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TETRAKISAZO COMPOUND AND A POLARIZING FILM

CONTAINING THE SAME

The present invention relates to a tetrakisaio
cdmpound and a polarizing film containing the same.

Polarizing films have been generally produced by
incorporating iodine or a dichromatic dye as a polarizing
element into an oriented film made of polyvinyl alcohol or
its derivatives, or into ‘an oriented polyene film prepared
by a dehydro chlorination of a'polyyinyl chloride film or
by a dehydration of a polyvinyl alcdhol film so as to
produce polyene in the film, followed by the orientation of
the resulting film.

Among those, a iodine-containing polarizing film is
good in early stage polarizing activities, but poor in the
durability to moisture and heat. Thus, the film has some
dféﬁbacké in the lowered polarizing activities after having.
been used for a certain period .of time-ét a high
temperature under a highly humid condition. Several methods
for impréving the durability have been proposed, in which
the film is treated with formalin or an aqueous boric acid
solution, or a polymer film having a low moisture
permeability is employed as a protecting film. However,
these methods are not yet fully satisfactory.

A dye-containing polarizing film using a dichromatic
dye as a polarizing element is superior in the durability
to moisture and heat as compared with a iodine-containing

polarizing film, but is inferior in the early stage
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polarizing activities. JP-A-59-145255 discloses a

polarizing film containing a disazo dye having following

structure:
OCHg
NOZ-Q-CH CH@N—N@-N—
b&%{: >

, but the polarizing film does not yet fully satisfy
properties demanded by users.

If a set of two polarizing films of neutral color
containing two or more kinds of dichromatic dyes which are
superposed on each other so that those-orientation
directions meet at right angles (hereinafter, this state is
referred to as "crossed state") are pervious-to light of a '
specific wavelength.within the visible radiation wavelength
region, particularly from 400 to 700nm, a liquid crystal
display using the two fiims often show a color. different
from the intended color at dark state.

In order to prevent the problem.due to the light -
breaking through the films, -transmittance of the polarizing
films at crossed state (hereinafter, this is referred to as
"cross light transmittance") must be lowered over the
visible radiation wavelength region, particularly from 400
too T700nm.

| An object of the present invention is to provide a

dye containing polarizing film excellent in polarizing
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activities as well as durability to moisture and heat.

Other object of the present invention is to provide
a novel compound suitably used for producing the said
polarizing film.

Further object of the present invention is to
provide a polarizing film of neutral color containing two or
more kinds of dichromatic dyes which is little pervious to
light over the visible radiation wavelength region,
particularly 400 to 700nm at crossed state, ana which is

excellent in the polarizing activities as well as the

_ durability to. moisture and heat.

The present inventors have extensively studied to
accomplish these objects, and have found a novel tetrakisazo
compound. They have further found that a polarizing film
containing the specific compound i.e. the novel tetrakisazo
compound is excellent in polarizing activities as well as
durabilities to moisture and heat. The present inventors
have further found that a polarizing film containing the
specific compound (=dye) and another specific dye used for
making the film neutral color is not only excellent in

polarizing activities and durability to moisture and heat

. but also is little pervious to light at crossed state over

the visible radiation wavelength region. Thus, the present
invention was accomplished.

The present invention provides a tetrakisazo
cbmpound represented by the following formulae (I)or (I

)
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OH
Ql_N:NQN N@N N=N-Q2 (D

SOgH

-Cu-0

SOgH

wherein Q' represents a substituted or unsubstituted phenyl
group or a substituted or unsubstituted naphthyl group, Q2
represents a phenyl group which is substituted by at least
one substituent Selected from a hydroxy group, a substituted
amino group and an.unsubstituted amino group, and which may
be further substituted, and R', R?, R3® and R" each
independently represents a hydrogen atom, a hydroxy group, a
lower alkyl group, a lower alkoxy group or a substituted:or
unsubstituted amino group; or a salt therebf.

The present invention also provides a dye-containing

'polarizing film which comprises one or more kinds of the

tetrakisazo compound of formulae (I ) or (I ), or a salt
thereof, in a polarizing film substrate. The dye-
containing polarizing film of the present invention is
excellent in polarizing activities as well as durability to
moisture and heat. _

The dye~containing polarizing film of the pr esent
invention may further comprises other organic dye.

Particularly preferred is the polarizing film which further
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comprises two or more dyes selected from following [A] and

{B]:
[A] a trisazo dye which is a dye represented by the formula
(I a), a copper complex salt thereof or a salt of the dye

of the formula (I a) or of the copper complex salt

Rril OH

Al -N=N©>N=N=N_él (Ta)

Rr10
o 59" (sogmy,

wherein:

A' and B', which are the same 6r different, each
represent a substituted or unsubstituted phenyl group or a
substituted or unsubstituted naphthyl group;

RO represents an amino group which may be optionally

substituted, a hydrogen atom, a lower alkyl, lower alkoxy or

- sulfo group;

R'' represents a hydrogen atom, a hydroxy or lower

alkoxy group; -
and m is 0 or 1; and
[B] C.I. Direct Yellow 12, C.I. Direct Yellow 28,
C.I. Direct Yellow 44, C.I. Direct Orange 26, C.I. Direct
Orange 39, C.I. Direct Orange 107, C.I. Direct Red 2, C.I.

. Direct Red 31, C.I. Direct Red 79, C.I. Direct Red 81 and

C.I. Direct Red 247.

Accordingly, the present invention also provides a
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dye-containing polarizing film which comprises

at least one dye selected from tetrakisazo compounds
of the formulae (I ) or (I ); and
at least two dyes selected from the group consisting

of the above-mentioned [A] and [B].

The phenyl group denoted by Q' in formulae (I ) or (
I ) is unsubstituted or substituted by one or more
substituent such as a nitro, sulfo, sulfamoyl, alkyl,
alkoxy, hydroxy, unsubstituted or substituted amino,
carboxy or halogeno group. Examples of the substituent of
the amino group include a methyl, ethyl, acetyl and B -
hydroxyethyl group.

