Materials for contact lenses comprising amacromer having

the polysiloxane structure in the side chain

Background of the Invention

Field of the Invenﬁion

The present invention relates to a material for contact
lenses which is suitable as a polymer having biocompatibility
and oxygen permeability, and to soft contact lenses. The soft
contact lenses of'the}present invention have the water content-
of, for example, from 15 to 35%, and excellent flexibility and

oxygen permeability.

Related Art

Clinical résults have indicated that a use of contact
lenses reduces the supply of oxygen from the air, which may
sometimes cause inhibitingproliferation of corneal epithelial
cells and corneal swelling. Accordingly, an improvement of
the material in oxygen permeability has been attempted so far
in order to provide contact lenses having higher safety.

In the improvement in oxygen permeability of hard contact
lenses, introduction of siloxanyl methacrylate, fluoroalkyl
methacrylate or the like has been attempted. This method
remarkably improved oxygen permeability of hard contact lenses;
however, the aggravation of the feel in use causead by the hard -

material has not be improved at all. On the other hand, soft
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contact lenses are categorized into no-water-containing soft
contactlensesaﬂuiwatér—containing(hydrogel)lenses. As for
the no-water-containing soft contact lenses, silicone lenses,
for example, have high oxygen permeability; however, toc much
elasticitycauseslensestosticktothecornea, andaccordingly,
they have not been practically utilized. Lenses made of
(meth)acrylic esters have a rather low oxygen permeability
constant,whichisaninsufficientvalue. Thewater—-containing
soft contact lenses are known to be comfortable in use due to
flexibilityofthematerial;howevér,theiroxygenpermeability
is derived from the water content of the lenses, and thereby
lower compared with that of hard contact lenses. qu'example,
a material for water-containing soft lenses having the water
content of 80% has the oxygen permeability constant of about
40x107* (cm?/sec) * (mL O,/mLxmmHg) .

A number of reports have been made with respect to the
Oxygen amount necessary for the cornea. Mishima compared the
oxygen permeability of contact lenses with the corneal change
in use, and reported that Dk/L of a contact lens corresponding
ﬁothecorneaswellingratioof()(thevalueobtainedbydividing
the Dk value (oxygen permeability) by the thickness of the lens
(cm)) was not less than 70x10™° (Nichi-Kore-Shi 36: 1-12, 1994) .
The oxygen permeability of common soft contact lenses depends
on the water content; accordingly, it is extremely difficult

tb prepare lenses satisfying the Dk/L wvalue (oxygen
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transmissibility) of 70x107°.

Accordingly, various siloxane-containing polymers have
been disclosed in order to improve oxygen permeability of soft
contact lenses. For example, Japanese Patent Laid-Open No.
294818/1991 (hereinafter referred to as priorartl) discloses,
as a soft contact lense having excellent oxygen permeability,
low water-containing soft contact lenses which substantially
comprise an organosiloxanyl {meth)acrylate, a
fluorine-containingmonomer and dimethylacrylamide as themain
~ components. Inthis case, oxygen perrﬁeability may be improved
by introducing silicone and the fluoiine—containing monomer
as the components of the contact lenses; however, the improvement
is insufficient, and the resulting lenses are hard and poor
in shape restorablility, which is caused by low molecule
movability between a moiety having silicone group or fluorine
group and a functional group (e.g., methacroyl group).

International Patent Publication (KOHYOQ) No.502949/1991
(hereinafter referred to as prior art 2) discloses soft contact
lenses having excellent oxygen permeability which comprise a
siloxane macromer as the main component. In this case, soft
contact lenses having high oxygen permeability and excellent
flexibility can be orbtained by using a siloxane macromer having
a high molecular weight as the main ccmponelnt. However, the
macromer having the structure disclosed in the prior art 2 has

the siloxane structure in the main chain and functional groups
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at the both ends, and thereby, the both ends of the macromer
bindtoothercomponentsinthepolymertoinhibitthemovability
of the siloxane strﬁcture. Therefore, it cannot be actually
expected to dramatically improve the oxygen permeability.

Accdrdingly, an object of the present invention is to
provide a material for contact lenses and soft contact lenses
having excellent flexibility and oxygen permeability.

The inventors of the present invention made intensive
studies on the basis of the aforementioned prior arts in order
to develop soft contact lenses having oxygen permeability in
the same degree as ormore than hard contact lenses. Asaresult,
they successfully<ﬂeveldped.armaterial for soft contact lenses
having satisfactory flexibility and oxygen permeability by
using a siloxane macromer in which a polymerizing group binds
to the poiysiloxane side chain by means of urethane bond to
maintain high movability of the siloxane structure which
contributes to oxygen permeability in the polymer. The present

invention was achieved on the basis of these findings.

Summary of the Invention

The present invention reléﬁes to a material for contact
lenses which comprises a copolymer essentially comprising a
siloxanenmcromerofcomponent(A)whidhhasthenumber—average
molecularweight of fromabout 1,000 to 10,000 and is represented

by the general formula (I):
S
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whereian,RgandﬁaareindependentlyselectedfromC1~C4alkyl
groups; Ry is selected from C1-C6 alkyl groups; Rs is a residue
obtained by removing NCO group from an aliphatic, alicyclic
or aromatic diisocyanate; Rg, Ry, Rg and Ry are independently
selected from C1~C3 alkylene groups; n is an integer of from
4 to 80; and m and ? are independently én integer of from 3
to 40,
a water-inscluble monoolefin monomer of component (B), and a
water-soluble monoclefin monomer of compoﬁent (C).

