
EP 0 381 005 B1 Description The present Invention relates to a material for
ocular lenses (such as contact lenses, Intraocular lenses or artificial
cornea) having excellent optical properties and high strength. Further, the
present invention relates 5   to an ocular lens material useful as a
contact lens material which Is excellent not only in the optical properties
and strength but also In the oxygen permeability. In the synthesis of a
copolymer to be used as an ocular lens material, a cross linking agent has
been used to let the copolymer have a cross linked network structure and to
make it tough. EP-A-0 082 026 discloses vinyl substituted benzylacrylate as
a crosslinking agent for acrylate (methacry- 10  late) polymers. However,
particularly In the synthesis of a copolymer comprising a styrene monomer,
and an acrylic mono- mer and/or a methacrylic monomer (hereinafter referred
to as a (meth)acrylic monomer), particularly a copo- lymer comprising them
In a weight ratio within a range of from 10:90 to 70:30, if the copolymer
Is synthesized by means of a conventional cross linking agent such as
ethylene glycol dimethacrylate, allyl methacrylate, tri- 15
methylolpropane trimethacrylate or divinyl benzene, the composition of the
polymer tends to be non-uniform due to the difference In the polymerization
rate or in the compatibility during the polymerization process. Con-
sequently, the resulting material (copolymer) will be non-uniform, lack in
optical transparency and have turb- idity or optical distortion. For
example, in a system wherein a styrene monomer and a (meth)acrylic monomer
are copolymerized substantially stoichiometrically, turbidity will be
distinctly formed if such a conventional 20  cross linking agent is used.
Further, In the case of an ocular lens material having high oxygen
permeability, which has attached an attension as a prospective material for
an oxygen permeable hard contact lens, there is a difficulty such that when
it is attempted to increase the oxygen permeability, the mechanical
strength and the hardness tend to decrease even if a conventional cross
linking agent is used in an optimum amount, and the material tends to 25
be brittle If the cross linking agent Is used excessively, whereby it tends
to be weak against an impact or other stress. The present invention has
been made to solve the above problems, and the object of the present
invention is to obtain an ocular lens material made of a copolymer having a
cross linked network structure, which Is tough and optically transparent
without optical distortion, particularly an ocular lens material composed
of a styrene 30   monomer and a (meth)acrylic monomer, which is tough and
has excellent mechanical strength and hardness and which is transparent and
excellent in the optical properties without optical distortion. A further
object of the present invention Is to provide an ocular lens material
useful as a contact lens ma- terial which is optically transparent without
distortion and has a high refractive index and excellent mechanical
strength and hardness and superior durability against an Impact and which
has an excellent oxygen perme- 35  ability. The present invention provides
an ocular lens material, comprising a copolymer of a styrene monomer and an
acrylic monomer and/or a methacrylic monomer and a cross linking agent of
the formula: 40                             [err] [err] 45  wherein [err]
is a hydrogen atom or a methyl group. Now, the present invention will be
described in detail with reference to the preferred embodiments. The ocular
lens material of the present invention is a copolymer wherein a
vinyibenzyl; acrylate and/or a vinylbenzyl methacrylate (hereinafter
referred to as a vinylbenzyl (meth)acrylate) of the above formula I Is used
as the cross linking agent. 50      The above-mentioned vinylbenzyl
(meth)acrylate Is a cross linkable monomer having an acryloyl group or a
methacryloyl group (hereinafter referred to as a (meth)acryloyl group) and
a vinyl group bonded to a ben- zene ring, as functional groups. Specific
examples thereof include, for example, 4-vinylbenzyl (meth)acrylate and
3-vinylbenzyl (meth)acrylate. These vinylbenzyl (meth)acrylates may be used
alone or in combination as a mixture of two or more different types. 55
Such a vinylbenzyl (meth)acrylate serves to let the copolymer have a cross
linked structure so that It will be tough and will have improved mechanical
strength and hardness and make an ocular lens material which is uniform and
transparent without turbidity and which has excellent optical properties
without optical distor- tion. Further, it provides other cross linking
effects such as effects to improve durability such as chemical re- 2 



EP 0 381 005 B1 sistance, heat resistance, solvent resistance or dimension
stability and to reduce eluting substances. Such a vinylbenzyl
(meth)acrylate can be prepared, for example, by reacting acrylic acid or
methacrylic acid (hereinafter referred to as (meth)acryiic acid) and
chloromethyistyrene In the presence of 1 ,8-diazabicy-
clo[5.4.0]-7-undecene. 5       The obtained vinylbenzyl methacryiate is a
colorless transparent liquid having an aroma and a boiling point of from 90
to [err] (under 0.12 mmHg), and the vinylbenzyl acrylate is a colorless
transparent liquid having an aroma and a boiling point of from 80 to [err]
(under 0.10 mmHg). Their structures can be confirmed by a [err]-NMR
spectrum method, an infrared absorption spectrum method, etc. The monomers
to be used together with the cross linking agent of the formula I as
components of the ocular 10  lens material of the present invention,
include a (meth)acrylic monomer, a styrene monomer and other mono- mers.
Particularly when a copolymer is synthesized by using a (meth)acrylic
monomer and a styrene monomer together with the cross linking agent of the
formula I, the cross linking agent will be uniformly mixed and poly-
merized with these monomers, since the (meth)acryloyl group portion of the
cross linking agent has good com- 15   patibility with the (meth)acrylic
monomer, and the vinyl group bonded to the benzene ring i.e. the so-called
styrene backbone portion has good compatibility with the styrene monomer.
