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(57) Abstract: Dimensionally stable silicone hydrogel contact lenses are described. The lenses are derived from a polymerizable
composition including a first 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
cach R? of formula (1) is independently cither a hydrogen atom or a mcthyl group; the lenscs also include units derived from a
second siloxane monomer represented by formula (2): wherein R, of formula (2) is selected trom either hydrogen atom or a methyl
group; R, of formula (2) is sclected from either of hydrogen atom or a hydrocarbon group having 1 to 4 carbon atoms; m of formula
(2) represents an integer of from O to 10; n of formula (2) represents an integer of from 4 to 100; a and b represent integers of 1 or
morc; atb is cqual to 20-500; b/(a+b) is cqual to 0.01-0.22; the configuration ot siloxane units includes a random configuration, the
second siloxane monomer having a number average molecular weight of at least 3,000 daltons that is present in the polymerizable
composition in an amount such that ratio of the first siloxane monomer to the sccond siloxanc monomer is at lcast 2:1 bascd on unit
parts by weight. Batches of silicone hydrogel contact lenses and methods of making silicone hydrogel contact lenses are also de-
scribed.
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DIMENSIONALLY STABLE SILICONE HYDROGEL CONTACT LENSES

[0001]  This application claims the benefit under 35 U.S.C. §119(e) of prior U.S.
Provisional Patent Application No. 61/447,164, filed February 28, 2011, which is

incorporated in its entirety by reference herein.

FIELD
[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
alternative to conventional hydrogel contact lenses (i.e., hydrogel contact lenses that do not
contain silicone or silicone-containing ingredients). The presence of siloxanes in silicone
hydrogel contact lens formulations is believed to affect the properties of silicone hydrogel
contact lenses obtained therefrom. For example, it is believed that the presence of a
siloxane component in a contact lens results in a relatively higher oxygen permeability
compared to a conventional hydrogel contact lens without a siloxane component. In
addition, it is believed that the presence of a silicone component increases the likelihood of
hydrophobic domains being present on the lens surface of a silicone hydrogel contact lens
as compared to a conventional hydrogel contact lens without a silicone component.
Techniques have been developed to overcome the hydrophobicity issues of silicone
hydrogel contact lens surfaces. 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.

[0004] Some documents describing silicone hydrogel contact lenses include:
US4711943, US5712327, US5760100, US7825170, US6867245, US20060063852,
US20070296914, US7572841, US20090299022, US20090234089, and US20100249356,

each of which is incorporated in its entirety by reference herein.

SUMMARY
[0005] It has been discovered that many silicone hydrogel contact lenses made during
a contact lens development process can have stability issues, such as undesired changes in

physical dimensions of the silicone hydrogel contact lenses over time. Such stability issues
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can impact the shelf-life of the silicone hydrogel contact lenses and compromise the
manufacture of silicone hydrogel contact lenses on a commercial scale. The reduced
stability of silicone hydrogel contact lenses, compared to conventional hydrogel contact
lenses, may be attributed, at least in part, to hydrolytic decomposition or degradation of the
siloxanes present in the formulations used to produce the contact lenses, or the siloxanes
present in the polymerized contact lenses. From a manufacturing perspective, it is
important for silicone hydrogel contact lenses to remain dimensionally stable over long
periods of time so that the physical dimensions of the contact lenses remain within target
specifications approved by regulatory agencies over the shelf life of the product.

[0006] As an example, it has now been discovered that silicone hydrogel contact

lenses made from polymerizable compositions containing a single siloxane represented by

formula (1):
CH; CHy R? R?
R‘-%i-(oéli)m-CHzéHCHZO(CHZCHZO),,c0$=CH2
CH; CH, (1)

wherein m of formula (1) is 4, n of formula (1) is 1, and R' of formula (1) is a butyl group,
and each R? of formula (1) is independently either a hydrogen atom or a methyl group;
along with other non-silicon reactive monomers, are not dimensionally stable over long
periods of time. For example, such silicone hydrogel contact lenses appeared to have a
shelf life of less than about 2 years based on average changes in contact lens diameter
during accelerated shelf life studies conducted at elevated temperatures (i.e., at
temperatures above room temperature). This dimensional instability observed in contact
lenses made from formulations containing only this siloxane of formula (1) was observed
even when a cross-linking agent was present in the formulation.

[0007] Based on this discovery, new silicone hydrogel contact lenses have been
invented. Unlike approaches which improved dimensional stability of a silicone hydrogel
contact lens by manipulating the contact lens packaging solution ingredients or pH, the
present disclosure is related to the discovery that including a second siloxane represented
by formula (2):

Ry CHy CH;. CHy  CHy Ry
" ¥ : . i
Hzcé\rro-(c, (O-CaHe zu:')—fzf-);{-s-o-):-i-Hc,ﬂ.—foczu.i}"—‘ow(&CHz
fo) 3 3 3 o}
of CR,CH,0-R
C3Hs ( 2CH; );‘ 2
(2
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wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 3,000 daltons can improve the dimensional stability of the silicone
hydrogel contact lenses that are made from formulations containing the siloxane of formula
(1), and thus result in silicone hydrogel contact lenses that have a commercially acceptable
shelf life.

[0008] The present disclosure relates to new silicone hydrogel contact lenses. A
silicone hydrogel contact lens, in accordance with the preserit disclosure, comprises a
polymeric lens body. The polymeric lens body is the reaction product of a polymerizable
composition. The polymerizable composition comprises a plurality of lens forming
ingredients, such that when the composition is polymerized, a polymeric lens body is
obtained.

[0009] In one example, the present disclosure is directed to a polymerizable
composition used to produce the present silicone hydrogel contact lenses. The

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

CHs CHy R? R?
R‘-#i—(O#i)m-CHz(JJHCHZO(CH2CH20)DCOé=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 methy|
group. The polymerizable composition also comprises a second siloxane monomer. The

second siloxane monomer has a structure represented by formula (2):

Ry CHy CHy.  CHy,  CHy R,
O~ C;H{03-C3Hy —Si0O—fSiOF—{- Si0F—Si=CyHg— OC,H,3—0
H,C m ] . ‘a b [ m CH,
CH; CH, CH, -
0 0
C3HgO1 CH,CH,04—R
aHg ‘( 2CH; };‘ 2