The present invention further relates tc a soft contact
lens which is obtained by melding the aforementioned material
for contact lenses in the shape of.contact lens, and making

the lens contain water.

In addition, the present invention relates to a soft
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contact lens which is obtained by injecting to a mold in the
shape of contact lens a monomer mixture comprising a siloxane
macromer of component (A} whichhas the number-averagemolecular
weight of from about 1,000 to 10,000 and is represented by the

general formula (I):

Hj3
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whereinRJ,RgandR3areindependentlyselectedfromCl—C4alkyl
groups; Rg is selected from C1-C6 alkyl groups; Rs is a residue
obtained by removing NCO group from an aliphatic, alicyclic
or aromatic diisocyanate; Rg, R;, Rg and Ry are independently
selected from Cl-C3 alkylene groups; n is an integer of from
4 to 80; and m and p are independently an integer of from 3
to 40,

a water—insoluble monoclefin monomer of component (B), and a

water-soluble moncolefin monomer of component (C);

F
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copolymerizing the monomer mixture; and making the resulting

copolymer contain water.

Description of Preferred Embodiments

The material for contact lenses of the present invention
comprises a copolymer essentially comprising a siloxane
macromer of component (A) , awater-insoclublemoncolefinmonomer
of component (B), and a water-soluble monoolefin monomer of
component {C) .

The siloxane macromer of component (A) is a component
whichmay provide excellent flexibility and oxygen permeability,
and the water-insoluble monoolefin monomer of component (B)
and the water—-soluble monoolefin monomer of compenent (C) are
thosewhichmayprovide properties corresponding to the purposes
such as flexibility, oxygen permeability, and the desired water
content. The material for contact lenses of the present
invention comprises the copolymer components comprising these
3 components, thereby is a material for contact lenses having
excellent flexibility and oxygen permeability, which have not
been obtained in the conventional materials.

;

The siloxane macromer of component (A) is represented
by ther aforementioned general formula (I) and has the
number-average molecular weight of from about 1,000 to 10,000.

When the number-average molecular weight of the siloxane

macromexr of component (A) is less than about 1,000, the lens
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cannot have sufficient oxygen permeability, and when it is more
than about 10,000, the molecular weight is so high that the
compatibility with other copolymer components may be degraded,
and the component (3) may sometimes dissolve insufficiently
in formulation. The number-average molecular weight of the
siloxane macromer of component (A) is preferably from 2,000
to §,000.

In the aforementioned general formula (I) which
represents the siloxane macromer of component (A), Ri, R; and
Rz may be the same ordifferent. The Cl-C4alkyl groups include,
for example, methyl group, ethyl group, propyl gfoup, n-butyl
group, tert-butyl group and the like, and preferred is methyl
group. The Cl-C6 alkyl groups represented by R, include, for
example, methyl group, ethyl group, propyl group, nn?butyl group,
n-pentyl group, n-hexyl group and the like, and preferred is
n—butyl group. In the residue obtained by removing NCO group
from an aliphatic, alicyclic or | aromatic diisocyanate
represented by Rs, the aliphatic diisocyanate includes, for
example, 1,4-diisocyanatobutane, 1l,6-diiscocyanatohexane and
the like. The alicyclic diisocyanate includes, for example,
1,2-diisocyanatocyclohexane, 1, 3-diisocyanatocyclohexane,
isophorone diisocyanate and the like. The aromatic
diisocyanate includes, for example, 2,4-toluenediisocyanate,
2,6-toluenediisocyanate, diphenylmethane-4,4’ ;diisocyanate

and the like. The residue obtained by removing NCO group from
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an aliphatic, alicyclic or aromatic diisocyanate represented
by Rs preferably has the isophorone structure. R¢, Ry, Rg and
Ry may be the same or different. The Cl1-C3 alkylene groups
include, for example, methylene group, ethylene group,
propylene group and the like, and preferred is C2 alkylene
{ethylene) group.

The.symbol "n” is an integer of from 4 to 80. It is not
preferred that “n™ is less than 4 because the lens cannot have
sufficient oxygen permeabilify, and that “n” is more than 80
because the compatibility with other copolymer components may
be degraded and the component (A) may sometimes dissolve
insufficiently in formulation. The symbol ™n” is preferably
an integer of from 4 to 60, and more preferably an integer of
from4 ta 40. Thesymbols“m"and“p”maybethesameordifferent,
and are integers of from 3 to 40. It is not preferred that
"m” and “*p” are less than 3because the lens cannot have sufficient
flexibility, and that they are more than 40 because the lens
Ttends to have reduced strength or to be fragile. The symbols
*m” and “p” are preferably integers of from 3 to 30, and more
preferably integers of from 3 to 20.

