TETRAKI SAZO COVPOUND AND A POLARI ZI NG FI LM ' CONTAI NI NG THE SAME
The present invention relates to a tetraki sazo conpound and a pol ari zi ng
fi |l micont ai ni ng the sane. Pol arizing films have been generally
produced by incorporating iodine or & @li<hromatic dye as a pol ari zi ng
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as to produce polyene |n |l owed by the orientation of the

resulting film Among those, a iodine-containing polarizing filmis
good in early stage polarizing activities, but poor in the durability to
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Hovever, {i{iGSepSRhRATE Ayt oF! fHBEhﬁﬁHdEi@”&féyas 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



A dye-containing polarizing filmusing a dichromatic dye as a pol ari zi ng

el enment is superior in the durability to noisture and heat as conpared with
a iodine-containing polarizing film but is inferior in the early stage

- 2- polarizing activities. JP-A-59-145255_discloses a polarizing film
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superposed gﬁh Other so that those orientation directions neet at
right angl Wﬁi &° ‘nafter, this state is referred to as "crossed state" )
are pervious to light of a specific wavelength.within the visible

radi ati on mavelength region, particularly from400 to 700nm a liquid
crystal '
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, 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



di splay using the two filns often show a color different fromthe intended
color at dark state. In order to prevent the problemdue to the

|l i ght breaking through the filns, transmittance of the polarizing filns at
crossed state (hereinafter, this is referred to as "cross |ight
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particularly 400 to 700nm at crossed state, and which is
excellent in the poiarizing activities as well as the

. durabilit& io.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 gt crossed state over
the visible radiation wavelength region. Thus, the present
invention was accomplished.

The present invention provides a tetrakisazo

compound represented by the following formulae (I)or (I

)



durabilities to noisture and heat. The present inventors have further found
that a polarizing filmcontaining the specific conpound (=dye) and anot her
speci¥ic dye used for nmking the filmneutral color is not only excellent
in polarizing activities and durability to noisture and heat but also is
little pervious to light at crossed state over the visible radiati.on
wavel*engt h regi on. Thus, the present invention was acconpli shed.

The present invention prozldes a tetgaklsazo conmpound represented by the

foll owi ng fornul ae (I (11 CH | wherein QL
represents a SUbStitgsz or unsgijtltuted henyl group or a substituted or
unsubstitucﬁb—mapmq DN =3 nyl grou |§P
substituted by at le : one sub s t uent mwﬁpjaQ >§ zjroup, a
bstituted )

supbsti tu R R SOsH

| -Cu-0

1 _N= =
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 present
invention may further comprises other organic dye..

Particularly preferred is the polarizing film which further



am no group and an unsubstituted am no group, and which may be further
substituted, and Rerr], Rerr], Rerr] and R err] each independently
represents a hydrogen atom a hydroxy %éoyp, a lower alkyl group, a |ower
al koxy group or a substituted or unsubstituted am no group; or a salt
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conmpound ?g_tornulae (I ) or (Il), or a salt thereof, in a polarizing film
substrate. }ﬁe dye- containing polarizing filmof the present invention is
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conplex salt thereof or a salt of the dye of the formula (I a) or of the

copper conpl ex salt [err]
Rril OH
Al -N=N§C1:0)§>N=SN=N_I§1 (Ia)
S o TT8Y (SOgH)y,
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;

_ RO represents an amino group which may be optionally
substituted, a hydrogen atom, a lower alkyl, lower alkoxy or
- sulfo group;
R1 répresents 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



wher ei n: Alerr] and B[err], which are the sane or different, each
represent a substituted or unsubstituted phenyl group or a substituted or
unsubstituted napht hyl group; Rlerr] represents an am no group which
may be optionally substituted, a hydrggen atom a |lower alkyl, Iomer
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conpounds 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,



of the formulae (I ) or (Il1); and at | east two dyes selected from
the group consisting of the above-nentioned [A] and [ B]. The

phenyl group denoted by err] in forrmulae (I ) or ( Il ) is unsubstituted
or substituted by one or nore substituepnt. such as a nitro, sulfo,
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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 -



-7- carboxy or hal ogeno group. Anong them particularly preferred is a
phenyl group substituted by a nitro, sulfo, sulfanoyl, nethyl, ethyl,
nmet oxy, ethoxy, carboxy group(s) or a chlorine aton(s). The
napht hyl group denoted by err] in for lae (I ) or (II S
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selected ¥h9fbwing @ 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



a hydroxy group, an unsubstituted am no group and a  substituted am no.
Exanpl es of the substituent of the amno group include a nethyl, ethyl,
[err} -hydroxyethyl, [err]- : - 8-

cyanoet hyl, acetyl, carbanpbyl and nethyl sul fonyl group. The phenyl group

denot ed by ery].in formulae (I ) or (P1=) may be further substituted by
one or mrn@%l%ra%rb%&r%%h as a sulfo, (err]-derr] alkyl,
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(1) An aromatic amine compéund repfesented by the
. following. formula (I ):
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);



such as al kyl or al koxy nmeans "having one to about four carbon atons.
Exanpl es of the substituent of the amino group include a nethyl, ethyl,
acetyl, carbanoyl and net hyl sul fonyl greup. Preferred exanples of Rerr],
Rlerr] and Rlerr] in forrmulae (I ) or (Il ) and Rerr] in fornmula (I )
include a hydrogen atom and a hydroxy, iget hyl, ethyl, methoxy, ethoxy,
acetyl am no, nethylsul fonyl am no, ureido and