Preferable examples of the phenyl group denoted by Q

' in formulae (] ) or (@I ) include an unsubstituted phenyl,

or a phenyl substituted by one or two substituents selected - .

from a nitro, sulfo, sulfamoyl, C,-Cs alkyl, Ci-Cy alkoxy,
hydroxy, unsubstituted or substituted amino, carboxy and
halogeno group. The preferred phenyl group denoted by Q'

is represented by the following formula:

RO

Q-

RO

wherein R® and R® each independently represent a hydrogen
atom, or a nitro, sulfo, sulfamoyl, C:-C« alkyl, C{-Cu

alkoxy, - hydroxy, unsubstituted or substituted amino,
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carboxy or halogeno group. Among them, particularly

preferred is a phenyl group substituted by a nitro, sulfo,
sulfamoyl, methyl, ethyl, methoxy, ethoxy, carboxy group(s)
or a chlorine atom(s). | -

The naphthyl group denoted by Q' in formulae (I ) or
(I ) is unsubstituted or substituted by one or more
substituents such as a hydroxy or sulfo group. Preferable
examples of the naphthyl group denoted by Q' include an
unsubstituted 2-naphthyl group and 2-naphthyl group

~ substituted by one, two or threé substituents selected from

a hydroxy group and a sulfo group. The preferred naphthyl
group denoted by Q' is represented by the following

formulai

wherein ﬁ”, R® and R%each independently represent a hydrogen
atom, or a hydroxy or sulfo group. Among.them,
particularly preferred is a naphthyl group substituted by
one or two sulfo groups.

The phenyl group denoted by Q* in formulae (I ) or (
I) is substituted by at least one substituent selected from
a hydroxy group, an unsubstituted amino group and a
substituted amino. Examples of the substituent of the

amino group include a methyl, ethyl, B -hydroxyethyl, B -
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cyanoethyl, acetyl, carbamoyl and methylsulfonyl group.

The phenyl group denoted by Q2 in formulae (I ) or (I ) may
be further substituted by one or more other groups such as a
sulfo, C1-Cs alkyl, Cy1-Cs alkoxy and carboxy group. As the
phenyl gfoup denoted by Q2 in formulae (I ) or (I ), the
following @ or ® is preferred.

@ A phenyl group which is substituted once, twice or three
times by hydroxy groups, and which may be further
substituted by an unsubstituted or substituted amino group,
or a sulfo, alkyl, alkoxy or carboxy group.

® A phenyl group which is substituted once or twice by an
unsubstituted or substituted amino groups, and which may be
further subsiituted by-.a hydroxy, sulfo, alkyl, alkoxy or
carboxy group. |

Among the above, a particularly preferred example of the
phenyl group denoted by Q% is U4-hydroxyphenyl.

R', R?2 and R? in formula (I ) or (II ) and R*' in
formula (] ) each independently represent a hydrogen atom,
a hydroxy group, a lower alkyl group, a lower alkoxy group
or a substituted or unsubstituted amino grouﬁ. In this
specification, the term "lower" used to qualify a group
such as alkyl or alkoxy means "having one to about four
carbon atoms. Examples of the substitﬁent of the amino
group include a methyl, ethyl, acetyl, carbamoyl and
methylsulfonyl group. Preferred examples of R', R? and R3
in formulae ( ] ) or (I ) and R*® in formula (I ) include
a hydfogen atom and a hydroxy, methyl, ethyl, methoxy,

ethoxy, acetylamino, methylsulfonyl amino, ureido and



-9 -
methyl amino group.

The tetrakisazd compound of formula (I ) is same to
the tetrakisazo compound of formula (I ) except that R5 is
a hydroxy group, and that the hydroxy group denoted by R*
and the hydroxy group of 1-hydroxy-3-sulfo-2,6-naphthylene
form a copper complex salt. ' |

The tetrakisazo compound of formula (I) can be
produced, for example, by conducting steps (1) to (4)
mentioned below. ' -

(1) An aromatic amine compound repfesented by the
. follbwiné.formula (mH):

Q'-NH, (Im):
wherein Q' is as defined above, is diazotized according to a
conventional manner, and the resulting diazonium compound
is coupled with an aniline compound represented by the

following formula (IV);.

R2

@Nﬁé )

Rl

. wherein R?® and R* are as defined: above, or with an @ -
methansulfonated compound thereof.

(2) After the product obtained in the step (1) is
hydrolyzed, if necessary, it is diazotized according to a
conventional manner, and the resulting compound is coupled
with an aniline compound represented by the following

formula (V);
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R4

§::§—NH{2 QD)

. RS

wherein R3® and R* are as defined above, or with an @ -
methansulfonated compound thereof.

(3) After the product obtained in the step (2) is
hydrolyzed, if necessary, it is diazotized according to a
conventiohal manner, and the resulting compound is coupled
with 3-amino-8-naphthol-6-sulfonic acid represented by the

following formula (V[);

OH

SOgH

, or with a salt thereof.

(4) Then, the product obtained in the step (3) is

diazotized according to a conventional manner and the

resulting'compound is coupled with an benzene compound
represented by the following formula (VI);
Q*-H (V)
, wherein Q? is as defined above, to obtain a tetrakisazo
compound of formula (I).
A tetrakisazo compound of formula (] ) can also be
obtained through a process same to the above-mentioned

except that the step (3) and (4) are replaced by the
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following steps (5) and (6).

(5) 3-Amino-8-naphthol-6-sulfonic acid of formula (
VI) or a salt thereof is diazotized according to a
conventional manner, and the resulting compound is coupled
wiph an benzene compound of formula (VI)..

(6) After the product obtained in the step (2) is
hydrolyzed, if necessary, it is diazotized according to a
conventional manner, and the resulting compound is coupled
with the compound obtained in the step (5).

