STABLE POLYMERIZABLE UV-ABSORBING COLORANT

[000G1] The present invention relates to a colorant for

intraocular lenses. In particular, the present invention

relates to a polymerizable colorant having an ability to

poj

absorpb the ultraviolet light (UV) and the light in the blue
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the pigmentation arise in
cause a state that the entire visual field is fogged. As

for the treatment method therefor, a surgical operation is

generally performed such that the clouded crystalline lens

is remcved and an intraocular le is inserted into
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the materials for the intraocular lens, which are used for
T

the treatment, are based on acrylic or silicon polymer. In

particular, for example, polymethyl methacrylate (PMMA) has

" N O T e
been hitherto used.

However, the intrinsic crystalline lens has a property
that the ultraviolet light is not transmitted therethrough.

On the contrary, the ultraviolet light is transmitted

e



through the conventional polymer for the intraccular lens.
Therefore, there 1s a risk that the retina may be damaged.
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yellowish, which has a prop

A

Tt a part of the light in
the blue region 1s suppressed from being transmitted.
However, the light in the blue region is approximately
completely transmitted through the conventional transparent
polymer for the intraoccular lens. Therefore, the patients

complain the glare in many cases after the operation for

inserting the intraocular lenses Further, there has been
also & risk that any disease originating from the retina

including, for example, macular degeneration may be caused
when the light in the blue region, which has the short

wavelength and the high energy, arrives at the interior of

the eye.

the above, the materi

ns is reguired to have the ability to absorb the

[
0]

ultraviolet light and the coloring brought about by a
vellow-based colorant. In recent years, in view of the
safety, an UV absorber monomer and/or a yellow-based
colorant monomer 1s/are copolymerized in many polymers for

the intraocular lens. Various monomer compounds as

described above have been hitherto developed (Patent

Documents 1 to 4). Monomer compounds, which are
copolymerizable with other monomers for the intraocular

lens material, have been also developed, each of

a Cchromophore such as an azo group or the like and a UV-

]



absorbing portion such as a benzophenone skeleton or the

like in one molecule (Patent Documents 5 and 6).

Patent Documents:

[0003]

et

Patent Document JPZ2685980B2;
Patent Document Z: JPH10-251537A4;

™

Patent Document 3: JPHO7-028911BZ;

WY

fia

Patent Document

: JPZ26047998B2;

L

Patent Document . JPHOZ-232056h;

Patent Document o¢: JP2006-291006A.

SUMMARY OF THE INVENTION
Problems to Be Solved by the Invention:
[0004] The polymerizable UV-absorbing colorant monomers

described in Patent Documents 5 and 6 involve the following

-t

problem. That is, the monomers are deficient in the
stability against the pH change, especially in the

stability under alkaline conditions, and the colorant

moiety (chromophore and UV-absorbing porticn) is easily
eliminated from the polymer In particular, in the case of

the intraocular lens material which i1s to be implanted in

or a long period of time, the risk of the



In view of the above, an object of the present invention is
to obtain a polymerizable UV-absorbing colorant monomer

which 1s stable even under alkaline conditions.

Means for solving the Problems:
[0005] The present inventors have made diligent

investigations in order to solve the problem as described

above. As a result, it has been found ocut that the problem

of the stability against the pH change is caused by the

N

presence cof any ester bond between a colorant moiety and a

polymerizable group in a moncmer. Further, it has been

Fag
1
4

ound out that a polymerizable UV-absorbing colorant
monomer compound represented by the following general

formula (1) can solve the problem as described above.

That 5, the present invention is as follows.
One aspect of the present invention resides in a

compound represented by the following general formula (1)

(hereinafter referred to as "colorant compound of the



[0006]

HO R?

—Rr3 (1)

(In the general formula (1), R 1s a hydrogen atom, a

hydroxy group, a carboxy group, an alkyl group having 1 to

8 carbon atoms, an alkoxy gr

O

up having 1 to 8 carbon atoms,

=
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a sulfonic acid group, or a benzyloxy group, and preferably
a hydrogen atom, a methyl group, or an ethyl group. R® is
a hydrogen atom, a hydroxy group, o©or an alkoxy group having
1 to 4 carbon atoms, and preferably a hydrogen atom, a
hydroxy group, a methoxy group, or an ethoxy group. R~ is

Pl I

represented by the following formula (2).)

[0007]

R® 2)

(In the general formula (2), R' is a hydrogen atom or a
methyl group. Further, R 1s a single bond or an alkylene
group having 1 to 4 carbon atoms which may have a
substituent or substituents, preferably an alkylene group

having 1 to 4 carbon atoms which

[0008] Another aspect of the present invention resides

M

present inventi



compound of the present invention described above and one
species or two or more speciles of other polymerizable
monomers which are copolymerized with each other.

[G009] Still another aspect of the present invention
resides in an intraccular lens (hereinafter referred to as
"intraocular lens of the present invention" as well)
comprising the polymer of the present invention described

above which is molded.

[0010] According to the present invention, the
polymerizable UV-absorbing colorant monomer, which is
stable even under alkaline cconditions, 1is provided. The
compound, which 1s represented by the general formula (1),

[ K Do
nas, in 1tC

N

molecule, the benzophenone ske
the capability to absorb the ultraviolet light, the
azobenzene skeleton which has the capability to absorb the
light in the blue region, and the polymerizable group.

Therefore, the compound represented by the general formula

(1) can be copolymerized with ancther polymerizable monomer
or polymerizable monomers to obtain a polymer. The polymer
1s useful as a material for the intraccular lens
BRIEF DESCRIPTION OF THE DRAWINGS
[0011]
Fig. 1 shows a chart illustrating a UV-visible

Hh



abscorption spectrum

Z shows

a

of a polymer sheet

obtained in Example

g. . char lustrating a UV-visible
absorption spectrum of a polymer sheet obtained in Example
14.

Fig. 3 shows a chart illustrating UV-visible
absorption spectrums of filtrates obtained after alkali-
treating polymers.

MODE FOR CARRYING OUT THE INVENTION
[0012] The present invention will be explained in detail
below.
[0013] <1> Colorant compound of the present invention

The colorant compound of the present invention is
represented by the following general formula (1)

[0014]

HO R?

O 2N
N AN
—Rr® (1)
/ /
R'— |

X

[0015] In the general formula (1), R° is a hydrocgen

h

having 1 to 8

carbon atoms, a
Among them, it is pr

ydroxy group,

sulfonic acid group,

o~y
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atoms, a
oT

ferable to use the
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n alkoxy gr
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a benzyloxy group.

hydrogen atom,

a



methyl group, or an ethyl group in view of the reaction
efficiency in the production. In the general formula (1),
R* 1s a hydrogen atom, a hydroxy group, or an alkoxy group
having 1 to 4 carbon atoms. Among them, 1t is preferable
to use the hydrogen atom, the hydroxy group, a methoxy
group, Or an ethoxy group in view of the reaction

efficiency in the production, and it is especially

preferable to use the hydroxy group in view of the ligh

i

beam absorption characteristic. As shown in the general

formula (1), the colorant compound of the present invention
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he benzophenone skeleton and the azobenzens skeleton,

{

and they are the colorant moieties. In the general Iformula
(1), R’ is represented by the following formula (2).

[0016]

R4

R5 (2)

[0017] In the general formula (2), R' is a hydrogen atom
or a methyl group.

In the general formula (2), R” is a single bond or

Q
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alkylene group having 1 to 4 carbon atoms which may have a
substituent or substituents, preferably an alkylene group
having 1 to 4 carbon atoms which has no substituent. The
alkylene group having 1 to 4 carbon atoms specifically
means a methylene group, an ethylene group, a propylene

group, ©r a butylene group. The alkylene group as



described above may have a substituent or substituents, or
the alkylene group as described above may have no
substituent. When the alkylene group as described above

S et

v such a mode that a substituent or substituents

o

including, for example, an alkyl group having 1 to 2 carbon
atoms, a halogen group, a carboxyl group, a carpboxy-Cl to
CZ2-alkyl group, a hydroxy group, a hydroxyalkyl group

having 1 to Z carbon atoms, an amino group, and an

aminoalkyl group having 1 to 2 carbon atoms is/are bonded
to a carbon atom or atoms ¢f the alkylene group

ks described above, the substituent R’ is the group in
which the spacer is bonded to the (meth)acryloyvlamino group
which is the polymerizable group, and the substituent R is

the moilety which participates in the copolymerization in

the colorant compound of the pre
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invention. Owing to

£

re represented by the general formula (2), the

colorant compound of the present invention has a property

that the reaction efficiency is high with respect to other
polymerizable monomers.

13

The term "(meth)acryloyl” means "acryloyl" or
"methacryloyl™.

In the general formula (1), 1t is preferable that the
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1on of the azophenvyl group.
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represented by the general formula (1) is not particularl:
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limited, for example, those having the following structure

may be preferably exemplified.
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[0035] The colorant compound of the present invention

has, 1n one molecule, the benzophenone skeleton (UV-

apsorbing portion) which has the capability to absorb the
ultraviolet light and the azobenzene skeleton (chromopho

which has the capability to absorb the light in the blue
region. Owing to the presence of the colorant moiety of
them, the colorant compound of the present invention has
the capability (light beam absorption characteristic) to
suppress the transmission of those in the UV region
(wavelength: not more than 380 nm) and the blue region
(wavelength: 380 to 500 nm). The colorant compound of t

present invention is more excellent in the 13
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ht beam
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absorption characteristic as compared with any conventio
colorant compound (for example, 2,4-dihydroxy-5-{(4-(2-(N

methacryloyloxyethyl)carbamoyloxy)
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ethylphenylazo)benzophenone (BMAC) described in Patent
Document 6. Specifically, when the UV-visible absorption

spectrum 1s measured, the rising of the chart sharpls

I A

appears 1in the vicinity of 420 to 500 nm, and the compound

1s excellent in the ability to suppress the 1

ilght beam
transmission in the UV/blue region.

Further, as for the colorant compound of the present
invention, the UV-absorbing portion and the chromophore
(collectively referred to as "colcorant moiety" as well)
exist in one molecule. Therefore, the inconvenience, in

[ T 3 . . A - N N P
which the chromophore is damaged by the

and the colorant 1s subjected to the discoloration in a

time-dependent manner, is scarcely caused.

volymerizable group and the colorant
the amide bond in the colorant
invention The bond as described
above is stable even under the alkaline conditions, and

hence the colorant moiety is not eliminated from the
polymer of the present invention as described later on. As
a result, the stability under the alkaline conditions is
realized, which has been deficient in any conventional
colorant compound having the ester bond and any copolymer

ased on the use of the same.

[

[0036] The meth
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oducing the colorant compound

the present invention 1s not specifically limited.