9 met hyl am no group. The tetraki sazo conmpound of forrmula (Il ) is
same to the tetrakisazo conpoun®®f fornmula (I ) except that Rerr] is a
hydr oxy group, and that the hy, Xy group denoted by Rerr] and the

hydr oxy group of 1-hydroxy- 3- Nﬁ{é-nap glene forma copper conpl ex
salt.’ The tetrakisaz npouftid of Tormula (I ) can be produced,
for exanple, by conducting stggs (1) to (4) nentioned bel ow (1)
An aromatic am ne conpound represented by the following formula (I11):
Qerr]-NH err] (rrr ) wherein Qerr] is as defined above, is

| diazotized accotdi 193 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



conventional manner, and the resulting diazonium conpound is coupled with
an aniline conpound represented by the followng fornula (IV);

[ errd wherein R err] and R err] are as defined above, or with an
[err]- methansul fonated conpound therg f (2) After the product
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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 @ -
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



wherein R err] and R err] are as defined above, or with an [err] -

nmet hansul f onat ed conpound t hereof. (3) After the product obtained
in the step (2) is hydrolyzed, if necessary, it is diazotized according to
a conventional manner,.and the resulting conpound is coupled with

3- an1no 8 n%ﬁpthol 6-sul fonic acid reprigsented by the follow ng fornula
(VI)+ or with a salt thereof. (4) Then, the
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subjecting the tetrakisazo compound of formula (I ) 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-



except that the step (3) and (4) are replaced by the

- 11- following steps (5) and (6). (5)

3- Ani:no- 8- napht hol - 6-sul fonic acid of formula ( VI ) or a salt thereof is
di azoti zed according to a conventional nner, and the resulting conpound
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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



[err] wherein X is a hydrogen atomor a nmethyl group and Rlerr] is as
defi ned above, or an [err] -nethansul fonated conpound thereof, to obtain a
t et raki sazo conmpound; and then reacting the tetrakisazo conpound thus

obtained to forma copper conplex saltysthbereof according to a conventional
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acid, 3-agahemFicanihboang13ted: 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.



4- am nobenzene sul fonic acid, 5-am nobenzene-1, 3-disulfonic acid,

2- am nobenzene-1, 4-di sul foni c acid, 4-am nobenzene- 1, 2-di sul fonic acid,
2-sutfanoyl aniline, 3-sulfamoyl aniline, 4-sulfanoyl aniline,

2- am nobenzoi c aC|d 3- am nobenzoic acjd, 4- an1noben20|c aci d,
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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



am nonapht hal ene- 4, 8-di sul foni ¢ aci d, 2-am nonapht hal ene- 6, 8-di sul fonic
aci d, 2-am nonapht hal ene- 3, 6-di sul fonic acid, :

2- amFnonapht hal ene- 1, 5-di sul foni ¢ aci d, - 2- am nonapht hal ene-5, 7-di sul foni c
acid, 1-am nonaphthal ene- 3,6,8-trisu|f3€ic aci d, 2-am nonaphthal ene-3, 6, 8-
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formila (M43 209940 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, C1-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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1, 3-di am nobenzene, 1, 3-di am no- 4-net hyl benzene,

nobenzene sul fonic acid, 3-acetylamno aniline, 3- carbanoyl

2-methylaniline, 3-nmethylaniline, 2-ethylaniline, 3-ethylani

| ani line, 3- nethoxylaniIin§472:ethoxylaniline, 3- et hoxyl an
y
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iMg filmof the present invention.

A T dHed e Rotdd P B Al idld B f I{HB Fotfuing 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

ﬁ?ﬂ d and the salts, sodiumsalt.is preferably used

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.



present invention, which conprises a tetrakisazo conpound of fornula (I )
or (Il ), may further conprise other organi c dyes to nodify the col or
tone:=or to inprove the polarizing activities. Any dyes can be used as the
ot her organic dyes as long as they hay, ? high dichromatic activity and
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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.



