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(54) Colorant for ocular lenses and colored ocular lens using the colorant

(57) A colorant for ocular lenses represented by the following formula (1):

wherein A and B are each selected from the group consisting of halogens, a cyano group, a nitro group, alkyl groups,
alkylsulfonyl groups and alkoxy groups; R represents a linear or branched alkylene having 1 to 5 carbon atoms; and
Z is selected from the group consisting of a (meth)acryl group, a vinyl group, an allyl group and a chemical structure
having such a polymerizable group.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a colorant for ocular lenses such as contact lenses and intraocular lenses
and a colored ocular lens with the use of this colorant.

BACKGROUND OF THE INVENTION

[0002] There have been known colored intraocular lenses in which transmission of rays in the blue region of about
400 nm to 500 nm is regulated for relieving retinal light damage or as a countermeasure against cyanopsia following
the insertion of an intraocular lens. In these colored intraocular lenses, materials for intraocular lenses are colored in
yellow, orange, etc. by kneading a yellow colorant, an orange colorant, etc. into hard intraocular lens materials such
as PMMA. There is also proposed an invention providing a soft intraocular lens for treating cyanopsia which is obtained
by adding a small amount of a colorant to a flexible and soft material for intraocular lenses to give a colored soft
intraocular lens (see, JP-A-7-24052).
[0003] Because of having dense molecular structures, hard intraocular lens materials such as PMMA scarcely suffer
from the elution (bleeding) of the colorants having been kneaded thereinto. In the case of adding a colorant to a soft
intraocular lens material to be used in soft intraocular lenses, however, there arises a problem that the colorant would
be eluted from the soft intraocular lens material due to the coarse molecular structure thereof.

SUMMARY OF THE INVENTION

[0004] A technical problem to be solved by the invention, which has been made to solve those problems occurring
in the conventional techniques, is to provide a colorant for ocular lenses which can be used without the problem of the
elution and a colored ocular lens with the use of this colorant.
[0005] The present inventors have found out that compounds represented by the following formula (1):

wherein A and B are each selected from the group consisting of halogens, a cyano group, a nitro group, alkyl groups,
alkylsulfonyl groups and alkoxy groups; R represents a linear or branched alkylene having 1 to 5 carbon atoms; and
Z is selected from the group consisting of a (meth)acryl group, a vinyl group, an allyl group and a chemical structure
having such a polymerizable group;
are appropriately usable as colorants for ocular lenses such as contact lenses and intraocular lenses.
[0006] In the case of using alkyl groups as A and B in the formula (1), use may be made of alkyl groups having 1 to
5 carbon atoms such as methyl, ethyl, propyl, butyl and pentyl. The alkylsulfonyl groups and the alkoxy groups have
the same carbon atom numbers. It is particularly appropriate to use a compound wherein A and B are each Cl and Z
is a (meth)acryl group.
[0007] Since the colorant according to the invention carries a functional group having a carbon-carbon double bond
in Z in the formula (1) as described above, it would polymerize with an ocular lens material for intraocular lenses or
contact lenses. As a result, the elution of the colorant can be inhibited. Owing to this characteristic, the colorant ac-
cording to the invention can be appropriately used particularly in coloring soft ocular lenses. In the invention, further-
more, there are relatively bulky groups A and B in the neighborhood of the nitrogen-nitrogen (diazo) double bond in
the formula (1). Thus, the cleavage of the nitrogen double bond by an external energy can be inhibited and thus the
colorant is further stabilized. As a result, it is expected that the light fastness is improved.
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BRIEF DESCRIPTION OF THE DRAWINGS

[Fig. 1]

[0008] It shows the transmittance curve of the plate produced in Example 1.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Modes for the embodiment of the invention will be illustrated.

<Production of colorant for ocular lens>

[0010] First, a mode for the embodiment of synthesizing a compound represented by the formula (1) according to
the invention to be used as a colorant for ocular lenses will be illustrated.
[0011] First, a compound (carbazole) represented by the following formula (2):

is mixed with an organic solvent such as methyl ethyl ketone or dioxane in the coexistence of a base and the mixture
is refluxed while stirring at a predetermined temperature.
[0012] While refluxing the mixture as described above, a compound represented by the following formula (3):

wherein R represents a linear or branched alkylene having 1 to 5 carbon atoms which may be substituted by Cl or Br;
is dropped into the above mixture and reacted. Thus, a compound represented by the following formula (4):

is obtained.
[0013] On the other hand, conc. sulfuric acid is added to glacial acetic acid. To the mixture thus obtained, sodium
nitrite (NaNO2) is added. Then a compound represented by the following formula (5):

wherein A and B are each selected from the group consisting of halogens, a cyano group, a nitro group, alkyl groups,