However, for example, the colorant compound of the present

invention can be produced in accordance with Synthesis

J
n



Methods 1 to 3 described below.

[0037] (Synthesis Method 1)

—

This method includes a diazotization step of an

aminoaryl compound to obtain a diazonium salt, dlazo

oY)

coupling step of the obtained diazonium salt and a
benzophenone compound to give a diazo compound, and an
amidation step of reacting the resulting diazo compound,
for example, with an acrylic acid compound or a methacrylic
acid compound by means of an amidation reaction to

introduce a polymerizable group.

formula. In the formula, R represents a
represents a hydroxy group or a
o R’ represent the same or eguivalent

described above.

® cie
HyN N,
RN _NH, NaNO, AN _NH,
.___RS _RE
! P HCH =
{0y {iiy
HO R? a2 o R?
o HO R4
"
; o N
R-Z | 0 N’N = NH, jg)Qb i ™
2 l LT e e t —R~
= Z 7~ Z
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= i) \\ (i)
[0039] (Synthesis Method 2)

h

This method includes an amidation step of an aminoaryl

compound, for example, with an acrylic acid compound or a

methacrylic acid compound by means of an amidation reaction



to introduce a polymerizable group,

the obtained polymerizable aminoaryl compound to give a

diazonium salt, and a

o

diazo coupling of the
benzophenone compound

present invention.

a diazotization step of
(o3

diazo coupling step of performing

resulting diazonium salt with a

to glve the colorant compound of the

The outline of Synthesis Method 2 is shown in the

following reaction formula. In the formula, R represents a
protecting group, R' represents a hydroxy group or a
halogen atom, and R’ to R° represent the same or equivalent
substituents as those described above.

In the amidation step of introducing the polymerizable
group into the aminocaryl compound, it is preferable that
the amino group on the aromatic group is blocked by the
protecting group 1s used, and the protecting group is
removed, for example, by means of an acid treatment before
the diazotization step.

[0040]
R4
| | Ryt
rotecti e
HZN R ,NH7 :r:ui "6 RHN R NHZ QHNW deprotecticn HZN\A
5 F P o O | 3 3
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[ e CIo N
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[0041] (Synthesis Method 3)

This method includes an amidation step of using a



nitroaryl compound as & starting material in place of the

¢
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amincaryl compound and reacting it, for example, with an
acrylic acid compound or a methacrylic acid compound by

means of an amidation reaction to introduce a polymerizable

job}

group, a reducing step of a nitro group of the obtained
polymerizable nitroaryl compound to an amino group, a
diazotization step of the obtained polymerizable aminoaryl

compound to give &
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N
O
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salt, and a diazo coupling

T

a1l
step of the resulting diezonium salt with a benzophenone

I

- - 3 N 4 1 h - E 8 - R o~ fag - g
compound to give the colorant compound of the pres
I IS b

The of Synthesis Method 3 is shown in the

following reaction formula. In the formula, R' represents
a hydroxy group or & halogen atom, and R° to R’ represent

S - ~ S - I Syt b T s ey o oy b b I ey v s
Cne same or ceguivalent supstituents as LnGse cescrived
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[0043] Alternative

J—

Yy, the colorant compound of the
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present invention can be produced 1in accordance with,

o

for example, a synthesis method incly
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ling a protection step



of intrecducing a protecting group into an aliphatic amine

)
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f an amincaryl compound, a diazotization step of the

[

aminocaryl compound in which the aliphatic amine is
protected to obtain a diazonium salt, a diazo coupling ster
of the resulting diazonium salt with a benzophenone

compound to give a diazo compound, a deprotection step of

removing the protecting group of the aliphatic amine, for

example, by means of an acid treatment, and an amidation

v i P ~ P, - ny A e ~ )
with an acrylic acid compound or a methacrylic ac

id

It 18 possible to use, for example, as the diazolblzind
- 14 N e e e . o N1 — IEEE . o A 3 1
agentc socium nitrite or aguecus solution of sodium

o ’ i

nitrite, potassium nitrite or agueous solution of potassium

nitrite, iscamyl nitrite, and/or nitrosy] (sulfuric
- N IS e ~ + i B = ¥y
acid soclution). 'he amount of use of the diazotizing agent

is not specifically limited. However, the amount of use of
[ Y i1

1.00 to 1.20 moles and

more preferably 1.02 to 1.10 moles per 1 mole of the

.

temperature in the diazotization step is within a

1.

~78°C to 50°C. The reaction temperature 1s

preferably within a range of -20°C to 20° and more

19



preferably within a range of -20°C to 10°C. It is
preferable that the diazotization step is performed under

neutral to acidic condition. It is possible to

appropriately add acid such as hydrochloric acid or the
like to the reaction solvent.

[0045] it is preferable Lhal the diazo coupling step,
wnhnich 1s included in Synthesis Methods 2 and 3, is
performed under a weakly basic condition by using a weak
base as a catalyst, for the following reason. That is, in
the case of the strong base including, for example, sodium

hydroxide and

1
wn

diazo coupling reaction, the amide structure, which
included in the diazonium salt of the polymerizable

aminocaryl compound, is decomposed or eliminated, and the

decomposition can be remarkably suppressed, and it is
possible to secure the sufficient reactivity. As a result,
it is possible to dramatically raise the reaction yieid.
1

Further, 1t is known that the vinyl

included in the diazonium

\f)

salt, is also polymerized in the

presence of the strong base as described above, which

causes the consplcuous decrease However,
when base 1s used in p g pase, it
15 also possible to suppress such an inconvenience

The weak base, which is usable in this procedure, is
not specifically limited provided that the weak base is a
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salt composed of a strong alkali and a weak acid, wherein

b

an agueous solution thereof does not hydrolyze the amide
bpond at 1 atm at 0°C to 25°C, causing no polymerization

L group. It is preferable to use a
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xample, sodium carbonate, sodium
hydrogencarbonate, potaessium carponate, sodium acetate, and
potassium acetate. The amount of use of the weak base is

preferably 4.0 to 10.0 moles and more pre
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moles per 1 mole ¢of diazonium salt as converted into the

and more preferably within a range of -5°C to 5°C.

[0046] It is possible to use, as

the diazo coupling step, organic solvents

choas f } ¥ ’

amide-based solvent such as N, N-

dimethylacetoamide,

ethylformami 1-met I

syrrolidone and the like, sulfon-based solvent such as

jof]
9]

i

sulforan and the like, sulfoxide-based solvent such as

~ v oy b e e ) P PRUp. PR T 1 e N B T, |
as rtelramelhnylurea and Lthe Lllke, nalogen-pased

Dased

the like, and pyridine-based

L4



of types, as well as a mixture system composed of the
organic solvent and water and a system composed of water
singly. However, among them, it 1s preferable to use the

D 4 e 1
1T 18 ad

3

o preferable to

use the above while mixing the same with water. Further,

it is also allowable to add and use the amide-based

solvent, the ester
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solvent in addition to the alcchol-basec
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water depending on the reaction.

[0047] The aminocaryl compound referred to herein is
represented by (1} or (v} in the reaction formula described

above, and the nitroaryl compound is represented by (ix) in
the same. Further, the polymerizable aminocaryl compound is
represented by (vi) or (vii) in the reaction formula

described above, and the polymerizable nitroaryl sound

is represented by (x) Iin the same.

[0048 The polyvmerizable aminoarvl compound or the
8 i ») P £

3
4

polymerizable nitroaryl compound described above can be

o
i

obtained, for example, by the amidation reaction of amino-

Q.
o8}

substitute sromatic amine or nitro-substituted aromat

amine and (meth)acrylic acid, the amidation reaction of
amino-substituted aromatic alkylamine or nitro-substituted

aromatic alkylamine and (meth)acrylic acid, the amidation

~g

e . £ : mcw o e o e e g e 3 oy e oy -~ L A e
reaction of aminoc-substituted aroma Oor nitro

substituted aromatic amine and (methjacrylic acid chloride
or the amidation reaction of amino-substituted aromatic

alkylamine or nitro-substituted arcmatic alkylamine and

22



(meth)acrylic acid chloride. As for the amino-substituted
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it is possible to use those in which the

amide group 1s substituted with a protecting group

b=

—

>xample, t-butoxycarbonyl group,
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benzyloxycarbonyl group, 9-fluorenylmethyloxycarbonyl
group, 2,Z,Z2-trichlorcethoxycarbonyl group,
allyloxycarbonyl group, p-toluenesulfonyl group, and 2-
nitrobenzenesul fonyl group.

[0049] The polymerizable aminoaryl compound described
above 1is exemplified, for example, by N-(4-

aminophenyl) (meth)acrylamide, N-[{4-

aminophenyl)methyl] (methjacrylamide, N-[2-(4-
aminophenyl)ethyl] (meth)acrylamide, N-[3-(4-

aminophenvyl)propyl] (meth)acryvlamide, N-[{4-(4-
i i r

aminophenyl)ethyl] (methyacrylamide, N-[3-(3-

aminophenyl)propyl] (meth)acrylamide, and N-[4-(3-

aminophenyl)butyl] (meth)acrylamide.

i.

Further, the polymerizable nitroaryl compound

i

described above 1s exemplified, for example, by N-(4-
nitrophenvyl) (meth)acrylamide, N-[ (4-
nitrophenyl)methyl] (meth)acrylamide, N-[2-(4-

nitrophenvl)ethyl] (meth)acrylamide, N-[3- (4~

nitrophenyljpropyl] (meth)acrylamide, N-[4-(4-

23



itrophenyliethyl] (meth)acrylamide, N-[3-(3-
nitrophenyl)propyl] (meth)acrylamide, and N-[4-(3-

nitrophenyl)butyl] (meth)acrylamide.