)
wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; of

formula (2) is selected from either of hydrogen atom or a hydrocarbon group having 1 to 4
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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; a+b is equal
to 20-500; b/(atb) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has number average molecular
weight of at least 3,000 daltons. In this example, the first siloxane monomer and the second
siloxane monomer can be present in amounts effective to provide a dimensionally stable
silicone hydrogel contact lens. For example, the first siloxane monomer and the second
siloxane monomer can be present in the polymerizable composition in a ratio of at least 2:1
based on unit parts by weight of the first siloxane monomer to the second siloxane
monomer. Optionally in this example, the first siloxane monomer can have a number
average molecular weight from 400 daltons to 700 daltons, or the second siloxane
monomer can have a number average molecular weight greater than 7,000 daltons, or both.
In addition to the two siloxane monomers, 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. Optionally in this example, when the
polymerizable composition comprises the at least one hydrophilic monomer, the at least
one hydrophilic monomer can be present in the polymerizable composition in an amount
from 30 unit parts to 60 unit parts, or the at least one hydrophilic monomer can comprise at
least one hydrophilic vinyl-containing monomer, such as, for example, at least one
hydrophilic amide-containing monomer having one N-vinyl group, or both. Also optionally
in this example, when the polymerizable composition comprises the at least one cross-
linking agent, the at least one cross-linking agent can comprise a vinyl-containing cross-
linking agent.

[0010] In another example, the present disclosure is also directed to a silicone
hydrogel contact lens which comprises a polymeric lens body that is the reaction product of
a polymerizable composition. The polymerizable composition comprises a first siloxane

monomer represented by formula (1):

R? R?
CI:H3 CH,
R'-?i-(O#i)m-CHz(llHCH20(CH2CH20),,COJ?=CH2
CH; CHs )

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
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group. The polymerizable composition also comprises a second siloxane monomer

represented by formula (2):

Ry CHy CHy. CHy  CH, Ry
O H 03 CyHg~—SiO SiO Si0 Si~C,H OC,H (o)
HZCA( ‘(’cz“)r'n:*‘*a (':H*(':H.)a_‘- +b—(';|4:.’°+ zc')'; \[(gCHz
o s 3 3 o
Ot CH,CH,0+R
CsHg f CH, }n— 2

()
wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 3,000 daltons. The ingredients of the polymerizable composition can be
present in the polymerizable composition in amounts such that the fully hydrated silicone
hydrogel contact lens has an oxygen permeability of at least 55 barrers, or an equilibrium
water content from about 30% to about 70% by weight, or a tensile modulus from about
0.2 MPa to about 0.9 MPa, or any combination thereof. In this silicone hydrogel contact
lens, the first siloxane monomer and the second siloxane monomer are present in the
polymerizable composition in a ratio of at least 2:1 based on unit parts by weight of the
first siloxane monomer to the second siloxane monomer.

[0011] Optionally in this example, the first siloxane monomer can have a number
average molecular weight from 400 daltons to 700 daltons, or the second siloxane
monomer can have a number average molecular weight greater than 7,000 daltons, or both.
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. Also optionally in this example, when the polymerizable composition comprises
the at least one hydrophilic monomer, the at least one hydrophilic monomer can be present
in the polymerizable composition in an amount from 30 unit parts to 60 unit parts, or the at
least one hydrophilic monomer can comprise at least one hydrophilic vinyl-containing
monomer, such as, for example, at least one hydrophilic amide-containing monomer
having one N-vinyl group, or both. Also optionally in this example, when the
polymerizable composition comprises the at least one cross-linking agent, the at least one

cross-linking agent can comprise a vinyl-containing cross-linking agent. In one particular
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lens of this example, the silicone hydrogel contact lens has an oxygen permeability of at
least 55 barrers, an equilibrium water content from about 35% to about 65% by weight, and
a tensile modulus from about 0.2 MPa to about 0.9 MPa.
[0012] The present disclosure is also directed to a batch of silicone hydrogel contact
lenses comprising a plurality of contact lenses formed from polymeric lens bodies which
are the reaction product of the polymerizable composition described herein. The batch of
silicone hydrogel contact lenses comprise the polymerizable composition described in
paragraph [0009] above, or comprise a plurality of silicone hydrogel contact lenses
described in [0010] above, or both, and have an average dimensional stability variance of
less than plus or minus three percent (+3.0%), where the average dimensional stability
variance is the variance in a value of a physical dimension when measured at an initial time
point within one day of a manufacturing date of the batch of lenses, and at a second time
point, where the second time point is from two weeks to seven years after the initial time
point when the batch is stored at room temperature, or, when the batch is stored 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, said average dimensional stability variance being an average of the
dimensional stability variance determined for at least 20 individual lenses of the batch by
the following equation (A):

(Diameter gina - Diameter origina / Diameter originat) X 100 (A).
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 and temperature can be used.
[0013) The present disclosure is also directed to methods of manufacturing a silicone
hydrogel contact lens. The method of manufacturing comprises the steps of providing a

polymerizable composition comprising a first siloxane monomer represented by formula

(N:

RZ R2
(-l':Hs CHj
R'~|Si-(0$i)m-CH2éHCHZO(CHZCHZO)nCOé=CH2
CH; CHj ()

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
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group. The polymerizable composition also comprises a second siloxane monomer

represented by formula (2):

Ry CHy CH,. CHy  CH, R,
0~CyH 0F-CyHg—SiO—f SiOF—f- Si0F—Si~CyHg—{ OC,H,3—0
HiC ™ Gy My 2 b CHy - m CHa
0 3 3 3 0o
CaHgO1 CH,CH,0+—R
aHs f 2CH, );“ 2

@)
wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 3,000 daltons. Optionally in this example, the number average molecular
weights of the first siloxane monomer, the second siloxane monomer, or both, can be as
described in paragraphs [0009] and [0010] above. 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. Also optionally in this example,
the components of the polymerizable composition can be as described in [0009] above.
[0014] In any of the foregoing examples of polymerizable compositions, or of
polymeric lens bodies, or of silicone hydrogel contact lenses, or of batches of silicone
hydrogel contact lenses, or of methods of manufacturing contact lenses described in
paragraphs [0009] — [0013] above, 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. Examples of the second siloxane are described below; or the second siloxane
monomer can be represented by formula (2) wherein in the second siloxane monomer, 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, and R; of formula (2) is a methyl group; or both.

[0015] Additional embodiments of the polymerizable compositions, polymeric lens
bodies, present lenses, lens products, batches of lenses, and methods of manufacturing
contact lenses will be apparent from. the following description, Examples C1 and 1-25, and
claims. As can be appreciated from the foregoing and following description, each and

every feature described herein, and each and every combination of two or more of such
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features, and each and every combination of one or more values defining a range, are
included within the scope of the present invention provided that the features included in
such a combination are not mutually inconsistent. In addition, any feature or combination
of features or any value(s) defining a range may be specifically excluded from any

embodiment of the present invention.