C1-ROH (3)
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alkylsulfonyl groups and alkoxy groups and A and B may be either the same or different;
is slowly added to the mixture as described above to give a diazotized solution. Next, this diazotized solution thus
obtained is added to a mixture prepared by dissolving the compound of the formula (4) in a mixture of methanol with
water and reacted. Thus, a compound represented by the following formula (6):

is obtained.
[0014] The compound represented by the formula (6) thus obtained and a compound represented by the following
formula (7):

wherein Z is selected from the group consisting of a (meth) acryl group, a vinyl group, an allyl group and a chemical
structure having such a polymerizable group; and X represents a halogen; are dissolved together with a dehydrohal-
ogenation agent in a solvent such as dry benzene and reacted. Thus, a polymerizable colorant represented by the
formula (1) can be obtained. As the dehydrohalogenation agent, use may be appropriately made of, for example,
pyridine, N,N-dimethylaniline, triethylamine, triethylenediamine, etc.

<Production of colored intraocular lens>

[0015] Next, a method of producing a colored intraocular lens with the use of the colorant represented by the formula
(1) which is obtained above will be described.
[0016] As the intraocular lens material to be employed in this embodiment, use can be made of those conventionally
employed. It is particularly suitable to use an intraocular lens material which is soft and flexible at room temperature.
Examples of such a soft intraocular lens material include linear, branched and cyclic alkyl (meth)acrylate such as

methyl (meth) acrylate, ethyl (meth) acrylate, propyl (meth)acrylate, n-butyl (meth)acrylate, tert-butyl (meth)acr-
ylate, isobutyl (meth)acrylate, n-pentyl (meth)acrylate, tert-pentyl (meth)acrylate, hexyl (meth)acrylate, 2-methylbutyl
(meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, nonyl (meth)acrylate, decyl
(meth)acrylate, dodecyl (meth)acrylate, stearyl (meth)acrylate, cyclopentyl (meth) acrylate, cyclohexyl (meth) acrylate
and ethylene glycol phenyl ether acrylate. A copolymer obtained by using one or more of them can be used as a soft
acrylic base material. The term "- - - (meth) acrylate" as used herein means either "- - - acrylate" or "- - - methacrylate".
[0017] In the case where it is intended to obtain a soft intraocular lens material having hydrophilic surface, use can
be made of, for example, the following substances.
[0018] N-Vinyllactams such as N-vinylpyrrolidone, α-methylene-N-methylyprrolidone and N-vinylcaprolactam; hy-
droxyl group-containing (meth)acrylates such as hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, hydroxy-
butyl (meth) acrylate, dihydroxypropyl (meth)acrylate, dihydroxydibutyl (meth) acrylate, diethylene glycol mono(meth)
acrylate, triethylene glycol mono(meth)acrylate and dipropylene glycol mono(meth)acrylate; (meth)acrylic acid; (meth)
acrylamide, N-methyl(meth)acrylamide, N-ethyl(meth)acrylamide, N-hydroxyethyl(meth)acrylamide, N,N-dimethyl
(meth)acrylamide, N,N-diethyl(meth)acrylamide, N-ethylaminoethyl(meth)acrylamide and the like.
[0019] It is also possible to use copolymers thereof, for example, combinations such as a copolymer of ethyl meth-
acrylate with methyl methacrylate, a copolymer of 2-ethylhexyl methacrylate with butyl methacrylate and a copolymer
of 2-ethylhexyl methacrylate with dodecyl methacrylate.
[0020] To produce a soft base material which has been colored with the use of such a soft intraocular lens material,
the above-described (meth) acrylate employed as the main material may be blended with various vinyl-based copol-
ymerizable monomers so as to achieve the desired hardness, repulsion and release speed of the intraocular lens. After
further adding a crosslinking agent, a polymerization initiator, an UV absorber and the colorant obtained by the above-
described synthesis, the mixture is put into a mold form or a reactor and then polymerized. Due to this polymerization,
the colorant is copolymerized with the soft intraocular lens material such as a (meth)acrylate. Thus, the colorant is