A tetrakisazo compound of formula (I ) can be
obtained py
conducting the same steps as to the above-mentioned steps
-for producing a tetrakisazo compound of formula (1)
except that the aniline compound of formula (V) or an w-
methansulfonated compound thereof is replaced with an

aniline compound represented by the following formula (V a)

- 0X

| N‘H"g (Va) i

RS

wherein X is a hydrogen atom or a methyl group and R® is as
defined above, or an @ -methansulfonated compound thereof,
to obtain a tetrakisazo compound; and then

reacting the tetrakisazo compound thus obtained to form a

copper complex salt thereof according to a conventional
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method. -1z -

A tetrakisazo compound of formula (] ) wherein R*
is a hydroxy group can be obtained from a tetrakisazo
compound of formula (I ) (=copper complex salt) by
subjecﬁing the tetrakisazo compound of formula (II ) to a

conventional demetalization, to a treatment in a strong

‘acidic aqueous medium or to a demetalization by using a

chelating agent such as ethylenediamine tetraacetic acid.
Examples of an aromatic amine compound of formula (
II) include
aniline, 2-nitroaniline, 3-nitroaniline, Y4-nitroaniline, 2-
aminobenzene sulfonic acid, 3-aminobenzene sulfonic acid,
4-aminobenzene sulfonic acid, 5-aminobenzene-1,3-disulfonic
acid, 2-aminobenzene-1,4-disulfonic acid, 4-aminobenzene-
1,2~-disulfonic acid, 2-sulfamoyl aniline, 3-sulfamoyl
aniline} 4-sulfamoyl aniline, 2-aminobenzoic acid, 3-
aminobenzoic acid, Y4-aminobenzoic acid, 2-chloroaniline,’ 3-
chloroaniline, 4-chloroaniline, 2,5-dichloroaniline, 2-
bromoaniline, 3-bromoaniline, Y-bromoaniline, 2-
methylaniline, 3-methylaniline, 4-methylaniline, 2-
ethylaniline, 3-ethylaniline, 4-ethylaniline, 2-
methoxylaniline, 3-methoxylaniline, Y4-methoxylaniline, 2-
ethoxylaniline, 3-ethoxylaniline, 4-ethoxylaniline, 2-
hydroxylaniline, 3-hydroxylaniline, thydroxylaniline; 4~
di( B ~hydroxyethyl)aminoaniline, 1-aminonaphthalene-4-
sulfonic acid, 1—aminonaphthalene-5-sulfonic acid, 1-
aminonaphthalene-6-sulfonic acid, 1-aminonaphthalene-T7-

sulfonic acid, 1-aminonaphthalene-8-sulfonic acid, 2-
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aminonaphthalene-1-sulfonic acid, 2-aminonaphthalene-5-

sulfonic acid, 2-aminonaphthalene-6-sulfonic acid, 2-
aminonaphthalene-T-sulfonic acid, 2-aminonaphthalene-8-
sulfonic acid, 1-aminonaphthalene-4,7-disulfonic aéid, 1-
aminonaphthalene-4,6-disulfonic acid, 1-aminonaphthalene-
3,7-disulfonic acid, 1-aminonaphthalene-3,8-disulfonic
acid, 1-aminonaphthalene-3,6-disulfonic acid, 2-
aminonaphthalene-4,8-disulfonic acid, 2-aminonaphthalene-
6,8-disulfonic acid,'2-aminonaphthalene-3,6-disu1fonic
_acid, 2-aminonaphthalene-1,5-disu1fonic acid, 2-
'aminonaphthalene-S,7-disulfonic acid, 1-aminonaphthalene-
3,6,8-trisulfonic acid; 2-aminonaphthalene-3,6,8-
trisulfonic acid, 2-aminonaphthalene-%4,6,8-trisulfonic acid,
2-amino—5—hydroxynaphthalene-7-sulfonic acid, and 2-amino-
8—hydrbxynaphthalene~6—sulfonic acid.

Examples of an aniline compound of formula- (IV) or (
V) include
aniline, 2-methylaniline, 3—methyléniline, 2-ethylaniline,
3-ethylaniline, 2-methoxylaniline, 3-methoxylaniline, 2-
ethoxylaﬁiline, 3-ethoxylaniline, 2-hydroxylaniline, 3-
hydroxylaniline, 3-acetylamino aniline, 3-carbamoyl amino
aniline, 2-methoxy-5-methylaniline, 2,5-dimethoxylaniline,
2,5-diethoxylaniline and 3-methylsulfonyl amino aniline.

Examples of an aniline compound of formula (V.a)
include 2-methoxylaniline, 2-hydroxylaniline, 2-methoxy-5-
methylaniline and 2,5-dimethoxylaniline.

A benzene compound of formula (VI) may be aniline

or a derivative thereof, phenol or a derivative thereof, an
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aminophenol or a derivative thereof, or the like. Examples

of a benzene compound of formula (VI) include

aniline, 1,3-diaminobenzene, 1,3-diamino-4-methylbenzene,
2,4-diaminobenzene sulfonic acid, 3-acetylamino aniline, 3-
carbamoyl amino aniline, 2-methylaniline, 3-methylaniline,
2-ethylaniline, 3-ethylaniline, 2-methoxylaniline, 3-
methoxylaniline, 2-ethoxylaniline, 3-ethoxylaniline, 2-
methqu-s-methylaniline, 2-methoxy-5-ethoxylaniline, 2,5-
dimethoxylaniline, 2,5-diethoxylaniline, 2-methoxy-5-
carbamoyl amino aniline, 3-methylsulfonyl amino aniline, 1-
acetylamino-U4-methoxy-3-di( B -hydroxyethyl)amino benzene,
phenol, resoréinol, phloroglucinol, 2-methylphenol, 3-
methylphenol, 3-methylphenol, 2-hydroxy benzoic acid, 2-
aminophenol, 3-aminophenol, 5-amino-2-methylphenol, 3-
diethylaminophenol and 3-di( 8 -hydroxyethyl)amino]lphenol.
Among the above-mentioned compounds, phenol and aniline can
be mentioned as a preferred example of a benzene compound
of formula (VI).