DETAILED DESCRIPTION
[0016] As described herein, it has now been discovered that silicone hydrogel contact
lenses that are formed from a polymerizable composition containing only a single siloxane

monomer represented by formula (1):

R2 R?
CH; CH,
R ’-%i-(Oéli)m-CHzéHCHZO(CHZCH2O)nC Oé=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 from 1 to 4 carbon
atoms, and each R? of formula (1) is independently either a hydrogen atom or a methyl
group, are not dimensionally stable, even when a cross-linking agent is present in the
polymerizable composition. It has further been discovered that by including a second

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

Ry CHy CH;. CHy  CH, Ry
1 PN O{CaH,0)-CHy—$0—- 5109 $10+—S$-CaHe—£ OCHi}—0
? ™ CHy CH, b Chy - m Che
0 3 3 3 o]
CsHeOf CH,CH,0 R
sHe ( 2CH; }n— 2

)

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane has a number average molecular weight of
at least 3,000 daltons, and by providing the first siloxane monomer and the second siloxane
monomer in the polymerizable composition in a ratio of at least 2:1 based on unit parts by

weight, silicone hydrogel contact lenses that are dimensionally stable can be produced.
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[0017] As previously described, in the polymerizable compositions of the present
disclosure, the first siloxane monomer and the second siloxane monomer are present in the
polymerizable composition in 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 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 based on
unit parts by weight.

[0018] 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 siloxane
monomer and y unit parts of a hydrophilic monomer, the composition can be prepared by
combining x grams of the siloxane monomer with y grams of the hydrophilic monomer to
obtain a total of y+z grams of polymerizable composition, or by combining z ounces of the
siloxane with y ounces of the hydrophilic monomer to obtain a total of y+z ounces of
polymerizable composition, and so on. When the composition further comprises additional
optional ingredients such as, for example, x unit parts of a cross-linking agent, x grams of
the cross-linking agent are combined with z grams of the siloxane monomer and y grams of
the hydrophilic monomer to obtain a total of x+y+z grams of polymerizable composition,
and so on. When the composition comprises an additional optional ingredient comprising
an ingredient component composed of two ingredients, such as, for example, a
hydrophobic monomer component consisting of a first hydrophobic monomer and a second
hydrophobic monomer, in addition to the z unit parts of siloxane monomer, the y unit parts
of hydrophilic monomer and the x unit parts of the cross-linker, w unit parts of the first
hydrophobic monomer and v unit parts of the second hydrophobic monomer are combined
to obtain a total amount of v+w-+x+y+z unit parts of the polymerizable composition. It is
understood that the unit parts of the at least one hydrophobic monomer present in such a
polymerizable is the sum of the unit parts of the first hydrophobic monomer and the unit

parts of the second hydrophobic monomer, e.g., v+w unit parts in this example. Typically,
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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 component are based on a formula 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 composition
ranging from about 95 to 105 unit parts by weight, or from about 98 to 102 unit parts by
weight.

(0019] The present contact lenses comprise, or consist of, hydrated lens bodies
comprising a polymeric component and a liquid component. The polymeric component
comprises units of two or more siloxane monomers (i.e., a siloxane monomer of formula
(1), a second siloxane monomer of formula (2), and optionally one or more additional
siloxane monomers), and one or more non-silicon polymerizable ingredients (i.e., one or
more hydrophilic monomers, one or more hydrophobic monomers, one or more cross-
linking agents, or any combination thereof). It can therefore be understood that the
polymeric component is the reaction product of a polymerizable composition comprising
two or more siloxane monomers (two or more siloxane monomers present as 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 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. In addition to the first siloxane monomer of formula (1), the
polymerizable composition further includes a second siloxane monomer, or at least one
cross-linking agent, or both a second siloxane monomer and at least one cross-linking
agent. The at least one cross-linking agent, the at least one hydrophilic monomer, and the at
least one hydrophobic monomer of the polymerizable composition are understood to be
non-silicon polymerizable ingredients. As used herein, 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. Similarly, 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. The at least one hydrophobic monomer can be understood to comprise a single

hydrophobic monomer, or to comprise a hydrophobic monomer component composed of
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two or more hydrophobic monomers. The optional at least one third siloxane monomer can
be understood to comprise a single third siloxane monomer, or to comprise a third siloxane
monomer component composed of two or more siloxane monomers. Additionally, the
polymerizable composition can optionally include at least one initiator, or at least one
organic diluent, or at least one 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 polymerizable ingredients (i.e.,
ingredients having a polymerizable functional group as part of their molecular structure).
[0020] 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 (wt/wt). Thus, the present contact lenses can be understood to be soft contact
lenses, which as used herein, refers to contact lenses that, when fully hydrated, can be
folded upon themselves without breaking.

[0021] As understood in the industry, a daily disposable contact lens is an unworn
contact lens that is removed from its sealed, sterilized package (primary package) produced
by a contact lens manufacturer, placed on a person's eye, and is removed and discarded
after the person is done wearing the lens at the end of the day. Typically, the duration of
lens wear for daily disposable contact lenses is from eight to fourteen hours, and they are
then disposed of after wear. Daily disposable lenses are not cleaned or exposed to cleaning
solutions prior to placement in the eye since they are sterile prior to opening the package.
A daily disposable silicone hydrogel contact lens is a disposable silicone hydrogel contact
lens that is replaced daily. In contrast, non-daily disposable contact lenses are disposable
contact lenses that are replaced less frequently than daily (e.g., weekly, bi-weekly, or
monthly). Non-daily disposable contact lenses are either removed from the eye and
cleaned with a cleaning solution on a regular basis, or are worn continuously without
removal from the eye. The present contact lenses can be either daily disposable contact
lenses or non-daily disposable contact lenses.