The material for contact lenses of the present invention
is preferably those wherein R,;, R, and R; are methyl groups,
Ry is n-butyl group, “n” is an integer of from 4 to 60, and
*m” and “p” are independentiy an integer of from 3.to 30 in

the general formula (I} because they have good physical
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properties such as flexibility and oxygen permeability.
The siloxane macromer of component (A) is preferably a

component represented by the generai formula (II):

H3
HzC=e-—-E*—O—GCHzcnzoa—(JHzCHz—OCN—Rw—-—NCO—CHr—
m I i
0 H H
Hj H; Hj
n—C4H9—--?i—-{—(}-—?H~—-O——fi——C3H60CH2CCH2CH3 (II)
CH; CH; "  CHy
g g0
HzC=C—CG—0—{-CH,CH,0-—CH,CH;—OCN—R 17—NCO—CH—

p b &

In the formula, Ryg is a residue obtained by removing NCO
group from an aliphatic, alicyclic or aromatic diisocyanate.
The aliphatic diisocyanate includes, for example,
1,4-diisocyanatobutane, l,6-diisocvanatohexane and the like.
The alicyclic diisocyanate includes; for example,
1l,2-diisocyanatocyclochexane, 1,3-diisocyanatocyclohexane,
isophorone diisocyanate and the like. The arcmatic
diisocyanate includes, for example, 2,4-toluenediisocyanate,
2,6-toluenediiscocyanate, diphenylmethane—4,4’~diisocyanate
and the like. The residue obtained by removing NCO group from
an aliphatic, alicyclic or aromatic diisocyanate represented

by Rip preferably has the isophorone structure.
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The symbol ™n’ 7 is an integer of from 4 to 40. When
"n’ " is in this range, the lens may advantageously have much
better physical properties such as the strength, flexibility,
and oxygen permeability. The symbol “n’ » is preferabkly an
integer of from 4 to 30. The symbols “m’ ~ and. *p’ " are the
same or different, and are integers of from 3 to 20 . The symbols
%n’”and“p'”tobejjrtherangeoffrom3ix)20provideadvantages
of much better physical properties such as the strength,
flexibility and oxygen permeability of the lens. The symbols
*m’ 7 and “p’ " are preferably integers of from 3 to 15.

The water-insoluble monocolefin monomer of component (B)
is used for the purpose of providing oxygen permeability to
thenmterialforcontactlensesaszﬂlassistance,andiﬂproving
the mechanical strength. The water—-insoluble monocolefin
monomer of component (B) includes, for example, components
derived from one or more monomers selected from the group

consisting of

tris(trimethylsiloxy)~y—methacryloxypropylsilane,

2,2,2-trifluorcethyl methacrylate, hexafluorcisopropyl
methacrylate, and perfluorooctylethyloxypropylene
methacrylate.

The water-soluble monoolefin monomer of camponent (C)
is used for the purpose of adjusting the water content of the
softcontactlensespreparedfromthematerialforcontactlenses,

and providing flexibility as an assistance. The water-soluble
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monoolefin monomer of component (9) includes, for example,
components derived from at least one or more monomers selected
from the group consisting of 2-hydroxyethyl methacrylate,
N,N-dimethylacrylamide, N-vinyl-Z-pyrrolidone, and
methacrylic acid.
Inthematerialforcontactlensesofthepresentinﬁention,
rthe content of the siloxane macromer of component (A) is
preferably from10 to 60% by weight. Thecontentofthesiloxane
macromer of component (&) of 10% by weight or more can provide
.sufficient flexibility and oxygen permeability to the lenses
prepared from the material, and that of 60% by weight or less
can prevent the bridge density from excessively increasing and
the lenses‘from being:brittle. More preferably, the content
of the siloxane macromer of component (A) is from 15 toc 50%
by weight.
Inthematerialforcqntactlensesofthepresentinvention,
the content of the water-insoluble monoolefin monomer of
component (B) ispreferably from10to50%byweight. Thecontent
of the water—insolubieinonoolefinInonomer of component (B) of
10%byweightormorecanprovi@aasufficientefféctofaddition
of the water-insoluble monoclefin monomer of component (B},
and that of 50% by weight or less canprovide adequate flexibility
and shape recovery to the lenses. More preferably, the content
of the water-insoluble monoolefin monomer of component (B) is’

from 15 to 45% by weight.
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Inthematerialforcontactlensesofthepresentinvention,
thecontentofthewater—solublemonoolefinmonomerofcomponent
(C) is preferably from 10 to 45% by weight. The content of
the water—-soluble monoolefin monomer of component (C) of 10%
by weight or more can provide an appropriate water content to
the lenses prepared from the material, and that of 45% by weight
or less can prevent the water content in the lenses prepared
from the material from excessively increasing, and oxygen
permeability, which depends upon the water content, from
markedly decreasing. More preferably, the content of the
water—soluble monoolefin monomer of component {C) is from 15
to 40% by weight.

The material for contact lenses of the present invention
may be a copolymer which comprises, in addition to the
aforementioned3components,acomponentderivedfrmnabridging
monomer, for example, ethylene glycol di (meth)acrylate,
diethylene glycel di(meth)acrylate, triethylene glycol
di (meth)acrylate, allyl methacrylate, diallyl phthalate,
diallyl maleate, diallyl iéaphthalate, triallyl isocyanurate
and the like, in order to obtain the mechanical strength and
endurance. In the present specification, ™ (meth)acrylate”
means both of acrylate and methacrylate. The content of the
aforementioned bridging monomer is preferably from 0.01 to 1%
by weight to the total amount of the copolymerizing components.

The amount of the bridging monomer of 0.01% by weight or more
~13-
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can provide the effect of addition of the mechanical strength
and endurance, and that of 1% by weight or less can prevent
the resulting soft contact lenses from being brittle.

The material for contact lenses of the present invention
may further contain, for example, a polymerizing ultraviolet
absorber, a polymerizing coloring matter and the like as
copolymerizing components in order to add ultraviolet
absorbability or a color to the resulting soft contact lenses.
Specific examples of the aforementioned polymerizing
ultraviolet absorber include
5—chlor0*2—[2—hydroxy—5—(meethacryloyloxyethylcarbamoylox
yethyl) Iphenyl-2H-benzotriazole,
2—[2-hydroxy—5—(meethacryloyloxyethylcarbamoyloxyethyl)]p
henyl-2H-benzotriazole,
5—chloro—2—[2—hydrbxy—4—(puvinylbenzyloxy—Z—hydroxypropylo
xy) ]phenyl-2H-benzotriazole and the like.