- 16 - consisting of the above-nmentioned [A] and [B] is nore preferred.
The nore preferred polarizing filmhas neutral color and is very little
per vi ous to light at <crossed state over the visible radiati on wavel ength
region, particularly from400 to 700nm In addition, the nore preferred
polarizing filmis excellent in polarrzithg activities and causes no

di scol oration and deterioration of polarizing activities under a high
tenperature and high hum d conditions. Anmong the nore preferred polarizing

film a polarizing filmwhich conprises one dye of fornula ( | ), one dye
selected fromgroup [A]; and one dye selected fromgroup [B] is
particularly preferred. I n for "J(("F'a_, Alerr] and B[err] each

i ndependent |y rqp se b Wt ed phenyl, "or a
substituted or { stlil{o&%-@iﬁ I argrpnﬁgs e_subsitiuent of the
phenyl group i ncI ude sul fo, sul farmylc;Hgl tHQ® SC[err -(Iif" H

Cerr]-Cerr] al koxy, carboxy, hydroxy, halo and unsubstituted or
substituted am no. Exanples, of the subsQ m—@f t he napht hyl group
i ncl ude sul fo, Rydgoxy At ed aqono. The
substituted amC #rgy E@%‘L@J_bﬁor}gs_@_ u?ﬂ@@@g or di stituted
am no. Exanpl es of the substituent ofdfhe H®a80 gr olip N7 r]-C
[err] alkyl, Cerr]-Cerr] aI kyl substituted by hydr oxy or cyano,

Cerr]- C[err] al kyl carH@y8! , phenyl, squ-o'rmenyO di sul fophenyl, benzyl
and car banoyl . The ny 0 ot.ed A err]Hos pref erably
phenyl which &s¥bstitu &n_gN‘@A'sg s sel ed
HO3S Hg HO3S N~O)- 0
_ O—Cu—0 _
(A-4) HO3S-©-N=N~@—N=N OH
CHg HOsS N=N
HOgS -~ "NHg
OH

(A=5) .Hoss—@-N=N;@—N=N

0—Cu—0
(A-6) -H03S-@—N=N-@—N N*
| OCHg HOgS QR N=N~O)-oH
) HOgS OCHg
(A-T) “—N N—@-N N:“\
| HOgS O Hg HOsS ©C OH
HOgS OCHg
(A-8) ~—N N—@—N N:“\
HOgS QR Hy HOgS QR Hz
0—Cu—0

(A-9) HO3S—@—N=N~©—N N

CHg HOsS OH



fromsulfo, sulfanoyl, nitro, nethyl, ethyl, nethoxy,

- 17 - ethoxy, carboxy, chlorine, unsubstituted am no and substituted

am no. Particularly preferred as the phenyl group denoted by Alerr] is

sul f ophenyl . The napht hyl group denoted by Alerr] is preferably naphthyl
substituted by one, two or three sul fo2B8roups. Particularly preferred as

t he-napht hyl group denoted by Alerr] is nonosul fonaphthyl or

di sul f onapht hyl . As the phenyl denoted by B[err], one of the
following is preferred: [err] (Hﬁgﬁyl G%{ch is substituted by one

or two am no QLIRS i 2 Y ntuted, and may be
further substi ?@g bm—r@fﬂgﬁ%@agrr m}@“ﬁ@%{;}-qe”]
al koxy or carboxy, or [err] @H@nyHGMG(ﬂ1is psti e y one, two
or three hydroxy groups, and may be further substituted by am no, which

may be optionally 'substituted, sulfo, eHp-C[©F] alkyl, Jerr]- dJerr] "

al koxy or carboxy,,. A e hagl— by Blerr], one of the
following is p((r?'ie(fgl)red: Nh'[%]?r a%‘lhtﬂs h.is sypstituted by one
or two hydroxy gr OUeg8Nd M ch maychg f HO4&r “su stNFiNe OBy fo,
unsubstituted am no or amno which is Substituted by nethyl, acetyl,

phenyl, sul fophenyl, disul fophenyl or benzoyl, @H [err] naphthyl

which is substituted once op=<w ce_ by,
(A-12) HOsS N=N—©—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),



unsubstituted amno or amno which is substituted by nethyl, ethyl,
hydoxyet hyl , cyanoet hyl, acetyl or carbanoyl and which nay be further
substituted by hydroxy or sulfo. - 18 -

In formula (I a), Rerr] is hydrogen, égmer al kyl, Iower alkoxy, sulfo or
am no whi ch e optiongl |l substi t-u2kd. The substituted amino can be

ei t her nono- Nzﬁtﬁﬁ iDinest %%@br di - substituted am no. Exanples of the

substituent of, the, am no inglude C[ al k Clerr]-Cerr]

al kyl car bonyl (fé[aéjﬁ]nﬂ%rr] HPFPQ,‘T ’lor@‘?aé\%l %a)mo Rlerr] is

hydr ogen, hydr a y. Wien the trisazo dye of formula (| a)
forns a coppercoﬁirrgjw{e% A copper corrpl ex salt is formed between the

hydr oxy group of e 1- 3 suI% group (which may
have sul fo at (85 % %%O{J@@ng Rlerr].

