.4 hydrocarbon group; m represents an integer of from 0 to 10;
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n represents an integer of from 4 up to about 15, 25, or 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.

15. The formulation of any preceding claim, wherein the polymerizable siloxane
component includes a mono-functional methacrylate-containing siloxane monomer

represented by formula (II),

O S N N\
O~ NJ\ONO\WSLO%&\OAT S
H /n
o) 1y

where n is an integer from about 10 to 15.

16. A hydrogel or silicone hydrogel contact lens obtained from the polymerization of the

formulation of any preceding claim.

17. The use of TPP to improve the surface properties of a contact lens prepared from a
formulation comprising:
a. atleast 40% (wt/wt) of a polymerizable siloxane component, wherein at least
50% (wt/wt) of the polymerizable siloxane content is di-functional siloxanes
having a molecular weight of at least 5,000 daltons, and wherein at least 20%
(wt/wt) of the polymerizable siloxane content is mono-functional siloxanes
having a molecular weight of less than 3000 daltons; and

b. atleast 30% (wt/wt) of hydrophilic N-vinyl amide monomer(s).

18. The use of claim 17, wherein the formulation is as further defined in any one of

claims 2 to 15.

23