Specific examples of the aforementioned polymerizing
coloring matter include
1,4-bis{4-vinylbenzylamino)anthraguinone,
1—p—hydroxybenzylamino—4—p—vinylbenzylaminoanthraquinone,
l-anilino-4-methacryloylaminoanthraquinone and the like.

When coloring the contact lenses made of the material
of the present invention, the vat dyeing method may be used
which comprises soaking the lenses in a vat without using these

coloring matters to sufficiently impregnate the whole lenses
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with a leucocompound of a dye, and then soaking the lenses in
anoxidizingbathtoconverttheleucocompoundintoanoxidative
compound and fix the dye. Asothercoleoringagents, thematerial
for contact lenses of the present invention may contain a
phthalocyaninecoloringmatter suchasAlcianBlue 8GXandAlcian
Green 2GX. The suitable content of the aforementioned
polymerizing ultraviolet absorber and polymerizing dye is 5%
by weight or less of the copolymerizing components, and the
particularly preferred is from 0.02 to 3% by weight, owing to
theeffectof thethickness of the lensprepared fromthematerial .
The amount of 5% by weight or less can prevent a decrease in
the mechanical strength of the resulting contact lenses, and
ispreferableinsafetyascontactlénseswhichdirectlycontact
to the living body.

The present invention includes a soft contact lens which
isobtainedbynmldingthematerialforcontactlensesaccording
to the aforementioned present invention in the shape of contact
lens, and making the lens contain water. The method of molding
the material for contact lenses in the shape of contact lens
and making the lens contain water may be performed in a
conventional manner.

The present invention further includes a soft contact
lens which is obtained by injecting to a mold in the shape of
contact lens a monomer mixture comprising a siloxane macromer

of component (A), a water-insoluble monooclefin monomer of
-15-



component (B), and a water-soluble monoolefin monomer of
component (C}; copolymerizing the monomer mixture; and making
the resulting copolymer contain water.

The siloxane macromer of component (&), the
water—-insoluble monoolefin monomer of component (B), and the
water—soluble1nonoolefin1nonomer‘of'component (C) are the same
as those explained for the aforementioned material for contact
lenses.

Among the soft contact lenses of the present invention,
preferred are those wherein R;, R; and R; are methyl groups,
R4 is n-butyl group, ®n” is an integer of from 4 to 60, and
*m” and “p” are independently an integer of from 3 to 30 in
the aforementioned general formula (I) from the viewpoint of
good physical properties such as the strength, flexibillity,
and oxygen permeability of the lenses.

In the soft contact lenses of the present invention, the
Siloxane macromer (A) is preferably a monomer represented by
the general formula (II) which is explained for the
aforementioned material for contact lenses from the viewpoint
of much better physical properties such as the strength,
flexibility and oxygen permeability of the lenses.

For the preparation of the material for contact lenses
and the soff contact lenses of the present invention, a mixture

containing the aforementioned monomer is at first added with

a polymerization initiator and sufficiently stirred to give
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@ homogeneous monomer mixture. The suitable content of the
siloxane macromer (A) in the monomer mixture is from 10 to 60%
by weight, that of the water-insoluble monoclefin monomer (B)
is from 10 to 50% by weight, and that of the water-soluble
monoclefin monomer (C) is from 10 to 45% by weight. As the
polymerizationinitiatorusedherein,aperoxidesuchaslauroyl
peroxide, qumene hydroperoxide, and benzoyl peroxide,
2,2’~azobis(2,4—dimethylvaleronitrile), and
2,2’—azobisisobutyronitirleanrbeused,andwhenapplyingthe
- photopolymerization, a photoinitiator such as benzoin methyl
ether, l-hydroxycyclohexyl phenyl ketone,
2,2—dimethoxy—2—phenylacetophenone, and
2—hydroxy*2—dimethoxy—l~phenylpropane—l—one may be used.

In addition, the polymerization may be performed in the
presenceorabsenceofanappropriétediluent. The appropriate
diluent may be any one so long as it homogeneously dissolves
the monomer components used. The diluent includes, for example
an alcohol (e.g., ethanol, isopropanol, n-hexanol), a dipolar
aproticsolventsﬂnﬂlasdimethylsulfoxide,emlether(e{g.,THF,
dimethoxyethane), an ester (e.g., propyl acetate, isopropyl
acetate, isobutyl acetate, ‘tert-butyl acetate, butyl
propionate, butyl'butyrate), a mixed solvent of water and an
alcchol {a water/ethanol mixed solvent) and the like. When
using a diluent, the effects may be sometimes expected which

are an easy injection into a mold caused by a decrease in the
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viscosity of the monomer mixture, and an improvement of the
mechanical strength of the resulting lens by effective removal
of the polymerization heat in polymerization.