The trisazo d(ﬁgﬂA can bﬁ§§§ uced according to a known process such as a
process descri rgety Be 2 whi ch conprises a conventi onal

di azoti zati on d coupling  rgactjon a t he dye fornms a copper
conpl ex salt, fikt IU%W%r1§§§m%i¥éhﬁéggqxﬁ$§| per conpl ex salt.
Preferabl e ex es of the tri o dye [A] include dyes represented by the
formul ae (A-1)~* 29]1r qrg?ﬁ‘{(%gé bel ow and salts thereof. These

dyes are usua i n the formopf t, though they can al so be
used in the fod“tf\% € aé%eatl%PpaHOfF SE'RER R

The polarlzlng film of the present invention can be

. produced by 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



other alkali netal salt, such as litiumsalt or potassium salt, amonium

salt or am ne salt, such as ethanol am ne salt or al kyl'am ne salt.

19
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- 22 -
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



The dyes of [B] are comrercially avail able and can be obtained easily.
They-are on the market by Sumtono Chemcal Co. , Ltd, and their Colo

| ndex Generic Nanmes and trade nanes are described bel ow: Cl. Dre
Yel | ow 12 (trade nane : Chrysophenln Direct Yell ow 28
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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 meterials 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



C.1. Direct Red 81 (trade nane : Sum|light Red 4B) and C.l1. Drect
Red 247 (trade nanme : Japanol Fast Red FA). The polarizing film
of the present invention can be produced by incorporating dichromatic dyes
consisting of a tetrakisazo conmpound of ,fornula (I' ) or. (Il ) and, if
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xaml o, pREGHANLE by kB ot B rRt et £ YRSt fPnite. o °h,
c“SS°|V“KbEEQﬁH£§h@“¥iim. 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



- 22 - dye in water. Though the dye concentration in the dye bath is not
limted, it is usually in the range fromO0.0001 to 10 %by weight. If
desi+ed, a dyeing auxiliary, such as sodium sulfate nmay be used.
Preferably, the concentration of sodiugrsulfate is from1 to 10 @6by
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aqueous
~ 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



boric acid solution having the concentration of from1l to

- 23 - 15 % by weight, preferably from5 to 10 % by weight, at a
tenperature of from30 to 80 [err]C, preferably from50 to 75C

| f desired, the polynmer filmmay further be subjected to a fixing
treatment in an aqueous sol uti on contai RPry a cationi ¢ pol yner conpound.
The dye- cOREW By YOr32%9 i GRPPGUNE ¢ hus obtained may be lanminated with a

protective film hayi excel l.ent optical transparency and nmechani cal
strength, on one oguﬁgﬁﬁqﬁmié¥nﬁtQPﬁp i@%?t§oggrﬂé%8€ lsnelis g gtheat e.
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ol yan de HaGe1BR ¢ SEC 58 PRdsBhebePr 8 888 tho o d it B Ateoe c
pol ar1 21 ng 9935 haDEnGheEer Rori TholHFoYRG Ha8 AL ERednataln 3 G to
Tomons, O 558 nSER.r AEHSh 6k kB ER PALAEL 85! e B30k
Dot vi 11 e bR AR S abi T P L0 20T BRES Redk By Bihodr DoF APt BA SFREL Whgani o
dye(s) 1n Al ket 0 dfif £6LF2KkS W% SOPPRHRE Yad b 2cbhph XY Bhe
' coupling reaction. The reaction mixture thus obtained was
subjected to a saiting out with sodium chloride and then
was filtered to obtain a tetrakisazo compound of the

following formula:

OCHg OCH3 on

NaO N=N N=N©~N=N“N
2O CHzo NeOsS Q0 @

CHgO

~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%



(It ). Particularly, by incorporating at |east two dyes selected fromthe
above-nentioned group [A] and [B] in addition to the tetraki sazo conpound
of formula (I ) and/or (Il ), a polarizing filmwhich is little pervious
to |ight - 27--24 - at crossed state over the

Setivi 2’3«12#»%0%@539 P 85 18ands theta theh parts Of SedfimiRifEitansere o
bar 1 cul artgHee. aang; § L%@%ﬁ;’@ﬁ&%@%&l&%ﬁ efer ittt VihowEnesi ni ng
E’Zl-?;LfLQ%bft*om%H%s&qu%rﬁ’aii' "ot B i9f Tehenfl, P8R AT Fghtne
ol ar i 21 g eaphist “BikFyEE cslard ?%}haﬁﬁﬁﬂgﬁaéeﬁeﬁuﬁf bAE feas
to o vari adufted (£ oH: Tbu Adfife c5aatunTkikbREae, BREERERLIE w%%' o
o di spl ayeIrarepn R B, &t T ENE ERGY Ak 1A X ET cETBdAR BNces.
The presenf Lavepihon 1,30 £X0h3 1188 'dbAiBb%ind 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



details with reference to the exanples, which are only illustrative, and

never construed to limt the I nvention. In the exanples, "part" and "%
mean- "part by melght and "% by melght respectively unless otherw se
ment i oned. nple 1 To 200_pggt.s of water dispersing 17.3 parts

par s of o4 %ﬁﬂﬁﬁ ?\r Fﬁ%@@eﬁ?ﬁ%ﬁ%& 35‘(%“15%"%%%%%@%%5&@ B8, | e
parts of LotatnElhopaterEh sompoundii mentioned v oS, ARER, ARED For
1 hour at b d0l okl on I:Q%‘agyt%r Saadaetw%&iﬂeﬁw%f b;ade ngsspi up

car bonat e vas sterred agaln o conpl & oupllng gacti on.

