1 AN AZO COVPOUND AND A PCOLARI ZI NG FI LM CONTAI Nl NG THE SAME The present

i nvention relates to an azo conpound useful as a dye, particularly as a dye
for - a polarizing filmand a polarizing filmcontaining the sane. Polﬁrizing
films have been generally produced by incorporating iodine or a dichfomatic

dye as a pol ari ang R} ed@RboiyADO Adb of.| REERATRIING Madey of pol yvinyl al cohol

; o

or its derivatives, or into an oriented pof yene filmprepared by a derdro

chlorination of conaglyyimy! TaR enimte filmor by a dehydr atThsphest Has Been Replaced
pol yvinyl alcohol filmso as to produce ‘H II | E?

3

The present invention relates to an azo compound
5 useful as a dye, particularly as a dye for a polarizing film
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

10 its derivatives, or into an oriented polyene film prepared
by a dehydro chlorination of a polyvinyl chloride £ilm or by
a dehydration of a polyvinyl alcohol film so as to produce
pclyene in the film, followed by the orientaticn of the
- resulting £ilm. |
15 Among those, an iodine-containing polarizing £film
is superior in ear;y'stége'pola:izing acti&i-tiesr but poor
'ih the dﬁrability to moisture and heat. Thus, .the £ilm heas
some drawbacks in the lowered polarizing activities after
having been used fér a certain period of time at a high
20 témperaturé under a highly humid condition. Several méthods
' foi"improviﬁg the durability have been proposed, in which the
fiimiétréatedwithforméiinbrénaqueousboriéacidsblution,'
or a.polymer fiim having é low moisture permeability is
employed as a protecting film. However, these methods are
25 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 cbmpared with an

[ tp—




polyene in the film followed by the orientation of the resulting film
Among those, an iodine-containing polarizing filmis superior in early
stage polarizing activities, but poor in the durability to noisture @and
heat. Thus, the filmhas some drawbacks in the |owered polarizing _
activitiescdime-banitag hieen ysedafdziagceftidinn peritod ojeheraldly,a high
tenperature under a highly humd condition. Several methods for -inproving
the dur abiilnfier haveibeeheprezpubeds tagewpiodat iwifgl acicd vingiaded with
formalin or an aqueous boric acid solution, or a polymer filmhaving a | ow
moi sture permeabilityIifs eowd oypodlagiaipiot efiimg f blfm ddavergl, tbase
met hods are
containing two or more kinds of dichromatic dyes are
5 superposed on each other so that those orientation directions
meet at right:angles (hereinafter, this state is referred to
as "crossed state") and the set of two polarizing films is
pervious to light of a specific wave length within the visible
radiation wavelength region, particularly from 400 to 700nm,
10 a liquid crystal display using the two films often shows a
color different from the intended color at dark state.
JP-A-59-145255 discloses a polarizing film
containing a water soluble bisazo compound represented by the

following structure:
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15
; but thenpc-)-larizin-g film does not yet fully satisfy properties
dexﬁaﬂded by usérs such as durability, i:olarizing activities,
ability to prevent breaking of light through films at crossed
state over the visible radiation wavelength region, .or the
20 like.

The present inventors have extensively studied to
find out a compound which cangive a polarizing film containing
the same excellent polarizing activities, durability and the

like, and have found that using a specific azo compound is
This Sheet Has Been Replaced
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not yet fully satisfactory. A dye-containing polarizing filmusing a
dichromatic dye as a polarizing element is superior in the durability to
noi sture and heat as conpared with an 2 iodine-containing polarizgng
film but, generally, is inferior in the early stage polarizing activities.
If two pol ef fecndvie tosactompltirstl th@sx obojdet sl Ngriiew memdﬂmisn@f
di chromati c dyes are
that a polarizing film containing the specific azo compound
together with another specific dye used for making the
polarizing film neutral color is not only excellent in
3 polarizing activities and durability under high temperature
and high humid conditions but also is little pervious to light
at crossed stateover thevisible radiation wavelength region.
Thus, the present invention was accomplished.

The present invention provides an azo compound

10 represented by the following formula (I) or (II):

wherein Q; represents a substituted or unsubstituted phenyl

group or a substituted or unsubstituted naphthyl group, Qs
15 represents a substituted or unsubstituted phenyl group; R
represents hydroxy group; R, and R, each independently
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super posed on each other so that those orientation directions neet at right
angles (hereinafter, this state is referred to as "crossed state") and the
set of two polarizing filns is pervious to light of a specific wave Jjength
wi thin the visible radiati on wavel ength region, particularly from400 to

11 ot ent T ot rrRLRESREE R Pk ap oot bl £s SR R ISk o

pol arizing filmcontaining a water sol ubl e bisazo conmpound represented by
the fol | ow ng; sty uallkexy [ girblup bot tdhehpdbaydzi Agokhi;| RJoandior, yetadhil |y
satisfy properties

independently represent a hydrogen atom, a hydroxy group, a

C,-C4 alkyl group, a C;-C, alkoxy group or a substituted amino

5 group; and X represents -NH-, -NHCO- or -N=N-;
or a salt thereof (Hereinafter, the azo compound of formula
(I), the azo compound of formula (II) and a salt thereof are
referred to as “azo compound I”).
The present invention also provides a dye-
10 containing polarizing film containing an azo compound I and
another organic dye in a polarizing film substrate.
A phenyl group represented by the _following

formula:

; . _ : ’ This Sheet Has Been Replaced

L

15 whereinR; and Rg each independently repres ent a hydrogen atom,
a sulfo group, a sulfamoyl group, a C;-C4 alkyl group, a C;-Cy4

alkoxy group, a substituted amino group, a carboxy group or

.a halogen atom is preferred as the unsubstituted or

substituted phenyl group denoted by Q; in the formulas (I)

20 or (II). Amongthem, particularly preferred is a phenyl group




demanded by users such as durability, polarizing activities, ability to
prevent breaking of light through filnms at crossed state over the visible
radi ation wavel ength region, or the like. The present inventors have
extensively studied to find out a conpound which can give a polarizing film
conf ai ni ngsthetiamteekiveld sul fpgroug) ragsamfamdymgrodpraé)nﬂettuylagﬁohlpe,
| i ke, and have found that using a specific azo conpound is

an ethyl group, a methoxy group, an ethoxy group, a carboxy

group or a chlorine atom.
A naphthyl group represented by the following

5 formula:

This Sheet Has Been Re eplaced
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wherein R,, Rg and Ry each independently represent a hydrogen

atom, a hydroxy group orua sulfo group is preferred as the
unsubstitutédﬁor substituted naphthyl group denoted.by Q, in
10 the formulas ¢I) or (II). 'Among them, particularly preferred
is a naphthyl group substituted by one or ‘two sulfo groups.
. When X is -N=N-, preferred examples as the phenyl
Tg:oup.denoted by Q; in formulae (I) or (II) include
a phenyl group which is substituted once, twice or three times
15 by hydroxy groups, and which may be further substituted by
an unsubstituted amino.group, a substituteq amino group, a
sulfo group, a C;~C, alkyl group, a C;-C4 alkoxy group or a
carboxy group; and

a phenyl group which is substituted once or twice by

20 unsubstituted or substituted amino groups, and which may be




effective to acconplish these objects. They have also found that a
polarizing filmcontaining the specific azo conpound together w th anot her
specific dye used for making the polarizing filmneutral color is nog only
excellent in polarizing activities and durability under high tenperature
and- hi gh Mnrtheonslibsbhsulbed bysonesotitwd esypes vibuenits biediectad duwsed
state over the visible radiation wavel ength region. Thus, the present

i nvention BESRPPELE0BY- aTHE1RbE gl N\E R -2} B&Wld%e@\fb pz8 epmppund

represented by the followng formulda (1) or (I'):" [err] rein qerrj

represents a substituted or unsubstituted phenyl
alkoxy group Or a carboxy group. Among the above, a

particularly preferred example of the phenyl group denoted

5 by Q, is 4-hydroxyphenyla.
When X is -NHCO- or -NH-, preferred examples as
the phenyl group denoied by Q, in formulae (I) or (II) include

an unsubstituted phenyl group and
a phenyl group substituted by a hydroxy group, an

10 unsubstituted amino group, a substituted amino group, a sulfo
group or a C;-C, alkoxy group.
When the phenyl group dencted by Q, is substituted

by a éubstitut_ed amino group, the amino group may be mono-

or di-substituted and the substituents on the amino group are

[oury
b |

preferably methyl, .e'thyl, B ~hydroxyvethyl, G5 -cyanocethyl,
acetyl, carbémoyi or methylsulfonyl.

Preferred examples of R; or R, in formulae (I) or
(II) include & hydrogen .atom, a methyl group, a methoxy group,
a hydroxy group and a chlorine atom. Preferred examples of
20 Ry or R; in formulae (I) or (II) include a hydrogen atom, a
hydroxy group, a methyl group, an ethyl group, a methoxy group,
an ethoxy group and an.aéetylémino grﬁup, |

When R3 or ﬁ; represents a substituted amino group,

the amino group may be mono- or di-substituted and the

25 substituents are preferably methyl, ethyl, acetyl, carbamoyl
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group or a substituted or unsubstituted naphthyl group, err] represents a
substituted or unsubstituted phenyl group; R represents hydroxy group;
Rlerr] and R err] each independently 4 represent a hydrogen atom 7a
hydroxy group, a Cerr]-Clerr] alkyl group, a (Jerr]-C[err] al koxy group or
a hal ogen etometRyarsylgowy R err] each independently represent a hydrogen
atom a hydroxy group, a err]-CJerr] alkyl group, a (Qerr]-Cerr] al koxy
group or a substitut edhzoricomprung ;I afidt Xerepreadnt 61 Nt an -béHpOodorced\=N- ;

for example, according to the following method.
A compound represented by the following formula
5 (III):

This Sheet Has Been Replaced
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wherein R; and R, are as hereinbefore defined

is subjected to a known acid chlorination reaction to obtain

a compound represented by the following formula (IV):

R

B9

10

Ry

wherein R; and R, are as hereinbefore defined. The compound

of formula (IV) thus obtained is allowed to react with a

compound represented by the formula (V):

0;-NH, (V)




or a salt thereof (Hereinafter, the azo conmpound of fornula (1), the azo
conpound of fornmula (11) and a salt thereof are referred to as "azo
conmpound [|") The present invention also provides a dye- containing 8

pol ari zing filmcontaining an azo conpound | and another organic dye in a

pol ari zi ng, fihen stivstrasel t Angheoppognalui sr spbgsarited by a meduwtt bonngo
formula: [err] wherein R5 and R6 each independently represent a hydrogen

atom a subbhdagnoapsompsuhBianepkegentmd dyCiber FoClewinalfodmugtaup]I a:
Cerr]-Cerr] alkoxy group, a substituted am no group, a carboxy group or

A
Q,—NHCO O - NH, (V1)

R1

wherein Q;, R; and R, are as hereinbeforedefined. Thereafter,

5 the compound of formula (VI) is subjected to-a diazotization
and, then, the diazo compound thus obtained is subjected to

a coupling reaction with a compound represented by the

following formula (VII):

(VD)

This Sheet Has Been R

mmmwmm:

10 wherein R; and Ry are as hereinbefore defined or with an @

- -methane sulfonated derivative .thereof. The coupled
compound is hydrolyzed, if necessary, and, thereafter, is
diazotized according to a conventional method, followed by

coupling with a compound represented by the following formula

15 (VIII):




a halogen atomis preferred as the unsubstituted or substituted phenyl
group denoted by Qerr] in the formulas (I) or (l11). Anmong them

particularly preferred is a phenyl group 5 substituted bya sul fo group,
a sul famoyl group, a nethyl group, an ethyl group, a methoxy group, an
et-hoxy group, a carbox p or a chlorine atom A naphthyl group
represented by the fol fornmul a: :