[0050] As for the production method for producing the
colorant compound of the present invention, it is

b

preferable Lo use the synthesis method in which the
amidation step is performed before the diazo coupling step
as in Synthesis Method 2 or Synthesis Method 3, for the
following reason. That is, in the diazotization step of
Synthesis Method 1 described above, it is feared that any
byproduct hawvi
diazotization of aromatic amine. On the contrary,
according to Synthesis Method 2 or Synthesis Method 3

described above, the diazotization step is performed after

s
[
o
<
O
C
n
fot

iy introducing the polymerizable group by means of,
for example, the amidation reaction. Therefore, it is
possible to aveild the production of the byproduct as
described above. As a result, according to Synthesis

Method 2 cor Synthesis Method 3, the reaction efficiency is

satisfactory, and 1t 1s possible to obtain the colorant

Further, the nitroaryl compound, which is used as the

starting material in Synthesis Method 3, is more
Y s v e 4 T o P ~ P . 3 P I D = 7T a2
ineXpensive wn the aminocar J' compound. xud;,tg.onaLL; PR

[*H

the amidation reaction, a byproduct, in which two molecules

of the polymerizeable groups are introduced with respect to

produced when the polymerizable

]
=N



group is introduced. However, the byproduct, which is
produced when the nitroaryl compound is amidated, is

removed more easily than

to

I £

he aminoaryl compound 1is

economy and

consideration well,

nitroaryl compound 1is use

especlally preferred as

> Colorant

e 1 s
compound of
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the operation into

hesis Method in which the
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as described above are not specifically limited provided

1

that the monomers are crdinarily used. However, for
example, the following monomers are exemplified.
[0052] Straight-chain, branched-chain, and cyclic

alkyl {meth)acrylates including, for example, methyl

b

{methjacrylate, ethyl (meth)acrylate, propyl
(meth)acrylate, isopropyl {(meth)acrylate, butyl
(meth)acrylate, tert-butyl (meth)acrylate, isobutyl

L

Lyl

crylate, pentyl (meth)acrylate, tert-pen

dodecyl (methjacrylate, stearyl (meth)acrylate, cyclopentyl

cyclohexyl (meth)acrylate, and phenoxy

(meth)acryla

ol

tris({trimethylsiloxy)silylipropyl {(meth)acrylate,
mono (methylbls(trimethylsiloxy)siloxy)bis(trimethylsiloxy) -
silylpropyl (methjacrylate,

tris{methylbis (trimethylsiloxy)siloxy)silylpropyl

(meth}

j$5)

syl o
crylate,

methylbis{trimethylsiloxy)silylpropylglyceryl
(meth)acrylate, tris{trimethylsiloxy)silylpropyiglyceryl

(meth)acrylate,
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ropylcyclotetrasiloxybis (trimethyl~

(meth)acrylate;

taining (meth)acrylates including, for
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lucropentyl (meth)acrylate

o 3

ifluoromethyljpentyl

(meth)acrvlate, 2-

or example, styrene,
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trifluoromethylstyrene, (pentamethyl-3, 3~

bis(trimethylsiloxy)trisiloxanyl)styrene, (hexamethyl-3-

trimethylsiloxytrisiloxyanyl)styrene, and

dimethylaminostyren;

(meth) acrylates including,

hydroxy group-containing

for exaemple, hydroxyethyl (meth)acrylate, hydroxypropyl

(meth)acrylate, hydroxybutyl (meth)acrylate,
dihydroxypropyl {(meth)acrylate, dihydroxydibutyl
(meth)acrylate, diethylene glycol mono(methjacrylate,

Tﬁ
- ﬁ
e
r—*

‘iethylene glycol rylate, and di

ct
-

lactams including, for example, N-
vinylpyrrolidone, a-methylene-N-methylpyrrolidone, N-
vinylcaprolactam, and N~ {(meth)acryloylpyrrolidone;

yacrylamides including,

{meth)ac
e, N-

viamide,

(meth)acr

ethyl{meth)acryiamide, N-hydroxyethyl {meth)acrylamide,

N,N-diethyl {meth)acrylamide, and

N-ethyl-N-amincethyl (meth)acrylamide;

aminoalkyl (meth)acrylates including, for example,

aminocethyl (methjacrylate, N-methylaminoethyl
(methj)acrylate, and N,N-dimethylaminoethyl (meth)acrylate;
alkoxy group-containing (methjacrylates including, for

example, methoxyethyl (methjacrylate, ethoxyethyl
I methoxydiethylene glycol

thiyacrylate, and

Q

{me

(meth)acrylate;
. %
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arocmatic ring-containing (meth)acrylates including,

for example, benzyl (meth)acrylate;

alkyl esters, which may be substituted with alkyl
group, fluorine-containing alkyl group or siloxanylalkyl

roup, of itaconic acid, crotonic acid, maleic acid,

Ne]

3

umaric acid and the like;

h

glycidyl (meth)acrylate;
tetrahydrofurfuryl (meth)acrylate;
d-vinylpyvridine;

heterocyclic N-vinyl monomers including, for example,

4

}

N-vinylsuccinimide;
N-{(meth)acryloylpiperidine; and
N=-(meth)acryloylmocrpholine.

i

The term "(meth)acrylate"” means "acrylate" or
"methacrylate"”, and this meaning also holds in the same
manner in relation to (meth)acrylic acid derivatives.
One specles or two or more species of the
copolymerizable monomers described above can be selected

and polymerized to provide a macromconomer which can be used

as one of th

~

= copolymerizable monomers for producing the

polymer as well.

[0053] The polymer of the present invention can be

invention and one species or two or more species of other
copcolymerizable monomers in arbitrary amounts, mixing them

uniformly or homogeneously, and then copolymerizing them.



The ratio, at which the colorant compound of the present
invention is blended when the polymer of the present
ymerized, is affected by the way of use
of the polymer, for example, the thickness in the case of
the intraocular lens as well. However, the ratic is

preferably 0.001 to 5 parts by weight, more preferably
0

0.005 to 2 parts by weight, and much more preferably

to 0.06 parts by weight with respect to 100 parts by weight
of the mixture of all of the copolymerizable monomer It
the ratio is less than 0.001 parts by weight, it is feared
that the color development of the polymer may be

deteriorated. On the other hand, 1f the ratio exceeds 5
parts by welght, 1t 1s feared that the transparency may be
lowered due to the excessive denseness of the coloring of
the polymer, the physical property (for example, the
strength) of the polymer may be lowered, and/or the
colorant compound of the present invention may be easily
eluted from the polyme
[0054] The polymer of the present invention can be
synthesized in accordance with any method ordinarily
carried out in the concerning technical field. For
example, the polymerization can be performed by uniformly
or homogeneously mixing the colorant compound of the

Or TWO Or more specl

0]

S
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about 130°C, or radiating an electromagnetic wave

~y

~ht
HAiey

including, for example, a microwave, an ultraviolet 11

nd a radiation (gamma ray). &As for the polymerization, it

ok}

is possible to adopt various methods widely and generally

used by those skilled in the art including, for example,
the radical polymerization, the bulk polymerization, and
the solvent polymerization (solution polymerization). When

the heating polymerization is performed, it is also

jO8

[
-
-

allowable that the temperature 1s raisec a stepwise
manner.

Ty - e A 5 Do 3 - e :
The polymerization initiator described above i

9]

exemplified, for example, by radical polymerization
initiators including, for example, azobisisobutyronitrile,

azobisdimethylvaleronitrile, 2,2'-azobis(2,4-

@]
Q
i
=
o
o
oy
2
i,'»
i
o
frnt

leronitrile), benzoyl peroxide, tert-butyl

ydroperoxide, cumene hydroperoxide, and benzoyl peroxide.
[t 1s possible to use one species or two or more speclies of
them. It is preferable that the polymerization initiator

is used in an amount of use within a range of about 0.01 to

O

i

1 part by weight with respect to 100 parts by weight of the

mixture of all of the copolymerizable monomers. When the

3

polymerlization 1s performed by using the light beam (ray)

sensitizer.
.

[0055] When the polymer of the present invention is

synthesized, it is azlso possible to use, in combination, a

31



known polymerizable UV absorber (ultraviolet abs

absorbent) (to mainly absorb the ultraviolet

~

and a polymerizable colorant (having no UV-absor

+

[y

e

capability to mainly absorb e light in the blu

as well as a polymerizable UV-absorbing colorant

polymerizable UV absorber, the polymerizable col

the polymerizable UV-absorbing colorant as descr

are used in combination, it is thereby possible to finely
adijust the balance between the UV-absorbing capability and
the absorbing ¢ to absorp the light in the blue
region of the polymer to be fin obtained In
particular, when the polymer of the present invention is
used as a material for the intraococular lens as described
later on, the use in combination as above is

ul in order to adijust the color tone of the intraoccular
lens and/or sufficiently add the UV-absorbing ability. The
adjustment is made so that the amount of addition is
preferakbly not less than 0.01 parts by weight and more
preferably not less than 0.05 parts by weight with respect
to 100 parts by welght of the mixture of all of the
copolymerizable monomers. Further, in order to secure the

sufficient polymerization speed and the sufficie
of polymerization, the adiustment is made so tha
amount of addition 1s preferably not more than 5
welight and more preferably not more than 3 parts
with respect to 100 parts by weight of the mixtu

able

opolymeriz

orber or

light portion)

bing
e region)

. When the
orant, and

ibed above

nt degree

parts by



[0056] As for the polymerizable UV absorber capable of
being used in combination for the purpose as described
above, 1t 1s possible to use, for example, benzophenone-
based polymerizable UV absorbers disclosed 1in Japanese
Patent Application Lald-open No. 2003-253248 and
benzotriazole-based polymerizable UV absorbers disclosed
Japane Patent No. 2685980 Specified examples are
exemplified, for example, by benzophencone-based
polymerizable UV absorbers including, for
hydroxy—~4-{(meth)acryloyvloxybenzophenone,
(meth)acrvloyloxy-5-t-butylbenzophenone,
(meth)acryloyloxy-2 -dichlorobenzophenone, and 2-

hydroxy-4-(2'-hydroxy-3"'-

(meth)acryloyloxypropoxy)

benzophenone;

polymerizable UV absorbers including, fo
hydroxy-5'"-(meth)acryloyloxyethylphenyl)

2=z

-

~hydroxy-5'-{(meth)a

cry

benzotriazole, Z-(2'-hydroxy-

(meth)acryloyloxypropylphenyl)~2H~ben

-

hydroxy-5"'-{(meth)acryloyloxypropyl-3"'

chioro-2H-benzotriazole, and 2-{(2'

methacrylo xyethoxy) -

ot
Lo A

o
0]

r

o)

zotriazole; salicylic aci erivative

LA

]

wricable

o

.l
~

includis o

UV absorber

.

polym ! for

iy

oy

droxy-4-methacryloyloxymethylbenzoic

benzoty

oyloxyethylph

zotriazole,

-hydroxy-5"'-

henyl)-b-methyl-

C

-2H-benzotriazole,

~

3

-t-butylphenyl) -

(’/Tr"_»

-based

example, Z-

id phen

and Z-cyano-3-phenyl-3-(3'-{meth)acryloyloxyphenyl)propen
acid methylester. These compounds can be used singly, or

in

tazole-based




two or more species of these compounds can be used in

mixture.

[0057] As for the polymerizable colorant which can be
used 1in combination for the rpose as described above, it

1s possible to use, for example, azo-based, anthraguinone-
based, nitro-based, and phthalocyanine-based polymerizable
colorants disclosed in Japanese Patent Application Laid-

open No. 10-251537. These colorants can be used singly, or

h

two or more species of these colorants can be used in

O
O
[

mixture.