Subsequant igﬂ?”‘%’%ﬁ P MR ChRE & T IO TR E = s
obt i ned, 2o 4 H@’Qﬁl?%rilrf’én ﬁg%&r@”%a{%‘f?g@%@’%ﬁs L5 godium

nitrite were a add ﬁe resulting dre was s err]C
t duct t 1 2

added ¢ ECt%%‘l?niﬁ?‘J?’W |£th So8Ehm gnidhAde Sd*chepOWly BXYERReanEoas
thereajte”oﬂfﬁlﬁdéuﬁéﬁﬂakfsgfb cOMpaaRl "gr SEHEUFLERHRPAB! BopRE1kREN Tt was

stirred agarn t

OCH3z OH

NaO© N=N<(O-N=N<(O)-N=N
38@ ©CH gaossm@-m

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.



conplete the coupling reaction. The resulting m xture was filtered to
obtain a di sazo conpound. Subsequently, to 400 parts of water

di spersing the disazo conpound thus obtained, 20.9 parts of 35%
hydrochloric acid and then 6.9 parts of sodiumnitrite were added, and the
resulting mxture was stirred at 10-15 [err]C to conduct a diazoti zation.
The* di azoti zed conpound of the disaze 2gprpound thus obtai ned was added to

a mxture at whi ch was obtai ned by adding 24.0 parts of 3-am no- 8-
naphthol-éﬁgﬁﬁﬁéhﬁt acid to 240 parts of water and then addi ng sodi um

T v A e D
2o ehedafalii A intoah NP G 8 B e
?ZSLFfPLSrqn?:p%ecfaéléﬁﬁ #Eg;ﬁﬁg.g ggrlé_ségigs?t&dum ni “ut; vvelzgfzaddzuiag?{r;g E)Pe
Ehgngiggs éﬁ%%?ﬁz%ﬁiﬁg knlxgﬁggzle m@saa jugﬁgﬁﬁfo.pﬂﬁ% by g?dln? so?:ng
The react (SR ret nERRAPACy B LeRP £ETh £R010IE CHRBrCEe LA

-sodium chi ofhd§ 889cUNThdE% "EA181AE bUtldd EnbehERUITHR GRIREUPE Of
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:



foll owi ng fornmula: [err] Measured in an
aqueous nedium [err] [err] of this conpound is 622 nm Exanple 2
24. 0~ Parts of 3-am no-8-naphthol -6-sulfonic acid was dispersed to 240
parts of water and was di ssol ved by addizpg-12 part's of .sodi um hydroxi de
thereto. 19.1 Parts of p- toluenesul fonyl_chloride was added to the

resul ting solution which was thereafteroﬂirre@Hor 1 hour at 35-40 C.

Then, to the res ing re AON soI,,.(n, 41. 8parts of 35%
- 27 - hyd - 3 -IN=IN nitrite were added,

and the resul t1 ng™#xt ure stirreg § dg[ r
2P 0 e r E$é Eﬂe,

Subsequently, 9.4 parts of phen@Hg@
thereafter the reaction mxture wa% adjusted to pH 9 by addimg sodi um

hydroxi de, and then it was

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



stirred again at 5-10 [err]C to conplete the coupling reaction. The

resul ting conmpound thus obtained was hydrolyzed by adding 6 parts of
sodi-um hydroxi de to the reaction m xture and stirring the reaction m xture
at 80 [err]C for 3 hours. Thereafter, ghe reaction mxture was cooled to

20- 30C, subsegquent!ly it was adj.usted to pH 7 b ddi ng, 35% hydrochl.aric
2ci . t et GROTNY Lobla TieB L ExghiR el MaSuraiLared i Ehnhfen i
was filtered tq obtain a _nongazQ,co und( M. 300 rts. of
water di speaaisass " AnpdlRA 4BLA3RRA I, Kkamate 2. scthemalft bife
20.9 parts 35% hydr,ochlori.c,acid and.then 6.9 rts of di ifrite
wer e addefdfi'ﬁngﬁpﬁg 9%@%“‘?% qﬁd(t%r‘élﬁs a&ﬁ??gg%&n f(ﬁriégcakj’? r}% uct

t he di azoti zation. The <3 part f 2, 0 gl iline was added to
the resul BOERRIRLAG TRALVERIAS S A Bax ot ChECPITRAELLRRT (it 18
ThereafteQHRESereaction m xture was adjusted to pH 3 by addi ng sodi um
carbonate,” 't ‘was stirred again to conplete the coupling ‘reaction, and
then was filtered to obtain a disazo compound. Subsequently, to 400
parts of water dispersing the disazo conpound thus obtained, 20.9 parts of

3596hydro?$%§&j%&qgid and then 6.9 parts of sodiumnitrite were added, and
t he resul r% ture was stirred at 10-15 [err]C to

rommayo ot o RAkE 8 Al SopHEeH SRR N bt P "
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.