(VITD

2

wherein X and Q, are as hereinbefore defined to obtain azo

compound I. The compégnd of formula (VIII) wherein X is -N=N-
can be easily obtained by diazotizing a compound represented
5 by the following formula (IX):
' ' This Sheet Has Been R
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SOz H

according to a known method, followed by coupling with a

.éompounénfepresented by the formula “Q,-H” wherein Q; is as
hereinbefore def;ned;

10 o " Azo compound I of the formula (11I) can be obtained

by conducting the same procedure as mentioned above except

that the compound of formula (VII) is replaced by a compound

represented by the following formula (XI):




[err] wherein R7, R8 and R9 each independently represent a hydrogen atom a
hydr oxy group or a sulfo group is preferred as the unsubstitutedd or
substituted naphthyl group denoted by Qerr] in the formulas (1) origl!).
Anmong them particularly preferred is a naphthyl group substituted by one
or two sulfo groups. Wien X is -N=N, preferred exanples as the phenyl.
group denoted by err] @Hrmﬂ ae (1) or (Il) include a phenyl -group

whi chi s substituted oncet t@ or three tines by hydroxy groups, and which
may be further substitlited by an unsubstituted am no group, a substituted
am no group, a s roup, a Cerr]-Cerr] alkyl group, a Jerr]-Cerr]

al koxy group or
NH, (X 1)
eet Has Been Replaced
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wherein R;, represents a hydrogen atom or a methyl group and

W
i

"R; is as hereinbefore defined or an w -methane sulfonated

derivative thereof to obtain an azo compound, followed by
"85 - reacting the azo compound thus obtained to form a copper

complex salt thereof according to a conventional method. An
azo compound I of formula (I) wherein R, is a hydroxy group

can be obtained from azo.éompouﬁd i of formulé (II) (§copper
com-ple.x sa;lt).by- éubjectiﬁé the azo compbund I 6f formula (II1)
10 to a conventional demetalization such as a demetalization by
uéiﬁg a cﬁelatlng aéenf such as ethyleﬁediamine
-tetraacetlcac1d, | o
| | n.xamples.ﬂ of thle c':omp-ound of formula (III) include
4-nitrbbenzoié aéid, 4-nitro-3- hydroxy benZOlC acid, 4-
15 nitro- 3-methylbenzoxcac1d 4-nitro- 3-methoxyben2010ac1d,
4—n1tro—2,5-d1meuhyl benzoic acid, and 4-nitro-2-chloro
benzoic acid.. | . | |
| Exam?les of the compound of formula (V) include
aniline, 2-aminobenzene sulfonic acid, 3-aminobenzene
20 sulfonic acid, 4—aminobenéene sulfonic acid, 5-

aminobenzene-1l,3~-disulfonic acid, 6-aminobenzene-1,4-




carboxy group; and a phenyl group which is substituted once or tw ce by
unsubstituted or substituted am no groups, and which may be 6 further
substituted by one or two substituents selected froma hydroxy groupl a
sulfo group, a CJerr]-Cerr] alkyl group, a err]-Cerr] alkoxy group or a
carboxy graupulfsmiy tadeidbove.amingphehizenleal yz-pdwelfedlexaapllé,of%he
phenyl group denoted by Qerr] is 4-hydroxyphenyl.

sulfamoyl aniline, 3-sulfamoyl aniline, 4-sulfamoyl aniline,

2-aminobenzoic acid, 3-aminobenzoic acid, 4-aminobenzoic

acid, 2-chloroaniline, 3-chloroaniline, 4—chloroaniline,

5 2,5-dichloroaniline, 2-bromoaniline, 3-bromcaniline, 4-
bromoaniline; 2-methylaniline, 3-methylaniline, 4~
methylaniline, 2-ethylaniline, 3-ethylaniline, 4-
ethylaniline, 2-methoxyaniline, 3-methoxyaniline, 4~

methoxyaniline, 2-ethoxyaniline, 3-ethoxyaniline, 4~
10 ethoxyaniline, 4-di( (£ -~-hydroxyethyl)aminoaniline, 1-
aminonaphthalene—4—sulfonic acid, 1—aminonéphthalene—5-
‘sulfonic acid, l-aminonaphthalene-6-sulfonic acid, 1-
aminonaphthalene—7-Sulfonié acid, 1—émihonaphthalene;8—
sulfonic acid, 2-aminonaphthalene-l-sulfonic acid, 2-
15 aminonaphthalene-5-sulfonic acid, 2-aminonaphthalene-6-
sulfonic acid, 2-aminonaphthalene-7-sulfonic acid, 2-
aminonaphthalene#8-su1fonic acia} l-aminonaphthalene-4,7~-
disﬁlfonic'acid, 1-amin6naphthaléne-4,G-disulfonic acid,
'l-aminonaphthalene-3,7-disulfonic acid, 1-
20 aminonaphthalene-3,8-disulfonic acid, l-aminonaphthalene-
3,6-disulfonicacid, 2-aminonaphthalene-4,8-disulfonic acid,
2-aminonaphthalene-6,8-disulfonic acid, . 2-
aminonaphthalene-3,6-disulfonic acid, 2-aminconaphthalene-

l,S-disquonicacid,2-aﬁinonaphthaléne;5,7—disulfbniéacid,'

25 1l-aminonaphthalene-3,6,8-trisulfonic acid, 2~
aminonaphthalene-3,6,8-trisulforic acid, 2~
aminonaphthalene-4,6,8-trisulfonic acid, 2-

This Sheet Has Been Replaced
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Wen X is -NECO or -NH, preferred exanples as the phenyl group denoted by

Qerr] in fornmulae (1) or (I1) include an unsubstituted phenyl group and a

phenyl group substituted by a hydroxy group, an unsubstituted am nolBroup,

a substituted am no group, a sulfo group or a CJerr]-Clerr] al koxy group.

When t he pamanpbngpdihaledmeeli-bydgostyr-7 tsutfipsict ut edchd-a sudBd t utéd

am no group, the am no group may be nono- or di-substituted and the

subst i t uenasiopnaph thd kengr dupydre e vbignist dgidet hyl , [err]

- hydroxyethyl, [err] -cyanoethyl, acetyl, carbanoyl or nethylsul fonyl. .

Preferred exanpl es of BfamplesrofR[tdre campdwndngd figormuler (VII) include
aniline, 2-methylaniline, 3-methylaniline, 2-ethylaniline,

5 3-ethylanil;ne, 2-methoxyaniline, 3-methoxyaniline, 2-
ethoxyariline, 3-ethoxyaniline, 2-hydroxyaniline, 3-
hydroxyaniline, 3-acetylamino aniline, 3-carbamoyl amino
aniline, 2-methoxy-5-methylaniline, _ 2-methoxy-5-
ethoxyaniline, 2,5-d;methoxyaniline, 2,5-diethoxyaniline,

10 2-methoxy-5-carbamoyl amino aniline and 2-methoxy-5-methyl
sulfonylamino aniline.

Examples of the compound of formula (XI) include
- 2-hydroxyaniline, 2-methoxy-~5-methylaniline, 2-methoxy-5-
ethoxyaniline} - -2,5-dimethoxyaniline, 2-methoxy-5~

15 carbamoylaminc aniline and 2-methoxy-5-methyl sulfonylamino
aniline.

When ¥ in the formula (I) or (II) is -NH~ or -
NHCO-, examples of the compound of formula (VIII) include
;—hydrogggaphthalene-6—pheny1amino—3-sulfonic acid,

20 l-hydrogynaphthalene—s—(4-aminophenyl)amigo-S-sﬁlfonic
acid, _ : |
l-hydroxyngphthalene—s-(4-dimethylaminop§enyl)amino—3—
sulfonic acid,
l-hydroxynaphthalene-s—(4—methoxyphenyl;amino-é—sulfonic

25 acid,
l-hydroxynaphthalene—G-(4-sqlfophenyl)amino-3—su1fonic
acid,

l-hydroxynaphthalene-6-benzcylamino-3-sulfonic acid,

T T ]
5 ORHEET HA
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‘Egup, a nethoxy group, a hydroxy

(11) include a hydrogen af Gig i HesiosyRept
group and a chlorine aton1jﬁi§ﬁﬂ % Hpl es of 1[err] or Rerr] in
formulae (1) or (Il) inclu r i

miat om a hydroxy group, a netdyl

group, an ethyl group, a nethoxy group, an ethoxy group and an acetyl am no

group. \Weh-ERydrokymaRfhralenepbesdnrianinchidsoyit)@tiag nd-grdfpniche

am no group may be nono- or di-substituted and the substituents are

pref er abl yaeedhyl , ethyl, acetyl, carbanoyl 7
l-hydroxynaphthalene-6~(3-aminobenzoyl)amino~3-sulfonic
acid,

5 1-hydroxynaphthalene-6-(2-aminobenzoyl)amino-3-sulfonic
acid, ‘
l—hydroxynapﬁthalene-ﬁ-(4-hydroxybenzoyl)amino—3—sulfonic
acid,
l-hydroxynaphthalene-6-(3-hydroxybenzoyl)amino-3~sulfonic

10 acid, and |
l-hydroxynaphthalene-6-(2-hydroxybenzoyl)amino-3-sulfonic
acid. Among the abo?e méntibhed, l;hydroxynaphthalenemﬁ—
phenylamino-3-sulfonic acid, l-hydroxynaphthalene—ﬁ-'
benzoylamino-3-sulfonic acid and l—hydroxynaphthalene—ﬁ—

i5 (4-aminobenzoyifamino—3-sulf6nic acid are particularly
preferred. . N |

When X in the formula (I) or (II) is ~N=N-, the

i .
compoundrepresentedbytheformulan—H;ncludes,forexample,
aniline and a derivative thereof, phenol and a derivative

20 thereof, and aminophenol and a derivafive thereof. As
examples of the compound, aniline, 1,3-diaminobenzene,
1,3-diamino~-4-methylbenzene, - l,3-diaminobenzene-4-
sulfonic acid, 3-acetylamino aniline, 3-carbamoyl amino
aniline, 2-methylaniline, 3-methylaniline, 2-ethylaniline,

25 3-ethylaniline, 2-methoxyaniline, 3-methoxyaniline, .2—
ethoxyaniline, 3-ethoxyaniline, 2-methoxy~5-methyl aniline,
2-methoxy-5-ethoxyaniline, 2,5-dimethoxyaniline,

2-methoxy-5~-methylsulfonyl amino aniline, l-acetylamino-




or met hyl sul fonyl. Azo conpound | dlfhlstsh@”flféﬁmﬁl plfeg can be produced, for

exanpl e, according to the foll ow ng I;; pound represented by the

following formula (I111): [err] where 3l 111 iR err] are as 14

her ei nbefore defined is subjected to a knomn aC|d chl orination reaction to
obtain a campmtokgpseddnt 8 byhydeokoklowilngn Dicul denlz\¥nie [ er phewlar.ei n

Rlerr] and R err] are as herei nbefore defined. The conpound of fornmula (I1V)

thus obtai rlféjsdfcfﬁbf‘ﬁ%f@ré;&ﬁfi&i\?fiotlh f—methylphenol, 3-methylphenol,

4-methylphenol, 2-~-hydroxy benzoic acid, 2-aminophenol, 3-

aminophenol, 5-amino-2-methylphenol, 3-diethylaminophenol
5 and 3-di( f -hydroxyethyl)amino phenol can be mentioned.

Among the abaﬁe-mentioned compounds, phenol is particularly
preferred.

Azo compound I may be usea in the form-of free acid

or in the form of salt, such as lithium salt, sodium salt,

10 potassium salt, ammonium salt, ethanolamine salt or

alkylamine salt. Preferably, azocompound I is used in sodium
salt form.

The polarizing'filﬁ of the present invention

comprising azo compound I may further comprise other organic

15 dyes to modify the color tone and/or to improve the polarizing

activities. Any dyes can be used as the other organic dyes,

as long as_théy have high dichromatic activity and also have

the absorption ranges different to those of the azo gompound

I. For é:?:’aniple, dyes listed in Color Index such as C.I. Direct

20 vYellow 12, C.I. Direct Yellow 28, C.I. Direct Yellow 44, C.I.