The aforementioned monomer mixture is injected to a mold
for preparation of contact lenses with or without the shape
of contact lens, and then polymerized. The mold is in the
combined shapehavinga convex curvature anda concave curvature,
and may be made of a material such as metal, glass, reéin and
the like. The material preferably has excellent removability
of the polymer and excellent resistance to solvent and heat.
Among such materials, a mold made of resin is preferred because
it can easily be prepared in the shape necessary to the desired
lens design. The resin material is preferably selected from
those having low contraction in formation, good surface
transcription from the die, and excellent dimensional accuracy
and resistance to solvent. Such resin materials include, for
example,polyethylene,polypfopylene,polymethylpentene(TPX),
polysulfone, polyphenylene sulfide, cyclic olefin éopolymers
(e.g.,“Apel”,MitsuiPetrochemibalCo.Iid.;“ZEONEX”,Nippon
Zeon Co. Ltd.) and the like. ‘When injecting the monomer, the
- mold is sufficiently exposed to reduced pressure to remove the
substance affecting the reaction such as water and oxygen which
exists on the surface of the mold, then the mold is purged with
an inert gas such as nitrogen and argon, and then the monomer

mixture is injected to the mold. Injection of the monomer
' -18-
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mixture is preferably performed under an atmosphere of an inert
gas such as nitrogen and argon.

Thepolymerizationmethodincludes,forexample,anmthod
of elevating the temperature stepwise or continuously in the
range of from 25 to 120°C, and completing the polymerization
for 1 to 24 hours. In this method, it is desirable that the
polymerization is carried out under an atmosphere of an inert
gas such as nitrogen and argon in the polymerization furnace
at atmospheric pressure or under pressurized conditions. ‘In
the polymerization, a photopolymerization method by
ultraviolet,visibleradiationcn:thelikermﬂrbeappliedafter
adding the aforementioned photopolymerization initiator.

After the pqumerization, the lens is taken out of the
mold, and then it may be applied to a known surface treatment
ifnecessary. Inthesurfacetreatmentwithplasma,forexample,
the technique and apparatus known so far may be used, and an
active gas such as air, oxygen, hydrogen and nitrcgen, or an
inert gas such as helium, neon and argon, and an organilc
low-molecular compound such as N-vinylpyrrolidone and
acetylene may be used.

Molding methods for the shape of contact lens

When molding the copolymer as contact lenses, a molding
method commonly used by persons with ordinary skill in the art
may be applied. Such a molding method includes, for example,

a cutting method, and a method of cutting or freeze-cutting
' -19-
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the copolymer may be carried out after obtaining the copolymer
in the shape of bars or blocks to mold the copolymer intce the
shape of contact lens.

Water-imparting treatment methods

The mold in the shape of contact lens obtained by cutting
or the like, or the copolymer taken out of the mold in the shape
of contact lens for preparation of contact lenses may be soaked
inphysiologicalsalineoreapreservingn@dimnforsoftcontact
lenses to be impregnated with water, and the desired contact
lenses can be obtained.

In the soft contact lenses of the present invention, the
water content and the oxygen permeability constant can be
adjusted to the range of from 15 to 35% and not less than 70x10~1?
(cmz/sec)'(nﬂ;Oz/mLxmmHg), respectively, by means of adjusting

the aforementioned monomer components and the ratio thereof.

Exampleé
The present invention will be explained in further detail
withreférencetotheexamples. However, the present invention
is not limited to these examples.
Example 1
(Synthesis of a macromer (&))
fmaathree*neckflask,8.88g;ofisophoronediisocyanate,
0.025 g of dibutyltin dilaurate as the catalyst, and 45 mL of

methylene chloride were added, and themixture was stirred under
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a stream of nitrogen. Then, 20 g of
a—butyl—m—[B—(2,2—(dihydroxymethyl)butoxy)propyl]polydimet
hylsiloxane was accurately weighed and added dropwise to the
flask over about 3 hours, and the reaction was carried out.
After the reaction at room temperature for 48 hours, 0.025 g
ofanotherdibutyltindilaufateandZB.Bgofpolyethyleneglycol
monomethacrylate were accurately weighed and added dropwise
to the flask over about 30 minutes. The mixture was covered
withaluminumfoilandstirreduntiltheabsorptionbandderived
from the isocyanate (2260 cm™') disappeared by IR (infrared
absorption spectrum) analysis (a reaction at room temperature
for about 48 hours). The resulting solution was further added
with methylene chloride, then washed with a large quantity of
water, dehydrated and filtered. Then the solvent was
evaporated to ocbtain a macromer (A) having the structure

represented by the following formula (I11) .
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Hj
HzC-—c—-~ﬁm—o—(cnzcnzoy7 CH;CH20CN——H2

1Tf OH,C—
HaC H
Hj Hj H;
n-C4Hg—Si—(~0—S8i——0—8i—C3Hs0CH,CCH,CH;  (IT)
H CH; ' CH;
Hj
NCOH,C—-
Hy |
H; H
H20=(1—T'T‘——-—-O-—(CH2€H20)7 CHZCH20CI\IJ-—-H2C CH;
H
The resulting ‘macromer had the fellowing

characteristics.
Results from IR analysis
<1> Absorption bands derived from Si—CH; at 802 cm™ and 1259

emt,

<2> An absorption band derived from Si-0-Si at frem 1033 to
1099 cm™

<3> An absorption band derived from C=0 of methacryloyl group
at 1720 em™

Results from 1H-NMR analysis

<1> A peak derived from Si-CH; at around 0.1 ppRm.
<2>Apeakofmethylprotonsderivedfromisophoronediisocyanate
and protons bound to the ring at around 0.8 to 1.2 ppm.