<& £ 1 e
Specified examples of the polymerizable azo-based

colorant are exemplified, for example, by l-phenylazo-4-
{meth)acryloyloxynaphthalene, l-phenylazo-Z-hydroxy-3-

(meth)acryloyloxynaphthalene, l-naphtylazo-2-hydroxy-3-

(meth)acryloyloxynaphthalene, 1-{(o-anthrylazo-2-hydroxy—3-
{(methjacryloyloxynaphthalene, 1-((4'~(phenylazo)-
phenyllazo)-Z-hycrosy-3- (methjacryloyloxynaphthalene, 1-

(2',4"'-xylylazo)-2-(meth)acryloyloxynaphthalene, and 1-(o-
tolylazo)-2-(meth)acryloyloxynaphthalene, 2-{(m-
(meth)acryloylamide-anilino)-4,6-bis(l'-(o-tolylazo)-2"'~
naphthylamino) -1, 3, 5-triazine, Z2-{(m-vinylanilino)-4-(4"~

1loro-1,3,5-triazine, 2-(1'-(o-

ey

nitrophenylazo)~anilino)-6-c
tolylazo)-2'-naphthyloxy) -4~ (m-vinylanilinc)-6-chloro-

1,3,5-triazine, Z-(p-vinylanilino)-4-{(1'-{o~tolvlazo)-2"'~
naphthylamino)~6-chloro~-1,3,5-triazine, N-(l1'-(o-tolvyvlazo)-

¥ ?,\4‘ T 3 S ety 1

2'-naphtyhl)-3-vinylphthalic acid moncamide, N-(1'-{(o-

T

tolylazo)~-2'-naphtyl)-6-vinylphthalic acid moncamide, 3-

w
e



vinylphthalic acid-(4'~(p-sulfonylazo)-1"-naphthyl)
monoester and 6-vinylphthalic acid-(4'-(p-sulfonylazo)~1%~-
naphthyl) monoester, 3-(meth)acryloylamide-4-
phenvylazophenol, 3-(meth)acryloylamide-4-(8'-hydroxy-3',6"~

sulfo-1'-naphthylazo)-phencl, 3-(meth)acryloylamide-4-
-phenylazo-2'-naphthylazo)-phenol, 3-
(meth)acryloylamide-4- (p-tolylazoj)phenol, Z-amino-4-(m-(2'-
hydroxy~1'~-naphthylazo)anilino)-6-isopropenyl-1,3,5~
triazine, Z-amino—-4- {(N-methyl-p-(Z2'-hydroxy-1"'-~
aphthylazo)anilino)-6-isopropenyl~1,3,5-triazine, 2Z-amino-
4-{m~-(4'~hydroxy-1'-phenylazojanilino)-6-isopropenyl-1,3, 5~
triazine, Z-amino-4-(N-methyl-p-(4"'-

P
1
L

hydroxyphenylazojyanilino)-6-isopropenyl-1,3,5~-triazine, 2-

amino—4-(m-(3'-methyl-1"-phenyl-5"'-hydroxy-4"'-

pyrazolylazo)anilino)-6-isopropenyl-1,3,5-triazine, 2-

aminc-4- (N-methyl-p-(3'-methyl-1"'-phenyl-5"-hydroxy-4"'~

3

U

pyrazolylazo)anilino)-6-isopropenyl-1,3,5-triazine, 2-

amino-4~- (p-phenylazoanilino)-6-isopropenyl-1,3,5-triazine,

oylamide~-l-naphthol.

}w;

and 4-phenylazo-T7-{meth)acry.
[0058] Specified examples of the polymerizable

I

anthragulnone-based colorant are exempllilied, for example,

by 1,5-bis{((meth)acryl

viamino) -9, 10-anthraguinone, 1-(4'-

vinylbenzoylamide)~9,10~anthraquinone, 4-amino-1- (4"

|

vinyibenzoylamide)-9,10-anthragquinone, 5S-amino-1-(4'-

vinylbenzoylamide) -9, l10-anthraguinone, —amino—-1-{(4"'-
L N - T4 CE RN .r\-‘n - s
sinylbenzoylamide)~9,l0-anthraquinone, 4-nitro-1-(47%-

O

( D

vinylbenzoylamide) ~

10~-anthraguinone, 4-hydroxy-1-(4"-



vinylbenzoylamide)-9,10~-anthraguinone, 1-(3'~
vinylbenzoylamide)-9,10~anthraguinone, 1-(27~
vinylbenzoylamide)-9,10~-anthraquinone, 1-(4"'-
iscpropenylbenzoylamide)~9%,10~anthraguinone, 1-(3'-
isopropenylbenzoylamide) -9, lU-anthraguinone, 1-(2'~
lsopropenylbenzoylamide) -9, l0-anthragquinone, 1,4-bis(4'-
vinylbenzoylamide) -9, 10-anthraguinone, 1,4-bis(4'~
iscopropenylbenzoylamide) -9, 10-anthraquinone, 1,5"-bis (4'-
vinylbenzoylamide)~9,10-anthraquincone, 1,5-bis{(4'~

isopropenylbenzoylamide) -9, 10U~-anthraguinone, l-methylamino-

4-(3'-vinylbenzoylamide) -9, 10-anthraquinone, l-methylamino-
4-(4"'-vinylbenzoyloxyethylamino) s 10-anthraguinone, 1-

amino=—4-{(3'-vinylphenylamino)~9,10~-anthraguinone~-2-sulfonic

1

acid, l-aminc-4-{(4'-vinyliphenylamino)-9,10-anthraguinone-7-

-vinylbenzylamino) -9, 10~

(meth)acryloylaminophenylamine) -9, 10~-anthraguinone—-2-

(meth)acryloylaminobenzylamino) ~9, 10~anthraguinone-2-

sulfonic acid, 1-(B-ethoxycarbonylallylamino)-9,10-

anthraguinone, 1-{p-carboxyallylamine)-9,l0-anthraguinocne,

j—
PJ

1,5~di~ (B-carboxyallylamino)-9,10-anthraquinone, 1-(B-

iscpropoxycarbonylallylamino)~-5-benzoylamide-9, 10~

anthraguinone, Z2-{(3'-{(meth)acryloylamide-anilino)-4-(3"'-
(3"-sulfo-4"-amincanthraguinone-1"-yl)-amino-anilino)-6-

chloro-1,3,5~triazine, 2-(3'-{methjacryloylamide-anilino)-

A= (3" = (3"-sulfo-4"~aminocanthraguinone-1"-yl) -amino-



anilino) -
methoxya

1,3,5~-triazine, and

~
s

aminoanthraguinone-1"-yl-amino)-ani

triazine.
[0059] Specified examples of

based colorant are exemplified,

2={2"=-vinvyl

phenoxy)-4- (4"~

th

nitreoanilinomethyl (meth)acrylate.

Specified examples of

(meth)acrvlolated (dodecanocylat
phthalocyanine) .
[0060]

Specified examples of

absorbing colorant capable of

example, by benzophenone-based

~based cclorant ar

the pol

-hydrzino-1,3,5~triazine,

nthraguinonen-1"-yl}~-amino) -6~ (3"

1

e

Z2,4-bi

inoy-6-

g -

((4”__

~vinylani

polymerizable

exampl

e,

tetraamino

the

o
)

colorants including, for example,

styrenocazo)benzophenone, 2,4-dihydroxy-5-(p

styrenoazo)benzophenone, 2,4-dihydroxy—3-

(methjacryloyloxymethylphen

dihydroxy-5- (p-

b
(1

=
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J -
)

by o-

cop

for exampl

nine a
gv-
ination

or
bsorbi

nitro-

2,4-dihydroxy-3-(p-

(p-

vlazo)benzophenone,

(meth)acryloyloxymethylphenylazo)benzophenone,

dihydroxy-3-{(p-
(meth)acrvloyloxyethylphenyiazo
dihydroxy-5-{p-~

(meth)acryloyloxyethylphenylazo

)benzophenone,

)benzophenone,

2,

F

T
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=
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dihydroxy-3- (o=
(meth)acryloyloxymethylphenylazo)benzophenone, 2Z,4-
dihydroxy-5- (o=
(meth)acrvloyloxymethylphenylazo)benzophenone, 2,4-
dihydroxy-3- (o~

{m

O]

thyacrylovloxyethylphenylazo)benzophenone, 2,4-

&%

+

dihydroxy-5~ {0~
(meth)acryloyloxyethylphenylarzo)benzophenone, 2,4-
dihydroxy-3- (o=

(meth)acrylovlioxypropylphenylazo) benzophenone, 2,4~

dihydroxy-5- (o~

-
j

(meth)acryloyloxypropylphenylazo)benzophenone, Z2,4-
dihydrosxy-3- (p= (N, N~
di{meth)acryloyloxyethylamino)phenylazo)benzophenone, 2,4-
dihydroxy-5~ (p— (N, N~—

di(meth)acryloyloxyethyliamino)phenylazo)benzophencone, 2,4-

[Nl
~
[aN
I

di(meth)acryloyloxyethylamino)phenylazo)benzophenone,

dihydroxy-5- (o= {N, N~

=

di{meth)acryloylethylamino)phenylazo)benzophenone, 2,4-

+

(meth)acryloyloxyethylamino) phenylazo)benzophenone, 2,4-

dihydroxy-5- (p~ (N-ethyl-N-

33



(meth)acryloyloxyethylamino)phenylazo)benzophenone, 2,4~
dihydroxy-3- {0~ (N-ethyl-N~

(methjacryloyloxyethylamino)phenyvliazo)benzophenone, 2,4-

®

dihydroxy-5- (o~ (N~ethyl-N-
(meth)acryloyloxyethylamino)phenylazo)benzophenone, 2,4-
dihydroxy-3-{p~ (N~ethyl-N-
(meth)acryloylamino)phenylazo)benzophenone, 2,4-dihydroxy-

S5-{p~-(N~-ethyl-N-{meth)acryloylamino)phenvylazo)benzophenone,
Yy yi0y S Y P

2,4-dihydroxy-3- (o~ {(N-ethyl-N~

o
Q.
N
IS
i

(meth)yacrvlioylamino)phenvlazo)benzophenone,
. b4 I b

{methjacryloylamino)phenylazo)benzophenone; and benzoic
acid-based polymerizable UV-absorbing colorants including,
for example, Z-hvydroxy-4-(p-styrenocazo) benzolc acid
phenylester. These compounds can be used singly, or two or
more species of these compounds can be used in mixture.
[0061] When the polymer of the present invention is

copolymerized, 1t is possible to form a three-dimensional

1}

~linked structure in the polymer obtained by blending

Cross

5

a cross~-linking agent and/or using, as the copolymerizable
monomer, a macromeonomer having two or more polymerizable

+-

(@]

Q
i
[
0]
=
9}
i
O
I
Q.
-
o]
Q
=
~
i
=

groups 1n the mole 1t 1s possible
improve the mechanical strength and the hardness of the

polymer, and/or 1t 1s possible to suppress the elution of

the monomer (including the colorant compound of the present

O

invention) from the polymer. Further, when the polymer of

O8]
Nej



intraocular lens as described later on, then it is also
ssible to obtain the intraocular lens which is uniform

and transparent, which has no distortion or no strain, and

which i1s excellent in the optical characteristic, and/or it
is also possible to apply the durability (resistance

agalnst chemicals, resistance against heat, and resistance
against solvents) to the intraocular lens.
When the cross-linking agent and/or the macromonomer

is/are blended, it is preferable that the cross-linking

agent and/or the macromonomer is/are used at the blending
- Ty TERTY a8 vAa vt o the rati £ 0 10 st Ny
ratic within a range oI tne ratio o U To i1u parts D

weight per 100 parts by weight of the mixture of all of the

copolymerizable monomers. If the ratio is less than 0.01

e

parts by weight, the effect is hardly obtained. On the

A

other hand, if The ratio exceeds 10 parts by welght, there

is a tendency that the obtained polymer becomes fragile.

et

g
{

h
>
Q.