Direct Yellow 142, C°I,.Direét drange G,ZC,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

25 blue 202, C.I. Direct Red 2, C.I. Direct Red 31, C.I. Direct

Red 79, €.I. Direct Réd 81, C.I. Direct Red 240, C.I. Diréct

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

M R H'Le ‘.! i



conmpound represented by the fornula (V): [err] 8 then the resulting
conpound is subjected to a reduction to obtain a conpound represented by
the following fornula (VI): [err] wherein Qerr], Rerr] and R err]arge as
herein before defined. Thereafter, the conpound of formula (VI) is
subj ected 86 xah dzetusatli.on and, then, the diazo conpound thus obtained is
subjected to a coupling reaction with a conpound represented by the
Preferably, at least two dyes selected from the
group [A] and [B] mentioned-below are used as the other dyes,
i.e. the dyes to be used together with azo compound I. More
5 preferably, at least one dye selected from the group [A] and
at least one dye selected from the group [B] are used as the
other dyes.
[A] : Trisazo dyes represented by the following formula (IIIa)
or (IIIb):

This Sheet Hag Been R
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(I11a)

10

wherein Al and Bl', which are the same or different, éach

represent a substituted or unsubstituted phenyl group or a

substituted or unsubstituted naphthyl group; Rﬁl'represents
a substituted amino group, a hydrogen atom, a C;-C4 alkyl group
15 orc,;-c,alkoxy group; RJ,‘2 represents a hydrogen atom, a hydroxy

group or C;~C, alkoxy group; andmis 0O or 1, and a salt thereof;




This Sheet Ha

following formula (VI1): [err] wherein R err|gse %% as
herei nbefore defined or with an [err] -net hz{ LI gnl  derivative
t her eof . The coupl ed conpound is hydrol yZd4yls gry, and, 16

thereafter, is diazotized according to a conventlonal met hod, foll owed by
coupl i ng vm?.h Ca Tomimentk redrlese itZzd Chy 4 e rfegtd d\ﬂlrﬂgDWcir&mICa I(VIDIJJI)ect
[err]
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.

5 In formula (IIZIa) and (IIIb), al and B1 each

independently represent' a substituted or unsubstituted
phenvl, or a substituted or unsubstituted naphthyl. Examples
of the substituent of the phenyl group include sulfo,
sulfamoyl, nitro, ¢;-C4alkyl, C;~-C4 alkoxy, carboxy, hydroxy,
100 halogen, wunsubstituted amino and substituted amino.
Examples of the substituent of the naphthyl group include
sulfo, hydroxy, unsu_bstituted amino and substituted amino.

The substituted amino as the above-mentioned substituents may

be either monosubstituted aminco or disubstituted amino.
i3 Examples of the subst.i“cu.e'ntx of the amiﬁo group include C1~Cy
alkyl, ¢C;-C4 alkyl substituted by hydroxy or cyano,
alkylcarbonyl wherein the alkyl' has 1-4 carbon atoms, phenyl,

sulfophenyl, disulfophenyl, benzyl and carbamoyl.

-The phenyl group denoted by al is preferably that

20 substituted by one or two substituents selected from sulfo,
' sulfamoyl, nitro, methyl, ethyl, methoxy, ethoxy, carboxy,

chlorine, unsubstituted aminoc or substituted  amino.

Particularly preferred as the phenyl grcup dencted by al is

sulfophenyl. The naphthyl group denoted by al is preferably
25 naphthyl substituted by one, two or three sulfo groups.

Particularly preferred as the naphthyl group denoted by al
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wherein X and Q2 are as herei nbef or e |gi)i Bl @Rt ai n azo conpound |
conpound of forrmula (VII1) wherein jjlf'ﬂﬂﬁ Eiggbe easily obtai ned by
H é i

di azoti zing a conpound represented

g formula (1X): [qrr]

according to a known net hod, followed by coupling with a conpound
represent edsbmontsylofomaphtydr gr Hesul]l fonaphdihyXJ err] is as
her ei nbef ore defined Azo conpound | of the forrmula (l11) can be obtained

conducting the same prRgedus @énﬁ%éﬁB%@daBWBl,e)@&@tof %{etﬁmp&@pﬁgnd
of formula (VIl) is replaced by a conpound represented by the foll ow ng

f I Xl):
ormul a ( (%)

(11

10

15

20

25

and (2) is preferred:
(1) phenyl which is substituted by one or two amino groups

which may be optionally substituted, and may be further
substituted by hydroxy, sulfo, C;~C, alkyl, C;-C, alkoxy or
carboxy, or

(2) phenyl which is substituted by one, two or three hydroxy

groups, and may be further substituted by amino which may be
optionally substituted, sulfo, C;-C4 alkyl, C,-C, alkoxy or
carboxy.

As the naphthyl dernoted by Bl, one of the following

(1) and (2) is.prefeffed:

(1) naphthyl which is substituted by one or two hydroxy groups

The

by

and which may be further substituted by sulfo, unsubstituted -

amino or amino substituted by acetyl, phenyl, sulfophenyi,
disulfophenyl, benzoyl or methyl, and

(2) 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.

In formula (IIXa) and (IIIb}, RAl is hydrcgen,
C1-C4 alkyl, Cy-¢c4 alkoxy or substituted amino. The
substituted amino as RAl may be either mono-substituted amino
or di-substituted amino. Examples of the substituent of the
amino include C;-C, alkyl, alkylcarbonyl wherein the alkyl

has 1-4 carbon atems, C;-C4 alkylsulfonyl and carbamoyl. In




[err] wherein Rlerr] represents a hydrogen atomor a nethyl group and R3 is
as hereinbefore defined or an [err]-nethane sul fonated derivative thereof
to obtain an azo conpound, followed by reacting the azo conpound thyg
obtained to forma copper conplex salt thereof according to ahcgnventlonal
met-hod. An_azo conmpound | of formula (1) wherein Rlerr] is a hydroxy group
can be obtBPFRHLAr dhiA) cofpouk®l NYBKoE& I Y ¢¥PXY ( e&ofherCacoripieky sal t)
by subjecting the azo Zokhpdaaddyest dhbregxeup(hl]) i.e. trisazo dyes of

formula (IXIa) or (IIIb) can be produced according to a known
process such as a process described in JP-A-2-75672. The
5 known process comprises a conventional diazotization and
coupling reaction and, when the dye forms a copper complex
salt, it further comprises a formation of copper complex salt.
Preferable examples of the trisazo dye of group[A]
include dyes represented by the formulae (IIfa-1) - (IITa~6)

10 or(IIIb-1) - (IIIb-6). mentioned below and salts thereof.
These dyes are usually used in the form of sodium
salt, though they can also be used in the form of free acid,
otheralkalimetalsaltsuchaslithiumsaltorpmtassiumsalt,
ammonium salt;'or amine salt such as ethanolamine salt or

‘15 alkylamine salt.
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to a conventional denetalization such as a denetalization by using a
chel ati ng agent such as et hyl enedi am ne tetraaceticacid. Exanpl es
of the compound of formula (I11) include 4-nitrobenzoic acid, 19
4-ni tro-3-hydroxy benzoic acid, 4- nitro-3-nethyl benzoic acid,

4-ni tro-3-net hoxy benzoic acid, 4-nitro-2,5-dinethyl benzoic acid, and
4-nitro-2-chloro benzoic acid. Exanples of the conmpound of fornul-a (V)

i ncl ude aniline, 2-am nobenzene sulfonic acid, 3-am nobenzene sulfonic

aci d, 4-am nobenzene  sul fonic Cﬁ9%9ﬁ——05' am nobenzene- 1, 3-di sul fonic
aci d, 6- am nobenzene-1, 4-
(11b-1) HO3S<O-N=N N=N
Gy HOS N=N~O)-OH
0—Cu—0
(1115-2)  HOgS~O)-N=N N=N HO -
CH3 HO3S N=N‘@‘OH
HO3S —Cu—o0
ST Opts S gine © O NS W
O0—Cu-0
(111b-4) HO3S—@—N=N-©—N N
HO3S NHg
(1lle-D)  HOgs~<Oy-N=N~«OrN= N |
HO3S N=N—-@-OH
. . 0O—Cu—0
(111-5) HO38~<O)-N= \I-@—N N
"' OCHg HOgS N=N~O)-0H
HO3S OCHz
(111e-2) ,“—N N-@—N N:“\
HOgS ©© Hg - HO3S ©© OH
- HOsS OCHS
( )HO3S ©¢ HO3S ©© Hz
O—Cu—0
(111b-6) Hogs—@-N=N-©—N N HgN
CHg HO3S N= N‘D_OH
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11 disul fonic acid, 4-am nobenzene-1, 2-disulfonic acid, 2- sulfanoyl
ani ki ne, 3-sul fanoyl aniline, 4-sulfanoyl aniline, 2-am nobenzoic acid,
3-am nobenzoi ¢ acid, 4-am nobenzoic acid, 2-chloroaniline, 3-chloroggiline,
4-chloroaniline, 2,5-dichloroaniline, 2-bromoaniline, 3-bronpaniline, 4-
br ohpani | i ne, 2- met Mheandyéneof grdupefBy ddistexd,in Cdlopethdeanidrae,
2-et hyl anil i ne, 3-ethylaniline, 4- ethylaniline, 2- met hoxyani | i ne,
3- met hoxyawnmercialdy available and can be obtained easily.
Preferable e#amples of the dyes of group [B] include following
dyes which are on the market by Sumitomoc Chemical Co., Ltd.,
5 and Color Index Generic Names and trade names of which are
also described below:
C.I. Direct Yellow 12
(trade name : Chrysophenine),
C.I. Direct Yellow 28
10 ' .(trade name : Sﬁmilight 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),
15 C.I. Direct Orange 39
(trade ndme : Sumilight Supra Orange 2GL 125%),
C.I. Direct Orange 107
(trade name : -Sumilight Supra Orange GD extra conc.),
ngjnDirect Red 2
20 - (trade name : Benzopurpurine 4B),
C.I. Direct Red 31
(trade name : Nippon Fast Red BB conc.),
C.I. Direct Red 79

(trade name : Sumilight Supra Red 4BL 170%),

25 C.I. Direct Red 81

(trade name : Sumilight Red 4B) and This Sheet Has Been Replaced
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C.I. Direct Red 247 ’

(trade name : Japancl Fast Red FA).




met hoxyani | i ne, 2- et hoxyani | i ne, 3- et hoxyani | i ne, 4- et hoxyani li ne,
4-di( [err] -hydroxyethyl)an noaniline, Thisharmasaapbifal ene- 4-sul fonic

acid, 1-am nonaphthal ene-5- sul fonic acid, 1 al ene-6-sul$pnic
acid, 1- am nonapht hal ene-7-sulfonic acid, MME@ “ t hal ene-8- sul fonic
acid, 2-am nonaphthal ene-1-sul fonic acid, - #pht hal ene-5-sul foni c
acid, 2-am nonaphthal ene-6- sulfonic acid, 2-am nonaphthal ene-7-sulfonic
acid, 2- Tiré mnbphihihgnéidmsoffome poesdptlinwensiaphclaal beepdodhiiced

di sul fonic acid, 1-am nonaphthal ene-4, 6-di sul fonic acid,

1- am nonafy Halenepratingudiohromatic dyescconsisting oflazo compound

am nonapht hal ene- 3, 8-di sul foni ¢ acid, 1-am nonapht hal ene-
I and, if desired, another organic dye, into a substrate which

- o) Ml

5 1is a polymer_ film according to a known method.

When at least two dyes selected from the group[A]
and [B] areused in addition to azo compound I, the composition
ratio among them is not limited. Preferably, the total amount
of the dyes selected.from the groupfA] and/or [B] is 0.1 -

10 5 parts by weight per the amount of azo compound I.

~Examples of a pollyme'r film usable as the substrate

of polarizing filﬁ in_clu_de_polyvinyl alcohol; derivatives of
polyvinyl alcohol; polyvinyl alcohol modified with an olefin
such as ethyléne and propylene or with an unsaturated fatty

15 acid such as crotonic acid, acrylic acid, methacrylic acid
or maleic acid; EVA (ethylene-vinyl acetate) resin; a
saponified EVA rgsin; a nylon resin; _anci a polyester resin.
A film made of polyvinyl alcohol or derivatives ‘thereof is
p_articu]:a_l;_'ly preferred from the view points of the dye

20 fixation and the orientation.