Although there is a difference In the polymerization rate between the
(meth)acryloyl group of the (meth)acrylic monomer and the vinyl group of
the styrene monomer, the cross linking agent of the formula I polymerizes
excellently with the copolymer components (i.e. the (meth)acrylic monomer
and the styrene monomer) having functional groups (i.e. the 20
(meth)acryloyl group and the vinyl group) having substantially the same
polymerization rates as the two func- tional groups of the cross linking
agent i.e. the (meth)acryloyl group and the vinyl group bonded to the
benzene ring, respectively. Accordingly, if the cross linking agent of the
formula I is used for the preparation of a copolymer of the (meth)acrylic
monomer and the styrene monomer, the copolymerization proceeds smoothly to
form a cross 25  linked structure, whereby the resulting copolymer will be
tough and will have improved mechanical strength and hardness, and it will
be a material which is uniform and transparent without turbidity and which
has ex- cellent optical properties without optical distortion. Specific
examples of the (meth)acrylic monomer include linear, branched and cyclic
alkyl (mwth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate,
n-propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl 30
(meth)acrylate, tert-butyl (meth)acrylate, isobutyl (meth)acrylate, pentyl
(meth)acrylate, tert-pentyl (meth)acrylate, hexyl (meth)acrylate,
2-methylbutyl (meth)acryalte, heptyl (meth)acrylate, octyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, nonyl (meth)acrylate, decyl (meth)acrylate,
dodecyl (meth)acrylate, stearyl (meth)acrylate, cyco- pentyl (meth)acrylate
and cyclohexyl (meth)acrylate; silicon-containing (methy)acrylates such as
pentamethyldisi- loxanylmethyl (meth)acrylate, pentamethyldisiloxanylpropyl
(meth)acrylate, methylbis(trimethylsiloxy)silylpropyl 36 (meth)acrylate,
tris(trimethylsiloxy)silylpropyl (meth)acrylate,
mono[methylbis(trimethylsiloxy)siloxy]bis(trimethyl- siloxy)silylpropyl
(meth)acrylate, tris[methylbis(trimethyisiloxy)siloxy]silylpropyl
(meth)acrylate, methyibis(trime- thyislloxy)silylpropyl glyceryl
(meth)acrylate, tris(trimethylsiloxy)silylpropylglyceryl (meth)acrylate,
mono[methyl-
bis(trimethylsiloxy)siloxy]bis(trimethylsiloxy)silylpropylglyceryl
(meth)acrylate, trimethylsilylethyltetramethyldisi- loxanylpropyiglyceryl
(meth)acrylate, trimethylsilylmethyl (meth)acrylate, trimethylsilyipropyl
(meth)acrylate, tri- 40   methylsilylpropylglyceryl (meth)acrylate,
pentamethyidbisloxanylpropylglyceryi (meth)acrylate, methylbis(tri-
methylsiloxy)silylethyltetramethyldisiloxanylmethyl (meth)acrylate,
tetramethyltrilsopropylcycotetrasiloxanyl- propyl (meth)acrylate and
tetramethyltriisopropylcycotetrasiloxybis(trimethyisiloxy)silyipropyl
(meth)acrylate; flu- orine-contianing (meth)acrylates of the formula II: 45
[err] [err] 50                     0              OH wherein R2 is a
hydrogen atom or a methyl group, [err] is a linear or branched fluoroalkyl
group having from 2 to 21 fluorine atoms, I is 0 or 1, and j Is an Integer
of from 0 to 3, such as 2,2,2-trifluoroethyl (meth)acrylate,
2,2,3,3-tetrafluoropropyl (meth)acrylate, 2,2,3,3,3-pentafluoropropyl
(meth)acrylate, 2,2,2-trifluoro-1-trifluor- 



55   omethylethyl (meth)acrylate, 2,2,3,3-tetrafluoro-tert-pentyl
(meth)acrylate, 2,2,3,4,4,4-hexafluorobutyl (meth)acrylate,
2,2,3,3,4,4-hexafluorobutyl (meth)acrylate,
2,2,3,4,4,4-hexafluoro-tert-hexyl (meth)acrylate,
2,2,3,3,4,4,4-heptafluorobutyl (meth)acrylate,
2,2,3,3,4,4,5,5-octafluoropentyl (meth)acrylate, 2,3,4,5,5,5-
hexafluoro-2,4-bis(trifluoromethyl)pentyl (meth)acrylate,
2,2,3,3,4,4,5,5,5-nonafluoropentyl (meth)acrylate, 3    EP 0 381 005 B1
2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoroheptyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8-dodecafluorooctyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl (meth)acrylate,
2,2,3,3,4,4,5,5,6,6,7,7,7-tridecafluoroheptyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-hexadecafluorodecyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7, 8, 8,9,9,10,10,10-heptadecafluorodecyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11-octadecafluor- 5   oundecyl
(meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-nonadecafluoroundecyl
(meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12-elcosafluorodecyl
(meth)acrylate, 2-hydroxy-4,4,5,5,6,7,7,7-oc-
tafluoro-6-trifluoromethylheptyl (meth)acrylate,
2-hydroxy-4,4,5,5,6,6,7,7,8,9,9,9-dodecafluoro-8-trifluoro- methylnonyl
(meth)acrylate and
2-hydroxy-4,4,5,5,6,6,7,7,8,8,9,9,10,11,11,11-hexadecafluoro-1-trifluorome-
thylundecyl (meth)acryiate; hydroxyl group-containing (meth)acrylates such
as hydroxyethyl (meth)acrylate, 10  hydroxypropyl (meth)acrylate,
hydroxybutyl (meth)acrylate, dihydroxypropyl (meth)acrylate, dihydroxybutyl
(meth)acrylate, diethyleneglycol mono(meth)acrylate, triethyleneglycol
mono(meth)acrylate and dipropylene glycol mono(meth)acrylate; (meth)acrylic
acid; N-(meth)acryloylpyrrolidone; (meth)acrylamides such as
(meth)acrylamide, N-methyl (meth)acrylamide, N-ethyl (meth)acrylamide,
N-hydroxyethyl (meth)acrylamide, N,N-dimethyl (meth)acrylamide, N,N-diethyl