t hen sodi um carbonate was added thereto to adjust its pHat 9 and the
reacti on was conducted at 10-15[err]C for 3 hours. Thereafter, the
resulting m xture was subjected to a salting out with sodium chl oride and
then was filtered to obtain a tetraki sazo conmpound of the follow ng

formul a: [err] Measured in an aqueous nedium [err] [err]
of this conpound is 597 nm Exanpl e~ 32 - Exanpl e 1 was repeat ed,
except that sulfanilic acid i.ls#%pl‘laced with 30.3 parts of

2- am nonapht hal ene-6, 8- disulfo acid to obtain a tetraki sazo conmpound of
the foll ow n - et Me-aSH-ea—h 1 BEHGOUS
medium [erfiyo[¢rr] of thisTeaaREMRE dobipdtdd NM max

(nm)
. OCHg OH
1 HO3S@N=N-@N=N~©-N=N:“\ | 610
CHj HOgS ©© N=N-@OH

OCHgy OCH3 OH

2 Ho3s@N=N-@N=N-@-N=NN=N@OH 630

CHgO CHg HO3S

3 Hoss-@-N=N©-N=N-©-N=NN=N@OH 6§10

CHgO CHg0 HOsS

SOgH OCHg OH
SOsH ~ CHg0 CHgo HOsS N=N-O)-0H
- 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 HOgS N=N<O)-oH
OCH3 OH

7 Ho3s@-N=N@-N=N@N=N 6§00

CHgCONH HO3S N=N<O)-0H




-29- Exanple 4 To 500 parts of water dispersing the tetrakisazo
conpound obtained in Exanple 2, 16.0 parts of anhydrous copper sulfate and
3 parts of nonoet hanol am ne were added. The resulting m xture was
heated at 95 [err]C for 12 hours to conduct the reaction. Thereafter,

sodi um chloride was added to conduct-a&ssalting out, and the resulting

m xture was filtered to obtain a tetraki sazo conpound of the follow ng
formul a: ' [err] Measured in
an aqueous nedium [err] [err]Tq}?lqh?s conpound is 649 nm Exanpl e 5
; ) ) : :

To 500 parts_Q mewmwmjﬁu 29. 3
parts of etH?ﬁgeredi anm ne t ety s added. After AX |sodi um
[

to to adjust ?ﬁ%ﬁgﬁzgt&@?a{ e resul ting m xturje mms

hydr oxi de t
OCHg OH
8 .—N=N—©—N=N@N=N 610
so CHgO CHaCONH HOsS N=N<O)-OH
OCHg OH
' OOr N=N@-N=N@-N=N OH 610
SOgH CHgo HOgS N=NOH
: o OCHg OH
10 HO3S@N=N-@N=N©-N=N:“\ 610
CHgO HOgS ©¢ N=N~<O)NHj
SOgH OCHg OCHs OH
11 N=N@N=N—@N=N 610
so CHg  CHgHOgS N=N<O)-NH

OCHy OCHg OH

P oo oy nm ool Nl

SOgH CHgO  CH30 HOgS N=N OH
OCHg OH
13 HO@-N=N-@-N=N~@N=N 1610
CHgo HOgS N=N~O)-NHj

OCHg

OH OH
14 Hogs@N=N@N=N@N=N 6§30

CHgO CHgo HOsS N=N~O)-oH




stirred for 3 hours at 30-40 [err]C. The resulting reaction

m xture was

filtered to obtain a tetraki sazo conpound of the follow ng fornula:

- 360 -
aqueous nedi
A pol yvi nyl

manuf act ured by Kuraray Co.,
length in a

ori gi nal
substrate of

[err]
[err] [err] of this
filmof 75[err] m-i84t-hickness

um
al cohol

conpound i's 597 nm
(Kuraray Vinylon #7500

Measured in an

Exampl e 6

Ltd.) was stretched to four tines of
direction to prepare the

its

| ongi t ugy i axi al
a pol ari zi ng fllg#arbaljr?el?esultlng fllmwas di pped for 20

m nut es, as kept l_state intg aus—salytion of
t he tetrak|<?60 conmpound obt gj g éQoﬁ% 1 which further ddmaxnys
sodi um sul f g as a dyeing aUX|}|ary, a concentrati on of |Xmm%|at 60
[err]C. Thedeaf{er, the fllnlma?%gﬁgpe hmao 7. 5% aqueous borijc aci|d
sol ution at 65[0rr]* Os8t 5'nin th R with water at {20C fqr 20
seconds, and {tgi¢n o o4 N—I@ el(ILi\T (N-qﬁl? @@ 630
303H CHgO0 CHg0 HOsS N=N<O)-oH
OCHg
16 N-N@N-N@-N-N 620
03H CHg CHgo HOgS N=N~Q)-OH
X N-N@N-N@N-N
CHg0 HOgS N‘N@NHz
O-Cu-0
18 N=N@N=N@N-N 650
SOgH CHgO HOsS N=N~<O)-0H
- O0=Cu-0
19 Ho3s@-N-N-@N-N@-N-N 6§50
CHg0 CHy0 HOsS N=N<O)-oH
. O-Cu-0
20 Ho3s-@N=N-@N=N@N-N 6§50
CH30 HOgS N‘N'@'OH




pol arizing film The polarizing filmthus obtained had high polarizing
activities and exhi bited good durabilities even after having been kept for
a leng period. of tine at a high tenperature under a highly hum d condition.
[err] max of the polarizing filmis 630 nm Exanple 7. Exanpl e 6
was repeated, except that the tetrakisapmp-