The tetrakisazo compound of formula (I ) or (II) is
used as it is , i.e. in the form of free acid or as in the
form of salt, such as lithium salt, sodium salt, potassium
salt, ammonium salt, ethanolamine salt or alkylamine salt.
Among the free acid and the salts, sodium salt is .
preferably used for producing a polarizing film of the

present invention.
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As mentioned above, the polarizing film of  the

present invention, which comprises a tetrakisazo compound
of formula (I ) or (I ), may further comprise other
organic dyes to MOdify the color tone or to improve the
polarizing activities. Any dyes can be used as the other
organic dyes, as long as they have high dichromatic activity
and also have the absorption ranges different to those of
the tetrakisazo compound of formula (] ) or (I ). Examples-
of the other organic dyes include the above mentioned
~ trisazo dyes [A] and ihe following dyes which are described
. in Color'Iﬂdex:

C.I. Direct Yellow 12, C.I. Direct Yellow 28, C.I.
Direct Yellow 44, C.I. Direct Yellow 142, C.I. Direct
Orange 6, C.I. Direct Orange 26, C.I. Direct Orange 39,
C.I. Direct Orange 107, C.I. Direct blue 1, C.I. Direct.
blue 15, C.I. Direct blue 71, C.I. Direct blue 78, C.I.
Direct blue 98, C.I. Direct blue 168, C.I. Direct blue 202,
 C.I. Direct Red 2, C.I. Direct Red 31, C.I. Direct Red 79,
C.I. Direct Red 81, C.I. Direct Red 240, C.I. Direct Red
247, C.I. Direct Brown 106, C.I. Direct Brown 223, C.I.
Direct Violet 9, C.I. Direct Violet 51 and C.I. Direct

. Green 85,

Among polarizing films which comprise a tetrakisazo
compound of formula (I ) or (II ) and other organic dyes, a
polarizing film which comprises
at least one dye selected from tetrakisazo compounds of
formula (I ) or (I); and

at least two dyes selected from the above-mentioned group
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consisting of the above-mentioned [A] and [B]

is more preferred. The more preferred polarizing film has
neutral color and is very little pervious to light at
crossed state over the visible radiation wavelength region,
particularly frém 400 to 700nm. In addition, the more
preferred -polarizing film is excellent in polarizing
activities and causes no discoloration and deterioration of
polariziﬁg activities under a high temperature and high
humid cénditions. Among the more preferred polarizing
film, a polarizing film which comprises one dye of formula (
I ), one dye selected from group [A], and one dye selected
from group [B] is particularly preferred. |

In formula (] a), A' and B! each independently
represent a substituted or unsubstituted phenyl, or a
substituted or unsubstituted naphthyl. Examples of the
substituent of the phenyl group include sulfo, sulfamoyl,
nitro, C;-Cy alkyl, C,-Cs alkoxy, carboxy, hydroxy, halogen
and unsubstituted or substituted amino. Examples of the
substituent of the naphthyl group include sulfo, hydroxy and
‘unsubstituted or substituted amino. The substituted amino
maj be either monosubstituted amino or disubstituted amino.
Examples of the substituent of the amino group include C,-C
s alkyl, Ci-Cys alkyl substituted by hydroxy or cyano, Ci-Cs
alkylcarbonyl, phenyl, sulfophenyl, disulfophenyl, benzyl
and carbamoyl.

The phenyl group denoted by A' is preferably phenyl
which is substituted by one or two substituents selected

from sulfo, sulfamoyl, nitro, methyl, ethyl, methoxy,
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" ethoxy, carboxy, chlorine, unsubstituted amino-and

substituted amino. Particularly preferred as the phenyl
group denoted by A' is sulfophenyl. The naphthyl group
denoted by A' is preferably naphthyl substituted by one,
two or three sulfo groups. Particulafly preferred as the
naphthyl group denoted by A' is monosulfonaphthyl or
disulfonaphthyl.

As the phenyl denoted by B', one of the following is
preferred:

@ phenyl which is substituted by one or two amino
groups which may be optionally substituted, and may be
further substituted by hydroxy, sulfo, Ci-Cs alkyl, C:-Cu
alkoxy or carboxy, or

® phenyl which is substituted by one, two or three
hydroxy groups, and may be further substituted by amino,
which may be optionally substituted, sulfo, Ci-C. alkyl, C:-
Cs alkoxy or carboxy.

As the naphthyl denoted by B', one of the following
is'preferred: |

C)' naphthyl which is substituted by one or two
hydroxy groups and which may be further substituted by
sulfo, unsubstituted amino or amino which is substituted by
methyl, acetyl, phenyl, sulfophenyl, disulfophenyl or
benzoyl, or

® naphthyl which is substituted once or twice by
unsubstituted amino or amino which is substituted by
methyl, ethyl, hydoxyethyl, cyanoethyl, acetyl or carbamoyl
and which may be further substituted by hydroxy or sulfo.
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In formula (] a), R'® is hydrogen, lower alkyl,

lower alkoxy, sulfo or amino which may be optionally
substituted. The substituted amino can be either mono-
substituted amino or di-substituted amino. Examples of the
substifuent of the amino include C;-Cs alkyl, C;-Cs
alkylcarbonyl, C:-C, alkylsulfonyl and carbamoyl. R'! is
‘hydrogen, hydroxy or lower alkoxy. When the trisazo dye of
formula ( I a) forms a copper complex salt, the copper
complex salt is formed between the hydroxy group of the 1-
hydroxy-3~-sulfo-2, 6-naphthylene group (which may have
sulfo at 5-position) and the hydroxy group denoted by R'!,
The trisazo dye [A] can be produced according to a
knowun hrocéss such as a process described in JP-A-2-75672
which comprises a conventional diazotization and coupling
reaction and, when the dye forms a copper complex salt,
further comprises a formation.of.copper complex salt.
__Preferable examples of the trisazo dye [A] include
dyes represented by the formulae (A-1) - (A-lZ)_mentiﬁned
below and.salfs thereof. |
These dyes are ﬁsually used . in the form of sodium
salt, though they can also be used in the form of free acid,
other alkali metal salt, such as litium salt or potassium
salt, ammonium salt or amine salt,'such as .ethanolamine

salt or alkylamine salt.
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O—Cu—0

(A-1) HO3SN=N-©—N N*
CHg HOgS QR N= N'@"OH

—Cu—0
(A-2) HO3S—©—N N—@—N N
CHg HOgS _@OH
HOgS 0—Cu—0
(A-3) “N=N‘@—N N*
HOgS o CHy HOgS QR '@' H
_ O0—Cu—0
(A-1) HOgS~O)~N= N@—N N

BN | OH
(A-5) Hoss—@—N=N—@—N=N* |
o S S oN=N-O)-or

O0—Cu—0
(A-86) -HO3S-@—N N-@—N N
. HO3S OCHg OH
(A-T) “—N=N—@—N N:“\
HOgS Q " CHg HOgS QIC —@-OH
HOgS OCH; OH
(A-8) N=N—©—N N HoN
HO3S CHy HOgS © ‘@-NHZ
—Cu—90