(meth)acrylamide and N-ethylaminoethyl (meth)acrylamide; 15  aminoalkyl
(meth)acrylates such as aminoethyl (meth)acrylate, N-methylaminoethyl
(meth)acrylate and N,N- dimethylaminoethyl (meth)acrylate; alkoxy
group-containing (meth)acrylates such as methoxyethyl. (meth)acrylate,
ethoxyethyl (meth)acrylate and methoxydiethyleneglycol (meth)acrylate;
aromatic group- containing (meth)acrylates such as benzyl (meth)acrylate;
glycidyl (meth)acrylate; tetrahydrofurfuryl (meth)acrylate;
N-(meth)acryloylpiperldine; N-(meth)acryloylmorpholine; 2-cyanoethyl
(meth)acrylate; benzo- 20  phenone polymerizable ultraviolet absorbers such
as 2-hydroxy-4-(meth)acryloyloxybenzophenone, 2-hy-
droxy-4-(meth)acryloyloxy-5-tert-butylbenzophenone,
2-hydroxy-4-(meth)acryloyloxy-2',4'-dichlorobenzo- phenone and
2-hydroxy-4-(2'-hydroxy-3'-(meth)acryloyloxypropoxy)benzophenone;
benzotrlazole type poly- merizable ultraviolet absorbers such as
2-(2'-hydroxy-5'-(meth)acryloyloxyethylphenyl)-2H-benzotriazole, 2-
(2'-hydroxy-5'-(meth)acryloyloxyethylphenyl)-5-chloro-2H-benzotriazole,
2-(2'-hydroxy-5'-(meth)acryloylox- 25 ypropyiphenyl)-2H-benzotriazole and
2-(2'-hydroxy-5'-(meth)acryloyloxypropyl-3'-tert-butylphenyl)-5-chloro-
2H-benzotriazole; salicylic acid derivative type polymerizable ultraviolet
absorbers such as phenyl 2-hydroxy- 4-(meth)acryloyloxymethylbenzoate;
polymerizable ultraviolet absorbers such as 2-cyano-3-phenyl-3-(3'-
(meth)acryloyloxyphenyl)propenoic acid methyl ester; azo type polymerizable
dyes such as 1-phenylazo-4- (meth)acryloyloxynaphthalene,
1-phenylazo-2-hydroxy-3-(meth)acryloyloxynaphthalene, 1-naphthylazo-2- 30
hydroxy-3-(meth)acryloyloxynaphthalene,
1-(a-anthrylazo)-2-hydroxy-3-(meth)acryioloxynaphthalene, 1-((4'-
(phenyiazo)phenyl)azo)-2-hydroxy-3-(meth)acryloyloxynaphthalene,
1-(2',4'-xylylazo)-2-(meth)acryloyloxy- naphthalene,
1-(o-tolylazo)-2-(meth)acryloyloxynaphthalene,
2-(m-(meth)acryloylamide-anllino)-4,6-bis(1'-
(o-tolylazo)-2'-naphthylamino)-1,3,5-triazine,
3-(meth)acryloylamide-4-phenylazophenol, 3-(meth)acryi-
oylamide-4-(8'-hydroxy-3',6'-disulfo-1 '-naphthylazo)phenol,
3-(meth)acryloylamide-4-(1 '-phenylazo-2'- 35  naphthylazo)phenol,
3-(meth)acryloylamide-4-(p-tolylazo)phenol and
4-phenylazo-7-(meth)acryloylamide-1- naphthol; anthraquinone type
polymerizable dyes such as 1,5-bis((meth)acryloylamino)-9,10-anthraquinone,
1-amino-4-(3'-(meth)acryloylaminophenylamino)-9,
10-anthraquinone-2-sulfonic acid, 1-amino-4-(3'-
(meth)acryloylaminobenzylamino)-9,10-anthraquinone-2-sulfonic acid,
2-(3'-(meth)acryloylamide-anilino4- (3'-(3"-sulfo-4"-aminoanthraquinone-1
"-yl)-amino-anilino)-6-chloro-1,3,5-triazine and 2-(3'-(meth)acryloyla- 40
mide-anilino-4-(3'-(3"-sulfo-4"-aminoanthraqulnone-1"-yl)-amino-anilino)-6-
hydradino-1,3,5-trlazine; nitro- type polymerizable dyes such as
o-nitroanillnomethyl (meth)acrylate; phthalocyanine type polymerizable dyes
such as (meth)acryloyl-modified tetraamino copper phthalocyanine and
(meth)acryloyl-modif led (dodecanoyl- modified tetraamino copper
phthalocyanine); and polymerizable ultraviolet absorptive dyes such as
2,4-dihy- droxy-3-(p-(meth)acryloyloxymethylphenylazo)benzophenone,
2,4-dihydroxy-5-(p-(meth)acryloyloxymethyl- 45  phenylazo)benzophenone,
2,4-dlhydroxy-3-(p-(meth)acryloyloxyethylphenylazo)benzophenone, 2,4-dihy- 



droxy-5-(p-(meth)acryloyloxyethylphenylazo)benzophenone,
2,4-dihydroxy-3-(p-(meth)acryloyloxypropyi- phenylazo)benzophenone,
2,4-dihydroxy-5-(p-(meth)acryloyloxypropylphenylazo)benzophenone, 2,4-dihy-
droxy-3-(o-(meth)acryloyloxymethylphenylazo)benzophenone,
2,4-dihydroxy-5-(o-(meth)acryloyloxymethyl- phenylazo)benzophenone,
2,4-dihydroxy-3-(o-(meth)acryloyloxyethylphenylazo)benzophenone, 2,4-dihy-
50  droxy-5-(o-(meth)acryloyloxyethylphenylazo)benzophenone,
2,4-dihydroxy-3-(o-(meth)acryloyloxypropyl- phenylazo)benzophenone,
2,4-dihydroxy-5-(o-(meth)acryloyloxypropylphenylazo)benzophfnone, 2,4-dihy-
droxy-3-(p-(N,N-di(meth)acryloyloxyethylamino)phenylazo)benzophenone,
2,4-dihydoxy-5-(p-(N,N-di-
(meth)acryloyloxyethylamino)phenylazo)benzophenone,
2,4-dlhydroxy-3-(o-(N,N-di(meth)acryloyloxyethyla-
mino)phenylazo)benzophenone,
2,4-dihydroxy-5-(o-(N,N-di(meth)acryloyloxyethylamino)phenylazo)benzo- 55
phenone,
2,4-dihydroxy-3-(p-(N-dihyl-N-(meth)acryloy-oxyethylamino)phenyiazo)benzoph
enone, 2,4-dihy-
droxy-5-(p-(N-ethyl-N-(meth)acryloyloxyethylamino)phenylazo)benzophenone,
2,4-dihydroxy-3-(o-(N-ethyl-
N-(meth)acryloyloxyethylamino)phenylazo)benzophenone,
2,4-dihydroxy-5-(o-(N-ethyl-N-(meth)acryloylox-
yethylamino)phenylazo)benzophenone,
2,4-dihydroxy-3-(p-(N-ethyl-N-(meth)acryloylamino)phenylazo)ben- 4    EP 0
381 005 B1 zophenone,
2,4dihydroxy-5-(p-(N-ethyl-N-(meth)acryloylamino)phenyazo)bezophenone,
2,4-dihydroxy-3- (o-(N-ethyl-N-(meth)acryloylamino)phenylazo)benzophenone,
and 2,4-dihydroxy-5-(o-(N-ethyl-N-(meth)ac-
ryloylamino)phenylazo)benzophenone. These (meth)acrylic monomers may be
used alone or in combination as a mixture of two or more different kinds. 5
In the above specific examples, a (meth)acrylate means an acrylate and/or a
methacrylate. The same ap- plies to other (meth)acrylic derivatives.