[

The macromonomer as described above is mp ]

for example, by butanediol di(meth)acrylate, ethylene

.

glycel di{meth)acrylate, diethylene glycol

di(meth)acrylate, triethylene glycol di{meth)acrylate,

ot
N
3

propylene glycol di(meth)acrylate, dipropylene glycol

ya

=

di{methj)acrylate, dia umarate, allyl (meth)acr

,_,

<

G
i
o3
put
)

vinyl (meth)acrylate, trimethylolpropane tri(

5«

net

"‘I
ey
jS}]
9}
n}
<
[
&
o
)

methacryloyloxyethyl (meth)acrylate, divinylbenzene,

diallyl phthalate, diallyl adipate, triallyl diisoccyanate,
a-methylene-N-vinylpyrrolidone, 4-vinylbenzyl

(meth)acrylate, 3-vinvlibenzvyl (methjacrvliate, 2,2-
Y Y ’

40



pbis{(meth)acryloyloxyphenyl)hexafl opropane, 2,2-
bis{(meth)acryloyloxyphenyl)propane, 1,4-bis(2-
(meth)acryloyloxyhexaf luoroisopropy
(methjacryloyloxyhexafluoroisopropyl)benzene, 1,2-bis(2-
(methjacryloyloxyhexafluocroiscpropyl)benzene, 1,4-bis (2~
(meth)acryloyloxyisopropyl)benzene, 1,3-bis (2~

(meth)acryloyloxyisopropyl)benzene, and 1,2-bis(2-

(meth)acryloyloxyisopropyl)benzene.

[0062] Further, it is also possible to apply various
functicnalities tc the polymer of the present 1nvention by

5 Lt Tsrmerd o a . [ .
electing appropriate cepolymerizable monomer ©Y MONomers.

o

When the oxygen permeablility i1s applied to the polymer
of the present invention, it 1s appropriate to select, as
the copolymerizable monomer, for example, silicon-
containing monomers such

ates, silicon-contalning styrene derivatives and

&3]
ot

the like, and fluorine-containing alkyl (meth)acryl
When the strength of the polymer is raised and/or the

g the

o3

hardness is regulated, it is appropriate to select,
copolymerizable monomer, for example, alkyl (meth)acrylates
and styrene derivatives including styrene or {methjacrylic
acid.

When fluorine-containing monomers, which include, for
example, fluorine-containing alkyl (meth)acrylates and

fluorine-containing styrene derivatives, are selected as

the copolymerizable monomer, 1t 1s possible to apply the

-

function against the pollution with lipid when the polymer



of the present invention 1s used as the material for the

intraccular lens as described later on.
When the hydrophilicity is applied to the polymer of
the pr nt invention, 1t 1s appropriate to select, as the

copolymerizable monomer, monomers having hydrophilic groups
~luding, for example, hydroxy(meth)acrylates,

(meth)acrylamides, aminoalkyl (meth)acrylates,

(methjacrylate, and N-vinyllactams. it is possible to

obtain the hydrous and soft intraoccular lens when the

N

When monomers containing aromatic rings including, for
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copolymerizable monomer, the polymer of the present
invention can be used as the material for the lens having a
high refractive index.

When the copolymerizable monomer, which is usable to
apply the wvarious functionalities to the polymer of the
present invention, 1is selected and blended as described
above, the adjustment 1s appropriately made so that the
copolymerizable monomer 1s preferably not less than 0.01

by

parts by welght and more preferably not less than 0.05

o
1

parts by weight with respect to 1 parts by weight of the

mixture of all of the copolymerizable monomers, and the

copolymerlizable monomer is not more than 5 parts by welght

o

and more preferably not more than 3 parts by weight with



respect to 100 parts by weight of the mixture of all of the

copolymerizable monomers.

[0063] As described above, the colorant compound of the

ot

present invention hnas the light beam absorption

«
=
o
=
W

cteristic in the UV region (wavelength: not more than
380 nm) and the blue region (wavelength: 380 to 500 nm).
Therefore, the polymer of the present invention can shut
off the ultraviolet light, and the polymer of the present

invention can reduce the intensity of the light in the blue

region. Specifically, it is preferable that the light beam
transmittance 1s decreased from a wavelength in the

vicinity of 500 nm, and the light beam transmittance 1s 0%
at wavelengths of not more than 400 nm. More preferably,
when the UV-visible absorption spectrum is measured, then
the rising in the chart sharply appears in the vicinity of

420 to 5¢C

<

0 nm, and the colorant compound of the present
invention is more excellent in the light beam transmittance

suppressing ability in the UV/blue region than the

conventional colorant compound (for example, BMAC).
Further, in order not to allow the light having the

wavelength of not more than 400 nm to be transmitted, it is

preferable to use any other UV absorber. Therefore, when
the colorant compound of the present invention is used as

the material for the intraocular lens as described later

on, it 13 possible to suppress the harmful influence of the

[0064] In the polymer of the present invention, the
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colorant compound of the present invention is directly
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hain by means of the

copolvyvmerization. Therefore, the col

Wb ¥ S ot L ’ Llie

yrant compound

O

h
t
:

.

{d

present invention is not eluted from the polymer of

oy

e

{

present invention. This feature can be confirmed by the
fact that no change occurs 1in the spectrum of the light
beam transmittance between before and after the immersion

of the polymer of the present invention for 24 hours in

Ll -1 o~ - R R | - g R T
Further, as described above, the amide bond, which

—

o
O
Il

— e 1 T . I . LA+ ~
connects the polymerizeble group and the

B
o]

the colorant compound o©of the present invention, 1s stable
even under the alkaline conditions (for example, at pH of

not less than 12). Therefocre, the colorant moiety 1is not

eliminated from the polymer of the present invention. As

o))

result, the stability under the alkaline conditions, whnich

o

Ty 1 R P g = N - ~ - [224] = 3 o § f A 3
has pbeen deficient 1n any copolymer based on the use of the

conventional colorant compound having the ester bond, is
realized. The high light beam absorption characteristic
can be also maintained in the polymer after the alkali

treatment.

This feature can be confirmed by the fact that

the light beam transmittance, which is brought about by an
¥

[0065] <3> Intraocular lens of the present invention



The polymer

of the present invention can be used as
the materi for the intraocular lens.
In general, when a colorant compound is added to the
polymer, the colorant compound rai
contrary,

ses the hardness

the colorant compound of the present inventio
excellent 1in

On the
the softness or

is

flexibility. Therefore,

intraocular lens of the present invention,
by using

the
the polymer of

which is molded
the present invention as the
material for the intraocular lens, ¢ be expected to
retain the softness, and the intraoccular lens of th
present invention is easily handled when the surgical
operation 1is performed.

Further, the polymer of the present invention exhibits
the excellent resistance against the light and the chemical
agents, the polymer of the present invention has the high
fastness property, and the colorant moiety is not eluted

from the polymer as well Therefore, 1t is possible to
obtain the excellent intraoccular lens which has the high
safety and which suffers neither decolorization nor
discoloration.

Other than the above, the polymer of the present
invention can be also used as materials or example, for
glasses, sunglasses, contact lenses, and the polymer of the

present invention can be also used for
materials

paints and building
polymer of the pr
chemically stable

resent lnventic
colorant

i has the
moiety, and the polymer of the



present 1nvention can be used without any deterioration

in severe environments 1n which it 1

-
0
bt
o)
o

even outdoo

0

estimated that the temperature change and the pH change may

be intense.

[0066] When the polymer of the present invention is used
as the material for the intraocular lens, the molding can

be performed in accordance with any known method. For

example, the following technique is exemplified. That 1

n

the polymerization reaction is performed in an appropriate

5

r a vessel to obtain a rod-shaped, block-shaped, o

O

mold

ly

plate~shaped polymer After that, the polymer is ed

roces

§O)
n

to have a desired shape by means of the mechanical

=

processing including, for example, the cutting processing

Alternatively, the

polymerization reaction is performed in a mold
corresponding to a desired shape to obtain a polymer molded
product, followed by mechanically applying the finishing
processing, 1f necessary.

The support portion of the intraccular lens may be

manufactured distinctly from the intraocular lens, and the

no problem arises even when the support portion of the

intraocular lens 1s molded simultaneously {integrally) with

[0067] When the polymer of the present invention is
molded to provide the intraoccular lens, it is also

allowable that the surface modification treatment

@]
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applied, 1f necessary, in order to make the surface of the
lens hydrophilic. It is preferable to perform the plasma

treatment or the treatment based on the ultraviclet light.
It 1s more preferable to perform the corona discharge
treatment, the glow discharge treatment, or the UV/ozone
treatment. When the treatment 1s performed as described
above, any ordinary apparatus and any ordinary methods,
which have been hitherto known, can be used as the

treatment apparatus and the treatment method.

[0068] <Synthesis of polymerizable amincaryl compound 1>
An example, in which an aminoaryl compound was used as
a starting material, 1s shown below, in relation to the
exemplary synthesis of the polymerizable aminocaryl compound
used for synthesizing the colcorant compound of the present

invention.
[0069]
[Synthesis Example 1] Synthesis of N-[Z2-[4~(tert~

butoxycarbonylamino)phenyl]ethylmethacrylamide

SN
~J



[0070]

" HO;C\K o g
O__N =
>r \g \©\/\NH2 WSC >r \g \E;wﬁfkf

[0071] 2-l4d-(tert-Butoxycarbonyl)phenyllethylamine (3.5

g) and methacrylic acid (1.57 g) were dissolved in
chloroform (80 ml), to which water-soluble carbodiimide
{(2.88 g) was added while peing cooled with ice. The
mixture was stirred at 4°C for 1 hour, then at room
temperature overnight, and concentrated under reduced

pressure. The residue was washed with 5% potassium

g

wdrogensulfate, saturated sodium hydrogencarbonate, and

brine, dried with anhydrous magnesium sulfate, and

concentrated under reduced pressure. The resulting residue

was applied to silica gel column chromatography and eluted

with hexane-ethyl acetate (volume ratio: 2:1) and

subseguently with hexane-ethyl acetate (volume ratio: 1:1).