[0022] In one example, the polymerizable composition of the present disclosure

comprises a first siloxane monomer represented by formula (1):
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R? R?
CHS CH3
R'-$i-(o §|i)m-CH2<JJ HCH,O(CH,CH,0),C 0<£=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 methy]
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 hydrogen atom or a methyl group, regardless of whether
the first R? of formula (1) is a hydrogen atom or a methyl group. The polymerizable

composition also comprises a second siloxane monomer represented by formula (2):

Ry CH, Hj. CH, CH, R,

i ( X
o] -—8i0 i0 Sio Si-CyHg—tOC,H
HQC)\n’ _(CZHQO')’;‘CSHS éIH _('(ls:'H“)a_'(- ! -)b_élH Hs—{0C; ‘-}—HTOYKCH‘)
0 y 3 ‘B o
Ot CHCH,O0+—R
CaHg ( 2CH; };‘ 2

2

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. 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,

[0023] 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 product of a polymerizable composition or contact lens formulation. The
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polymerizable composition used to produce the present silicone hydrogel contact lens or

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

R2 R?
c|:H3 CHj
R‘-?i—(Oéli)m-CH2éHCH20(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 alkyl group having from 1 to 4 carbon
atoms, and each R? of formula (1) is independently either a hydrogen atom or a methy|
group. The polymerizable composition also comprises a second siloxane monomer

represented by formula (2):

R, CHy CHy. CHy CH, R,

i i, 9 I
H:CJ\((O'(CQHQO');‘Cgﬂg'—§|O—f-§IO')a—(—SlO‘)b_sll CSHa_fOCQH")“—"O\r(gCHz
CHy CHy CH,

o O
C3HgOt CH,CH,0+—R
3Hg ( 2CH; );’ 2

@

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R, 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 formuia (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; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. 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.

[0024] As used herein, a molecular weight is understood to refer to the number
average molecular weight. The number average molecular weight is the ordinary arithmetic
mean or 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, or polymer, of the polymerizable composition is polydisperse, the
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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 daltons.

{0025] The number average molecular weight can be the absolute number average
molecular weight as determined by proton nuclear magnetic resonance (NMR) end group
analysis, as understood by persons of ordinary skill in the art. Molecular weights may also
be determined using gel permeation chromatography, as understood by persons of ordinary
skill in the art, or may be provided by suppliers of the chemicals.

[0026] The molecular weight of the first siloxane monomer is less than 2,000 daltons.
In one example, the molecular weight of the first siloxane monomer can be less than 1,000
daltons. In another example, the molecular weight of the first siloxane monomer can be
from 400 to 700 daltons. Additional details of the first siloxane monomer can be
understood from US20090299022, the entire content of which is hereby incorporated by
reference. As can be appreciated from formula (1), the first siloxane monomer has a single
methacrylate polymerizable functional group present on one end of the main chain of the
siloxane monomer.

[0027] An example of a polymerizable composition in accordance with the present

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

CH3 CH3
R'-éi—(Oﬁi)m-CHzéHCHZO(CHZCHQO)HCO(LCHZ
Cl:Ha C|:H3 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 methy!
group, wherein the first siloxane monomer has a number average molecular weight of from
400 daltons to 700 daltons. The polymerizable composition of this example also comprises

a second siloxane monomer represented by formula (2):
GHy CHy. CHy  CH, R,
H,CJ\n’ -(c,mo+c,u,—s.o-(-sso-)—es.o+—-i.- ,H.,—foc,u.)—om,&m
2

H3 CH:; 0

CaHeOf cmcmo);nz
2
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wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(atb) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. 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. Optionally in this example, the at least one hydrophilic
monomer can comprise a hydrophilic vinyl-containing monomer, including a hydrophilic
amide-containing monomer having one N-vinyl group; or can comprise a vinyl-containing
cross-linking agent, or both.

[0028] In one example of the present contact lenses, the second siloxane monomer
can have a number average molecular weight of at least 4,000 daltons, or at least 7,000
daltons, or at least 9,000 daltons, or at least 11,000 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, but it will be
referred to as a monomer herein since it forms a unit part of a polymer formed with the
other reactive components of the polymerizable composition.

[0029] Another example of a polymerizable composition in accordance with the

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

CH; CHy R? R?
R'-#i—(Oéli)m-CHzéHCHZO (CH,CH,0).C OAZ=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. The polymerizable composition of this example also comprises a second siloxane

monomer represented by formula (2):
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Ry CH; Hy.  CHy  CH, Ry
y ZCJ\’],O-\Lc,n.o};‘c,a,——?.o—(-.T,.o-}a—f-s:o-)b—s‘u-can.-focza.-)r—n—ow(&c“z
] CH; CHy CHy -
0 _ 0
c,n.,o{cmcmo);a,

@

wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 7,000 daltons. The first siloxane monomer and the second siloxane
monomer are present in the polymerizable composition in a ratio of at least 2:1 based on
unit parts by weight. 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. Optionally in this example, the at least one hydrophilic
monomer can comprise a hydrophilic vinyl-containing monomer, including a hydrophilic
amide-containing monomer having one N-vinyl group; or can comprise a vinyl-containing
cross-linking agent, or both.

[0030] Yet another example of a polymerizable composition in accordance with the

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

R? R?
CH3 CH,
R1-%i—(Oéli)m-CH2$HCH20(CH2CH20),,C0&=CH2
CH; CHy )

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, wherein the first siloxane monomer has a number average molecular weight of from
400 daltons to 700 daltons. The polymerizable composition of this example also comprises

a second siloxane monomer represented by formula (2):
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Ry 9H3 Hs . (':H;, (l:Hg R,
" 2‘:J\_ro-(c,mo)‘;‘c,m(,——?o—{-§so—)a—(-s.o-)b—s.n—c_—,n.;—foc,u.)v—n—om,&ci_b
CHy  CHs CH, -
o o
0Ot CH,CH,0+—R
C3Hg { 2CH; ); 2

@)

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 7,000 daltons. The first siloxane monomer and the second siloxane
monomer are present in the polymerizable composition in a ratio of at least 2:1 based on
unit parts by weight. 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. Optionally in this example, the at least one hydrophilic
monomer can comprise a hydrophilic vinyl-containing monomer, including a hydrophilic
amide-containing monomer having one N-vinyl group; or can comprise a vinyl-containing
cross-linking agent, or both.

[0031] As previously stated, 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 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
combination thereof, although, optionally, the polymerizable composition can further
comprise at least a third siloxane monomer.