Specific examples of the styrene monomer include, for example,
silicon-containing styrene derivatives of the formula III: 10 [err] [err]
[err] 20   wherein k is 0 or 1, m is an integer of from 1 to 15 and n is an
integer of from 1 to 15, such as tris(trimethyisiloxy)silyistyrene,
bis(trimethylsiloxy)methylsilyistyrene,
(trimethyisiloxy)dimethylsilyistyrene, trimethylsilyistyrene,
tris(trimethylsiloxy)siloxanyldimethylsilylstyrene,
[bis(trimethylsiloxy)methylsilox- anyl]dimethylsilylstyrene,
pentamethyldisiloxanylstyrene, heptamethyltrisiloxanylstyrene,
nonamethyitetrasi- loxanylstyrene, pentadecamethylheptasiloxanyistyrene,
heneicosamethyldecasiloxanyistyrene, heptacosa- 25
methyltridecasiloxanylstyrene, hentriacontamethylpentadecasiloxanylstyrene,
trimethylsiloxypentamethyi- disiloxy-methyisilyistyrene,
tris(pentamethyidisiloxy)silylstyrene,
(tris-trimethylsiloxy)siloxanyl-bis(trimethyl- siloxy)silylstyrene,
bis(heptamethyltrisiloxy)methylsilylstyrene,
tris(methylbis-trimethyisiloxy.siloxy)silyl- styrene,
trimethylsiloxy-bis(tris-trimethylsiloxysiloxy)silyistyrene,
heptakis(trimethyisiloxy)trisiloxanylstyr- ene, nonamethyltetrasiloxy
undecylmethyipentasiloxymethyisilyistyrene, tris(tris-trimethyisiloxy
siioxy)silyistyrene, 30
(tristrimethylsiloxy-hexamethyl)tetrasiloxy.(tris.trimethylsiloxy)siloxy.tr
imethyisiloxysilyistyrene, nonakis(tri- methylsiloxy)tetrasiloxanyistyrene,
bis(tridecamethyihexasiloxy)methylsilyistyrene, heptamethylcyclotetrasl-
loxanylstyrene,
heptamethylcyclotetrasiloxy-bis(trimethyisiloxy)silyistyrene and
tripropylttramethylcyclote- trasiloxanyistyrene; fluorine-containing
styrene derivatives such as o-fluorostyrene, m-fluorostyrene, p-fluo-
rostyrene, trifluorostyrene, perfluorostyrene, p-trifluoromethylstyrene,
o-trifluoromethyistyrene and m-tri- 35   fluoromethylstyrene; and styrene
derivatives such as o-methylstyrene, m-methylstyrene, p-methylstyrene, p-
ethyistyrene, o-hydroxystyrene, m-hydroxystyrene, p-hydroxystyrene,
trimethylstyrene, tert-butylstyrene, perbromostyrene, dimethylaminostyrene
and a-methyistyrene. These styrene monomers may be used alone or in
combination as a mixture of two or more different types. Further, vinyl
monomers containing a vinyl group otherthan the above-mentioned styrene
monomers, may 40   be used as equivalent to the styrene monomers. Specific
examples of such vinyl monomers include, for ex- ample, vinyllactams, such
as N-vinylpyrrolidone, a-methylene-N-methylpyrrolidone and
N-vinylcaprolactam; 4-vinylpyridine; hetero ring type N-vinyl monomers such
as N-vinylimidazole, N-vinylpiperidone, N-vinylpiper- idine and
N-vinylsuccinimide; azo type polymerizable dyes such as
2-(m-vinyianilino)-4-((p-nitrophenylazo)- 



anilino)-6-chloro-1 ,3,5-triazine,
2-(1'-(o-tolylazo)-2'-naphthyloxy)-4-(m-vinylanilino)-6-chloro-1
,3,5-triazine, 45   2-(p-vinylanilino)-4-(1'
-(o-tolylazo)-2'-naphthylamino)-6chloro-1,3,5-triazine,
N-(1'-(o-tolylazo)-2-naphthyl)- 3-vinylphthalic acid monoamide,
N-(1'-(o-tolylazo)-2-naphthyl)-6-vinylphthalic acid monoamide, 3-vinylph-
thalic acid-(4'-(p-sulfophenylazo)-1'-naphthyl)monoester, 6-vinylphthalic
acid-(4'-(p-sulfophenylazo)-1'- naphthyl)monoester,
2-amino-4-(m-(2'-hydroxy-1-naphthylazo)anilino)-6-isopropenyl-1,3,5-triazin
e, 2-ami- no-4-(N-methyl-p-(2'-hydroxy-1
-naphthylazo)anilino)-6-isopropenyl-1,3,5-triazine, 2-amino-4-(m-(4'-hy- 50
droxy-1'-phenylazo)anilino)-6-isopropenyl-1 ,3,5-triazine,
2-amino-4-(N-methyl-p-(4'-hydroxyphenylazo)anill-
no)-6-isopropenyl-1,3,5-triazine, 2-amino-4-(m-(3'-methyl-1
-phenyl-5'-hydroxy-4'-pyrazdylazo)anilino)-6-iso- propenyl-1,3,5-triazine,
2-amino-4-(N-methyl-p-(3'-methyl-1'-phenyl-5'-hydroxy-4'-pyrazolylazo)anili
no)-6- isopropenyl-1,3,5-triazine and
2-amino-4-(p-phenylazoanilino)-6-isopropenyl-1,3,5-triazine; anthraquinone
type polymerizable dyes such as
1-(4'-vinyibenzoylamide)-9,10-anthraquinone, 4-amino-1-(4'-vinylbenzoyla-
55   mide)-9,10-anthraquinone,
5-amino-1-(4'-vinylbenzoylamide)-9,10-anthraquinone,
8-amino-1-(4'-vinylben- zoylamide)-9,10-anthraquinone,
4-nitro-1-(4'-vinylbenzoylamide)-9,10-anthraquinone, 4-hydroxy-1-(4'-vinyl-
benzoylamide)9,1 0-anthraquinone, 1-(3'-vinylbenzoyiamide)-9,1
0-anthraquinone, 1-(2'-vinylbenzoylamide)- 9,10-anthraquinone,