Incorp_o'ration of the dichromatic dye into a
polymer film is carried out ﬁsually by dyeing the polymer £ilm.
The dyeing is, for exémple, carried out by dipping the polymer
film in a dye bath prepared by dissolving the dichromatic dye

25 in water. Though dye concentration in the dye bath is not
particularly 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




3, 6-disul fonic acid, 2-am nonaphthal ene-4, 8-disulfonic acid,

2- am nonapht hal ene- 6, 8-di sul foni c aci d, 2-

am nonapht hal ene-3 , 6-di sul fonic acid, 2-am nonaphthal ene- 29
1, 5-di sul foni caci d, 2-am nonapht hal ene-5, 7-di sul foni caci d,

1- am nonaphf halogriamd, Sulfhatiesuiéorfirom 1 to AGidy by weight. Dyeing

am nonapht hal ene- 3, 6, 8-trisul fonic aci d, 2-
ani nonapht%@&lﬁﬁaéu@@ -iig 'ﬁf’éf@i‘hﬁly from a@&hg 40 to abdut 80133
am nonapht hal ene- 5- hydr oxy- 7 fonic acid and 2-

The orientation of the dichromatic dye

incorporated in the polymer film is conducted by stretching

5 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 f£ilm may be
conducted prior to the dyeing.

If desired, the oriented polymer film containing

10 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 p'c:larizing film. Conditions for the boric acid

treétmeﬁt vary depending on the kinds of the polymer £ilm and

15 the kinds of (di&:hromdtic' dyes used. Usually, however, the

treatment is carried out in an agueous boric acid solution

having the concentrationof from1lto 15 % by weight, preferably

from 5 to 10 % by weight, at a t'empe'rature of from 30 to 80 °C,

preferak;iii from 50 to 75°C. If desired, the polymer film may

20 further be subjected to a fixing treatment in an aqueous
solution containing a cationic polymer compound.

The dye-c;ontaining pclarizing £ilm thus obtained
may be laminated with a protective _film having excellent
optical transparency and mechanical strength on one or both

25 sides of the filmto produce a polarizingplate. Conventional
mat_erials which have been used for p;‘oducing protective films

for polarizing films can be used in the present invention.
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am nonapht hal ene- 8- hydr oxy- 6-sul foni c acid. Exanpl es of the conpound of
formula (VII) include aniline, 2-nethylaniline, 3-nethylaniline,
2-ethylaniline, 3-ethylaniline, 2-nmethoxyaniline, 3-nmethoxyaniline, 23

et hoxyani | i ne, 3- et hoxyani | i ne, 2- hydr oxyani | i ne, 3- hydroxyanil i ne,
3- acet yl anEramypiids nef the ardizemi/alanisnedafipii pgoducing the protective
2- met hoxy-5-net hyl ani | i ne, 2- met hoxy-5- et hoxyanil i ne,

2, 5- di met h@iyani inokude, & dftuboipanitype, £A-lmt fogh- a%aﬁbatrﬂiwaﬁhilﬁﬁo
aniline and 2- met hoxy- 5- met hyl sul fonyl am no aniline. Exanples. of the
conpound otthylrane/ekafinokredeprbiylensyanipolyger film, a polyester
2- met hoxy-5-net hyl ani | i ne, 2-net hoxy- 5-
resin film, a polyolefinresin filmand a polyamide resin £ilm,
5 as well as a cellulose acetate f£ilm and an acrylic film which
have been conventionally used.
A polarizing film having excellent polarizing
activities and durability to moisture and heat can be obtained
by incorporating azo compound I to a film substrate. A
10 polarizing filmhaving neutral color which keeps the excellent
polarizing activities and durability can be obtained by
incorporating another organic dye(s) in addition to azo
- compound I. Particularly, by incorporating at least two dyes
selecfed from the above-mentioned group [A] and [B] in
15 addition to azo compound I, polarizing films which are little
pervious to llght at crossed state over the visible wavelength
region and which keep the excellent polarizing activities and
durability cén be obtained. As mentioned.above, if a set‘of
- two polqg}zing films. of neutral color is pervious to light:
20 of a specific wave ‘length within the wvisible radiation
wavelength region at crossed state, a 1iquid crystal display
using the two films often shows a color different f.rom the
intended color at dark state. Inorder to prevent the problem
due to the light breaking through the films, transmittance
25 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. Being little

pervious to light at crossed state over the visible wavelength

This Sheet Has Been Replaced




et hoxyani | i ne, 2, 5-di net hoxyani | i ne, 2- met hoxy- 5- car banoyl am no

aniline and 2-net hoxy-5-nethyl sulfonylamno aniline. Wien X in the fornula

(1) or (Il) is -NH or - NHCO, exanples of.the conmpound of fornul a4lll)

i ncl ude 1-hydroxynapht hal ene- 6- phenyl am no- 3-sul foni c acid,

1- hydr oxy megshit ¢ eeen $ - { a g repschi/gh bint nansmd gitfamd & iscivgry low over

1- hydr oxynapht hal ene- 6- ( 4- di net hyl am nophenyl ) am no-3- sul fonic acid,

1- hydr oxyridysht Walseiel &- Wavmt¢ngyphergdiam-no- Ihendiare, adyl, using a
pelarizing film incorporating at least two dyes selected from
the above-mentioned group [A] and [B] in addition to azo

5 compound, the above-mentioned problem of conventional liquid
crystal display can be solved.

. Azo compound 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

10 containing azo compound I not only exhibits high polarizing
~activities but also has excellent durability to mecisture and
heat. Hence, the polarizing film of the present invention

is preferably applied to a variety of 1iquid crystal displays,
particularly todisplays for motor vehicles which require high

15 polarizing activities and durability and to displays for
industrial instruments used in a variety of circumstances.

The present invention is now explained in more

details with reference to the following Examples; which are
only illustrative, and never construed to 1limit the invention.

20 In the examples, "part"” and "%" mean "part by weight" and "%

by weight" respectively unless otherwise mentioned.

Example 1
| 34.6 Parts of sulfanilic acid was dispersed in 1000
25 parts of water, and 28% aqueous sodium hydroxide solution was
added thereto so as to adjust the pH to 7 and to dissolve the
sulfanilic acid. Then,37.ipartsof4—nitrobenzoylchlofide

was added in small portions while adjusting the pH to around
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1- hydr oxynapht hal ene- 6- (4- sul f ophenyl ) am no- 3-sul forni c aci d,

| - hydr oxynapht hal ene- 6- benzoyl am no- 3-sul fonic acid, 13

1- hydr oxynapht hal ene- 6- ( 4- am nobenzoyl ) am no- 3-sul foni ¢ aci d, 25
1- hydr oxynapht hal ene- 6- ( 3- am nobenzoyl ) am no- 3- sul foni ¢ aci d,

1- hydr oxynaphyhafidiag6283- aguechsnsod Jwmi mpd Begideosiodution, followed

10

20

by conducting the reaction for 12 more hours. Thereéfter,
sodium chloride was added to the reaction mixture for salting
out crystalline product, followed by filtering the reaction
mixture to obtain the crystalline product.

To 1400 parts of water, 30 parts of iron powder
and 5 parts of ferrous sulfate (7hydrate) was added and
dispersed. To the resulting dispersion, the crystalline

product obtained above was added in small portions, followed

by conducting reaction for 7 hours at 85°C. After cooling

the resulting reaction mixture to 60 °C, 28% aqueous sodium

hydroxide solution was added thereto to adjuét the pH to 10

and the insoluble component was removed by filtration. To

' the filtrate obtained by the filtration, 35% hydrochloric acid

-was added to adjust the pH to 7 and, then, sodium chloride

was added thereto £for salting out crystalline product,
followed by filtration to obtain an intermediate (1) having

following structure:
W g W g W

Subsequently, to 150 parts of water, 15.7 parts
of the intermediate (1) and 7 parts of 28% agueous sodium
hydroxide solution were added and dissolved. To the
resulting solution, 10.9 parts of 35% agueous sodium nitrite

solution was added, followed by adding 26 parts of 35%
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aci d, 1-hydroxynaphthal ene-6-(4-hydroxybenzoyl)am no-3-sul fonic acid,

1- hydr oxynapht hal ene- 6- ( 3- hydr oxybenzoyl ) am no- 3-sul foni c acid, and

1- hydr oxynapht hal ene- 6- ( 2- hydr oxybenzoyl ) am no- 3-sul foni c acid. Am@gg the
above nentioned, 1-hydroxynaphthal ene-6- phenyl am no-3-sul fonic aci d,
1- hydr oxy RgRiHJ B5e: 8- abeiz ayd aghpey3-¢ult f alacAGith@ién at 20-30°C.

1- hydr oxynapht hal ene- 6- (4-am nobenzoyl )am no-3-sulfonic acid are

particul agley i gLetiedsoiGh AitPi bS8 P R1hbted bi'ddatRg Nl EantBe
acid, the resulting solution was added to a solution prepared
by adding 5.2 parts of 35% hydrochloric acid and 6.9 parts

5 of l-amino-2-methoxy-5-methylbenzene to 100 parts of water.
Thereafter, sodium carbonate was added thereto to adjust the
pH to 3 and with stirring the reaction mass, the coupling
reaction was completed, followed by filtering out the
precipitatéd crystalline product to obtain a monoazo
10 compound.
- Subsequently, the monoazo compound thus obtained

was dispersed in 300 parts of water, then 15.6 parts of 35%
hydrochloric acid was added thereto and, then, 10.9 parts of
35% sodium pitrite was added to carry out diazotization with

15 stirring the mixture at 25-35°C to obtain a diazotized product

of the moncazo compound.
15.8 parts of l-hydroxynaphthalene-~6-
phenylamino-3-sulfonic acid was added to 200 parts of water

and the pH was adjusted to 8.5 by adding sodium carbonate at
20 10-15°C. While keeping the pH of the mixture at 8.5 with the

aid of sodium carbonate, the diazotized product of the monocazo
compound obtained above was added to the mixture and; then,
with stirring the mixture, coupling reaction was completed.
Thereafter, salting out with sodium chloride and filtration
25 were conducted to obtain a crystalline product which is a

bisazo compound having following structure:
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conpound represented by the formula Qerr]-H includes, for exanple, aniline
-and a derivative thereof, phenol and a derivative thereof, and am nophenol
and a derivative thereof. As exanples of the conpound, aniline, 27

1, 3-di am nobenzene, 1, 3-di am no- 4- net hyl benzene,

1, 3-di am nobenzene-4- sul fonic acid, 3-acetylazfﬁo ani li,ne, 3-carbanoyl

am no aniline, 2-nethylaniline, 3-nethy|ani|i! ,+i2-ethylfni | ine, -
3-ethylaniline, 2-nethoxyaniline, 3-nethoxyaniline, |[2- ethoxyaniline,

3- et hoxyani | i ne, 5 | ani | i ng\\2- met hoxyAb- gt hoxyani | i ne,

2, 5-di met Wﬁ)@rg mN | ne,

1l-acetyla 0-3 NI
- | ~ CH sONa MH ‘@

Measured in an aqueous medium, A max. of this compound is 561

nmh

5 Example 2

20 Parts of the bisazo compound obtained in Example

1 was added to 500 parts of watér, To the mixture, 6 parts

of anhydrous copper sulfate and 8 parts of monoethanol amine
were added and; then, the resulting mixture was heated to 95°C

10 and reaction was carried out for 12 hours at the temperature.
After completion of the reaction, the mixture was

cooled to 30°Q and, tﬁen, 35% hvdrochloric acid was added to
adjust the pﬁ to 7, followed by adding sodium chloride for

salting out a crystalline product which was then filtered out

15 to obtain a bisazo compound - having following structure:

0—Cu—o

- ' /
NaOBS NHCO_‘@' N:N*QN#\I
CH3 N

Measured in an aqueous medium, A max. of this compound is 600

(/);Na

nm.
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14 4-nethoxy-3-di( [err] -hydroxyethyl)am no benzene, phenol, resorcinol,
phl or ogl uci nol , 2-met hyl phenol, 3-nethyl phenol, 4-nethyl phenol, 2-hydroxy
benzoi ¢ acid, 2-am nophenol, 3- am nophenol, 5-am no-2-nethyl phenolag

3-di et hyl am nophenol and 3-di( [err] -hydroxyethyl)am no phenol can be
nmentioned. Anmong the above-nmentioned conpounds, phenol is particularly
preferred. Azo conpound | may be used in the formof free acid or. in the
form of sBkampdwh as |ithiumsalt, sodiumsalt,

Example 1 was repeated except that 15.8 parts of

l-hydroxy naphthalene-é-phenylamino-3-sulfonic acid was

3 replaced with 18 parts of 1l-hydroxy naphthalene-6-(4-
aminobenzoyl)amino-3-sulfonic acid to obtain a bisazo

compound having following structure:

OCH

Qg

SONH NHCO NH

Measured in an agqueous medium, A max. of this compound is 555

10 nm.