The desired compound was obtained as white needles. The

is shown for the obtained compound.

0: 1.52 (s, 9H), 1.91 (s, 3H), 2.80 (t, 2H, J = 6.8 Hz),
3.54 (g, 2H, J = 6.8 Hz), 5.28 (t, 1H, J = 1.4 Hz), 5.59

[0072]

[Synthesis Example 2] Synthesis of N-[2-[4-(tert-

ot

butoxycarbonylamino)phenyllethyl jacrylamide

vield was 2.92 g. Spectrum data of "H-NMR (400 MHz, CDCL

)



[0073]

H
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[0074] 2-[4-(tert-Butoxycarbonyl)phenyl]ethylamine (2.36
g} and acrylic acid (0.84 g) were reacted in the same
manner as 1in Synthesis Example 1, and the cbhbijective
compound was obtained as white needles. The yield was 2.0

g. Spectrum data of ‘H-NMR (400 MHz, CDCl:) is shown for

the obtained compound.

(o2

1.52 (s, 9H), 2.80 (t, 2H, J = 6.8 Hz), 3.57 (g, 2H, J =

[0075]
[Synthesis Example 3] Synthesis of N-~[{4~(tert~
butoxycarbonylamino)benzylmethacrylamide

[0076]

[0077] 4d-({tert-Butoxycarbonylamino)benzylamine (5.38 g)
and methacrylic acid (1.8Y9 g} were reacted in the same
manner as 1in Synthesis Example 1, and the objective
compound was obtained as white needles. The yield was 4.15

o, Spectrum data of "H-NMR (400 MHz, CDCl-y is shown for

49



the obtained compound.

0: 1.50 (s, 9H), 1.96 (s, 3H), 4.43 (d, 2H, J = 5.4 HZ)

5.32 (t, 1H, J = 0.3 Hz), 5.68 (s, 1H), 5.%6 (br.s, 1H),

6.46 (br.s, 1H), 7.21 (4, 2H, J = 8.8 Hz), 7.32 (d, 2H, J =

8.8 Hz).

[0078] <Synthesis of polymerizable aminocaryl compound 2>
An example, in which a nitroaryl compound was used as

a starting material, 1s shown below, in relation to the

exemplary synthesis of the polymerizable aminoaryl compound

3

used for synthesizing the colorant compound of the present

[Syntheslis Example 4] Synthesis of N-[Z-(4-

aminophenyl)ethylimethacrylamide

/irm
Ozf‘h@ d OQNﬁ Q _F_e NH,Ci HzN\@\/\ o
Z N, - HCI \¢7\»/\g’kﬁ/ = NJKW/
' |

H
0081 2—-{4-Nitrophenvl)ethylamine hvdrochloride (1.72
Iy J B
g} and sodium hydrogencarbonate (5.00 g} were dissolved in

water (25 mL), to which ethyl acetate (25 nl) was added,

chloride (1.79 g) was added dropwise thereto. After

i

stirring for 10 minutes, the organic layer was separated.

The aguecus layer was extracted with ethyl

organic lavers were combined, washed with water and brine,



dried over anhydrous sodium sulfate, and evaporated under
reduced pressure. The recrystallization was performed by
using a mixture solvent of hexane and ethyl acetate. N-[2-
(4-Nitrophenyl)ethyl]lmethacrylamide was obtained as pale
vellowish crystals. The yield was 1.25 g (63%). Spectrum
data of 'H-NMR (400 MHz, CDCly) is shown for the obtained

compound.

6: 1.93 (s, 3H), 2.99 (t, 2H, J = 6.8 Hz), 3.60 (g, 2H, J =

1

Subseguently, N-[Z-(4-nitrophenyl)ethyl]methacrylamide
(1.20 g} was dissolved in ethanol (15 mL} and water (5 mL).
Emmonium chl«
added, and the reflux was performed at 80°C for 4 hours.
ron powder was collected by the filtration, and the
filtrate was evaporated under the reduced pressure. Water

and ethyl acetate were added to the residual oil and the

organlc laver was separated. The
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with water and brine, dried over anhydrous sodium filfate,

and
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oily substance. The vyield was 1.01 g (97%). Spectrum data
of "H-NMR (400 MHz, CDCl:) is shown for the obtained
compound.

6: 1.91 (s, 3H), 2.74 (t, 2H, J = 6.8 Hz), 3.51 (g, 2H, J =

6.8 Hz), 3.61 (br.s, 2H), 5.27 (t, 1H, J = 1.4 Hz), 5.59
(s, 1H), 5.760 (br.s, 1H), 6.64 (d, 2H, J = 8.3 Hz), 6.98
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[Synthesis Example 5] Synthesis of N- (4-
aminobenzyl)ymethacrylamide

[0083]

liﬁ

0N OZN o i N
S
o

[0084] 4-Nitrobenzylamine hydrochloride (1.51 g) and
sodium hydrogencarbonate (4.132 g} were dissclved in water
(25 mL), to which ethyl acetate (25 mlL) was added, followed
by being stirred in an 1ce bath. Methacryloyl chloride

(1.26 g) was added dropwise thereto. After stirring for 10

minutes, the mixture was extracted wlith ethyl acetate.
After washing with water and brine, the organic layver was
dried over anhydrous sodium sulfate and evaporated. After
that, the recrystallization was performed by using a

mixture solvent of hexane and ethyl acetate. N-(4-

litrobenzyl)methacrylamide was obtained as pale yellowish

crystals. The yield was 1.05 g (60%). Spectrum data of

,<

‘H-NMR (400 MHz, CDCl:) is shown for the obtained compound.

o: 2.01 (s, ZH), 4.61 (d, 2H, J = 6.0 Hz), 5.41 (¢, 1H, J =
1.0 Hz), 5.7 (t, 1H, J = 1.0 Hz}, 6¢.29 (br.s, 1H), 7.45
(d, 2H, J = 8.8 Hzy, B.17 (d, ZH, J = 8.8 Hz)

Subseguently, N-(4-nitrobenzyl)methacrylamide (811 ma)

was dissolved in ethanol (172 mL) and water (4 mlL).

O
—~
’,_
QL
®
t
<O
(9]
=
(e

and iron powder (573 mg) were



added, and the reflux was performed at 80°C for 4 hours.
Iron powder was collected by the filtration, and the
filtrate was evaporated. Water and ethyl acetate were
added to the residue and the organic laver was separated.
The organic laver was dried over anhydrous sodium sulfate
and evaporated to give a pale red oily substance. The
yield was 580 mg (89%). Spectrum data of H-NMR (400 MHz,

CDC1l,y) is shown for the obtained compound.

o: 1.97 (t, 3H, J = 1.3 Hz), 3.67 (br.s, 2H), 4,37 (d, 2H,

J = 5.6 Hzy, 5.31 (¢, 1H, J = 1.4 Hz), 5.68 (br.t, 1H),
5.92 (br.s, 1H), 6,65 {(d, 2H, J = 8.3 Hz), 7.09 (d, 2H, J

The polymerizable UV-absorbing colorant of the present

invention was synthesized by using the polymerizable

aminoaryl compound synthesized as described above.

Examples 1 to 1Z are shown below in relation thereto.
[0086]
[Example 1] Synthesis of 2,4-dihydroxy-5-[4-[2~

(methacrylamide)ethyl]phenylazo]benzophenone (hereinafter

referred to with an abbreviation of "HRZ-PHM™)

[0087]

o
|9
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[0088] N-[2-[4~(tert-

Butoxycarbonylamino)phenyllethylmethacrylamide (609 mg)
was dissolved in ethyl acetate (2 mL), to which 4 M
hydrogen chloride in ethyl acetate (5 mlL) was added. The
mixture was stirred for 40 minutes at room temperature,
followed by being concentrated under reduced pressure. The
residue was dissolved in 1 M hydrochloric acid (4 mL), to
which an agueocus solution (10 mL) of sodium nitrite (145
mg) was added dropwise while being coocled with ice,
followed by being stirred at 4°C for 40 minutes to prepare
a diazonium salt. Subseguently, 2,4-dihydroxybenzophenone
(428 mg) was dissolved in ethancol (20 mlL), to which an
agueous solution (20 ml) of sodium carbonate (423 mg) was
added. A solution containing the diazonium salt described
above was added dropwise to the mixture while being cooled
with ice. The mixture was stirred at 4°C for 1 hour, and
then at room temperature for 4

hloric acid was added dropwise to adjust pH to 6.

O

hydro
Water (40 ml) was added to the mixture, and the precipitate

1

lowed by being washed

U

wa

with water. The precipitate was dissclved in chloroform

without being dried, which was dried over anhvydrous

was added to

SN

oo 7 a sy 1 F o Sl = oyt ]
Mmadnes1um sulfate and evaporated.

i
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the residue and allowed to stand at 4°C overnight. After
that, the precipitated cobjective compound was obtained as
orange crystals. The yield was 326 mg (38%). Spectrum
data of 'H-NMR (400 MHz, CDCl:) is shown
compound.

"H-NMR (400 MHz, CDCls)y o: 1.93 (t, 3, J = 1.0 Hz), 2.9%4 (t,
2H, J = 6.8 Hz), 3.61 (g, 2H, J = 6.8 Hz}, 5.31 (v, 1H, J

1.0 Hz), 5.61 (¢, 1H, J = 1.0 Hz), 5.80 (br.t, 1H), 6.58

[0089]

[Example 2] Synthesis of Z-hydroxy-5-[4~[2~

)

(methacrylamide)ethyl]lphenylazo]benzophenone (hereinafter

Q

referred to with an abbreviation of "NBZ-PHM™)
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[0091] In the same manney as in Example 1, N-[2-[4-

(tert-butoxycarbonylamino)phenyllethyl | methacrylamide (609

mg) was subjected to the acid treatment, followed by being

converted into a diazonium salt to perform the diazo
(356 mg) The

orange crystals. The

2z

6.8 Hz), 3.61 (g, 2H, J = 6.8 Hz), 5.29 (t, 1H, J = 1.2
izy, 5.61 (s, 1H)Y, 5.79% {(br.t, 1H), 7.20 (4, 1H, J = 8.8
Hzy, 7.32 {(d, 2H, J = 8.3 Hz), 7.57 {t, 2Z2H, J = 7.3 Hz),

.44 (s,
1H) .
[0092]
[Example 3] Synthesis of Z-hydroxy-5-[4~{2~-

(methacrylamilde)ethyl]phenylazo]~-4-methoxybenzophenone

{hereinafter referred to with an abbreviation of "MBZ-PHM")
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[0094] In the same manner as in Example 1, N-[Z-[4-
(tert-butoxycarbonylamino)phenyljethylimethacrylamide (609
mg) was subjected to the acid treatment, followed by being

converted intoc a diazonium salt to perform the diazo

coupling with Z-hydroxy-4-methtoxybenzophenone (456 mgy.
The objective compound was ocbtained as orange crystals.