1-(4'-isopropenylbenzoylamide)-9,10-anthraquinone,
1-(3'-isopropenylbenzoylamide)- 5    EP 0 381 005 B1 9,1 0-anthraquinone,
1-(2'-isopropenylbenzoylamide)-9, 10-anthraquinone, 1
,4-bis-(4'-vinylbenzoylamide)- 9,1 0-anthraquinone, 1
,4-bis-(4'-isopropenylbenzoylamide)-9,10-anthraquinone, 1
,5-bis-(4'-vinylbenzoyla- mide)-9,1 0-anthraquinone, 1
,5-bis-(4'-isopropenylbenzoylamide)-9,1 0-anthraquinone, 1
-methylamino-4-(3'- vinylbenzoylamide)-9, 10-anthraquinone,
1-methylamino-4-(4'-vinylbenzoyloxyethylamino)-9,10-anthraqui- 5   none, I
-amino-4-(3'-vinylphenylamino)-9,10-anthraquinone-2-sulfonic acid,
1-amino-4-(4'-vinylphenylamino)-9, I 0-anthraquinone-2-sulfonic acid,
1-amino-4-(2'-vinylbenzylamino)-9,10-anthraquinone-2-sulfonic acid,
1-([err]- ethoxycarbonylallylamino)-9,10-anthraquinone,
1-([err]-carboxyallylamino)-9,10-anthraquinone, 1 ,5-di-([err]-car-
boxyallylamino)-9, 10-anthraquinone,
1-([err]-isopropoxycearbonylallylamino)-5-benzoylamide-9, 10-anthraqul-
none,
2,4-bis-((4"-methoxyanthraquinone-1"-yl)-amino)-6-(3'-vinylanilino)-1,3,5-t
riazine and 2-(2'-vinylphe- 10
noxy-(4-(4'-(3"-sulfo-4"-aminoanthraquinone-1"-yl-amino)-anilino)-6-chloro-
1,3,5-triazine; and polymerizable ultraviolet absorptive dyes such as
2,4-dihydroxy-3-(p-styrenoazo)benzophenone, 2,4-dihydroxy-5-(p-styre-
noazo)benzophenone and phenyl 2-hydroxy-4-(p-styrenoazo)benzoate. These
vinyl monomers may be used alone or In combination as a mixture of two or
more different types. A conventional cross linking agent may also be used
as an assistant for the ocular lens material of the pres- 16  ent
invention, taking Into accounts the types and amounts of the copolymer
components or the nature of the desired copolymer. Specific examples of
such a conventional cross linking agent include, for example, ethylene
glycol di(meth)acrylate, diethylene glycol di(meth)acrylate, triethylene
glycol di(meth)acrylate, propylene gly- col di(meth)acrylate, dipropylene
glycol di(meth)acrylate, allyl (meth)acrylate, vinyl (meth)acrylate,
trimethy- loipropane tri(meth)acrylate, methacryloyloxyethyl acrylate,
divinylbenzene, diallyl phthalate, diallyl azipate, 20  triallyl
isocyanurate, a-methylene-N-vinylpyrrolidone,
2,2-bis(p-(meth)acryloyloxyphenyl)hexafluoropropane,
2,2-bis(m-(meth)acryloyloxyphenyl)hexafluoropropane,
2,2-bis(o-(meth)acryloyloxyphenyl)hexafluoropro- pane,
2,2-bis(p-(meth)acryloyloxyphenyl)propane,
2,2-bis(m-(meth)acryloyloxyphenyl)propane, 2,2-bis(o-
(meth)acryloyloxyphenyl)propane,
1,4-bis(2-(meth)acryloyloxyhexafluoroisopropyl)benzene, 1,3-bis(2-
(meth)acryloyloxyhexafluorolsopropyl)benzene,
l,2-bis(2-(meth)acryloyloxyhexafluoroisopropyl)benzene, 25   1
,4-bis(2-(meth)acryloyloxyisopropyl)benzene, 1
,3-bis(2-(meth)acryloyloxyisopropyl)benzene and 1 ,2-bis(2-
(meth)acryloyloxyisopropyl)benzene. These conventional cross linking agents
may be used alone or in com- bination as a mixture of two or more different
types. The proportion of the cross linking agent of the formula I in the
ocular lens material of the present Invention is preferably within a range
of from about 0.5 to 15 parts by weight, more preferablyfrom 2 to 10 parts
byweight, 30  in 100 parts byweightof the total amountof the copolymer
components used. If the cross linking agent exceeds 15 parts by weight, the
physical properties attributable to other monomer components for
polymerization, such as the oxygen permeability, tend to be low, and the
material thereby obtained tends to be brittle and weak against a stress
such as an Impact. On the other hand, if the amount is less than 0.5 part
by weight, a distortion is likely to result and a turbidity is likely to
form In the resulting material, and the ocular lens material tends to 



35 be non-uniform and lack in optical transparency, and thus the effects of
using the cross linking agent tend to be low. The types, the number and the
amounts of monomers as components of the ocular lens material of the
present invention otherthan the cross linking agent of the formula I, may
optionally be selected depending upon the physical properties or the nature
of the desired ocular lens material. 40 For example, to obtain a contact
lens material having good oxygen permeability, a silicon-containing mono-