Example 4
21 Parts of the bisazo compound obtained in Example
3 was added to 500 parts of water. To the mixture, 6 parts

15' of anhydrous copper Sulfate and.s.patts of monoethanol amine

were added and, then, the resulting mixture was heated to 95°C

and reaction‘was carried out for 12 houfs at the temperature.
After completion of the rédction, the mixture was

cooled to 30°C and, then, 35% hydrochlorié acid was added to

20 adjust the pH to 7, followed by adding sodium chloride for
salting out a crystalline product which was then filtered out

to obtain a bisazo compound having following structure:
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pot assium sal t, ammonium salt, ethanolam ne salt or al kylam ne salt.

Pref-erably, azo conpound | is used in sodiumsalt form The polarizing film

of "'the present invention conprising azo conpound | may further conprg se
ot her organic dyes to nodify the color tone and/or to inprove the

pol ari zing activities. Any dyes can be us(?d_eﬁ_t_h
| ong as they have high dichromatic activi

ranges different t hose of e azo C?ﬁ‘
in Color Index. s a . eGh- el
sl i fensiel

D rect Yel

Orange

10

15

20

ot her organi c dyes,
so have the absorptio
or exanple, dyes I|ist
P ect Yellow 28, C.

y and a

CH, 50,Na NHCO —NH,

Measured in an aqueous medium, A max. of this compound is 591

nm.
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12 Parts of 6-amino-l-hydroxynaphthalene-3-

Example 5

sulfonic acid was dispersed in 150 parts of water and dissolved
by adding 6 parts of sodium hydroxide. After adding 9.6 parts

of tosyl chloride, the solution was stirred for 1 hour at
35-40°C and, then, cooled to 5°C by adding ice. After adding

21 parts of 35% hydrochloric acid and 3.5 parts of sodium

nitrite to the resulting solution, diazotization was
conducted at 5°C. Subsequently, 4.7 parts of phenol was added
thereto, then, sodium hydfoxide was added to adjust the pH
to 9, fol¥lowed by coupling reaction at 5-10°C with stirring

the reaction mixture. After completion of the coupling

reaction, 3 parts of sodium hydroxide was added and hydrolysis

was carried out at 80°C for 3 hours. After cooliﬁg the

resulting reaction mixture to 20-30°C, 35% hydrochloric acid

was added thereto to adjust pH to 7, followed by adding sodium
chloride for salting out crystalline product which was then
filtered out to obtain a monoazolcompound.

Subsequently, to 150 parts of wafer, 15.7 parts

i [ A,
oL G

as
n
ed
| .

Orange 6, C. 1. Direct

i



26,' Cl. Drect Oange 39, CI. Drect Orange 107, C. 1.Direct blue 1,
Cl.-Direct blue 15, CI. Direct blue 71, C.I Direct bl ue 78, C.I. Drect
blue 98, C.I. Direct blue 168, C. Direct blue 202, C 1. D rect Red 3 C.I|.
Direct Red 31, C]. Direct Red 79, C|. Direct Red 81, C I. Direct Red 240,
C. 1. Dire®f fdie oiyytermediptieadil Brakhained én Exgnmke Br oand223pacts
Direct Violet 9, C | Drect Violet 51 and C.1. Direct G een 15 85 can be
used. of 28% aqueous sodium hydroxide solution were added and
~dissolved. To the resulting solution, 10.9 parts of 35%
aqueous sodium nitrite solution was added, followed by adding

5 26 parts of 35% hydrochloric acid to carry out diazotization
at 20-30°C. After excess sodium nitrite was eliminated by

adding sulfamic acid, the resulting solution was added to a
solution prepared by adding 5.2 parts of 35% hydrochloric acid
and 7.7 parts of l-amino-2,5-dimethoxybenzene to 100 parts
10 of water. Thereafter, sodium carbonate was added thereto to
adjust the pH to 3 and with stirring the reaction mass, the
couplihg reaction was completed, followed by filtering out

the precipitated crystalline product.
Subsequently, crystalline product thus obtained
15 was dispersed in 300 parts of water, then 15.6 parts of 35%
hydrochloric acid was added thereto and, then, 10.9 parts of

35% sodium nitrite was added to carry out diazotization with
stirring the mixture at 25-35°C to obtain a diazotized
product. =

20 Subsequently, the monocazo compound mentioned

above was added to 200 parts of water and the pH was adjusted
to 8.5 by adlding sodium carbonate at 10-15°C. While keeping

the pH of the mixture at 8.5 with the aid of sodium carbonate,
the diazotized product mentioned above was added to the
25 mixture and, then, with stirring the mixture, coupling
reaction was completed. Thereafter, salting out with sodium

chlorideand filtration were conducted to cbtain a crystalline
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Preferably, at |east two dyes selected fromthe group [A] and [ B]

menti oned- bel ow are used as the other dyes, i.e. the dyes to be used
together with azo conpound |I. Mre preferably, at |east one dye selgrcted
fromthe gr [A] and at | east one dye selected fromthe group [B] are
used as tfPé‘fo ¥ oyksch[ Als: gritnisadpescrampoaruht diabinghefddlbening
formula (lI1la) or (I1lb): [err] wherein Alerr] and B[err], which are the
sane or disffrretreeach represent a substituted or unsubstituted phenyl
group or a substituted or unsubstituted naphthyl group; RA represents

OCH,  OH
NaOS*@‘NHCO—< >—N N—-f: f;—N N*
n 504N

Measured in an aqueous medium, A max. of this compound is 589

\N=N—{ )—oH

5 nm.
This Sheet Has Been Replaced
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21 Parts of the trisazo compound obtained in

Example 6

Example 5 was added to 500 parts of water. To the mixture,
10 6 parts of anhydrous copper sulfate and 8 parts of monoethanol

amine were added and, then, the resulting mixture was heated

to 95°C and reaction was carried out for 12 hours at the
temperature.

After completion of the reaction, the mixture was

15 cooled tq 30°C and, then, 35% hydrochloric acid was add_ed to

adjust the pH to 7, followed by adding sodium chloride for
salting out a crystalline product which was then filtered to

obtain a trisazo compound having following structure:

0—Cu—0

20 Measured in an agueous medium, A max. of this compound is 636

i 18 u WTII

i



a substituted anino group, a hydrogen atom a (Clerr]-Cerr]al kyl group or
Cerr]-Cerr] al koxy group; R err] represents a hydrogen atom a hydroxy
group or Cerr]-Cerr] al koxy group and mis 0 or 1, and a salt thereof;

16 [B] CI. Direct Yellow 12, CI. Direct Yellow 28, C.I. Direct Yellow 44,
C.I. Dreffh.Orange 26, CI. Di rect O a e 39 C |. Direct Orange 107, C. 1.
Direct Red 2, CI. Direct Red 31, C.1I. ‘tﬂ Reglace@, | . Direct. Red 81
and C.1. Direct Red 247. Inforrmla(lll Hmm’ Alerr] and B[err]
each .

Example 7
The trisazo compound obtained in Example 6 was
5 dispersed in 500 parts of water, followed by adding 29 parts
of ethylene diamine tetra aceticacid and, then, adding sodium

hydroxide to adjust the pH to 5. Thereafter, the mixture was
stirred for 3 hours at 30-40°C, followed by adding sodium

chloride for salting out a crystalline product which was then
.10 filtered to obtain a trisazo compound having following

structure:

Na0,$ —@-NHCOQ-N N—@N \1*\

OCH,  50,Ns \/ OH

Measured in an agqueous medium, A max. of this compound is 587

nm.

15

—

Example 8
A polyvinyl alcohol film of 75 &4 m in thickness

(Kuraray Vinylon #7500 manufactured by Kuraray Co., Ltd.) was
stretched to four times its original length in a longitudinal
20 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 trisazo compound obtained in Example 7 which further

contains sodium sulfate, as a dyeing auxiliary, at a




independently represent a substituted or unsubstituted phenyl, or
asubstituted or unsubstituted naphthyl. Exanples of the substituent of the

phenyl group include sulfo, sulfamoyl, nitro, Cferr]-Clerr] alkyl, 33
Cerr]-Cerr] al koxy, carboxy, hydroxy, hal ogen, unsubstituted am no and

substi t ut edrAEReraEX8RPIES 20f0 theagubst i entnefehhe 1aPRIAY! £ 9EAURAS
I ncl ude sul fo, hydroxy, unsubstituted am no and substituted am no. The

substituted am no, as the_above-nenti oned substituents may be eifher
nonosubst PERR]A ahRR8 dr 5§ S@NAqUstRAT 4Fi AS L emMreLoBf ath65stbEert Fent
of the amno group include Cerr]-Clerr] alkyl, {err]-Cferr] alkyl
substi t ut d nd¥es NYEhR O Ywa8hedC¥aR® Rt o bogrd ahered nsddenakkyhnh@as

1-4 carbon atons, phenyl,

then dried at 50 °C to obtain a polarizing film. The

. 5 polarizing film thus obtained had high polarizing activities
and exhibited good durability even after having been left for
a long period of time at a high temperature under a highly
humid condition. | :
A max. of the polarizing film is 600 nm.
10
Example 9
Example B8 was repeated, except that the trisazo

compound used in Example 8 was replaced with each of the azo
compound obtained in Example 1-6. A max. of the polarizing

15 films are shown in the following Table.
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Table 1 I

Azo compound(Example No.) A max. (nm)
20 _Example 1 580
Example 2 620
Fxample 3 550
Example 4 600
Example 5 600
25 Example 6 650




sul f ophenyl , di sul fophenyl, benzyl and carbanoyl. The phenyl group denoted
by Ais preferably that substituted by one or two substituents sel ected
fromsulfo, sulfamoyl, nitro, nethyl, ethyl, nethoxy, ethoxy, carbgyy,
chlorine, wunsubstituted amno or substituted amno. Particularly
preferred as the phenyl group denoted by A is sulfophenyl. The napht hyl
group denoted by Alerr] is preferably naphthyl substituted by one, two or
t hree sul ExagnmlgslOParticularly preferred as the naphthyl group denoted by
Alerr]

| Example 8 was repeated, except that the trisazo

compound used in Example 8 was replaced with each of the azo

(]

compound shown in the second column of the following Tables

2-5, which were obtained according to similar methods as in
Examples 147, to obtain polarizing films. A max. of each of
the polarizing film are shown in the third column of the Tables
2-5. The polarizing films obtained had high polarizing
10 activitiesandexhibitedgooddurabilityétaahightemperature

under a highly humid condition.

i
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17 is nmonosul f onapht hyl or disul fonaphthyl. As the phenyl denoted by B[err]
one of the followng (1) and (2) is preferred: (1) phenyl which is

substituted by one or two am no groups which nay be optionally subsigit uted,
and may be further substituted by hydroxy, sulfo, Cferr]-Clerr] al kyf:’,
Cerr]-Cerr] al koxy or carboxy, darakPe phenyl which is substituted by one,
two or three hydroxy groups, and may be further substituted by am no which
may be optionally substituted, sulfo, (Jerr]-Clerr] alkyl, Cerr]-Cerr]

al koxy or_carboxy :

iNo. Chemical Structure A max (nm)