(A-9) HOgS<O)rN= N@—N N HZT© .
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OCHg

(A-10) Ho3s—@—N=N—@—N N*\
CHy HOgS ©¢ N=N~O)-oH

: 0CH3
(A-11) “—N=N—@—N N:“\
HOgS Q Hg HO3S QR N=N~O)-0H

(A-12)  HOS~Or-N=N~O)»-N= N*
HOsS ©© N=N—@—NH2

The dyes 6f,[B] are commercially available and can
be obtained easily. .They are on the market by Sumitomo
Chemical Co., Ltd, and their Color Index Generic Names and
trade names are described below:

C.I. Direct Yellow 12
(trade name : Chrysophenine),
C.I. Direct Yellow 28
(trade name : Sumilight Supra Yellow BC conc.),
C.I. Direct Yellow 44
(trade name : Direct Fast Yellow GC),
C.I. Direct Orange 26
(trade name : Direct Fast Orange S),
C.I. Direct-Orange 39
(trade name : Sumilight Supra Orange 2GL 125%),
C.I. Direct Orange 107
(trade name : Sumilight Supra Orange GD extra conc.),
C.I. Direct Red 2

(trade name : Benzopurpurine 4B),
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C.I. Direct Red 31

(trade name : Nippon Fast Red BB conc.),
C.I. Direct Red T9
(trade name : Sumilight Supra Red 4BL 170%),
C.I. Direct Red 81

(trade name : Sumilight Red U4B) and
C.I. Direct Red 247
(trade name : Japanol Fast Red FA).

The polariziné film of the present invention can be
_ produced.bf incorporating dichromatic dyes consisting of a
tetrakisazo compound of formula (I ) or (I ) and, if
desired, other organic dyes, into a polymer film as the
substrate of polarizing film according to a known method.
Examples of a polymer film usable as the substrate
of the polarizing film include polyvinyl alcohol or
derivafives thereof; the same which is modified with an
olefin such as ethylene and propylene or with an
unsaturated fatty acid such as crotonic acid, acrylic acid,
meﬁhacrylic acid or maleic acid; EVA (ethylene-vinyl
acetate) resin; a saponified EVA resin; a nylon resin; and
- a polyester resin. A film made of polyfinyl alcohol or
derivatives thereof is particularly preferred from the view
points of the dye fixation and the orientation.
| Incorporation of the dichromatic dye into a polymer
film is carried out usually by dyeing the polymer film. The
dyeing is, for example, carried out by dipping the polymer

film in a dye bath prepared by dissolving the dichromatic
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dye in water. Though the dye concentration in the dye bath

is not limited, it is usually in the range from 0.0001 to 10
% by weight. If desired, a dyeing auxiliary, such as sodium
sulfate may be used. .Preferably, the concentration of
sodium sulfate.is from 1 to 10 ¥ by weight. Dyeing
temperature is preferably from about 40 to about 80 °C.

The orientation of the dichromatic dye incorporated
in the polymer film is conducted by stretching the film.
Stretching the polymer film can be conducted according to a
known method such as a wet stretching method or a dry
stretching method., The stretching the film may be conducted
prior to the dyeing.

When two dyes selected from above-mentioned groups
[A] and [B] are used in addition to.the tetrakisazo
compound of formula ( I ) and/or (I ), their ratio is not
critical, but usually the ratio of the total weight of the
two 6r more dyes selected from groups [A] and.[B] to the
total weight of the tetrakisazo compound of formula (] )
and/or (II ) is in the range of from 0.1:1 to 5.0:1.
| If desired, the oriented polymer film containing the
dichromatic¢ dyes is subjected to a post-treatment such as a
boric acid treatment according to a known manner in order
to improve the light transmittance and polarizing
activities of the polarizing film. Conditions for the
boric acid treatment vary depending on the kinds of the
polymer film and the kinds of dichromatic dyes employed.

. Usually, however, the treatment is carried out in an aqueous

boric acid solution having the concentration of from 1 to
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15.% by weight, preferably from 5 to 10 % by weight, at a

temperature of from 30 to 80 °C, preferably from 50 to 75°C

If desired, the polymer film may further be
subjected to a fixing treatment in an aqueous solution
containing a cationic polymer compound.

'The dye—containing polarizing film thus obtained may
be laminated with a protective film having excellent
optical transparency and mechanical strength, on one or both
sides of the film, to produce a polarizing plate. Examples
of the mgterials used for producing the protective film
include a fluorine type film such as a tetrafluoro
ethylene/hexafluoro propylene copolymer film, a polyester
resih film, a polyolefin resin film and a polyamide resin
film, as well as a cellulose acetate film and an'acr&lic
film which have been conventionally used.

. As mentioned above, a polarizing film having
excellent polarizing activities and durability to moisture
and heat can be obtained by incorporating the tetrakisazo
compound of-formula (I) and/or () to a film substrate.

. A polarizing film having neutral color which keeps
the excellent polarizing activities and durability can be
obtained by incorporating an other.organic dye(s) in "’
addition to the tetrakisazo compound of formula (] ) and/or
(I). Particularly, by incorporating at least two dyes
selected from the above-mentioned group [A] and [B] in
addition to the tetrakisazo compound of formula ( I ) and/or

(I), a polarizing film which is little pervious to light
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at crossed state over the visible wavelength region' and

which keeps the excellent polarizing activities and
durability can be obtained.

As mentioned above, a tetrakisazo compound of
formulé (I) or (I') is useful as a dye, particularly as a
dichromatic dye to be incorporated into a dye-containing
‘polarizing film. The dye-containing polarizing film
containing the tetrakisazo compound of formula (I ) or (II)
not only exhibits high polarizing acti#ities not smaller
than those of a iodine containing polarizing film but also
has excellent durability to moisture and heat. Hence, the
polarizing film of the present invention is preferably
applied to a variety of liquid crystal displays,
particularly to displays for motor vehicles which require
high polarizing activities and durability and to displayé
for industrial instruments used in a variety of
circumstances.

The present invention is now explained in more
details with reference to the examples, which are only
illustrative, and never construed to limit the invention.
In the examples, "part" and "%" mean "“part by weight" and

"% by weight" respectively unless otherwise mentioned.