The yield was 553 mg (62%). Spectrum data of H-NMR (400
MHz, CDCl.) is shown for the obtained compound.

"H-NMR (400 MHz, CDCl.) &: 1.92 (s, 3H), 2.92 (t, 2H, J =

1HYy, 7.29 (d, 2H, J = 8.8 Hz)y, 7.53 (t, 24, J = 8.8 Hz),

7.0 (t, 1K, J = 7.8 Hz), 7.71 (d, 2H, J = 6.8 Hz), 7.76

[0095]
[Example 4] Synthesis of 4-ethoxy-Z-hydroxy-5-[4~[2~-
(methacrylamide)ethyl]phenylazolbenzophenone (hereinafter

referred to with an abbreviation of "ERZ-PHM")
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[0097] In the same manner as in Example 1, N~[2-[4-
(tert-butoxycarbonylamino)phenyl]ethylmethacrylamide (609

mg) was subjected to ed by being

converted into a diazonium salt to verform the diazo
coupling with 4-ethoxy-Z-hydroxyk ne (485 mg). The
obJjective compound was obtained as orange crystals. The
vield was 652 mg Spectrum data of H-NMR (400 MHz,

CDC1l:) 1s shown for the obtained compound.

‘H-NMR (400 MHz, CDCls) &: 1.59 (t, 3H, J = 6.8 Hz), 1.92
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[Example 5] Synthesis of bh-[4~-[2~-

{acrylamide)ethyl]phenylazol-2,4-dihydroxybenzopheno

)
(D

)

Fh

ereinafter referred to with an abbreviation of "HRZ-PHA™)
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[0100] In the same manner as in Example 1, N-[2-[4~-

~r
(tert-butoxycarbonylamino)phenyllethyllacrylamide (581 mqg)

was subjected to the acid treatment, followed by being

converted into a diazonium salt

- ~, £ et
o perform the diazo

coupling with 2,4-dihydroxybenzophenonse (428 mg) The
[N S . S U . T N P T e
objective compound wes obtained. The vyield was 313 mg

o: 2.%4 (t, J o= 6.8 Hz)y, 3.64 (g, 2H, J = 6.4 Hz), 5.b6
(br.t, 1H), 5.64 {(dd, 1H, O = 10.8 Hz, 1.5 Hz), .03 (dd,
1#, J = 17.1 Hz, 10.8 Hz), 6.Z28 (dd, 1H, J = 17.1 Hz, 1.5
Hz}, 6.58 (s, 1H}, 7.33 (4, 2H, J = 8.3 Hz), 7.54-7.59 (m,
2HYy, 7.65 (t, 1H, J = 78 Hz), 7.73-7.76 (m, 4H), 8.23 (s,

~h

methoxybenzophenone (hereinafter referred to with an

¥

T 3 -7 - . LAY DI Py
abpbreviation oif "MBZ-PHA")

w
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In the same manner as in Example

HCVELOAS

(4-

(581 myg)

treatment,

[0103]

{(tert-butoxycarbonylamino)phenyllethyllacrylamide
followed by being

to perform the diazo

the acid

was subjected to
converted into a diazonium salt
coupling with Z-hydroxy-4-methoxybenzophenone (456 mg) .
The objective compound was obtained. The vield was 510 mg
(59%) Spectrum data of ‘H-NMR (400 CDC1l.) is shown
for the obtained compound.
6: 2.592 (o, J = 6.8 Hz), 2.62 (q, J o= 6.8 Hz)y, 4.09
(s, 3H), 5.56 (br.t, 1H), 5.63 (dd, 1H, J 10.2 Hz, 1.5
Hz)y, 6.02 (dd, 1H, J = 17.1 Hz, 0.2 Hz), 6.26 (dd, 1H, J =
17.1 Hz, 1.5 Hzy), 6.70 (s, 1H), 7.29% (d, 2H, J = 8.3 Hz),
7.53 (¢, 24, J = 7.3 Hzy, 7.61 (t, 1H, J = 7.8 Hz), 7.70-
/.76 {m, 4H}y, 8.03 (s, 1H), 12.92 (s, 1H)
[0104]
[Example 7] Synthesis of 5-[4-[2-
{acrylamide)ethyllphenylazo]-4-ethoxy~Z2-hydroxybenzophenone
To with an abbreviation of "EBZ-PHA"™)

(hereinafter referred
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[0106] In the same manner as in Example 5, N-[2-[4~

(tert-butoxycarbonylamino)phenyljethyllacrylamide (581 mg)

was subjected to the acid treatment, followed by being

converted intc a diazonium salt to perform the diazo

coupling with 4-ethoxy-2-hydroxybenzophenone (485 mag) . The
obijective compound was obtained. The yield was 583 mg

{(66%). Spectrum data of 'H-NMR (400 MHz, CDCl.) 1s shown

for the obtained compound.

6: 1.59 (t, 3H, J = 7.1 Hz), 2.93 (t, 2H, J = 6.9 Hz), 3.64
(g, 2H, J = 6.9 Hz), 4.33 (g, 2H, J = 7.1 Hz), 5.52 (br.t,
1H), 5.83 (dd, 1H, J = 10.4 Hz, 1.3 Hz), 6.02 (dd, 1H, J =
16.9 Hz, 10.4 Hz), ©.27 (dd, 1H, J = 16.9 Hz, 1.3 Hz), 6.68

(s, 1H), 7.29 (d, 2H, J = 8.5 Hz), 7.50~-
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[0107]

[Example 8] Synthesis of 5-[4-12-
(acrylamidejethyl]phenvlazo] -2-hydroxybenzophenone
Y

3 N : ool o . S b Y, ey 2 - e FENTT 4 113
(hereinafter referred to with an abbreviation of "NBZ-PHA™)
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[0109] In the same manner as in Example 5, N-[2-[4-

+

(tert-butoxycarbonylamino)phenyllethyllacrylamide (581 mg)

was subjected to the acid treatment, followed by being

converted into a diazonium salt to perform the diazo

e
J
snown
for the obtained compound.
6: Z.94 (t, ZH, J = 6.8 Hzy, 3.64 (g, 2H, J = 6.8 Hz), 5
(br.t, 1H)y, 5.63 (dd, 1IH, J = 10.2 Hz, 1.5 Hz), <.02 (dd,
iH, O = 17.1 Hz, 10.3 Hz), 6.27 {(dd, 1H, J = 17.1 Hz, 1.5
Hz)y, 7.20 (4, 1H, J = 9.3 Hz), 7.232 (d, 2H, J = 8.3 Hzj,
7.57 (tt, 2H, J = 7.3 Hz, 1.5 Hz), 7.66 (£, 1H, J = 7.8
Hz)y, 7.77-7.81 {(m, 4Hy, 8.1% (dd, 1H, J = 9.3 Hz, 2.4 Hz),
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[C110]
[Example 9] Synthesis of Z,4-dihydroxy-5-{4-[2-

(methacrylamide)ethyllphenyvliazo]benzophenone (HBRZ-PHM)
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& “\ggixfﬁ 1M HCI EtOH/aq. NaCOs

[0112] HBZ-PHM was synthesized in accordance with the

following method different from the method of Example 1.

aminophenyljethyl]methacrylamide (930 mg), to which an
agueous solution (5 mL) of sodium nitrite (355 mg) was

I

added dropwise while being cooled with ice, followed by

[
-
(
,
<
{

being stirred at 4°C for hour to g i TE diazonium

SR N

(975 mg) was

sait. Subseguent s

dissolved in ethanol (40 mlL), to which an agueous solution

(40 mlLy of sodium carbonate (970 mg) was added. The

o)

solution containing the diazonium salt described above was

dded dropwise to the mixture while being cooled with ice.

93]

i

The mixture was stirred at 4°C for 1 hour, and then at room

Temperature for 2 hours, to which 4 M hydrochloric acid was

added dropwise to adjust pH to 6. Water (40 mlL) was added
to the mixture, and the precipitate was collected by the
filtration, followed by being washed with water. The

precipitate was dissolved in > being dried,

b T ~ 11
gel. The column

bR
W

. o i vr e v o g e g - RO
Which was adscrbed To si1iic

chreomatography was performed using ethyl

orange crystals were obtained. Methanol was added to the

[
{Lad



crystals to perform the refiux, followed by being left to

¥

stand at room temperature overnight. The

[

recipitated

I

T

)

[
O
FK
<
0]

b compound was obtained as orange crystals. The

n

g

vield was 774 mg (40%). Spectrum data of H-NMR (400 MHz,

CbCly) is shown for the obtained compound.

D

o: 1.93 (t, 3H, J = 1.0 Hz), 2.94 (v, 2H, J = 6.8 Hz), 3.6l

14
= 8.5 2H, J = 7.2 Hz), 7.64 (tt, 1H, J = 7.2
Hz, Z. 76 Am, 4Hy, B8.22 (s, 1H), 12.89 (s,
iHy, 13.9%3 (s, 1H)

[Example 10] Synthesis of 5~[4-[Z~
(methacrylamide)methyl]|phenylazo]-2,4-dihydroxybenzophenone

{(hereinafter referred to with an abbreviation of "HRZ-RZM")

[0114]

H{ b
y A3T¢{0ﬁ
'>5077N7ijj oL i i S 1Aﬁ Ho
g o /\,N\r N 184 HCI EtOH/ag. Napt0, ' \ \/)\/Nm/g
O / [0}
[0115] In the same manner as in Example 1, N-[4-(tert-

butoxycarbonylamino)benzyl]methacrylamide (581 mg) was

subjected to the acid treatment, followed by being

0]
[
—+

™
ol

ot

3
oA AT ATo
O dad Ly
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Yoy
idolad

jan

=

coupling with Z,4-dihydroxybenzophenone (428 mg). The
N > ¥ 7 s =

objective compound was obtained. The yield was 470 mg

Spectrum data of 'H-NMR (400 MHz, CDCL.)

da ahewmn
18 SNCWn
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for the cbtained compound.

o: 1.99 (s, 3H), 4.56 (d, 2H, J = 5.9

.41 (d, 2H, J = 8.8 Hzy, 7.53-7.57 {(m, 2Hy, 7.63 (¢, 1H, J

7.3 Hzy, 7.72-7.76 {(m, 4H)}, 8.22 (s, 1H), 12.88 (s, 1H),
13.89 (s, 1H)
[0116]
[BExample 11] Synthesis of S-[4-[2-
(methacrylamide)methyllphenvlazo] ~Z2-hydroxy-4-

(hereinafter referred to with an
BZ-BZM")
HO\T/\}/OMG
- HO. . OMe
’,(owfﬁ\faﬁl y HCUEOAC NaNO, O~'”§iJ£;?N§(Q% P
L0 RN i HC Et0H/aq. Na,C0s [Iﬁ SN A
0] "y O

[0118] In the same manner as in Example 10, N-{4-{(tert-
butoxycarbonylamino)benzylmethacrylamide (581 mg) was
subjected to the acid treatment, followed by being
converted into a diazonium salt to perform the diazo
coupling with Z-hydroxy-4-meth enone (456 mg) .
The cbijectlve compound was obtained. The vyield was 511 mg
(59%) . Spectrum data of ‘H-NMR (400 MHz, CDCls) is shown
for the obtained compound
5: 2.00 , 4.09 (s, 3H), 4.56 (4, 2H, J = 5.9 Hz),
5.37 (s, 5.72 (s, 1H), ©.10 (br.t, 1Hy, 6.70 (s, 1H),
7.39 (d, 2H, J = 8.8 Hz)y, 7.51-7.55 {(m, 2H), 7.61 (&, 1H, J

g
)



= 7.8 Hz), 7.69-7.72 (m, 2H), 7.78 (d, 2H, J = 8.3 Hz),
8.03 (s, 1H), 12.92 (s, 1H).