z-X (7)
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hardly eluted from the soft base material.
[0021] The colorant is added preferably in an amount of from about 0.001% by weight to 0.1% by weight, still pref-
erably from about 0.005% by weight to 0.05% by weight, based on the total amount of the colored soft base material
for intraocular lenses. In the case where the colorant is added in an amount smaller than the above-described ratio,
the colored soft base material thus obtained has only a light color and the desired effect of the addition of the colorant
cannot be established. In the case where the colorant is added in an amount exceeding the above-described ratio, the
colored soft base material thus obtained has an excessively dark color and becomes impractical.
[0022] Since the soft base material should remain soft and flexible at room temperature, the blending ratio of various
(meth)acrylate-based monomers to be copolymerized is determined so as to give a soft base material preferably having
a glass transition temperature of 10°C or lower, still preferably 5°C or lower.
[0023] As the crosslinking agent to be used in the polymerization, use can be made of crosslinking agents typified
by ethylene glycol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, etc. As the po-
lymerization initiator, it is preferable to use 2,2-azobisisobutyronitrile, azobisdimethylvaleronitrile, benzoin, methyl-or-
thobenzoyl benzoate, etc.
[0024] As preferable examples of the UV absorber, benzotriazole UV absorbers of the coupling type typified by 2-(2'-
hydroxy-5'-methacryloxyethylphenyl)-2H-benzotriazole, benzophenone UV absorbers of the coupling type typified by
2-hydroxy-5-glycidyl benzophenone, etc. may be cited.
[0025] The polymerization is carried out via the heat polymerization, the UV polymerization or the like, though it
varies depending on the polymerization initiator added. The colored soft base material thus obtained is hardened by,
for example, freezing, to such an extent as allowing cutting. Then it is cut into a desired shape. Thus, a colored soft
intraocular lens can be obtained. Alternatively, a colored soft intraocular lens can be obtained by introducing the main
material, the crosslinking agent, the polymerization initiator, the UV absorber and the colorant into a mold form and
then polymerizing and hardening the mixture.
[0026] Although a soft base material which is flexible at room temperature is employed as a material to be colored
in this embodiment, the invention is not restricted thereto. Namely, the colorant according to the invention is also usable
in an intraocular lens made of a hard base material which is non-flexible at room temperature. The colorant according
to the invention is usable not only in intraocular lenses but also in other ocular lenses such as contact lenses.

EXAMPLES

(Example 1)

[0027] 16 g of carbazole, 14 g of sodium hydroxide and 7 ml of purified water were mixed with 80 ml of methyl ethyl
ketone and the resultant mixture was heated and refluxed under stirring for 30 minutes. While refluxing the mixture,
13 ml of 2-chloroethanol was dropped therein over 1 hour. After refluxing the resultant mixture for additional 3 hours,
8 g of sodium hydroxide was added thereto. While refluxing the resultant mixture, 13 ml of 2-chloroethanol was dropped
thereinto over 1 hour. Next, the resultant mixture was refluxed for 24 hours. Then the reaction mixture was cooled to
room temperature by allowing to stand, poured into 3 L of purified water and extracted with ether. After removing the
ether with an evaporator, the unreacted carbazole was filtered off. From the viscous reaction mixture thus obtained,
N-(2-hydroxyethyl)carbazole was isolated by column chromatography (silica gel/benzene). The yield was 20%.
[0028] Subsequently, 4.5 g of conc. sulfuric acid was slowly added to 5.0 g of glacial acetic acid. While maintaining
the resultant mixture at 50°C over a hot water bath, 0.4 g of sodium nitrite was slowly added thereto under stirring.
After heating to 70°C, the resultant mixture was cooled to 10°C over an ice water bath. Then 0.98 g of 2,6-dichloro-
4-nitroaniline was slowly added thereto under stirring. Next, 5.0 g of glacial acetic acid and 7 ml of ice water were
added and thus the resultant mixture was diazotized under stirring.
[0029] In a mixture comprising 20 ml of methanol with 5 ml of purified water, 1. 0 g of N-hydroxyethylcarbazole was
dissolved. The diazotized solution described above was added under stirring to the mixture containing N-hydroxyethyl-
carbazole dissolved therein and the resultant mixture was stirred at room temperature for 1 hour. After adding 50 ml
of water to the reaction mixture, solid matters were obtained by filtration. Then a coloring matrix in an orange color, i.
e., 3-(2',6'-dichloro-4'-nitrophenyl-azo)-9-(2'-hydroxyethyl)c arbazole was isolated therefrom by column chromatogra-
phy (silica gel/benzene). The yield was 65%.
[0030] 0.10 mol of the coloring matrix 3-(2',6'-dichloro-4'-nitrophenyl-azo)-9-(2'-hydroxyethyl)carbazole thus ob-
tained, 0.013 mol of methacryloyl chloride and 0.013 mol of triethylenediamine were dissolved in 1 L of dry benzene
and stirred at room temperature (about 25°C) for 24 hours. Then the reaction mixture was filtered and concentrated
and 3-(2',6'-dichloro-4'-nitrophenylazo)-9-(2'-methacryloyloxy ethyl)carbazole represented by the formula (8):
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i.e., a colorant was isolated by column chromatography (silica gel/benzene). The yield was 95%.
[0031] 0.01% by weight of the colorant thus obtained, 54% by weight of ethylene glycol phenyl ether acrylate, 39.7%
by weight of n-butyl methacrylate, 4.0% by weight of n-butyl acrylate, 2.0% by weight of 1,4-butanediol dimethacrylate
employed as a crosslinking agent, 0.3% by weight of 2-(2'-hydroxy-5'-methacrylyloxypropyl-3'-tert-butylphenyl) -
5-chloro-2H-benzotriazole employed as an UV absorber and an appropriate amount of 2,2-azobisisobutyronitrile em-
ployed as a polymerization initiator were mixed together and the resultant mixture was introduced into a test tube. Then
it was polymerized in a thermostat at 60°C for 24 ours, in an air oven at 95°C for 24 hours and in an vacuum oven at
95°C. Thus, a soft base material for intraocular lenses colored in orange was obtained.
[0032] The soft base material for intraocular lenses thus obtained was processed into a plate of 6 mm in diameter
and 1 mm in thickness. Then its transmittance was measured (Spectrophotometer Model U-4000 manufactured by
HITACHI). Fig. 1 shows the results. As shown in Fig. 1, this base material absorbed almost all rays of 350 nm to 400
nm in wavelength in the UV range. Also, absorption of rays of 400 nm to 500 nm in wavelength was observed. Thus,
it showed ray absorption characteristics similar to the inherent characteristics of human crystalline lens.
[0033] The obtained plate was stored in an air oven at 60°C for 72 hours in the state of being immersed in acetone.
After heating and storing for 72 hours, the plate was taken out and its appearance was observed. As a result, no
discoloration was found out. Further, the transmittance was measured. As a result, the transmittance had been scarcely
changed.