<3> A peak derived from methyl protons of methacryloyl group
-22-
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at around 1.95 ppm.
<4> A peak of vinyl protons of methacryloyl group at around
5.5 to 6.2 ppm.
(Preparation of lenses)

To a glass sample bottle having the inner volume of 30
mL, 7 g of the macromer (&) represented by the aforementioned
formula (IIT) (35% by weight), 7 g of
tris(trimethylsiloxy)-y-methacryloxypropylsilane
(hereinafter referred to as RAVINOL) (35% by weight), 6 g of
N-vinyl-Z2-pyrrolidone (hereinafter referred to as NVP) (30%
by weight), 0.04 g of diallyl maleate-(hefeinafter referred
to as DAM) (0.2% by weight to the total amount of the macromer
(A),RAVINOLandNVP),andO.l(;of2,2’—azobisisobutyronitrile
(hereinafter referred to as AIBN) (0.5% by weight to the total
amount of the macromer (A), RVINOL and NVP) were added, and
themixturewassufficientlystirredtoprepareamonomermixture.
The resulting monomer mixture was placed in a mold made of
polypropylene in the shape of contact lens,'andgpolymerization
wascarriedoutunderarﬂtrogenatmosphereof196,000Pa(about'
2 kgf/cm?) at 25 to 110°C for 5 hours. After completion of the
polymerization, the polymer was taken out of the mold, and then
soaked in physiological saline to obtain the desired contact
lens. The resulting contact lens had excellent flexibility
and oxygen permeability.

The physical properties of this contact lens were
~23-
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determined. The results are shown in Table 1.

<l> Flexibility

The contact lens which attained the equilibratory swelling in
physiological saline at 25°C was folded double, then the shape
was observed by using a contact lens shape measurement device,
Contact Analyzer by Optimec Co. in physiological saline at 25°C
and evaluated cn the basis of the evaluation criterion.
[Evaluation Criterion]

O: Immediate return to the original shape, and no change in
the shape of the lens.

A: Return to the original shape after a while.

X: Not return to the original shape.

<2> Measurement of the water content

The water coﬁtent.was calculated from the following equation,
provided that the weight of the contact lens which attains the
equilibratory swelling in physiological séline at 25°C after
hydration swelling is defined as Ww, and the weight after
re-drying (80°C, 4 hours) is defined as Dw.

Water cohtent (%) = [(Ww—Dw)/Ww]x100

<3> Determination of the ocxygen permeability constant
Usinglenseshavingvariousthickness,theoxygenpermeability
constant of the test peaces was determined in physiological
saline at 35°C with a Seika-Ken type film oxygen permeation
meter by Rika-Seiki-~Kogyo Co. Ltd. The unit of the oxygen

permeability constant is (cn@/sec)'(mL 0p/mLxmmHg) , and the
24~ : .
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oxXygen permeability constant in the table is a value obtained

by multiplying the original value of the oxygen permeability

constant by 10%!.

25~
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[(Table 1]

—

Example

Comparative example

No .

10

1

2

3

Macromer (III)

35

20

30

30

40 50

50

25.5

24

24

 RAVINOL

35

50

20

30

30 20

20

34

32

32

53

35

50

NVP

30

30

30

40

30

DMAA

10

17.6

17.6

25

HEMA

20

Macromer (IV)

35

3EMA

21

50

DAM

EDMA

EtOH

20

HeOH

15

_E:gcetate

20

ATBN

.35

V-65

Darocur 1173

9

29

26

31

18 | 76

23 |

27

Oxygen
permeability

constant

103

82

113

112 120

124

128

64

26
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Examplies 2 to 10
Contact lenses were obtained in a similar manner to that
in Example 1 except that the composition was changed as shown
in Table 1. In Examples 8 to 10, the diluent was used in
combination shown below. The resulting contact lenses had
excellent flexibility and oxygen permeability. DMAA.aﬁd.HEMA
mean N,N-dimethylacrylamide and 2-hydroxyethyl methacrylate,
respectively.
(Example 8)
To a glass sample bottle having the inner volume of 30
mL, 5.1 gof themacromer (A) represented by formula (ITI) (25.5%
by weight), 6.8 g of RAVINOL (34% by weight), 3.74 g of DMAA
(18.7%byweight), 1.36gof HEMA (6.8%byweight), 3gof 1-hexanol
(hereinafterreferredtoasHeOH)asthediluent(15%byweight),
and 0.085 g of AIBN (0.5% by weight to the total amount of thé
‘macromer (A), RAVINOL, DMAA and HEMA) were added, and themixture
was sufficiently stirred to prepare a monomer mixture. After
that, contact lenses were obtained in a similar manner to that
in Example 1. The resulting contact lenses had éxcellenﬁ
flexibility and oxygen permeability as shown in Table 1.
{(Example 9)
To a glass bottle having the inner volume of 30 mL, 4.8
gof themacromer (A) representedby formula (ITI) (24%byweight)
6.4gof RAVINOL (32%byweight), 3.52 gof DMARA {17.6% by weight) ,

1.28 g of HEMA (6.4% by weight), 4 g of ethanol (hereinafter
' =27~
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referred to as EtOH) as the diluent (20% by weight), and 0.112
g . of 2-hydroxy-2-dimethoxy—-l-phenylpropane—1l-one
(hereinafter referred to as Darocurll73) (0.7% by weight to
the total amount of the macromer (A), RAVINOL, DMAA and HEMA)
were added, and the mixture was sufficiently stirred to prepare
a monomer mixture.. Then, the monomer mixture was placed in
a mold made of polypropl}lene in the shape of contact lens, and
polymerizationwas carriedoutbyirradiatingultraviolet light
(300 to 400 nm) of about 25 mW/cm? at room temperature for about
80minutes. Afterthat, thecontactlenses obtainedbyasimilar
treatment to that in Examble 1l had excellent flexibility and
oxygen permeability as shown in Table 1.
{(Example 10)

Contact lenses were obtained in a similar manner to that
in Example 9 except that the composition was changed as shown
in Table 1. The resulting contact lenses had excellent
flexibility and oxygen permeability as shown in Table 1.
B-Acetate means tert-butyl acetate.