- 31 - conpound obtained in Exanple 1 was replaced with the t et raki sazo
conpound obtained in Exanple 2. The polarizing filmthus obtained had a
wi de absorption range and high polarizing activities. A max of the
polarizing filmis 610 nm 5%§g%h§' Exanpl e 6 was repeated,
eXcept that the tetrakisazo obtalned in Exanple 1 was repl aced
with each of the tetrakisazo conpound shown in the second colum of the

foll owi ng Tahte—tyAor—aTts_satt, —ferri {erri of the potanrzingfjl m
obtai ned in gdigh pf Exanpl es‘l‘etsrakm\m oamp&uné third colum off *asf@)i}4. The
pol ari zi ng fi anmptes lId.U tgh—potart=zimg—act ties

and exhi bi ted goo dur abi | i t_-, a_hogHy t @Hperature undert a highly humd
condi ti on. HO s-<: :}-Nm N:N N:N
21| © ;_j @@ 630

H;CO  H;cO' HOsS ~NN~<O)-a,

OCHy OH |
1035 <O N-@—N-N-@-N N*
22 | B;C0 HycO'  HOSS QR nN<Orvy, | 82 °

. ocn_.,
HQOC"{ :>'N N
23 H;C0 HO,S* N<{Orrm, | 030

001{3 ocx-, OH

24 HOOC_@NV H3C0 HD s 630

H3CO

25 Hooc-<c:)>-1~rN—(Ci)}-mN-{C:)}cz:;ru o | ©5°

H;CO HO;S

0—Cu—0

- HW@N’NN’N-Qg;zN:N O, | 65°

H;CO




- 32- Table 1 No. Tet r aki sazo
conpound [err]max [err (nm :
[ er#] - 33- Table 2 [err] - 34 - Table 3
[err] ' .

- 36 -

- 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



- 35 - Table 4 [err] - 36 - Exanple
9. A pol yvinyl alcohol filmof 75[err] min thickness (Kuraray

Vi ngl on #7500 manufactured by Kuraray Co., Ltd.) was stretched to four
times of its original length in a |oogzudinal uniaxial direction to
prepare the substrate o pol ari zj fil. m kept in e tensioned state,
the’resuﬂMqEPfifﬂﬁ%ﬁiﬁmﬁi$finﬁJﬁ%u@é&?éﬁlﬂfﬁﬁg%fggoﬁ SO YR dye
No. 22 in Table 4, anpl.e 8, sodiumsalt of dye . of .formul al A-5 Gl

di rect or§M$¥§§ﬁangﬁ§&ﬁﬁﬂn§ﬁﬁfﬁ?89 1Ak HoRReOd o t&g iéﬂs éﬂt*@ dye

Sodi um SUTRRIE dhe DA @ OABTHLO(N0IY) afia Lrofl LFEEHoARAAS S 4 )
bor | ¢ act §ADHI GO w5e] are COh-d) 288 i (ol £na E 00 4R8. A 2¥ 50
i m t huseapeRtie e 55 eoutCar Qrorg) BBl ths ; ShsmaRtay e Tifa "

. 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.



observed even after having been kept for a long period of tinme at a high
tenperature under a highly hum d condition. Exanpl e 10. A

pol yvi nyl al cohol filmof 75[err] min thickness (Kuraray Vinylon #7500
manuf actured by Kuraray Co., Ltd.) wag ggretched to four tines of its
original | ng%h in ga.lon i tudinal uniaxial direction to prepare the
substrate 1AL FQFRIBiHg film As kept in the tensioned state, the
resulting filmwas di pped i nto agqueous sol ution of sodiumsalt of dye No.
21 in Table 4, Exanple 8, sodiumsalt of -

- 37 - dye of formul a( A C_l. direct oran 39 ' S :
~wherein the concengrﬁﬂﬁ%ﬁgléﬁzphgowgumta I%%q%%?iw u%% gé;féﬁlng
formul a( A- | . di.rect o e 39 and sodiumsulfate are 0.025% 0.007%
0.0085@6ah@g%@éia?eggeit?ceki?gat 65 [err]C for 10 minutes. Thereafter, the
filmwas di pped into 7.5% aqueous boric acid solution at 65 [err]C for 10
m nutes and then washed with 20 [err]C water for 30 seconds to obtain a

polarizing film The polaéizing filqé t hus obtained has a neutral color and
no di scol oration was tRérved eveR&fter KM ng been kept for a | ong