merorafluorine-containing monomer, preferably a silicon-containing
(meth)acrylate, a silicon-containing styr- ene derivative, a
fluorine-containing (meth)acrylate or a fluorine-containing styrene
derivative, may be select- ed. To improve the strength of a lens and to
obtain an ocular lens material having high strength, an alkyl 46
(meth)acrylate, styrene, a styrene derivative or (meth)acrylic acid may
preferably be selected. To impart hydrophilicity to a lens orto obtain a
water absorptive softocularlens material, a monomer having a hydrophilic
group, preferably a hydroxyl group-containing (meth)acrylate,
(meth)acrylamide, aminoalkyl (meth)acrylate, (meth)acrylic acid or
N-vinyllactam, may be selected. To obtain an ocular lens material scarcely
stained with lipids, a fluorine-containing monomer, preferably a 50
fluorine-containing (meth)acrylate or a fluorine-containing styrene
derivative, may be selected. To obtain an ocular lens material having a
high refractive index, a monomer containing an aromatic ring, preferably a
styrene monomer, may be selected. To impart an ultraviolet absorptivity to
the material or to color the material, a monomer may be suitably
selectedfrom polymerizable ultravioletabsorbers, polymerizable dyes and
polymerizable ultravioletabsorptive 55   dyes. Among them, an ocular lens
material comprising a silicon-containing styrene derivative, a
fluorine-con- taining (meth)acrylate and the cross linking agent of the
formula I as essential components, is particularly pre- ferably used as a
contact lens material, since it is optically transparent without optical
distortion and has a high 6    EP 0 381 005 B1 refractive index and
excellent mechanical strength and hardness and thus is excellent in the
durability against an impact, and yet it is a material having excellent
oxygen permeability. The proportion of such a sillcon-con- taining styrene
derivative and a fluorine-containing (meth)acrylate in the ocular lens
material is preferably with- in a range of from 40 to 99.5 parts by weight,
more preferably within a range of from 50 to 98 parts by weight, 5   in 100
parts by weight of the total amount of the copolymer components, with a
view to obtaining a contact lens material which is optically transparent
without optical distortion and has a high refractive index and ex- cellent
mechanical strength and hardness and thus is excellent in the durability
against an impact and which has excellent oxygen permeability. Further,
when the total amount of the silicon-containing styrene derivative and the
fluorine-containing (meth)acrylate is 100 parts by weight, the
silicon-containing styrene derivative is 10  preferably within a range of
from 5 to 95 parts by weight, and the fluorine-containing (meth)acrylate is
prefer- ably within a range of from 5 to 95 parts by weight. Further, the
silicon-containing styrene derivative is more preferably within a range of
from 30 to 90 parts by weight, and the fluorine-containing (meth)acrylate
is more preferablywithin arange of from 10to70 parts by weight.
Particularlypreferably,thesilicon-containingstyrene derivative is at least
30 parts by weight In 100 parts by weight of the styrene monomer as a
copolymer com- 15  ponent, and the fluorine-containing (meth)acrylate Is at
least 40 parts by weight in 100 parts by weight of the (meth)acrylate
monomer as a copolymer component. The ocular lens material of the present
Invention is prepared by a method which is commonly employed in this
technical field by uniformly mixing the cross linking agent of the formula
I with various monomer com- ponents (such as the (meth)acrylate monomer and
the styrene monomer) and adding a polymerization initiator 20  as the case
requires. The polymerization is conducted, if necessary, using a radical
polymerization initiator, by gradually heating within a temperature range
of from room temperature to about [err] or by irradiating electromagnetic
waves such as microwaves, ultraviolet rays or radiation rays (y-rays). In
the case of the heat polymerization, the tem- perature may stepwisely be
raised. The polymerization may be conducted by a bulk polymerization method
or 26  a solvent polymerization method by means of a solvent, or it may be
conducted by any other method. 