Example 1

To 200 parts of water dispersing 17.3 parts of
'sulfanilic acid, 20.9 parts of 35% hydrochloric acid and
then 6.9 parts of sodium nitrite were added, and the

resulting mixture was stirred for 1 hour at 5°C. After
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15.3 parts of 2,5-dimethoxyaniline was added to-the

mixture, it-was stirred for 1 hour at 5-10°C, thereafter
was adjusted to pH 3 by adding sodium carbonate and then it
was stirred again to complete the coupling reaction. The
resulting mixture was filtered to obtain a monoazo
compound.

Subsequently, to 300 parts of water dispersing the
monoazo compound thus obtained, 20.9 parts of 35%

hydrochloric acid and then 6.9 parts of sodium nitrite were

~ added, and the resulting mixture was stirred at 10-15 °C

to conduct a diazotization. After 15.3 parts of 2,5~
dimethoxyaniline was added to the mixture, it was stirred
for 1 hour at 10-15 °C, thereafter was adjusted to pH 3 by
adding sodium carbonate and then it was stirred again to
completé the coupling reaction. The resulting mixture was
filtered to obtain a disazo compound. l

Subsequently, to 400 parts of water dispersing the
disazo compound thus obtained, 20.9 parts of 35%
hydrochloric acid and then 6.9 parts of sodium nitrite ﬁere'
added, aﬁd the resulting mixture was stirred at 10-15 °C to
conduct a diazotization. The diazotized compound of the
disazo compound thus obtained was added to a mixture at pH
8 which was obtained by adding 24.0 parts of .3-amino-8-
naphthol—é-éulfonic acid to 240 parts of water and then
adding sodium carbonate thereto at 10-15 °C to adjust its
pH at 8. Thereafter, the resulting mixture was stirred to
complete the coupling reaction, then was subjected to a

salting out with sodium chloride and then was filtered to
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obtain a trisazo compound.

Subsequently, to 500 parts of water dispersing the
trisazo compound thus obtained, 20.9 parts of 35%
hydrochloric acid and then 6.9 parts of sodium nitrite were
added, and the resulting mixture was stirred at 10-15 °C
for one hour. After 9.4 parts of phenol was added to the
mixture, it was adjusted to pH 9 by adding sodium
hydroxide, and then it was stirred again to complete the
coupling reaction. The reaction mixture thus obtained was
subjected to a salting out with sodium chloride and then
was filtered to obtain a tetrakisazo compound of the

following formula:

OCHg OCH3 on

Naoss@-N-N@N-NQN-N_N@OH

CHsO CHgo NaOgs

~Measured in an aqueous medium, A ,.,. of this

compound is 622 nm.

Example 2

24,0 Parts of 3-amino-8-naphthol-6-sulfonic acid was
dispersed to 240 parts of water and was dissolved by adding
12 parts of sodium hydroxide thereto. 19.1 Parts of p-
toluenesulfonyl chloride was added to the resulting solution
which was thereafter stirred for 1 hour at 35-40 °C. Then,

to the resulting reaction solution, 41.8 parts of 35%
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hydrochloric acid and then 6.9 parts of sodium nitrite were

added, and the resultihg mixture was stirred for 1 hour at
5 °C. Subsequently, 9.4 parts of phenol was added to the
reaction mixture, thereafter the reaction mixture was
adjusted to pH 9 by adding sodium hydroxide, and then it was
stirred again at 5-10 °C to complete the coupling
reaction. The resulting compound thus obtained was
hydrolyzed by adding 6 parts of sodium hydroxide to the
reaction mixture and stirring the reaction mixture at 80 °C
for 3 hours. Thereafter, the reaction mixture was cooled
. to 20—30%3; subsequently it ﬁas adjusted to pH 7 by adding
35% hydrochloric acid, then was éubjected to a salting out
with sodium chloride, and then it was filtered to obtain a
monoazo compound(M).

To 300 parts of water dispersing 29.9 parts- of 4-
aminoazobenzene-u‘-sodium sulfonate, 20.9 parts of 35%
hydrochloric acid and then 6.9 parts of sodium nitrite wére
added, and the resulting mixture was stirred at 10-15 °C to
conduct the diazotization. Then, 15.3 parts of 2,5-
dimethoxyaniline was added to the resulting mixture and it
was stirred for 1 hour at 10-15 °C. Thereafter the
- reaction mixture was adjusted to pH 3 by adding sodium
carbonate, then was stirred again to complete the coupling
reaction, and then was filtered to obtain a disazo compound.

Subsequently, to 400 parts of water dispersing the
disazo compound thus obtained, 20.9 parts of 35%
hydrochloric acid and then 6.9 parts of sodiuﬁ nitrite were

added, and the resulting mixture was stirred at 10-15 °C to



conduct a diazotization. Togihe disazodiazo compound ‘thus
obtained, monoazo compound(M) mentioned above was added and
then sodium carbonate was added thereto to adjust its pH at
9 and the reaction was conducted at 10-15°C for 3 hours.
Thereafter, the.resulting mixture was subjected to a

salting out with sodium chloride and then was filtered to

obtain a tetrakisazo compound of the following formula:

: ) OCH3z OH
NaO N=N N=N©N=N*N
a 3S'© | ©CH30 NaOsS ©© =N-©-og

Measured in an aqueous medium, A ..x. of this

compound is 597 nm.

Example 3

Example 1 was repeated, except that sulfanilic acid
is replaced with 30.3 parts of 2-aminonaphthalene-6,8-
'disulfoniq acid to obtain a tetrakisazo compound of the

following formula:

SO3Na OCHg  OCH3 oH

N=N@N=N@N=NN=N@OH

SOsNa ~ CH30  CHgo NeOsS

Measured in an aqueous medium, A ,... of this

compound is 622 nm.
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Example 4
To 500 parts of water dispersing the tetrakisazo
compound obtained in Example 2, 16.0 parts of anhydrous
copper sulfate and 3 parts of monoethanol amine were.added.
The resulting mixture was heated at 95 °C for 12 hours to
conduct the reaction. Thereafter,.sodium chloride was
added to conduct a salting out, and the resulting mixture
waé filtered to obtain a tetrakisazo compound of the

following formula:

Measured in an aqueous medium, A ... of this

compound is 649 nm.