(Comparative Example 1)

[0034] A soft base material for intraocular lenses colored in orange was obtained under the same conditions as in
Example 1 but substituting the coloring matrix obtained in Example 1 by 3-(2',6'-dichloro-4'-nitrophenyl-azo)-9-(2'-
hydroxyethyl)carbazole. The intraocular lens base material thus obtained was processed into a plate of 6 mm in diam-
eter and 1 mm in thickness. Then it was treated with acetone as in Example 1. After the completion of the acetone-
treatment, the plate was completely decolored.

(Comparative Example 2)

[0035] A soft base material for intraocular lenses colored in yellow was obtained under the same conditions as in
Example 1 but substituting the colorant by Yellow AG (manufactured by NIPPON KAYAKU, yellow color). The intraocular
lens base material thus obtained was processed into a plate of 6 mm in diameter and 1 mm in thickness. Then it was
treated with acetone as in Example 1. After the completion of the acetone-treatment, the plate was completely decolor-
ed.

(Comparative Example 3)

[0036] A soft base material for intraocular lenses colored in red was obtained under the same conditions as in Ex-
ample 1 but substituting the colorant by Sudan III (manufactured by KISHIDA KAGAKU, red color). The intraocular
lens base material thus obtained was processed into a plate of 6 mm in diameter and 1 mm in thickness. Then it was
treated with acetone as in Example 1. After the completion of the acetone-treatment, the plate was completely decolor-
ed.
[0037] As discussed above, the colorant according to the invention can be appropriately used in flexible ocular lenses
such as contact lenses or intraocular lenses without being eluted from the colored ocular lenses.
[0038] This application is based on Japanese Patent application JP 2002-370424, filed December 20, 2002, the
entire content of which is hereby incorporated by reference, the same as if set forth at length.
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Claims

1. A colorant for ocular lenses represented by the following formula (1):

wherein A and B are each selected from the group consisting of halogens, a cyano group, a nitro group, alkyl
groups, alkylsulfonyl groups and alkoxy groups; R represents a linear or branched alkylene having 1 to 5 carbon
atoms; and Z is selected from the group consisting of a (meth)acryl group, a vinyl group, an allyl group and a
chemical structure having such a polymerizable group.

2. The colorant according to claim 1, wherein A and B are Cl, and Z is a (meth)acryl group.

3. A colored ocular lens containing a base material and from 0.001% by weight to 0.1% by weight of a colorant, based
on a total weight of the base material and the colorant, the colorant being represented by the following formula (1),:

wherein A and B are each selected from the group consisting of halogens, a cyano group, a nitro group, alkyl
groups, alkylsulfonyl groups and alkoxy groups; R represents a linear or branched alkylene having 1 to 5 carbon
atoms; and Z is selected from the group consisting of a (meth)acryl group, a vinyl group, an allyl group and a
chemical structure having such a polymerizable group.

4. The colored ocular lens according to claim 3, wherein A and B are Cl, and Z is a (meth)acryl group.

5. The colored ocular lens according to claim 3 or 4, which contains from 0.005% by weight to 0.05% by weight of
the colorant represented by the formula (1), based on a total weight of the base material and the colorant.

6. The colored ocular lens according to claim 3 or 4, wherein the base material has a glass transition temperature of
10°C or lower.

7. The colored ocular lens according to claim 3 or 4, wherein the base material has a glass transition temperature of
5°C or lower.
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