Comparative Example 1
(Prior Art 1, Example 2)

Amonomer mixture was prepared by mixing 10.6 g of RAVINOL
{53% by weight), 4.2 g of 2,2,2-trifluoroethyl methacrylate
(hereinafter referred to as 3F_MA) {21% by weight), 5 g of

N,N-dimethylacrylamide (hereinafter referred to as DMAA) (25%

bywelight), 0.2 gof ethylene glycol dimethacrylate (hereinafter
~28—
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referred to as EDMA) (1% by weight), and 0.1 g of
2,2’—azobis(2,4—dimethylvaleronitrile) {hereinafter

referred to as V-65) (0.5% by weight to the total amount of
the monomers), and contact lenses were obtained in a similar
manner to that in Example 1. The resulting contact lenses had
poor flexibility and did not return to the original shape after
folding double.

Comparative Example 2

(Material mainly composed of a macromer having the
dimethylsiloxane structure as the main chain)

Contact lenses were obtained in a similar manner to that
in Example 1 except for using a macromer {BY having the
dimethylsiloxane structure as the main chain represented by
the following formula (IV) in the place of the macromer (A) .
The resulting contact lenses had less oxygen permeability
constantth&nthoseof%ﬂuacontactlensesdescribedjlexamples

-1 to 10.

Hj

EOCquOC:;Hﬁ“—'—
Hj ’

f
Hs H
HyC—=C— —'0—(CH2CH20)7 CH;‘CHzOC]THgC CH;

H

Lﬁ“:mf:;;f._cm,m v
Fo oot ﬁ"Q .

H;C CHzNﬁ,OCHgCHg{CHgCHgO)»;-O—-ﬁ—G=CH2

-20-
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Comparative Example 3
(Material for hard contact lenses)

Amoncmer mixture was prepared by mixing and sufficiently
stirring 20 g of RAVINOL (50% by weight), 20 g of 3FMA (50%
by weight), 0.8 g of EDMA (2% by weight to the total amount
of RAVINOL and 3FMA), and 0.14 g of AIBN (0.35% by weight to
the total amount of RAVINCL and 3FMA). The resulting monomer
mixture was placed in a pipe made of prolyethylene, and
polymerization was carried out at 45°C for 120 hours. After
the pelymerization, the polymer in the shape of bar was taken
out of the pipe and dried in a dryer at 110°C overnight. The
resulting polymer was cut by the fixed thickness, and used for
the determination of the oxygen permeability constant. The
oxygen permeability constant of the resulting polymer was less
than those of the contact lenses described in Examples 1 to
10.

As shown in Table.l, the contact lenses in Comparative
Example 1 had poor flexibility (e.g., when folding double, the
shapé did not return to the original) and was not able to be
used as soft contact lenses. The contact lenses of Comparative
kxamples 2 and 3 had low oxygen permeability constants.

In comparison with this, any one of the contact lenses
of Examples 1 to 10 had excellent flexibility and also a high

oxygen permeability constant. This can be considered as the
~30-



effect resulting from a use of.the siloxane macromer of the

present invention in which the polymerizing group is bound to

the polydimethylsiloxane side chain by means of urethane bond.
[Advantages of the Invention]

The material for contact lenses of the present invention

has excellent flexibility and high oxygen permeability.

Accordingly, the material prepared by the present invention

issuitableforcontactlenses,especiallyforwater—containing

soft contact lenses.

~31-
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Claims

1. A material for contact Ienées which comprises a copolymer essentially
comprising & siloxane macromer of component (A) which has the number-
average molecular weight of from about 1,000 to 10,000 and is |
represented by the general formula (1):

Hj

HyC=¢— ——(}—&Rsoa—kﬁ———()c}?e—ks—ll\rco—nze—
m
0 H H

1 2 3
R4—?i—60—'—?H—oﬂ—?i—-cg,ﬂﬁocnzccngcng (1)
n
Ry R, Ry

. A H3
b ' : ] 3!
Hﬁz:i— — O—RyOH—Rr—OCN—Rs—NCO—H,CG—
P _

i

wherein Ry, Rz and R3 are independently selected from C1-C4 alkyl
groups; Ry is selected from C1-C6 alkyl groups; Rs is a residue obtained
by removing NCO group from an aliphatic, alicyclic or aromatic
diisocyanate; R, Ry, Rgand Rg are independently selected from C1-C3
alkylene groups; n is an integer of from 4 to 80; and m and p are

independently an integer of from 3 to 40,

a water-insoluble monoolefin monomer of component (B), and a water-

soluble monoolefin monomer of component (C).

2. The material for contact lenses according to claim 1 wherein Ry, Ry and Ry
are methyl groups, R4 is n-butyl group, n is an integer of from 4 to 60, and
m and p are independently an integer of from 3 to 30 in the general
formula (1).