Example 5‘

To 500 parts of water dispersing the compound
obtained in Example 4, 29.3 parts of ethylenediamine
tetraacetic acid was added. After adding sodium hydroxide
thereto to adjust the pH at 5, the resulting mixture was
stirred for 3 hours at 30-40 °C. The resulting reaction
mixture was filtered to obtain a tetrakisazo compound of the

following formula:



OH OH
NaOgS{ )-N=N-{O-N=N-)>N=N
2O ©CH30 NaO3SN=N-©-OH

Measured in an aqueous medium, A ,.x. O0f this

compound is 597 nm.,

Example 6

A polyvinyl alcohol film of 75 m in thickness
(Kuraray Vinylon #7500 manufactured by Kuraray Co., Ltd.)
was stretched to four times of its original length in a
longitudinal uniaxial direction to prepare the substrate of
a polarizing film. The resulting film was dipped for 20
minutes, as kept in the tensional state, into a 0.025 %
aqueous solution of the tetrakisazo compound obtained in
Example 1 which further contains sodium sulfate, as a
dyeing auxiliary, at a concentration of 2.0 % at 60 °C.
Thereafter, the film was dipped into 7.5% aqueous boric.
acid solution at 65°C for 5 minutes, then washed with water
at 20°C for 20 seconds, and then dried at 50 °C to obtain a
polarizing film. The polarizing film thus obtained had
high polarizing activities and exhibited good durabilities
even after having been kept for a long period of time at a
high temperature under a highly humid condition. Z.méx of

the polarizing film is 630 nm.

Example 7.

Example 6 was repeated, except that the tetrakisazo
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compound obtained in Example 1 was replaced with- the

tetrakisazo compound obtained in Example 2. The polarizing
film thus obtained had a wide absorption range and high
polarizing activities. A max of the polarizing film is

610 nm.

Example 8ﬁ

Example 6 was repeated, except that the tetrakisazo
compound obtained in Example 1 was replaced with each of the
~ tetrakisazo compound showun in the second column of the
following Table 1-4 or a its salt. A max of the polarizing
film obtained in each of Examples is shown in the third
column of Table 1-4. The polarizing film obtained in this
Examples had high polarizing activities and exhibited good
durabilities at a high temperature under a highly humid

condition.
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Table 1

No. Tetrakisazo compound )Emax
nm)
. OCHg OH
1 H03S@N=N-@N=N~@-N=N 610
CHj HOgS N=N-@OH
OCHy OCH3 OH
2 Ho3s@-NéN-@N=N-@-N=N 630
CH3O CHg HOgS N=N<O)-OH
" OH
3 Hst-@-N#N@N=N-©-N=N 610
CHgO CHg0 HOsS N=N-@'0H
SOgH OCHg OH
4 N=NN=N@N=N | 620
SOgH  CHg0 CHgo HOsS N‘-'N-@-OH
- SOgH - OCHg OH
5 N=N-©N=N@N=N |e10
SOgH CH30 HOgS N=N-©-OH
OCHg OH '
6 @@ N=NN=N-@N=N 610
SOgH CHgO 'H03S © N=N-@-OH
OCH3 OH
7 6§00

Ho3s@-N=N@-N=N@N=N

CHgCONH HO3S N=N<O)-0H
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Table 2

No. Tetrakisazo compound Amax
(nm)
OCHg OH
sl 00 N—N@N-N@N-N 610
SOgH CH30 CH3CONH HO3S N=N-@-OH
OCHg OH
9 N-N@-N-N@-N—N 610
SOgH CHgO HOgS . N—NOH
. OCHg OH
10 Ho3s@-N=N-@N=N©-N_N 6§10
CHgo HOgS N=N~<O)NHj
SOgH OCHg OCHg OH
| Somgdy s
SOgH CHy  CHgHOgS N=N{O)NHz
OCHg OCHg OH
12 @@ N= @N“N@N—N 6§30
SOgH CH3O CH30 HOgS N—N@-
OCHg OH
138 HO@-N=N-@-N=N~@N=N 1610
CHgo HOgS N=N~O)-NHj
0CH3
14 630

HO3S<{O)-N= @N-N@N-N

CHgO CHgo HOsS N=N~O)-oH
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Table 3

No. Tetrakisazo compound )(»max
nm)
SOgH -  OCHg
o| Gommid o
SOgi ~ CHgO0 CHg0 HOgS QR N=N<O)-oH
OCHg
16| 1:n:IﬁFN%:jﬂ$¢F§j;Nﬂ%]tn:l\ 620
SOgH CHz CHgo HOsS N=N OH
17 @ N-N-@N-N@N-N 610
SogH CHg0 HOsS N=N~O)-NHj
0-Cu-0
18 N—N@N—N@N-N:“ 650
CHgO HOgS QR N=N~<O)-0H
- O0=Cu-0
19 HO3S~@-N=N-@N-N@-N-N 6§50
CHgO CHg0 HOsS N=N<O)-oH
0-Cu-0
20 650

Ho3§-@N=N'@N'N@N—NN_N-©-0H

CHgo HOsS
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H;CO

Table 4
No. Tetrakisazo campoﬁnd A max(nx}
| 0 s

HO,S N: N-@- -@-N n*

21| H;CO  H;CO  HOsS NN’—@-NH 6§30
OCH; OH
HO s-<: :>-NN NN-@- *

22 | H3C;@_H3 HO;$ QR nN<Orvy, | 82 °

OCH; _OCHy

ucoc-{ :>-N N-@- -@-N N*

23 H,00°  H;CO0'  HO3S QR Nn<Oyra, | ¢ 30

OCH; oc;x1 O

e Qo000

24 HyCO0 H;CO HDS N{O-on | 93¢

) 0—Cu—0Q

HOOC -<:>-N N-<: D N-@-N N*\

;25 Hy,CO  HO,S ©© -<: :}-o 650

_ 0~Ca—0

HOOC NN N=N-@-N=N“

R i cae o e WA I
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Example 9.