[0032] The first siloxane monomer, the second siloxane monomer and the optional at
least one third siloxane monomer comprise the siloxane monomer component of the
polymerizable composition. Each of the first siloxane monomer, or the second siloxane
monomer, or the optional third siloxane monomer, or any combination thereof, can be a

hydrophilic siloxane monomer, or a hydrophobic siloxane monomer, or can have both
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hydrophilic regions and hydrophobic regions, depending on the amount and location of any
hydrophilic components, such as units of ethylene glycol, polyethylene glycol and the like,
present in the molecular structure of the siloxane monomers. For example, the second
siloxane monomer, or the optional at least one third siloxane monomer, or any combination
thereof, can contain hydrophilic components within the main chain of the siloxane
molecule, can contain hydrophilic components within one or more side chains of the
siloxane molecule, or any combination thereof. For example, the siloxane monomer can
have at least one unit of ethylene glycol adjacent to a polymerizable functional group in the
main chain of the siloxane molecule. As used herein, adjacent is understood to mean both
immediately adjacent, and separated only by 10 or fewer carbon atoms The at least one unit
of ethylene glycol adjacent to a polymerizable functional group in the main chain of the
siloxane molecule can be separated from the polymerizable functional group by a carbon
chain 1-5 units in length (i.e., where the ethylene glycol unit is bonded to the first carbon in
the carbon chain 1-5 units in length, and the polymerizable functional group is bonded to
the last carbon of the carbon chain 1-5 units in length, in other words, the ethylene glycol
unit and the polymerizable group are not immediately adjacent but are separated by 1-5
carbon atoms ). 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 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.

[0033] The hydrophilicity or hydrophobicity of a monomer can be determined using
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 or more of the monomer are visibly fully soluble in 1 liter of water at 20 degrees C
(i.e., the monomer is soluble at a level of at least 5% wt/wt in water) 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 aqueous
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solution at room temperature, such that separate, visually identifiable phases are present in
the aqueous solution, 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 monomer are
not visibly fully soluble in 1 liter of water at 20 degrees C (i.e., the monomer is soluble at a
level of less than 5% wt/wt in water).

[0034] 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 Examples C1 and 1-25. An example of a polymerizable composition used to
produce the present silicone hydrogel contact lens or lenses comprises a first siloxane

monomer represented by formula (1):

R? R?
CHs G,
R‘-Isl'-(oéli)m-CHzéHCHzo(CHﬁHZ0)nc0é=CH2
CH; CH, M

wherein 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. The
polymerizable composition of this example also comprises a second siloxane monomer

represented by formula (2):

Ry CHy CHy.  CH, 9"3 Ry
(o] HyO3-C3Hg—SiO—{SiO Si0 Si—C4Hg—f OC,H 0.
ey OFEHOY Gt FO+ 0T 10 Cteto0 e,
o 3 3 3 o
C;HgO+CH,CH,04—R
3Hs ( 2CH; );‘ 2

@

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
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unit parts by weight. 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. Optionally in this example, the at least one hydrophilic
monomer can comprise a hydrophilic vinyl-containing monomer, including a hydrophilic
amide-containing monomer having one N-vinyl group; or can comprise a vinyl-containing
cross-linking agent, or both.

[0035] Another example of a polymerizable composition used to produce the present

silicone hydrogel contact lens or lenses comprises a first siloxane monomer represented by

formula (1):
CHy Gy R? R?
Rl-Si-(Oéi)m-CﬂzéHCHQO (CH,CH,0),C Oé=CH2
C|3H3 éHa 1))

wherein 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, wherein
the first siloxane monomer has a number average molecular weight of from 400 daltons to

700 daltons. The polymerizable composition of this example also comprises a second

siloxane monomer represented by formula (2):

Ry CHy CHy.  CHy  CHy R,
0~+CaH(03-CyHg— SI0—fSI04—F$I0—Si~CHg— OC,H,3—0
ey Ot CHOY Gt FO—tHOY 0TS CatemtOCH o
0 3 3 3 0
c,mo(cuzcnzo)—szz

n

2

wherein R, of formula (2) is selccted from either hydrogen atom or a methy! group; R; 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. 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. Optionally in this example, the at least one hydrophilic
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monomer can comprise a hydrophilic vinyl-containing monomer, including a hydrophilic
amide-containing monomer having one N-vinyl group; or can comprise a vinyl-containing
cross-linking agent, or both.

[0036] Yet another example of a polymerizable composition used to produce the
present silicone hydrogel contact lens or lenses comprises a first siloxane monomer

represented by formula (1):

R? R2
CI:H:; CH;
R‘-?i—(Oéli)m-CHz(llHCHZO(CH2CH20)HCOé=CH2
CH; CH, (1

wherein 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. The
polymerizable composition of this example also comprises a second siloxane monomer

represented by formula (2):

Ry CHy CHy. CHy  CH, Ry
Hzcaﬁro_(czﬂ‘o’—mc’mwii-(.gzﬁm+b_f';:féﬂﬁoczﬂ‘*;oﬁfgc'*z
o (¢]
camo{cnzcazo)n—az
2

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R 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; a+b is equal
to 20-500; b/(atb) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 7,000 daltons. The first siloxane monomer and the second siloxane
monomer are present in the polymerizable composition in a ratio of at least 2:1 based on
unit parts by weight. 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. Optionally in this example, the at least one hydrophilic
monomer can comprise a hydrophilic vinyl-containing monomer, including a hydrophilic
amide-containing monomer having one N-vinyl group; or can comprise a vinyl-containing

cross-linking agent, or both.
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[0037] As previously stated, in the present silicone hydrogel contact lenses, the

second siloxane monomer is represented by formula (2):

R, CHy CHy  CHy  CHy R,
e o—{c,n.oa—mc,w-—go«-{-goﬁ-—(-seo-)b—s;i—caus-foc,n.-);oj(kcm
? CHy, CH;? CHy - :
0 0
HeOf CHaCH,0 R
Cs { 2CH; )n— 2

(2)
wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; 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. 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 atoms. One example of such a second siloxane monomer as
represented by formula (2) is abbreviated Si2 in Examples C1 and 1-25. 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 appreciated that the second siloxane
represented by formula (2) is a bifunctional siloxane having two terminal methacrylate
polymcriiable functional groups (i.e., a methacrylate group present on each end of the
main siloxane chain of the molecule). Additional details of this second siloxane monomer
can be found in US20090234089, the entire content of which is incorporated herein by
reference.

[0038] An example of a polymerizable composition used to produce the present

silicone hydrogel contact lens or lenses comprises a first siloxane monomer represented by

formula (1):
CHy CH, R R?
R1-|§i-(o$i)m-CH2éHCHzo(CH2CH20),,CO(L,:CH2
CH; CH, )
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where 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 of this example also comprises a second siloxane monomer

represented by formula (2):

R, CHy CHy.  CHy  CHy R,
0~ C;H,04-CyHs—Si0—{-5i0 Si0 Si=CaHg—{0C,H—0
iePny OO ke JOHHOY 0T -g-Ctoc e,
3 3 3 -
o 0
C3HgO1 CHCH,04+—R
aHe { 2CH; )n‘ 2

)

wherein 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 second siloxane has a number average molecular weight of at least 7,000 daltons.
The first siloxane monomer and the second siloxane monomer are present in the
polymerizable composition in a ratio of at least 2:1 based on unit parts by weight. 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.
Optionally in this example, the at least one hydrophilic monomer can comprise a
hydrophilic vinyl-containing monomer, including a hydrophilic amide-containing
monomer having one N-vinyl group; or can comprise a vinyl-containing cross-linking
agent, or both.