Specific examples of the radical polymerization initiator include, for
example, azobisisobutyronitrile, azo- bisdimethylvaleronitrile,
benzoylperoxide, tert-butyihydroperoxide and cumenehydroperoxide. These
initiators may be used alone or in combination as a mixture of two or more
different types. In a case where photopoly- merization is employed, a
photopolymerization initiator or sensitizer may preferably be added. 30
The amount of the polymerization initiator is preferably within a range of
from 0.01 to 1 part by weight per 100 parts by weight of the total monomer
mixture subjected to the polymerization. When the ocular lens material thus
obtained is shaped Into ocular lenses such as contact lenses or intra-
ocular lenses, shaping methods commonly used by those skilled in the art
such as a lathe cutting and polishing method and a molding method, may be
employed. For example, the lathe cutting and polishing method is a 35
method in which the polymerization is conducted in a suitable mold or
vessel to obtain a rod-, block- or plate- shaped base material (copolymer),
and then the base material is processed into a desired shape by mechanical
processing such as lathe cutting and polishing. The molding method is a
method in which a mold corresponding to the shape of a desired ocular lens
is prepared, and the polymerization of the monomer mixture is conducted in
this mold to obtain a molded product, which may further be subjected to
mechanical finishing treatment, if 40  necessary. Further, when the ocular
lens material of the present invention is used as an intraocular lens, a
supporting portion of the lens may be prepared separately from the lens and
then attached to the lens, or It may be molded simultaneously (integrally)
with the lens. Plasma treatment may be applied to the ocular lens material
of the present invention, if necessary. The apparatus and method for the
treatment may be those commonly employed in this technical field. As the
treat- 46  Ing conditions, it is common to employ such conditions taht the
treatment is conducted for from a few seconds to a few tends minutes in an
inert gas atmosphere such as helium, neon or argon or in a gas atmosphere
such as air, oxygen, nitrogen, carbon monoxide or carbon dioxide under a
pressure of from about 0.0001 to a few Torr at a power of from a few W to
about 100 W. More preferably, conditions such that the treatment is con-
ducted in an atmosphere of air, oxygen or argon under a pressure of about
from 0.05 to 3 Torr at a power of 50  from about 10 to 60 W for a period of
a few minutes, are employed. Now, the present invention will be described
in furtherdetail with reference to Examples. However, itshould be
understood that the present invention is by no means restricted to such
specific Examples. EXAMPLE 1 55 Preparation of 4-vinylbenzyl methacrylate
Into a 1[err] three necked round bottom flask equipped with a thermometer
and a Dimroth condenser having 7    EP 0 381 005 B1 a calcium chloride tube
attached thereto, 300 ml of benzene and 103 g (about 1.2 mols) of
methacrylic acid were charged. While cooling the mixture in an Ice bath to
a temperature of not higher than [err], 167 g (about 1.1 mols) of
1,8-diazabicydo[5.4.0]-7-undecene was gradually dropwise added over a
period of about 30 min- utes by means of a dropping funnel. Then, 153 g
(about 1.0 mol) of p-chloromethyistyrene was gradually drop- 5   wise added
over a period of about 5 minutes by means of a dropping funnel, while
maintaining the temperature at a level of not higher than [err]. Then, the
ice bath was removed, and the mixture was reacted at room tem- perature for
24 hours. The reaction mixture thus obtained was subjected to aspiration
filtration to remove solid by-products. The filtrate was washed twice with
a 5% sodium carbonate aqueous solution and then washed three times with 10
water. The organic layer was dried overnight with anhydrous sodium sulfate.
The drying agent was removed byfiltration, and the organic layerwas
concentrated and distilled for purification. The yield of the purified
prod- uct was 60%. The purified product was a colorless liquid having an
aroma. The boiling point during the distil- lation was [err] (under 0.12
mmHg). The infrared absorption spectrum and the
[err]-nuclearmagneticresonancespectrum of the purified product 15  were
measured and analyzed, whereby this purified productwas ascertained to be
4-vinylbenzyl methacrylate. EXAMPLE 2 Preparation of a copolymer 20 



60 parts by weight of tris(trimethylsiloxy)silylpropyl methacrylate, 40
parts by weight of trimethyisilyistyr- ene, 6 parts by weight of
4-vinylbenzyl methacrylate prepared in Example 1, 6.2 parts by weight of
N-vinyl- pyrrolidone and 4.8 parts by weight of methacrylic acid were
uniformly mixed, and 0.3 part by weight of azo- bisdimethylvaleronitrile
was added to obtain a blend solution. About 50 ml of the blend solution was
introduced 25  into a glass test tube, and the test tube was closed.
Preliminary polymerization was conducted in a water bath of [err] for 40
hours, and then the test tube was transferred to an air circulating oven.
Then, the mixture was reacted at [err] for 6 hours, and then the
temperature was raised to [err] at a rate of [err] per from 1 to 1.5 hours,
whereby the components were heat-polymerized to obtain a rod-shaped
copolymer. 30      Then, this rod-shaped copolymer was mechanically
processed by lathe cutting and polishing to obtain a testspecimen. The
physical properties (the appearance, the distortion, the Rockwell hardness,
the oxygen per- meability coefficient, the refractive index, the impact
strength) of the test specimen thus obtained were meas- ured as follows.
The results are shown in Table 1. The test specimen obtained had a
transparent appearance without distortion and was suitable to obtain 35  an
ocular lens material. Appearance The appearance of the rod-shaped copolymer
was visually observed. 40 Presence or absence of distortion The presence or
absence of distortion of the rod-shaped copolymer was ascertained by an
optical elastic distortion meter (precision distortion meter SVP-30,
manufactured by Toshiba Corporation). When no distortion 45  was detected,
the distortion was Identified as "Nil", and when a white or rainbow
distortion was observed, the distortion was Identified as "Yes". Rockwell
hardness 50      The Rockwell hardnesswasmeasured using a test specimen
having a diameterof 12.7 mm and athickness of 4 mm by a Rockwell
superficial hardness meter (ASD, manufactured by Kabushiki Kaisha Akashi
Seisa- kusho) under a load of 30 kg, an indenter of 1/4 inch at [err].
Oxygen permeability coefficient 55 With respect to several test specimens
having a diameter of 12.7 mm and different thicknesses, the oxygen
permeability coeffidents were measured in a saline at [err] by means of a
Selkaken type film oxygen per- meation measuring instrument manufactured by
Rika Seiki Kogyo Kabushiki Kaisha. The unit of the numerical 8    EP 0 381
005 B1 values in Table 1 is ml [err] . The numerical values in the Table
are values obtained by multiplying the values of the original oxygen
permeability coefficients by [err]. '    5   Refractive index The
refractive Index ([err]) of a test specimen having a diameter of 12.7 mm
and a thickness of 4 mm was measured by an Abbe refractometer (1T
manufactured by Atago KK.). Impact strength A steel ball having a weight of
6.75 g was dropped onto a test piece having a thickness of 0.5 mm, and the
height (mm) when the test piece broke was measured as the impact strength.