A polyvinyl alcohol film of T75um in thickness
(Kuraray Vinylon #7500 manufactured by Kuraray Co., Ltd.)
was stretched to four times of its original length in a
longituainal uniaxial direction to prepare the substrate of
a polarizing film. As kept in the tensioned state, the
resulting film was dipped into aqueous solution of sodium
salt of dye No. 22 in Table 4, Examplé 8, sodium salt of
dye of formula(A-5), C.I. direct orange 39 and sodium
sulfate, wherein the concentrations of the dye No. 22 in
Table 4, the dye of formula(A-5), C.I. direct orange 39 and
sodium sulfate are 0.017%, 0.0035%, 0.004% and 2%,
respectively, at 60 °C for 10 minutes. Thereafter, the film
was dipped into 7.5% aqueous boric acid solution at 65 °C
for 10 minutes and then washed with 20 °C water for 30
seconds to obtain a polarizing film. The polarizing film
thus obtained has a neutral color and no discoloration was
observed even after having been kept for a long period of

time at a.high temperature under a highly humid condition.

Example 10.

A polyvinyl alcohol film of 75u m in thickness
(Kuraray Vinylon #7500 manufactured by Kuraray Co., Ltd.)
was stretched to four times of its original length in a
longitudinal uniaxial direction to prepare the substrate of
a polarizing film. As kept in the tensioned state, the
resulting film was dipped into aqueous solution of sodium

salt of dye No. 21 in Table 4, Example 8, sodium salt of
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dye of formula(A-5), C.I. direct orange 39 and sodium

sulfate, wherein the concentrations of the dye No. 21 in
Table 4, the dye of formula(A-5), C.I. direct orange 39 and
sodium sulfate are 0.025%, 0.007%, 0.0085% and 2%,
respectively, at 65 °C for 10 minutes. Thereafter, the film
. was dipped into T.5% aqueous boric acid solution at 65 °C
for 10 minutes and then washed with 20 °C water for 30
seconds to obtain a polarizing film. Thé polarizing film
thus obtained has a neutral color and no discoloration was
~observed even after having been kept for a long period of

time at a high temperature under a highly humid condition.
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What we claim is:

1. A tetrakisazo compound represented by the following

formulae (I) or (I):

Ql—N=N~©N N-@N-—N_N @ (D

SOgH

-Cu-0

Ql—N—N@N N@N N=N-Q2 I

SOgH

wherein Q' represents a substituted or unsqbstituted phenyl
group or a substituted or unsubstituted naphthyl group, Q2
rebresents a phenyl group which is substituted by at least
one substituent selected from a hydroxy group, a substituted
amino group and an unsubstituted amino group, and which may
be further substituted, and R', Ri, R?® and R* each
independently represents a hydrogen atom, a hydroky group, a-
lower alkyl group, a lower alkoxy group or a substituted or
unsubstituted amino group; or a salt thereof.

2. A tetrakisazo compound according to Claim 1
wherein Q' is an unsubstituted phenyl, or a phenyl group
substituted by one or two substituent selected from a
nitro, sulfo, sulfamoyl, C;-Cs alkyl, C:-Cs alkoxy,
hydroxy, unsubstituted or substituted amino, carboxy or

halogeno group.

* C L M S *
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3. A tetrakisazo compound according to Claim 1

wherein Q' is an unsﬁbstituted 2-naphthyl group or 2-
naphthyl group substituted by one, two-or three substituent
selected from a hydroxy group and a sulfo group.

y, A tetrakisazo compound according to Claim 1
wherein Q? is a phenyl group which is substituted once,
twice or three times by hydroxy groups, and which may be
further substituted by an unsubstituted or substituted
amino group or a sulfo, alkyl, alkoxy or carboxy group.

5. A tetrakisazo'compound according to Claim 1 wherein
. Q% is u—ﬁydroxyphenyl.

6. A tetrakisazo compound according to Claim 1 wherein
Q2 is a phenyl group which is substituted once or twice by
an unsubstituted or substituted amino groups, and which may
be further substituted by a hydroxy, sulfo, alkyl, alkoxy
or carboxy group. |

T. A tetrakisazo compound according to Claim 1 which'is
represented by the formula (I ) wherein R', R2, R® and R®
each'independently represents a hydrogen atom, a hydroxy,
methyl, ethyl, methoxy, ethoxy, acetylamino, methylsulfonyl
amino, ureido and methyl amino group.

- 8. A tetrakisazo compound according to Claim 1 which is
represented by the formula (I ) wherein R', R? and R?® each
independently represents a hydrogen atom, a hydroxy,
methyl, ethyl, methoxy, ethoxy, acetylamino, methylsulfonyl
amino, ureido and methyl amino group.

9. A dye which comprises a tetrakisazo compound

according to Claim 1.

* : C L M S *
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10. A dye according to Claim 9 which is to be

incorporated into a polarizing film.

11. A polarizing film which comprises a dye according to
Claim 10.
12. A polarizing film according to Claim 11 which

further comprise an organic dyes other than a dye according
to Claim 10.

13. A polarizing film according to Claim 12 which
further comprises two or more dyes selected from:

[A] a trisazo dye which is a dye represented by the formula
(Ia), a copper complex salt thereof or a salt of the dye

of the formula (] a) or of the'copper complex salt:

rll OH

Al —N=N~©-N=m (Ia)
: ©© N=N-Bl

1

wherein:

A' and B', which are the same or different, each
represent a substituted or unsubstituted phenyl group or a
substituted or unsubstituted naphthyl group;

R'% represents an amino group which may be optionally
substituted, a hydrogen atom, a lower alkyl, lower alkoxy or
sulfo group;

R represénts a hydrogen atom, a hydroxy or lower
alkoxy group,

and m is O or 1; and

[

R
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[B] C.I. Direct Yellow 12, C.I. Direct Yellow 28,

C.I. Direct Yellow 44, C.I. Direct Orange 26, C.I. Direct
Orange 39, C.I. Direct Orange 107, C.I. Direct Red 2, C.I.
Direct Red 31, C.I. Direct Red 79, C.I. Direct Red 81 and
C.I. Direct Red 247,

14, A polarizing film according to Claim 13 which
comprises one dye of formula (] ), one dye selected from
group[A], and one dye selected from group([B].

15. A polarizing film according to Claim 11 wherein its
sustrate is a film made from polyvinyl alcohol or a

derivative thereof.

| U R