0
peri od of tife at a hi t emper e under @ highly humd condition.
Q —N=N@—N=N N=N
1 - OO n=n-q2 D
: R |

R®  SOgH
R2 O-Cu-0
. Ql—N=N©—N=N©N=N
©© N=N-qZ (I
Rl RS  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', R?, 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 *



VWhat we claimis: 1. A tetraki sazo conmpound represented by the
followng formulae (I ) or (Il ): [err] wher ei n
QJeer] represents a substituted or unsubstituted phenyl group or a _
substituted or unsubstituted naphthyl_gygoup, @ represents a phenyl group

orctp, a Subst tuted AR UrLep 2R FAMBRHECe PBREL B8, e Sadt Lhe
g;w:‘ ?ég%e%ﬁﬁf%?ﬁ%jﬁ&gﬁ%ﬁ?&ﬁ Q‘Eﬁﬁgﬂ%&ﬁ gﬁ&ﬁ g |0W2§]
%{grﬁ]lorWhﬁﬁ%h(irﬁﬁQﬂﬁ s@ﬁ itut ﬁy §$§ak|nggrbﬁﬁggﬁh%ﬂyéﬁﬁéﬁééﬁqo
substi t ut é&%t&?gﬁPA&WW%ﬁup t“?cjtagﬁwo gg‘rmﬂ"phenyl Iromp
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 *



nitro, sulfo, sulfamyl, Cerr]-Clerr] alkyl, Cerr]-Cerr] alkoxy,

hydr oxy, unsubstituted or substituted am no, carboxy or hal ogeno group.

- 32 - 3. A tetraki sazo conmpound according to Claim1 wherein QL

i s an unsubstituted 2-naphthyl group or$$ napht hyl group substituted by
0
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bstit d bstituted | f l,k | kax
carboxy orbip. °5. M BoLatigtpRkr LinohBtRRohrRrE st urng EoaeParfiiaa: o &

Qerr] is é hidr yphenyl. 6. A tetraki sazo compound according to
Claim1l wh } *is a phenyl group which is substituted once or tmnce by

SUbsti tut ooy a hyhr BoLatsrad ok int Sreirgife (EpLE Ep 0] WhLSK
ormil o (1T4FARBRePHuBFIRe 2iReban 2 ives Ukt thaf P4 0RE, %ﬁéﬁ?&@% iy

represents 8 Q%g% gig atom a hydroxy, nethyl, ethyl, nmethoxy, ethoxy,
acetylaninB, @ Ffonyl am no, ureido and nethyl am no group.

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

Al —N=N~©-N-N_N_B1 (Ia)

RID SOH §o.mmy

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

I

i



8. A tetraki sazo compound according to Claim1l1 which is represented by
the formula (11) wherein Rerr], Rerr] and R err] each independently
repwesents a hydrogen atom a hydroxy met hyl, ethyl, nethoxy, ethoxy,
acetyl am no, methylsul fonyl am no, ureigq and nethyl anlno group. 9.

faottio o R aydBediatn Sﬁiéa@%aﬁﬁﬁ"”” Yo Bregho¥eados @84 nio
o crai m 881-1. 1rectAY§sﬁaﬁ°' g - .'ignf@pegf“:‘é Rya§eiaf maTwppanect - -
13 A BBeRee Ay G OGS nrahet 10T %nai-fﬁfé%é BedcGmplides. two
or more Oyl AL R 5 g BT,
t he fornule'il ﬁ&rg h hﬁuﬁ?pper conplex salt: [err]
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.
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wher ei n: Alerr] and B[err], which are the sane or different, each
represent a substituted or unsubstituted phenyl group or a substituted or

unsubsti tuted napht hyl group; Rlerr] represents an anmi no group which
may be optionally substituted a hydrogen atom a lower.al kyl, |ower al koxy
or sulfo group; rr] represents a hydrogen atom a hydroxy or

| ower al kéxPB & dUR ParCHRLFn is 0 or 1; and

-41 - [B] CI. Direct Yellow 12, C. 1. Direct Yellow 28, CI. Direct
vellow 44, C 1. DireptTRiR ggﬁz@%o@dm@' ARD! A ﬁoamazz@ﬁe FItM Direct
Orange 107, C. I. Direct Re . D rect Red 31, C.I. Drect Red 79, C.

Direct Red 81 and C.doNPATIRENG . ng A polar|2|ng fllntaccordlng
to Claim13 which conpf?ses one o% for mul a (I ), one dye selected from
group[ A], and one dye sel ected frontgroup[B] 15. A polarizing film
according to daim1l wherein its sustrate is a filmmade from pol yvi nyl

al cohol or a deriyat Y2 k18h53' compound of the formulae:

g @N-N_N .o

SOgH

-Cu-0

SOgH

wherein Q' represents a phenyl or naphthyl group, Q2
represents a phenyl which is substituted by at least one
substituent selected from a hydroxy group and an amino
group, 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 thereof, and a polarizing film which
comprises the tetrakisazo compound or a salt thereof and

which may further comprise other organic dyes.