15  EXAMPLES 3 TO 9 In the same manner as in Example 2, the components as
identified in Table I were uniformly mixed and polymerized to obtain a
copolymer, and a test specimen was prepared therefrom, and various physical
prop- erties were measured in the same manner. The results are shown In
Table 1. 20 COMPARATIVE EXAMPLES 1 TO 5 In the same manner as in Example 2,
a test specimen was prepared by a blend composition as shown in Table 1
using a conventional cross linking agent (ethylene glycol dimethacrylate,
divinylbenzene, allyl metha- 25  crylate, or trimethylolpropane
trimethacrylate), and various physical properties were measured in the same



manner. The results are shown In Table 1. Symbols used in Table 1 30
SIMA: Tris(trimethylsiloxy)silyipropyl methacrylate SiSt1:
Trimethylsilylstyrene SISt2: Tris(trimethylsiloxy)silylstyrene 6FP:
2,2,2,2',2',2'-hexafluorolsopropyl methacrylate VBMA: 4-vinylbenzyl
methacrylate 35        EDMA Ethylene glycol dimethacrylate DVBz
Divinylbenzene AMA: Allyl methacrylate TMP: Trimethylolpropane
trimethacrylate N-VP: N-vinylpyrrolidone 40        MM: Methacrylic acid
MMA: Methyl methacrylate V-65: Azobisdimethylvaleronitrile 46 50 55 9    EP
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__~~~030C-N0 55~~~~~~~~~~~~>    *  C  L  M  S  * EP 0 381 005 B1 As is
evident from the comparison of Examples and Comparative Examples, with
respect to the ocular lens material obtainable by copolymerizing a
(meth)acrylic monomer and a styrene monomer, In the Examples of the present
invention, the appearance was transparent without distortion, and the
material had no problem as an ocular lens material. Whereas, in Comparative
Examples 1 to 3 and 5 wherein conventional cross linking 5   agents were
used, the appearance was turbid and a distortion was observed, and the
products were not suit- able as optical lens materials. In Comparative
Example 4, the product was substantially transparent, and the distortion
was less than those In other Comparative Examples, but Inferior to those In
the Examples of the pres- ent Invention, and the hardness and the impact
strength were also lower than those In the Examples of the present
invention, and thus an ocular lens material having satisfactory physical
properties was not obtained. 10      Further, among them, an ocular lens
material containing a silicon-containing styrene derivative and a flu-
orine-containing (meth)acrylate and the vinylbenzyl (meth)acrylate as the
main components (particularly Ex- amples 3 to 7), is a material which is
optically transparent without distortion and has a high refractive index
and excellent mechanical strength and hardness and thus has excellent
durability against an impact and which has an extremely high oxygen
permeability with an oxygen permeability coefficient of at least 200 (the
unit Is 15  the same as in Table 1). Thus, this optical lens material is
suitable for use as a contact lens material. It Is evident from the
comparison in the oxygen permeability coefficients between Example 3 and
Com- parative Examples 2 to 5 that the oxygen permeability coefficients In
the Comparative Examples are all lower than 190 (the unit is the same as in
Table 1) and Inferior to the oxygen permeation coefficient in Example 3, In
spite of the fact that in each Example, the copolymer was composed of the
same composition except that 20  the cross linking agent used was
different. The ocular lens material of the present invention is a strong
copolymer with a cross linked network struc- ture formed by the linking
agent of the formula I and is optically transparent without distortion.
Particularly an ocular lens material of the present Invention comprising a
styrene monomer and a (meth)acrylate monomer as the copolymer components,
is an ocular lens material which is tough and excellent In the mechanical
25  strength and hardness, Is transparent without distortion and has
excellent optical properties. Among them, a material containing a
silicon-containing styrene derivative and a fluorine-containing
(meth)acrylate and the vinylbenzyl (meth)acrylate as the main components,
is a material which is optically transparent without a distortion and has a
high refractive index and excellent mechanical strength and hard- ness and
thus is excellent in the durability against an Impact and which has an
extremely high oxygen perme- 30  ability. Thus, it is suitable for use as a
contact lens material. Claims 35 1. An ocular lens material, comprising a
copolymer of a styrene monomer, an acrylic monomer and/or a me- thacrylic
monomer and a crosslinking agent of the formula (I) 



[err] 40                           [err] [err] 45      wherein [err] is a
hydrogen atom or a methyl group. 2. The ocular lens material according to
Claim 1, which is a contact lens material comprising the cross linking
agent of the formula I, a silicon-containing styrene derivative, and a
fluorine-containing acrylate and/or a fluorine-containing methacrylate. 50
3. The ocular lens material according to Claim 1, or 2, wherein the content
of the cross linking agent of the formula I is from 0.5 to 15 parts by
weight in 100 parts by weight of the total copolymer components. 55
Patentanspriche 1. Okulares Linsenmaterial, umfassend Bin Copolymer von
elnem Styrolmonomer, einem Acrylmonomer 12    EP 0 381 005 B1
1111111 hH11111  11111 II *C   L  M   S* undloder elnem Methacrylmonomer
und sin Vernetzungamittbl der Formel (I) R1 O CH2 (=I ) 10            worin
R1 sin Wasserstoffatom oder sine Methyigruppe darstlit. 2.  Okulares
Llnsenmaterial nach Anspruch 1, das sin Kontaktlinsenmaterial, umfassend
das Vernetzungs- mittbl der Formdl I, sin Silizium-enthaitndes
Styrolderivat und sin Fluor-enthaltendes Acrylat und/oder sin
Fiuor-enthaltsndes Methacrylat. 15 3. Okulares Linsenmatsral nach Anspruch
I oder 2, worin der Antbil des Vernetzungsmitteis der Formsl I 0,5 bis 15
Gewichtstelle In 100 Gewichtsteilen der gssamtsn Copolymerbestandbtilo
botragt. Revendicatlons 1. Mat6riau pour lentille oculaire, comprenant un
copolymere d'un monomere styr6nique, d'un monomere acrylique et/ou d'un
monombre methacrylique, ainal qu'un agent de r6ticulation de formule (1):
25                          R1O CH2=C-C-O-CH            2
(I) 2~~~~~EC 2 30 dans laquelle R1 est un atome d'hydrogene ou un groups
m6thyls. 2. Mat6riau pour lentille oculaire selon la revendication 1, qui
est un materiau pour lentille de contact compre- 5nant l'agent de
r6ticulation de formul 1, un d6riv6 du styrene contenant du silicium, et un
acrylate fluore etlou un methacrylate fluore. 3.  Mat6riau pour lentille
oculaire selon la revendlication I ou 2, dans lquil I'agent de r6ticulation
de formula I est pr6sent en une quantit6 de 0,5 A 15 parties en poids pour
100 parties on poids de la totalMt des cons- tituants du copolymere. 40 45
50 55 13    