[0119]

[Example 12] Synthesis of 5-{4-[2~
(methacrylamlide)methyl]phenylazo]l-2-hydroxy-4-

methoxybenzophenone (MBZ-BZM)

[0120]

HaN ,
S . NaNG AN

@ H e Y

AN 1M HCI AN

1] i
e} e}

[0121] MBZ-BZM was synthesized in accordance with the
foll different from the method of Example 11.

aminobenzyl|methacrylamide (574 mg), to which an agueous
solution (3 mL) of socdium nitrite (210 mg) was added
dropwise whille being cocled with ice, followed by being
stirred at 4°C for 1 hour to prepare a diazonium salt.
Subseguently, 2,4-dihydroxybenzophenone (637 mg) was

= PSR e
Lo which an agueous sclution

dissolved in ethancl (25 ml),
(25 mL) of sodium carbonate (644 mg) was added. The
solution containing the diazonium salt described above was

hl

ng cooled with ice.

J

added dropwise tc the mixture while bei

L

The mixture was stirred at 4°C for 1 hour, and then at room
¥

temperature for 2 hours, to which 4 M hydrochloric acid was

added dreopwise to adjust pH to 6. Water (25 mL) was added

[N
N



to the mixture, and the precipi

iltration,

“©
i

precipitate was dissolved in

95}

which was adsorbed to silica

chromatography was performed

1

crystals were obtained.

to perform the reflux,

followed by being washed with water.
chlorof
gel.
with
Methanol

followed by being left t

Th

tate was collected by the
The
orm after being dried,
The cclumn
ethyl acetate, and orange
was added to the crystals

O

stand at

room temperature overnight. e precipitated objective
compound was obtained as orange crystals. The yield was
270 mg (29%). (400 MHz, CDCls:) is
shown for the obtained compound.
0: 2.00 (¢, 3H, J = 1.1 Hz), 4.57 (d, 2H, J = 6.0 Hz), 5.38
(t, 1H, J = 1.4 Hz), 5.73 (pbr.t, 1H), 6.16 (br.s, 1H), 6.5
(s, 1H), 7.41 (d, ZH, J = 8.5 Hz), 7.56 (t, ZH, J = 7.4
Hz), 7.63 (tt, J = 7.3 Hz, 2.4 Hz), 7.71-7.78 {(m, 4H),
8.22 (s, 1H), 12.88 (s, 1H), 13.89 (s, 1H)
[0122] <kExemplary copolymerization of polymerizable UV~
absorbing colorant and other polymerizable monomer>

The polymerizable UV-absorbing colorant obtained in
Example was copolymerized with other polymerizable monomer.
[Example 13]

0.03 parts by mass of the polymerizable UV-absorbing

chtained in

of Z-phenoxyethyl acrylate, 40
acrylate, and 0.5 parts by mass
dimethylvaleronitrile) were ble

homogeneously, followed by bein

Example 1, 60

parts by mass

of 2,2"-azobis (2,4~
nded uniiormly or

g polymerized at 80°C for 40



1 \
Lomm.

of

to measure the light beam transmittan

220 to 800 nm. A result is shown in
Further, this sample was immerse

ftor 24 hours to perform the elution t©

T having a thi
was used as a

ce at

Fig. 1.

>
d in ethanol a
reatment, and

wavelengths

T

O

light beam transmittance was measured again. As a result,
the spectrum was not changed between before and after the
elution treatment. This fact indicates that the
volymerizable UV-absorbing colo is vy bonded in
the material. [t has been successfully confirmed that no
elution is caused after the polymerization even when the
colorant compound of the present invention is used for the
polymer synthesis by using the same together with other UV
absorber 1in combination. A UV-visible spectrophotometer
was used Lo measure the light beam transmittance (the same
was also used in the following p edures) .

[0123] <Exemplary copolymerization of opolymerizable UV~
absorbing colorant, polymerizable UV absorber, and other

polymerizable monomer>

5 -

The polymerizable UV-absorbing coclorant
merized with other polymerizable

uv

[T o ~ 1 ¢ H 3
[Example 14]

a .

A polymer sheet was prepared in
Example 13 except that 0.15 parts by
' LAl b 1 — o

= {(Z"-methacryloyloxyethoxy)-3'-t-bu

()
(@0}

absorber.

the same manne
mass of Z2-[2'~
tylphenyl]-5-me

obtained 1in

monomer

% A'f

;,,]]

OXY—



2H-benzotriazole was further blended as a UV absorber. The
light beam transmittance was measured at wavelengths of 220
to 800 nm in the same manner as in Example 13 by using the
obtained sheet as a sample. A result is shown in Fig. 2.
The spectrum of the light beam transmittance was not
changed between before and after the elution treatment. It
has been successfully confirmed that the polymerizable UV-
absorbing colorant of the present invention is incorporated
as the copolymer component into the pelymer, and the
polymerizable UV-absorbing colorant of the present

ter the polymerization, even when
the polymerizable UV-~absorbing colorant of the present

invention 1s used togeth
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absorpery in combination.
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10124] <Comparison of stability under
condition>

HBZ-PHM (1 part by welight) obtained in Example 1 and
methyl methacrylate (26 parts by weight) were changed in a

~

mixed solvent of dioxane (52 parts by welg

N

ht), N,N-
dimethylformamide (22 parts by welght), and water (20 parts
by welght), to which 2.4 parts by weight of 2,2'-

azobis (2, 4-dimethylvalercnitrile) was added, followed by

being polyme

=

ized at 75°C for 5 hours under an argon
atmosphere to obtain an HRZ-PHM copolymer.

As Compariscn Example, 2,4-dihydroxy-5-(4-(2

|
=
I
DN
|

methacryloylioxyethyl)carbamoyloxy)ethylphenylazo)

benzophenone (BMAC), which was synthesized in accordance

[N
o



with a procedure disclosed in Synthesis Example 1 of Patent

o
O‘\
[\>
o
F»J
ot
o
N
=

Document 6 (JPZ0 .}, was used in place of HBZ-PHM

to perform a polymerization reaction in the same manner as

described above, and a BMAC copolymer was obtained.
Powders of the polymers (200 mg), which were obtained

after performing the Soxhlet extraction for 12 hours with

ethanol for powders of the respective obtained copclymers,

were suspended in ethanol (5 ml) respectively, to each of

which 4 N NaCH (5 ml) was added, followed by being stirred

at room temperature for 4 hours. The test solution in this
slituation exhibited that pH was 12 to 14 with pH test

was neutralized with 4 N HCLl, to which ethanol was further

added. Insoluble matters were removed by the £ tion,
and the filtrate was observed. As a result, the filtrate

be yellow in the case of the BMAC copolymer. Further, Fig.

3 shows results of the measurement of the light beam

9]

00

o]

~ransmittances at wavelenagths of 220 to m for the
respective filtrates. The filtrate of the BMAC copolymer

after the alkall treatment exhibited the transmittance

pattern which was the same as or equivalent to that of the

BMAC copolymer. This fact strongly suggests that the
colorant moiety of BMAC is eliminated f the polymer on
account of the alkali treatment. On the other hand, any

light beam having any wavelength was




the filtrate of the HRIZI-PHM copolymer after the alkali

treatment, and the colorant component was not liberated or

released from the copolymer even in the case of the
condition of pH of not less than 12 brought about by the

N

alkali treatment. That is, it has been confirmed that the
HBZ~-PHM copolymer 1s stable against the pH change as
compared with the BMAC copolymer, and the HBZ-PHM copolymer

is scarcely affected by the pH change.

[0125] According to the present invention, the
polymerizable UV-absorbing colorant monomer, which is

stable even under alkaline conditions, 1is provided. The

the present invention has, in its
molecule, the benzophenone skeleton which has the

capability to absorb the

skeleton which has the capability to absorb the light in

the blue region, and the polymerizable g

the colorant compound of the present invention can be

copolymerized with cother polymerizable monomer to obtain

-

he polymer, and the polymer 1s useful as the material, for

83}

®

xample, for the intraccular lens.
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CLAIMS

A compound represented by the following gene
formula (1):

HO R?

[ e W

carbon atoms,

. . . . 5 o,
a sulfonic acid group, or a benzyloxy group, R° is a

a hydroxy group, or an alkoxy group having 1

w

hydrogen atom,

ollowing

~

n P D e e oy s . o b e e
to 4 carbon atoms, and R 1s represented by the

i

formula (2)):

he general formula (2), R’ is a hydrogen atom or a

r

(in
R4
SN
TSgs” X (2

Rb

methyl group, and R 1s a single bond or an alkylene group

.
t
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o
S
e
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9
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03]
=
i
@]
-

having may have a substituent or

substituents.)

2. The compound according to claim 1, wherein R’ is
a hydrogen atom, a methyl group, or an ethyl group.



R° is a hydrogen atom, a hydroxy group, a methoxy group,

an ethoxy group.

IS

any one of claims 1 to 3 and one species or two or more

specles of other polymerizable monomers which are

copolymerized with each other.

5. An intraoccular 1

o8

defined in claim 4 which is molded.

73

A polymer comprising the compound as defined

ns comprising the polymer

i
i

ir

3. The compound according to claim 1 or 2, wherein

or

1