OCHg OH

N 20,S—~(rNHC o@—N=NQN=Nﬁ©\

- 600
OCH; SO3Na N_N@_NH2

O0—Cu—0
NaO3S©NHC@N=NQN=Nﬁ© 650
2 “N=N-O)-NH
| OCHz  SO3Na 2

i
i

{

OCH, OH

LI a.Oss—Q-NHC O—@-N=N©-N=N

OcH;  Somy NHOOO-NHy| 580

Nao3s@mco@N=NQN:N
Sy SN O, 850

| OCHy OH
. |Na O3S—©—NHC[]©—N=N@N:NJ©QJ\ |
! CHy  §03N, N-NO-NH, |

_—

193]

Q=g
Na O, S{O-NHC0-O-N=N-(O-N=N |

3 GO :
CH;  $03Na NNO-NH, | 610
| L
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As'the napht hyl denoted by Blerr], one of the following (1) and (2) is
napht hyl which is substltuted by one or two hydroxy groups

preferred:

and which may be further substituted by sulfo,

(1)

substituted by acetyl, phenyl, sulfophenyl, disulfophenyl,
met hyl , and (2) naphthyl mhich ﬂablsumstltuted once or

unsubstituted am no or am no which is substituted by nethyl,

unsubsti tuted am no 86 am no

benzoyl or
twce by
et hyl ,

hydoxyet hyl , cyanoet hyl, acetyl or carbanoyl and which nay be further
substituted by hydroxy or sulfo. In formila (I111a) and (I11h), Rlerr] is
_rll_Kdrogen, %_er r]-d err]CaH @ﬂ” g[aerlr] -§[te£rll Cak k8>§_yeor subsjt |“,gxqgm, m no.
e |
I
OCoHy OH - i
T =N H I
, NaOgS{ONHCO-N COWIN O-on | 600 i
OC2Hs  S0Nj5 |
g | o9 ONHCO- QN NN=N©—OH 640 |
NHCOCH3 SO3PJa 5
|
OCHs OCH f
3 :
NHCo-O- Q—N—N@Q S0sNa :
0| & J 600 |
OCHg OCHg  50,N, N=N@NH2 |
’ NHZ i
| OCHs OH
| NaOOCO)NHCO-N=NL)-N=N |
110! <:>i 2%%;3 Si¥§¥:>TQ=4Q(:>—CH{ f 600
; 3a "COOH
| SO3Na 0—Cu—0 | 3
NHC0-O-N=N«-N=N | :
11 /E:K:T (DC) — ! 8 }
| SO3N OCHy §o.N; N-NO-OH | 0
; ) . | f
OCHz  OH
NaOgs@NHCO@N=N@N—N:“ f '
P12 - |
| OCHg s‘NH© AR
| 0—Cu—0
L Naogs@NHco@ N—N@N—-N a0
| OcHy soN; NHO |
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substituted amno as R err]
di -substituted am no.

Cerr]-Cerr] alkyl,

Clerr]-Cferr] alkylsulfonyl and carbamoyl. In

I s hydrogen,

may be either nono-substituted am no or
Exanpl es of the substituent of the am no include
al kyl car bonyl wherein the al kyl

has 1-4 car borg7at ons,
18 forrmula (1l1l1a), Rerr]
hydroxy or ([err]-C ®Bableakkoxy. Trisazo dyes of group[A],

i.e. trisazo dyes of fornula (I'lla) or (IIlb) can be produced accordlng to
a known process such as a process described in JP-A-2-75672. The

No. Chemical Structure % % max (am) |
O0—Cu—0
14 Nao3s©NHco@N=N@}N=NJ©©NH o
sOgna NEQO
ébhs OH
) Nao33©>NHco©>-N NO-N= N
L5 OCH; SO3Na InN= N é%—Ncczr{S>2 610
OCHg OH
Na0,SQ-NHCO-ON= NQ— =N __OCHg 610
3
©(>)_CH @gCHg OH
Na O, SONHC-ON=NON=N @@
17 OCHg SO N@—OH | 610
CH3  QCHy OH |
NaO SQNHL,U@N—NON—N 600
1 OCHs sogN, N WO-OH |
G @O}CH OH
 NaOSONHIH{I NN NN
e 3 Q0O | 610
1o CH  OCH, st N-NO-OH i
| OCH; OCHg
o |CHONHOOON= N@N—N SOsNa 500
OCH;  SGoN, =N{NH, |
¥
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known process conprises a conventional diazotization and coupling reaction
and, when the dye forns a copper conplex salt, it further conprises a
formati on of copper conplex salt. Preferable exanples of the trisazg dye of
group[ A] include dyes represented by the fornmulae (Illa-1) - (llla- ?
or(I1lb-1) - (Il11b-6) nmentioned balapyearsl salts thereof. These dyes are
usual ly used in the formof sodiumsalt, though they can al so be .used in
the formof free acid, other alkali netal salt such as Iithiumsalt or
potassiu nsalt anmoniumsalt or anmine salt such as ethanglanmine salt or
al kyl anmi rle s&bt . Chemical Structure A max(am)

21 OCH3 OH 6§00

Na0;5 < O)-NECO~{O)-N-N —@-N=N:@IO)\
H,CO™ NaOgS N-N~<(O)-OH

29 0-Cu—0 650
NaOﬁ—@-NI—ICO-@—NW@—MN-@@\
H;CO  NaOsS N-N~O)-0H
Och3 o 580

23 | NaO:;S—@-NHCO—@-wN@—N:N

24 O-Cu—0O 630
Nao3s—@—NHco—@—N=N—@N=N
' H3CO  NaO3S NHCO-@—OH
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[err] 20 The dyes of group [B] listed in Color Index are comrercially
avail abl e and can be obtained easily. Preferable exanples of the dyes of
group [B] include follow ng dyes which are on the nmarket by Sum tongg _
Chem cal Co., Ltd., and Col or Index Ceneric Nanes and trade nanmes of which
are’ Example 11

A polyvinyl alcohol film of 75 4 m in thickness

(Ruraray Vinylon Film VF—9X'fSRS manufactured by Kuraray Co.,
Ltd.) was stretched to four times of its original length in
5 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 azo compound No. 4 in Table 2 used in Example 10, sodium
salt of azo compound of formula(IIIa-1), C.I. direct orange
10 39 and sodium sulfate(=dyeing auxiliary), the concentrations

of the solutes being 0.025%, 0.0017%, 0.0014% and 2.0%,
respectively, at 70 °C for 27 minutes.
Thereafter, the £ilm was dipped into 7.5% aqueous

boric acid solution at 78 °C for 5 minutes and then washed

13 with 20°C water for 30 seconds to obtain a polarizing £ilm.

The polarizing f£film thus obtained has a neutral color and no
discoloration was observed even after having been kept for
a8 long period of time at a high temperature under a highly

humid condition.
This Sheet Has Been Replaced
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Example 12 L AL

A polyvinyl alcohol film of 75 #m in thickness

(Kuraray Vinylon Film VF-9X75RS manufactured by Kuraray Co.,
Ltd.) was stretched to four times its original length in a
25 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




aléo described below. C I. Direct Yellow 12 (trade nane : Chrysophenine),
Cl. Direct Yellow 28 (trade nane : Sumlight Supra Yellow BC conc.), C.|I
Direct Yellow 44 (trade nane : Direct Fast Yellow GC), C | Direct Qq@nge 26
(trade nane : Direct Fast Orange S), C. 1. Direct Orange 39 (trade hame :
Sumi | i ght Su@ze GerpeurdNa2524 it TabDer Bcgs@lahgeEd8fiple 10, sodium
salt of azo compound of formula(IIIa-1), C.I. direct orange
39 and sodium sulfate(=dyeing auxiliary), the concentrations

of the solutes being 0.025%, 0.0023%, 0.0028% and 2.0%,
5 respectively, at 70 °C for 18 minutes.
Thereafter, the film was dipped into 7.5% agueous

boric acid solution at 78 °C for 5 minutes and then washed

with 20°C water for 30 seconds to obtain a polarizing film.

The polarizing f£ilm thus obtained has a neutral color and no
10 discoloration was observed even after having been kept for
a long period of time at a high temperature under a highly

humid condition.
This Sheet Has Been Replaced
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15 A polyvinyl alcohol film of 75 #m in thickness

Example 13

(Kuraray Vinylon Film VF-9X75RS manufacfured.by’Kuraray'Co.,
Ltd.) was stretched to four times its original length in a
leongitudinal uniaxial direction to prepare the substrate of
a polarizing film. As kept in the tensioned state; the
20 resulting filmwas dipped into aqueous solution of sodium salt
of azo compound No. 4 in Table 2 used in Example 10, sodium
salt of azo compound of formula(IIIa-6), C.I. direct orange
39 and sodium sulfate(=dyeing auxiliary), the concentrations

of the solutes being 0.025%, 0.0012%, 0.0013% and 2.0%,
25 respectively, at 70 °C for 30 minutes.
Thereafter, the film was dipped into 7.5% agqueous

boric acid solution at 78 °C for 5 minutes and then washed




(trade nanme :Sum|light Supra Orange GD extra conc.), C 1. Direct Red 2
(trade nanme : Benzopurpurine 4B), C. 1. Direct Red 31 (trade name : N ppon
Fast Red BB conc.), C. 1. Direct Red 79 (trade name : Sum |ight Supra;Red
4BL 170%, C.I. Direct Red 81 (trade nane : Sumlight Red 4B) and C.I.
Direct Redvdfi f0'Gideatereforlapapebonds tRéH¥Ein 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

5 humid condition.

Example 14

A polyvinyl alcohol film of 75 #m in thickness

(Kuraray Vinylon Film VF-9X75RS manufactured by Kﬁraray Co.,

10 Ltd.) Was stretched to four times 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 agqueous solution of sodium salt

of azo compound No. 24 in Table 5 used in Example 10, sodium

15 salt of azo compound of formula(IIIa-6), C.I. direct orange
39 and sodium suifate(=dyeing auxiliary), the concentrations

of the solutes being 0.025%, 0.001%,. 0.0018% and 2.0%,.
respectively, at 70 °C for 30 minutes.
Thereafter, the film was dipped into 7.5% agqueous

20 boric acid solution at 78 °C for 5 minutes and then washed

with 20°C water for 30 seconds to obtain a peclarizing 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

25 humid condition.
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21 The polarizing filmof the present invention can be produced by

I ncorporating dichromati c dyes consisting of azo conpound | and, if
desired, another organic dye, into a substrate which is a polyner fjbm
according to a known net hod. Wen at |east two dyes selected fromthe
group[ A] amgampBleans used in addition to azo conpound I, the conposition
ratio anong themis not |imted. Preferably, the total anmount of the dyes

sel ected fromthe gropdddranadgotol Hlmisa® tonditidis 4y Weimdmpee 1he
anount of azo conpound I.
except that azo compound of formula(IIIa-1) was replaced by
the compound cbtained in Example 3 to obtain a polarizing £film.

5 The polarizing f£ilm thus obtained has excellent properties.

Example 16
According to similar conditions as in Example 11
except that azo compound No. 4 in Table 2 used in Example 10
10 and azo compound of formula(IIlIa-l) were replaced by azo
compound No. 22 in Table 5 used in Example 10 and C.I. direct
red Bl to obtain a polarizing £film. The polarizing f£ilm thus

obtained has excellent properties.