[0039] Another example of a polymerizable composition used to produce the present

silicone hydrogel contact lens or lenses comprises a first siloxane monomer represented by

formula (1):
CH; CHs R? R
Rl-léi-(O.iéi)m -CHz(lJHCH;ZO (CH,CH,0),C Oé=CH2
CH; CH, (1)

wherein 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, and the
first siloxane monomer has a number average molecular weight of from 400 daltons to 700
daltons. The polymerizable composition of this example also comprises a second siloxane

monomer represented by formula (2):
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R, CHy CHy.  CHy  CHy Ry
o-(c,H.o-)—c,Ha——s.o—(»s.o—)—(—s:o-}-—sl— ,H.—foc,a.}—o
HoC CH,
CH: CH;
o]
O CH,CH,0+-R
CsHg ( 2CH, ); 2

@

wherein 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 | to 10, R1 of formula (2) is a methyl group, and R2 of
formula (2) is either a hydrogen atom or a hydrocarbon group having 1 to 4 carbon atoms
and the second siloxane has a number average molecular weight of at least 7,000 daltons.
The first siloxane monomer and the second siloxane monomer are present in the
polymerizable composition in a ratio of at least 2:1 based on unit parts by weight. 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.
Optionally in this example, the at least one hydrophilic monomer can comprise a
hydrophilic vinyl-containing monomer, including a hydrophilic amide-containing
monomer having one N-vinyl group; or can comprise a vinyl-containing cross-linking
agent, or both. The polymerizable compositions used to prepare the present silicone
hydrogel contact lenses can also include optional additional ingredients other than those
described above. For example, a polymerizable composition can include at least one third
siloxane monomer. As another example of a bifunctional siloxane monomer useful in the
present silicone hydrogel contact lenses, the optional third (or more) siloxane monomer can

be represented by formula (3):

%wwz

wherein R’ is selected from either hydrogen atom or a methyl group, m of formula (3)

Hy CH3 CH
(SI }, \/\/< \/3\ /U\n/
Hj CH CHS

3

represents an integer from 0 to 10, and n of formula (3) represents an integer from 1 to 500.
In one example, the second 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. The
second siloxane monomer of this example is represented by formula (4), and is abbreviated
Si3 in Examples C1 and 1-25 (available from Gelest, Inc. (Morrisville, PA, USA) as
product code DMS-R18):
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CH, TH3 (,:H3 TH3 CH,
HZC)\(O\/\/T'\O«('T'\O);T'\/\/O\”/&CHZ
0 CH3 CHy  CH, 0 4)
The siloxane of formula (4) can have a number average molecular weight from about 4,000
to about 4,500 daltons.
[0040] The polymerizable compositions used to prepare the present silicone hydrogel
contact lenses can also include optional additional ingredients other than those described
above. For example, as discussed above, a polymerizable composition 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 one 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]propy! 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 methyl di (trimethylsiloxy) silylpropylglycerolethyl
methacrylate (SiGEMA), or monomethacryloxypropyl terminated polydimethylsiloxane
(MCS-M11), MCR-M07, 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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[0041] The total amount of siloxane monomers present in the polymerizable
composition (e.g., the sum of the unit parts of the first siloxane monomer, the second
siloxane monomer, and any other optional siloxane monomers present in the polymerizable
composition) can be from about 10 to about 60 unit parts, or from about 25 to about 50 unit
parts, or from about 35 to about 40 unit parts.

[0042] As previously stated, optionally, the polymerizable compositions of the
present disclosure can comprise at least one hydrophilic monomer. The hydrophilic
monomer is understood to be a non-silicone polymerizable ingredient having only one
polymerizable functional group present in its molecular structure. 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 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 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 methacrylate, or 2-hydroxybutyl methacrylate (HOB), or 2-
hydroxybuty! acrylate, or 4-hydroxybutyl acrylate glycerol methacrylate, or 2-
hydroxyethyl methacrylamide, or polyethyleneglycol monomethacrylate, or methacrylic
acid, or acrylic acid, or any combination thereof.

[0043] In one example, the hydrophilic monomer or hydrophilic monomer component
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-hydroxyethyl vinyl carbamate, or N-carboxy-p-alanine N-vinyl ester, or
1,4-butanediol vinyl ether (BVE), or ethylene glycol vinyl ether (EGVE), or diethylene
glycol vinyl ether (DEGVE), or any combination thereof.
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[0044] In another example, the hydrophilic monomer or hydrophilic monomer
component of the polymerizable composition can comprise or consist of a hydrophilic
amide 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-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.

[0045] In one example, the polymerizable composition of the present disclosure

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

CHs  Chy R R?
R'-§i-(oéli)m-CHzéHCHzo(CHZCHZO)nc 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 methy|
group. The polymerizable composition also comprises a second siloxane monomer

represented by formula (2):

Ry CHy CHy. CHy  CH, R,

O~ CH,04-C3Hg—SiO Si0 Si0o Si=C4H OC,H, (o)
Hch\'r ~CzH, ‘)"":He éH—(-éHHa ')—b " sHg—£0C; 4‘)"—‘ \n/&c”z
o 3 3 3 0
C3HgO+CH,CH,04+—R
3Hg f H2CH;! )n_ 2

@

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
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unit parts by weight. The polymerizable composition of this example also comprises at
least one hydrophilic vinyl-containing monomer. Optionally, the polymerizable
composition of this example can comprise a vinyl-containing cross-linking agent

[0046] In another example, the polymerizable composition of the present disclosure

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

CH; CH, R? R?
R1-%i-(O#i)m-CHZ&HCHzo(CHﬁHzO)nCOJZ=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 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

represented by formula (2):

Ry CHy CHy. CHy  CHy Ry
(o] -CyHg— Si0O—{-SiO SIO Si=CyHg—t0C,H
Hzc)ﬁ( 'fcz"ho')r‘“ sHg " — (lle ‘)a_f' '):' c':'H He—£OC; dr_n—o\ﬂ/gCHz
o 3 s 3 - o
C3HgOt CH,CHO04—R
aHs ( 2CH; )n— 2

05

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(atb) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises at
least one hydrophilic amide-containing monomer having one N-vinyl group. Optionally,
the polymerizable composition of this example can comprise a vinyl-containing cross-
linking agent.