32
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3. The material for contact lenses according to claim 1, wherein said siloxane

macromer of component (A} is represented by the following general

formula (If):
Hj
Hzc=6-*ﬁ"—0-{—CH2CH20%—:CH2CH1—-—OCIl\‘—Rm—-—II\JCO"CHZ—-"
0 m H H
H3 Hj H; _ :
‘ n-c,;H.;——-fi—~6—oi—:fi-—)-n—.o——fi—wcsﬂﬁocnzTCH,cng ()
CH; CH;3 CH;

‘ ' 0

s i

]
H;C—=(—G—0—{CH;CH,0-— CH;CHy— OCN—R1g—NCO~—CHz—

P ﬁ 1!1

wherein Ry is a residue obtained by removing NCO group from an
aliphatic, alicyclic or aromatic diisocyanate; n' is an integer of from 4 to 40;

and m' and p' are independently an integer of from 3 to 20.

4. The material for contact lenses according to claim 1, wherein the content
of the siloxane monomer of component (A) is from 16 to 60% by weight,
the content of the water-insoluble monoolefin monomer of component (B)
is from 10 to 50% by weight, and the content of the water-soluble
monoolefin monomer of component (C) is from 10 to 45% byrweight.

9. The material for contact lenses according to claim 1, wherein said water-

insoluble monoolefin monomer of component (B) is one or more

monomers selected from the group consisting of tris(trimethylsiloxy)-y- %
methacryloxypropylsilane, 2,2, 2-trifluoroethyt methacrylate, ‘
hexafluoroisopropyl methacrylate, and perfluorooctylethyloxypropyiene
methacrylate.
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6. The material for contact lenses according to claim 1, wherein said water-
soluble monoolefin monomer of component (C} is one or more monomers
selected from 2-hydroxyethyl hééthacrylafe, N,N-dimethylacrylamide, N-
vinyl-2-pyrrolidone, and methacrylic acid.

7. A soft contact lens which is obtained by molding the material for contact
lenses according to claim 1 in the shape of contact lens, and impregnating -
the lens with water.

8. A soft contact lens which is obtained by injecting to a mold in the shape of
contact lens a monomer mixture comprising a siloxane macromer of
component (A) which has the number-average molecular weight of from

about 1 ,000 to 10,000 and is represented by the general formula (1):

H;
HC=c— ﬁ«‘—-()-% Rso'a—Rr—OCblf——Rs——-I‘fICO—-HZG——-
. m .
1 2 3 |
Rtf—ff—%', O—fi—-);()w-%i—csﬁﬁocnzccnzc}g (1) -
Rl R?. R3
Hj 0 ﬁ)

i
HC=C—C—0—Rg0O}—R—OCN—R;—NCO—H,G—
p .

N

wherein Ry, Ry and R are independently selected from C1-C4 alkyt
groups; Ry is selected from C1-C6 alkyl groups; Rs is a residue obtained
by removing NCO group from an aliphatic, alicyclic or aromatic
diiocyanate; Rs, Rz, Rg and Rg are independently selected from C1-C3 -
alkylene groups; n is an integer of from 4 to 80; and m and p are
independently an integer of from 3 to 40,

a water-insoluble monoolefin monomer of component (B), and a water-
soluble monoolefin monomer of component (C); copolymerizirig the

monomer mixture; and making the resuiting copolymer contain water.
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9. The soft contact lens according to claim 8 wherein Ry, R, and R; are
methyl groups, R4 is n-butyl gréup, n is an integer of from 4 to 60, and m
and p are independently an integer of from 3 to 30 in the general formula

(1).

10. The soft contact lens according to claim 8, wherein said siloxane

macromer of component (A) is represented by the following general

formula (11):
H; _
. HzC=e—ﬁ:—o—ecuzcﬂzo—}—CH1CH2—-()CN-——R10——NCO—CHrw
11§ ! i
0 H H
Hj Hs H; _
n-C4Hg——f'r—&o,—fH'—'—0—_f&—-{:sHﬁocHZ(:CHZCHs ()
CHs CH; " CH,
H; E h) .
HC=C—C—0—CH;CH,0-— CH,CHy— OUN-—Ry—NCO—CH;—
. 1

» o

wherein Ry is a residue obtained by removing NCO group from an
aliphatic, alicyclic or aromatic diisocyanate; n' is an integer of from 4 to 40;

and m' and p' are independently an integer of from 3 to 20.

11.The soft contact lens according to claim 8, wherein the content of the
siloxane macromer of component (A).in the monomer mixture is from 10 to
60% by weight, the content of the water-insoluble monoolefin monomer of
component (B) is from 10 to 50% by weight, and the content of the water-
soluble monoolefin monomer of component (C) is from 10 to 45% by
weight.

12. The soft contact lens according to claim 8, wherein said water-insoluble
monoolefin monomer of component (B) is one or more monomers
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selected from the group consisting of tris(trimethylsiloxy)-y-
methacryloxypropyisilane, 2,2,2-trifluoroethyl methacrylate,
hexafluoroisopropyl methacrylate, and perfluorooctylethyloxypropylene
methacrylate.

13. The soft contact lens according to claim 8, wherein said water-soluble
monoolefin monomer of component (C) is one or more monomers
selected from 2-hydroxyethyl methacrylate, N,N-dimethylacrylamide, N-
vinyl-2-pyrrolidone, and methacrylic acid.

14. The soft contact lens according to claim 7, wherein the water content is
from 15 to 35%, and the oxygen permeability constant is not less than
70x10™"" (em%sec) - (mL Oz/mLxmmHg).

15. The soft contact lens according to claim 8, wherein the water content is

from 15 to 35%, and the oxygen permeability constant is not less than
70x10™" (cm¥sec) - (ML Ox/mLxmmHg).
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