15 Example 17
According to similar conditions as in Example 11
except that azo compound No. 4 in Table 2 used in Example 10
and C.I. direct orange 39 were replaced by azo cémpound No.
24 in Table 5 used in Example 10 and C.I. direct orange 107
20 to obtain a polarizing f£film. The polarizing £ilm thus

obtained has excellent properties.
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Exanpl es of a polyner filmusable as the substrate of polarizing film

I ncl ude pol yvinyl al cohol; derivatives of polyvinyl alcohol; polyvinyl

al cohol nodified with an olef in such as ethylene and propyl ene or wgth an
unsaturated fatty acid such as crotonic acid, acrylic acid, nethacrylic
acid or mifat wWei @lagwA ig=ethyl ene-vinyl acetate) resin; a saponified
EVA resin; a nylon resin; and a polyester resin. A filmmade of polyvinyl
al cohol orl derivativedn haeeofcomppanti cigpréseptetierbed tfhreomEbid ow vy
points of the dye fixation and the orientation. |Incorporation of the

di chromat ifoxyelaat §Ia ot yEE)filmis carried out usually by dyeing the
polymer film

This Sheet Hag Been Replaced
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wherein Q; represents a substituted or unsubstituted phenyl

group or a substituted or unsubstituted naphthyl group, Q,
represents a substituted or unsubstituted phenyl groﬁp; R
represents hydroxy group; R; and R, each independently

10 representahydrogenatom,ahydroxygroup,aCl—C4alky1group,

a C;-C4 alkoxy group or a halogen atom; Ry and R, each
independently represent a hydrogen atom, a hydroxy group, a
C;-C4 alkyl group, a C;-C, alkoxy group or a substituted amino

group; and X represents -NH-, -NHCO- or ~N=N-;

| 00 )

M S *




The dyeing is, for exanple, carried out by dipping the polymer filmin a
dye bath prepared by dissolving the dichromatic dye in water. Though dye
concentration in the dye bath is not particularly limted, it is usyally in
the range from0.0001 to 10 % by weight. If desired, a dyeing auxiliary
such as so¥f um selltattdemsobe used. Preferably, the concentration 22 of
sodiumsulfate is froml to 10 % by weight. Dyeing tenperature is

preferablyz2 from about M0 440 abempoBEd| @dddrding to claim 1 wherein 0,

is a phenyl group represented by the following formula:

Rg

(

Rg

5 wherein Ry and Rg each independently represent a hydrogen atom,

a sulfo group, a sulfamoyl group, a C;-C4 alkyl group, a C;-C,

alkoxy group, a substituted amino group, a carboxy group or

a halogen atom.
3. An azo compound according to claim 1 wherein Q,

10 is a naphthyl group represented by the following formula:

This Sheet Has Been R
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wherein R;, Rg and Ry each independently represent a hydrogen

atom, a hydroxy group or a sulfo group

4. An azo compound according to claim I wherein X is




The orientation of the di chr ormais Siet HiyBeeh Regdycpbr at ed in t he pol yner
filmis conducted by stretching the f||}#t ElidiMing the polymer filmcan
be conducted according to a known met i | {jjwet stretching mashod or
a dry stretching nmethod. The stretching I''m may be conducted prior to
the dyei ng.ydfi_desd regdistahgheh?qnéeeugqueh {4 st eipbadmide, twice

di chromatic dyes 1s Subjected fo a post-treatnent such as a boric-acid
treatnment according to a known manner in order to inprove the |ight
transnitt &EetBrgSHUMIT i DY BX@FPFM(&FQﬁpfhénﬁoW¥%QﬁrEFYigﬁ éﬁﬁﬁﬂﬁ?ions

for the boric acid treatnent vary dependi ng on, the kinds of the nalyne
filmand substituted by an uns&lbstgtutedg amino group, a sugst%.tt}/teé

amino group, a sulfo group, a C;~C, alkyl group, a C;-C4 alkoxy

5 group or a carboxy group.

5. An azo compound according to claim 1 wherein X is
-N=N- and Q, is a phenyl group which is substituted once or

twice by unsubstituted or substituted amino groups, and which

may be further substituted by one or two substituents selected

10 from a hydroxy group, a sulfo group, a C;~C, alkyl group, a

C;~-C, alkoxy group Oor a carboxy group.
6. An azo compound according to claim 4 wherein X is
-N=N- and Q, is 4-hydroxyphenyl.

7. An azo compound according to claim 1 wherein X is

et
[#1]

~-NHCO- or -NH- and Q, is an unsubstituted phenyl group or

. a phenyl group substituted by a hydroxy group, an

unsubstituted amino group, a substituted amino group, a sulfo

group or a C;-C, alkoxy group.
8. . An azo compound according to claim 1 wherein R;

20 and R, each independently represent a hydrogen atom, a methyl
group, a methoxy group, a hydroxy group and a chlorine atom.
9. An azo compound according to claim 1 wherein Ry
and R, each independently represent a hydrogen atom, a hydroxy

group, a methyl group, an ethyl group, a methoxy group, an

LT

H




the kinds of dichromatic dyes used. Usually, however, the treatnent is
carried out in an aqueous boric acid solution having the concentration of
from1l to 15 % by weight, preferably from5 to 10 % by weight, at agg
tenperature of from30 to 80 [err]C preferably from50 to 75[err]C If
desired, teheyyygeoup low ney acetidantismsudrecped to a fixing treatnment in
an aqueous solution containing a cationic polymer conpound. The
dye-contaiil@ ng pol ari & pg lfaidim trg < idhi silnierh k@mpe ¢ @siamtaeo wopcund
protective filmhaving excellent optical transparency and mechani cal
strength onf ofermulbot i) sodes Iaf) e af slahtt @ hosibit eadc pebdmniez ity qll et
Conventional materials which have been used for producing protective filns
1l and a polarizing film substrate.
5 11. A polarizing film according to claim 10 which
further comprises one or more further organic dyes other than
an azo compound of formula (I) or (II) or a salt thereof
according to claim 1 in a polarizing film substrate.
12. A polarizing f£ilm according to claim 11 wherein
- 10 the further organic dyes are at least two dyes selected from
the following group [A] and [B]:
[A] trisazo dyes represented by the following formula (IIIa)

or (IIIb):

This Sheet Hag Been Replaced
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(Iila)

15 wherein Al and Bl, which are the same or different, each

represent a substituted or unsubstituted phenyl group or a

substituted or unsubstituted naphthyl group; R.A1 represents




for polarizing filns can be used in the present invention.

of the materials used for producing the protective filminclude a fluorine

type filmsuch as a tetrafluoro ethyl ene/ hexafl uoro propyl ene copol yrer
film a polyester resin film a polyolefin resin filmand a pol yam de resin

f1im as veblusas. soeebl uhonto g0y £of by aragdnape ] W g 0] 4 KL iy

been conventionally used. A polarizing

10

15

m havi ng excell e

or a C;~C, alkoxy group; RA2 represents a hydrogen atom, a

hydroxy group or a C;-C, alkoxy group; and m is 0 or 1; and

salts thereof;

[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.
13. . A polarizing film according to claim 12 wherein
the fufther o;ganic dyes are at least one dye selected from
the group [A] and at least one dye selected from the group
[B].

14. | A polarizing film according to claim 10 wherein
the polarizing film substrate comprises polyvinyl alcohol or

a derivative thereof.
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activities and durability to noisture and heat can be obtained by

I ncorporating azo conpound | to a filmsubstrate. A polarizing film having
neutral col or which keeps the excellent polarizing activities and 48
durability can be obtained by incorporating another organic dye(s) in

addi ti on taBs®RAC@Enpound |. Particularly, by incorporating at |east two
dyes selected fromthe above-nentioned group [A] and [B] in addition to azo
conpound |, polarizi n@r ialzes cenpdumd o f i théef pklowanyg tformulde atI traxssed
state over the visible wavel ength regi on and whi ch keep the excell ent
polarizing®rjtvities and durability can be obtained. As nentioned above,

If a set of two polarizing filns of neutral color is pervious to |ight

wherein Q, represents a phenyl group or a naphthyl group, Q,
represents a phenyl group; R represehts hydroxy group; R; and
Ré each independently represent a hydrogen atom, a hydroxy
group, a C;-C,; alkyl group, a C;-C, alkoxy group or a halogen
10 atom;. R; and R, each independently represent a hydrogen atom,

a hydroxy group, a C;~-C, alkyl group, a C;-C, alkoxy group

or a substituted amino group; and X represents -NH-, -NHCO-
or -N=N-; or a salt thereof;

and a polarizing film containing the same.




of a specific wave length within the visible radiation wavel ength region -
at crossed state, a liquid crystal display using the two filnms often shows

a color different fromthe intended color at dark state. In order to

prevent the problemdue to the |ight breaking Shbstiighe sheef ¢ 28June 1996

transmttance ofgy @@zcﬁ’%é‘fxbéb% fANDTEs 3o EARTESHSIRELM (hereinafter, this
|

Is referred to as "cross ght transmttance”) nust be | owered over the
visible radiati@@ﬁyﬁgﬁfﬁgtgﬁke@i Being little pervious to light at

crossed state over the visible wavel ength

The present invention relates toc an azo compound
useful as a dye, particularly as a dye for a polarizing £film
and a peolarizing 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 polyvinyl chloride £ilm or by
a dehydration of a polyvinyl alcohol film so as to produce
polyene in the £film, followed by the orientaticn of the

- resulting film.

Among those, an iodine-containing polarizing film
is superior in ear;y'stége-polarizing acti%ities, but poor
in the dﬁrability to moisture and heat. Thus, the film has
some drawbacks in the loweredvpolarizing activities after
having been used fér a certain period of time at a high
temperature under a highly humid condition. Several méthod_s
for improviﬁg the durabiiity have been propo'séd, in which the
fihhistréatedwith%orméiinbrénaqueousboricacidsblution,'
or a.polymer fiim having é low moisture permeability is
employed as a protecting film. However, these methods are
not yet fully satisfactory.

A dye;containing polarizing £film wusing a
dichromatic dye as a polarizing element is superior in the

durability to moisture and heat as compared with an

REPLACEMENT SHEET
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24 region neans that cross light transmttance is very |ow over the visible
wavel engt h region. Therefore, by using a polarizing filmincorporating
at |east two dyes selected fromthe above-nentioned group [A] and [B] in
addition to azo conpound, the above-nen2i oned Substitute sifeaton@piunenhP96

l'iqui d criysd fhedespkaintialy beeDay 6 indz 0 KidMPppursut , i Sgeneindl s, a iye,
particularly as a dichromatic dye to be incorporated into a dye--containing

pol ari zi nch£éiisr inThhe drlTPnsengienpolordingnactivitientai ning azo

conmpound | not only exhibits high polarizing activities but al so has

excel l ent durability o st upelardzing films of neutral color
containing two or more kinds of dichromatic dyes are
superposed on each other so that those orientation directions
meet at right:angles (hereinafter, this state is réfez‘red to
as "crossed state") and the set of two polarizing films is
pervious to light of a specific wave length within the visible
radiation wavelength region, particularly from 400 to 700nm, )
a liguid crystal display using the two films often shows a
color.different from the intended color at dark state.

JP-A-59-145255 discloses a polarizing £ilm

containing a water soluble bisazo compound represented by the

following structures

Mg S g

; but the-p;larizin.g film does not yet fully satisfy properties
de:ﬁaxﬁded_ by usérs such as durability, -?polar-izing 'actj..vities,'
ability to prevent breaking of light throuéh films at crossed |
state over the visible radiation wavelength region,'or the
like.

The present inventors have extensively studied to
find out a' compound which can give a polarizing film containing
the same excellent polarizing activities, durability and the

like, and have found that using a specific azo compound is




heat. Hence, the polarizing filmof the present invention is preferably
applied to a variety of liquid crystal displays, particularly to displays
for notor vehicles which require high polarizing activities and durability
and to displays for industrial instruneBts us&lubstitatevehéet y26fJune 1996

circunst aggeect e RLCSORLPIMAN tHkd& JWYeexs. ai PRgyi RavBr £1d6t 2bLhaawi th
reference to the follow ng anpl es, which are only inustrativeq and never

const r uedc i gt| énﬂ)élhbiziiﬁh\ée&'fﬂl%-cdﬁhéf‘ﬁiﬁ§aﬁﬁlse§ﬁe'éﬁefﬂé' Y cJhpdBAR
“part by weight" and "% by weight" respectively unless otherw se %entloned.
Exanpl e kddefhBar twioh- ddameli Gpsd dras dippensdl i Bol00Raking the
polarizing film neutral color is not only excellent in
polarizing activities and durability under high temperature
and high humid conditions but also is little pervious to light
at crossed stateover the visible radiation wavelength region.
Thus, the present invention was accomplished.