[0047] In yet another example, the polymerizable composition of the present

disclosure comprises a first siloxane monomer represented by formula (1):
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CH; CH, R R?
R1-#i—(Oéli)m-CHzé)HCHQO(CH2CH20)nCOé=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 from 1 to 4 carbon
atoms, and each R? of formula (1) is independently either a hydrogen atom or a methyl
group, and the first siloxane monomer has a number average molecular weight of from 400
daltons to 700 daltons. The polymerizable composition also comprises a second siloxane

monomer represented by formula (2):

Ry CH; CH,. CHy  CHy Ry
0+CoH O} CyHg— Si0—fSI0F—f 810 4— 8i-C Hg—£ OC,H,—O
HeC m CH, CH,? b, . m CH,
o 3 3 3 o
0Ot CH,CH,0+R
CsHg ( 2CH, }; 2

@)

wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 7,000 daltons. The first siloxane monomer and the second siloxane
monomer are present in the polymerizable composition in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises at
least one hydrophilic amide-containing monomer having one N-vinyl group. Optionally,
the polymerizable composition of this example also comprises a vinyl-containing cross-
linking agent.

[0048] 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
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comprises or consists of EGVE. In yet another example, the hydrophilic vinyl component
comprises or consists of DEGVE.

[0049] In yet another example, the hydrophilic vinyl-containing monomer component
can comprise or consist of a combination of a first hydrophilic monomer or monomer
component, and a second hydrophilic monomer or hydrophilic monomer component. In
one example, the first hydrophilic monomer has a different polymerizable functional group
than the second hydrophilic monomer. In another example, each monomer of the first
hydrophilic monomer has a different polymerizable functional group than the second
hydrophilic monomer. In another example, 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.

[0050] 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 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 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 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 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 monomers each of which do not have a vinyl ether

polymerizable functional group as part of their molecular structures), the second
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hydrophilic monomer or monomer component can comprise or consist of one or more
vinyl ether-containing monomers. In a particular example, the first hydrophilic monomer
or monomer component can comprise or consist of one or more amide-containing
monomers each having an N-vinyl group, and the second hydrophilic monomer or
monomer component can comprise or consist of one or more vinyl ether-containing
monomers.

[0051) 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 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 hydrophilic monomer component can comprise EGVE and DEGVE.
[0052] 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 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.

[0053] In another example, the non-silicon hydrophilic vinyl-containing monomer
can 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.

[0054] When a hydrophilic monomer or a hydrophilic monomer component is present
in the polymerizable composition, the hydrophilic monomer or monomer component can
be 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 in the polymerizable composition from 40 to 55 unit parts, or from 45 to 50 unit
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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.

[0055] In one example, the polymerizable composition of the present disclosure

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

CH R2 R2

| 3 CHs; é é
R'-§i-(oéli)m-CH2 HCH,O(CH,CH,0),COC=CH,

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 from 1 to 4 carbon
atoms, and each R? of formula (1) is independently either a hydrogen atom or a methy!

group. The polymerizable composition also comprises a second siloxane monomer

represented by formula (2):

R‘ ?Ha (I:Hg - 9H3 ?HQ R1
0~ C H 04 C;3Hys—SiO—{-SiO Sio Si—CyHa—{ OC,H O.
HzC)\n’ +{CH, ‘)"“:He (’:H-+('.‘,'H-)a_+ +b—(':H :lse"(' zc‘)"; \|]/J§CH2
0 3 3 3 0
c,mo{cu,c:—izo}-rcz
n

(2

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(atb) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular

weight of at least 3,000 daltons. The first siloxane monomer and the second siloxane
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monomer are present in the polymerizable composition in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises at
least one hydrophilic vinyl-containing monomer present in an amount from 30 unit parts to
60 unit parts. Optionally, the polymerizable composition of this example can comprise a
vinyl-containing cross-linking agent

[0056] In another example, the polymerizable composition of the present disclosure

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

R2 R?
?Hs CH,
R'-?i-(O§|i)m—CHzéHCHZO(CH;ZCHzO)nC OAT=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. The polymerizable composition also comprises a second siloxane monomer

represented by formula (2):

R, CHy CHy. CHy  CHy R,
o—(c,mo-)-c,ue—Sio—(-sao-)—(—sso-}—ss-cau.—(oczn.«}—o\n,g
"'C)\lr m CH, CH, @ b CH, . m CH,
o 0
CsHeO{ CH,CH,0-R
3Hg ( H,CH, )"" 2

@

wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R, 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 intcger 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; a+b is equal
to 20-500; b/(atb) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises at
least one hydrophilic amide-containing monomer having one N-vinyl group present in an
amount from 30 unit parts to 60 unit parts. Optionally, the polymerizable composition of

this example can comprise a vinyl-containing cross-linking agent.
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[0057] In yet another example, the polymerizable composition of the present

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

CHy CH, R? R?
11'-$i-(0é|i)m-cHzéHCHZO(CHZCHp),,c0«£=CH2
CH; CH, m

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, and the first siloxane monomer has a number average molecular weight of from 400
daltons to 700 daltons. The polymerizable composition also comprises a second siloxane

monomer represented by formula (2):

Ry CHy CHy.  CHy  CHy R,
O~+C,H,03-CsH;~Si0 Sio Si0 Si=C,Hg—t0C,H, 0.
Hzc)\[‘r ~CaH, ');‘.'sHe (’:H—(-(':H-)a_‘- T(’:H aHs—t 24');“‘ \n/gCHz
fe) 3 3 3l 0
C3HgOt+ CH,CH,04—R.
3Hg ( 2CH; )n- 2

@

wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 7,000 daltons. The first siloxane monomer and the second siloxane
monomer are present in the polymerizable composition in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises at
least one hydrophilic amide-containing monomer having one N-vinyl group in an amount
from 30 unit parts to 60 unit parts. Optionally, the polymerizable composition of this
example also comprises a vinyl-containing cross-linking agent.

[0058] 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
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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, viny! 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.

[0059] In addition, the polymerizable compositions of the present disclosure can
optionally comprise at least one non-silicon hydrophobic monomer. The hydrophobic
monomer is understood to be a non-silicone polymerizable ingredient having only one
polymerizable functional group present in its molecular structure. 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-
containing hydrophobic monomers, or methacrylate-containing hydrophobic monomers, or
any combination thereof. Examples of hydrophobic monomers include, without limitation,
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 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 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 MMA, or
EGMA, or both.

[0060] When present in the polymerizable composition, the hydrophobic monomer
or 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.
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[0061] 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 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 hydrophilic monomer component can comprise or consist of MMA and
EGMA. In one example, the at least two hydrophobic monomers of the hydrophobic
monomer component can comprise or consist of MMA and EGMA, and the ratio of the
unit parts of MMA to the unit parts of EGMA present in the polymerizable composition
can be from about 6:1 to about 1:1. 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 parts of EGMA.

[0062] Optionally, the polymerizable composition can further comprise at least one
cross-linking agent. The polymerizable composition can comprise one cross-linking agent,
or 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.

[0063] 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 Examples C1 and 1-25, 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
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have a molecular weight less than 1500 daltons, or less than 1000 daltons, or less than 500
daltons, or less than 200 daltons.

[0064] 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-linking agent) are not considered to
be vinyl-containing cross-linking agents. Polymerizable functional groups having carbon-
carbon double bonds which are less reactive than the carbon-carbon double bonds of
acrylate or methacrylate polymerizable groups include, for example, vinyl amide, vinyl
ester, vinyl ether and allyl ester polymerizable functional groups. Thus, as used herein,
vinyl-containing cross-linking agents include, for example, cross-linking agents 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 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.

[0065] In one example, the cross-linking agent or cross-linking agent component can
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-linking 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 methacrylate-containing cross-linking agent (i.c., at least two methacrylate polymerizable
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functional groups), or at least one acrylate-containing cross-linking agent and at least one
methacrylate-containing cross-linking agent.

[0066] 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
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 agent.

[0067) Optionally, the polymerizable composition of the present disclosure can
comprise or consist of at least one vinyl-containing cross-linking agent or cross-linking
agent component, and can be free of a non-silicon non-vinyl crosslinking agent. [n 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-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 cross-linking
agents are present in the polymerizable composition.

[0068) In one example, the polymerizable composition of the present disclosure

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

R? R?
(l:Ha CHs
R'-?i—(Oéli)m-CHzflJHCHZO (CH,CH,0),COL=CH,
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 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

represented by formula (2):
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R, CHy CHy.  CHy  CHy R,
)Yo-(-c,mo-)-c,u.,—&o—(-s.o-)—f-Sio-)—Sn—c,H.—(-oczn.—}—oj(&
H,C é CH,
EHy  CH, I

CsHeOf CHCH0 R
sHg € 2 20); 2

@

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R; 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises at
least one vinyl-containing cross-linking agent. In another example, the polymerizable

composition of the present disclosure comprises a first siloxane monomer represented by

formula (1):
CH3 CHs
R'-s1-(oél)m-CHzéHCHzo(CHZCHZO)nC0é=CH2
CH3 CH3 )

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

represented by formula (2):

Ry CH; Hg CH3 CH3 R1
" zc)\",o-{»ci.u.o-)-c,v-c.,—s-c:«-(—s.o-)—-(-sm-)—s.-cm.—{»oc,w)-o\n/k -
CHy CH, ?
o
C3HgO1 CR,CH,04—R.
3He { 2CH; );‘ 2

@

wherein R; of formula (2) is selected from either hydrogen atom or a methyl group; R, 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)
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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; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has 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 in a ratio of at least 2:1 based on
unit parts by weight. The polymerizable composition of this example also comprises a
cross-linking agent component comprising at least one vinyl-containing cross-linking agent
and at least one acrylate-containing cross-linking agent.

[0069] In yet another example, the polymerizable composition of the present

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

RZ R2
(l:HS CH3
R’-Ilii-(O#i)m-CHz(]ZHCHZO(CHZCHZO)nCOé=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 from 1 to 4 carbon
atoms, and each R? of formula (1) is independently cither a hydrogen atom or a methyl
group, and the first siloxane monomer has a number average molecular weight of from 400
daltons to 700 daltons. The polymerizable composition also comprises a second siloxane

monomer represented by formula (2):

Ry CHy CHy.  CHy  CHy R,
o-{czu.o-)-c,H,—-Sio—(-go-)—-f—s;o-)——-ss—c,u.—focm.i——o
HC m CH, CH, 2 b ¢n m CH,
0 3 3 3 0
CaHeOf CHoCH;0)-R,

@

wherein R, of formula (2) is selected from either hydrogen atom or a methyl group; R, 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; a+b is equal
to 20-500; b/(a+b) is equal to 0.01-0.22; the configuration of siloxane units includes a
random configuration; and the second siloxane monomer has a number average molecular
weight of at least 7,000 daltons. The first siloxane monomer and the second siloxane
monomer are present in the polymerizable composition in a ratio of at least 2:1 based on

unit parts by weight. The polymerizable composition of this example also comprises at
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least one hydrophilic amide-containing monomer having one N-vinyl group in an amount
from 30 unit parts to 60 unit parts, and comprises a cross-linking agent component
comprising at least one vinyl-containing cross-linking agent and at least one acrylate-
containing cross-linking agent.

[0070) 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-linking agent or cross-linking agent component can be present in the
polymerizable composition in an amount from 0.01 to 0.50 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 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 combination of a vinyl-containing cross-linking agent or
crosslinking agent component, and 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 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.

[0071] The polymerizable composition can optionally include one or more organic
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 or more oxygen scavengers, or one or more chain transfer agents, or any combination
thereof. These optional ingredients can be reactive or non-reactive ingredients. In one
example, the polymerizable compositions can be diluent-free in that they do not contain
any organic diluent to achieve miscibility between the siloxanes and the other lens forming

ingredients, such as the optional hydrophilic monomers, hydrophobic monomer, and cross-
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linking agents. 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).

[0072] The polymerizable compositions disclosed herein can optionally comprise one
or more organic diluents, i.e., the polymerizable composition can comprise an organic
diluent, or 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 amount from about 1 to about 70 unit parts, or from about
2 unit parts to about 50 unit parts, or from about S unit parts to about 30 unit parts.

[0073] Approaches commonly employed to increase the miscibility 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
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 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 one example, the silicone
hydrogel contact lenses of the present disclosure are formed from polymerizable
compositions which are free of an organic diluent.

[0074] 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 manufacture of contact lenses, such as, for example, for 2 weeks, or 1 week, or
5 days. Typically, when polymerized and processed into contact lenses, miscible
polymerizable compositions result in contact lenses having ophthalmically acceptable
clarities.

[0075] 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
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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-
trimethylbenzoy! diphenyl phosphine oxide, or benzoin peroxide, or t-butyl peroxide, or
azobisisobutyronitorile, or azobisdim<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>