The present invention provides an azo compound

represented by the following formula (I) or (II):

wherein Q; represents a substituted or unsubstituted phenyl-

group or a substituted or unsubstituted naphthyl group, Q;
represents a substituted or unsubstituted phenyl group; R

represents hydroxy group; R; and R; each independently




parts of water, and 28% aqueous sodi um hydroxi de sol uti on was added thereto
so as to adjust the pHto 7 and to dissolve the sulfanilic acid. Then, 37.1
parts of 4-nitrobenzoyl chloride was added in small portions while adjusting
the pH to around 25 Substitute sheet - 8@Gbdtiite kheed - 2hyunddiatps 28%
aqueous sodi um hydr oxi de solution, followed b conductigf tfe ieaction for
12 nore FAREESSREARYEEPIIRE AR hPYSTRINGE O¥Bded o ! FEAET AP

m xture for salting out crystalline product, followed by filtering the

reaction, C;-C4 alkoxy group or a halogen atom; R3 and R, each

independently represent a hydrogen atom, a hydroxy group, &

C,~C,4 alkyl group, a €;-C, alkoxy group or a substituted amino

group; and X represents -NH-, -NHCO- or -N=N-;

or a salt thereof (Hereinafter, the azo compound of formula
(I), the azo compound of formula (II) and a salt thereof are
referred to as “azo compound I”).

The present invention also provides a dye-
containing polarizing £ilm containing an azo compound I and
another organic dye in a polarizing film substrate.

A phenyl group represented by the_following

formulas

¥

wherein Rs and Rg each independently represent a hydrogen atom,

a sulfo group, a sulfamoyl group, a C;~C, alkyl group, a C;-C4

alkoxy group, a substituted amino group, a carboxy group or

a halogen atom 1is preferred as the unsubstituted or
substituted phenyl group denoted by Q; in the formulas (I)

or (II). Among them, particularly preferred is a phenyl group

e i . '4"{‘5?' A.?@&.q :;:
‘E Dste Zidiiwb"m ‘E
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m xture to obtain the crystalline product. To 1400 barts of water, 30 parts
of iron powder and 5 parts of ferrous sulfate (7hydrate) was added and
di spersed. To the resulting dispersion, the crystalline product obtained

ﬁbove was added in snall portions hfoI I @wled byslg%ﬂ:{ugg gﬁge{BQGtJlg{bf]gt‘967
Ll

e ApEhikurddk f%ﬁﬁ‘ifaoi‘%ﬁ DB SRUNCARRELaE S, TGehiL i %&;USL

he pH t t

e PR LoaBOs PRGN BEciEid M RORR LR hpuase SERKSY BEA {12t apbodp the

adjust th .um chl ori de was added thereto for salting
out cryst%"?gﬁe prodnéil?l&PEHe %%%EP

A naphthyl group represented by the following

formula:

wherein R;, Rg and Rgq each independently represent a hydrogen

atom,-a hydroxy group or a sulfo group is preferred as the
unsubstitutédéor substituted naphthyl group denoted by Q; in
‘the formulas ¢I) or (II). . Among them, particularly preferred
is a-naphthyi group substituted by one or two sulfo groups.

- When X is -N=N-, preferred examples as the phenyl
-group. denoted by Q; in formulae (I). or (II) include
a phenyl group which is substituted once, twice or three times

:by hydroxy groups, and which may be further substituted by

an unsubstituted amino group, a substituted amino group, a
sulfo group, a C;~C,; alkyl group, a C;-C4 alkoxy group or a
carboxy group; and

a phenyl group which is substituted once or twice by

unsubstituted or substituted amino groups, and which may be




followed by filtration to obtain an internediate (1) having follow ng

structure% [err] Subsequently, to 150 parts of water, 15.7 parts of the

intermediate (1) and 7 parts of 28% aqueous sodi um hydroxi de solution

were added and dissol ved.

aqueous
35%

a hydroxy group, a sulfo group, & C;-C4 alkyl group, a C;-C,

alkoxy group or a carboxy 4group. Among the above, a

particularly preferred example of the phenyl group denoted
by Q, is 4-hydroxyphenyl.

When X is -NHCO- or -NHA-, preferred examples as

the phenyl group dencted by Q; in formulae (I) or {(II) include

an unsubstituted phenyl group and
a phenyl group substituted by a hydroxy group, an

unsubstituted amino group, a substituted amino group, a sulfo
group or a C;=-C,; alkoxy group.

When the pheﬁyl groﬁp denoted by Q; is substituted
by a substltuted amlno group, the amino group may be mono-
or d:. substltuted and th= subst: tuen'?'s on the amlno group are
preferably methyl,_ethyl, A?—hydroxyethyl, 8 ~cyanoethyl,
acetyl, carbamoyi or methylsulfonyl. |

Preferred examples of R; or R, in formulae (I} or

(II) include a hydrogen atom, a methyl group, a methoxy group,

a hydroxy group and a chlorine atom. Preferred examples of
Ry or R, in formulae (I) or {(II) include a hydrogen atom, a
hydroxy group, a methyl group, an ethyl group, a methoxy group,
an ethoxy group and an'acetylamino group-.

When R; or R, represents a substituted amino group,

the amino group may be mono- or di-substituted and the

Substituents are preferably methyl, ethyl, acetyl, carbamoyl

~and di ~ To the regsul ti Subsetutel Sbet102@ JpABt F996 35%
2?&%9@%&%&%&' 8y YRs gHdedo SPbbeurd it LY IE e ReFde Of
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hydrochloric acid to carry out diazotization at 20-30[err]C After excess
sodiumnitrite was elimnated by adding sulfamc acid, the resulting

sol ution was added to a solution prepared by adding 5.2 parts of 35%
hydrochloric acid and 6.9 parts of 1-anmyno-2- rgibaeitytedshadthydenientsds 100

parts of ter 3 .sodi um carbonate was added thereto to adj ust
the pH togg gﬁ&dﬁﬁ%ﬁ%%%??}ng the reaction mass, the coupling reaction was

conpl eted, followed b [ | lRiqt-at Shald 4 duct
tom(;bt ain a nonoazo c%ﬁ%o%%‘gﬁéggggg’uéﬁﬁe;?s??glrfégrgggzgég!oﬁrr%oéﬁgg?ﬁsg'

obtained gz diRHPEI L8308 1Ry o AndeEBT1 NIy TmebnBaLl s Of 35%

A compound represented by the following formula

(III):

wherein R; and R, are as hereinbefore defined

is subjected to a known acid chlorination reaction to obtain

a compound represented by the following formula (IV):

wherein R; and R, are as hereinbefore defined. The compound

of formula (IV) thus obtained is allowed to react with a

compound represented by the formula (V):

Q,-NH, (V)

il

£
i
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hydrochloric acid was added thereto and, then, 10.9 parts of 35% sodi um
‘nitrite was added to carry out diazotization with stirring the m xture at
25-35[err]C to obtain a diazotized product of the nonoazo conpound. 15.8
parts of 1- hydr oxynapht hal ene- 6- $henyl 8ubsgidtule ShiebORI26 dohéd VL5

added to 2@th¢@rdlfe Gfes@l €LngNokpoupld Was sadijed st tto & Tdiuaddibngesodi um
carbonate at 10-15[err]C. Wil e keeping the pH of the mxture at 8.5 with

the aid (ﬁbﬁ@ﬂhbﬁnm@@@ﬁﬁere%hésdhm bzedher 8dltbwdfind o mmuazo rpnpound
obt ai ned above was added to the mi xture and, then, with stirring the

m xture, coupling reaction was conpleted. Thereafter, salting out with
sodiumchloride and filtration RZ

/
ggﬂ:—__'hqu:(:() (::::) TQ?E{Z ( V1)

R1

whereinQ;, R; and R, are as hereinbeforedefined. Thereafter,

the compound of formula (VI) is subjected to a diazotization
and, then, the diazo compound thus obtained is subjected to
a cougﬁling reaction with a compound represented by the

following formula (VII):

wherein R; and Ry are as hereinbefore defined or with an
~methane sulfonated derivative thereof. The éoupled
compound is hydrolyzed, if necessary, and, thereafter, is
diazotized according to a conventional method, followed by

coupling with a compound represented by the following formula

(VIII):

‘ H&PLAGEMENTEHEEE‘
. 27 Jui ©os




were conducted to obtain a crystalline product which is a bisazo conpound
havi ng foll ow ng structure: 27 [err] Measured in an aqueous nedi um
[err] max. of this compound is 561 nm Exanple 2 20 Parts of the bisazo

conpound obtained in Exanple 1 was addegl to 58QpPdifts sheev@iz® Jude tdeB
m xture, 6 parts

OH

wherein X and Q, are as hereinbefore defined to obtain azo

compound I. The compound of formula (VIII) wherein X is -N=N-
can.be eas;ly obtalned.by dlazotLZLng'a compound represented

by the followxng formula (IX)

according to a known method, followed by coupling with a

-.compound represented by the formula “Q,-H” wherein Q,; is as

hereinbefore defined.

" AzoO compé'und I of the formula (I.I) can be obtained-
by conducting the same procedure as mentioned above except
that the compound of formula (VII) is replaced by a compound

represented by the following formula (XI):

|*; BERLACERMPENT BHEET
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of anhydrous copper sulfate and 8 parts of nonoethanol am ne were added
-and, then, the resulting m xture was heated to 95[err]C and reacti on was
carried out for 12 hours at the tenperature. After conpletion. of the
reaction, the mxture was cooled to 30[®gyr] C &mihstitih@Nsherr% 26 dioehi 996¢C
acid was added to adjust the pHto 7, followed by addi ng sodi um chl ori de
for salting out a crystalline product which was then filtered out to obtain
a bi sazo compound havind:}gﬁl W ng structure: [err] Measured in an aqueous
medium A max. of thig conmpound is 600 nm

(X1)

wherein R;, represents a hydrogen atom or a methyl group and

'Ry is as hereinbefore defined or an w -methane sulfonated

derivative thereof to obtain an azo compound, followed by
- reacting the azo compound thus obtained to form a cdpper

complex salt thereof according to a conventional method. An
azo compound I of formula (I) wheréein R, is a hydroxy group

can be obtained from azo.éompouﬁd f of formulé-(II) (écopper'
comble-x sa;lt).by. éub-jectiﬂé the azo compbund I ;Df fofmula (II)
£o a conventional demetélizationhsuch as a demetalizationiby
uéiﬁg a helatlng ééénf such as ethyleﬁediamine-'
-tetraacetlcaCLdg | o |

“ - z.xamples. of 'thle dompbund of formula (III) include
4-nitrobenzoic aéid, 4-nitro-3- hydroxy benzoxc acid, 4-
nitro- 3-methylbenzc1cac1d 4-nitro- 3-methoxy benzoic acid,
4—nitr6-2,5—dimethy1 benzoic acid, and 4-nitro-2-chloro
benzoic acid.- | . | |

Examples of the compound of formula (V) include

aniline, 2-aminobenzene sulfonic acid, 3-aminobenzene

sulfcnic acid, {-aminobenzene sulfonic acid, 5-
aminobenzene~1,3~-disulfonic acid, 6-aminobenzene-1,4-
REPLACZMENT SHEET
} Fral 43 d.E
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28 Exanple 3 Exanple 1 was repeated except that 15.8 parts of 1-hydroxy
napht hal ene- 6- phenyl am no- 3-sul fonic acid was replaced with 18 parts of

1- hydr oxy napht hal ene- 6- (4- am nobenzoyl)am no-3-sulfonic acid to obtain a
bi sazo conpound having foll owi ng structiyre: [ ERBbtitdRashead -126 JanagLEdIs

medi um [ ghilhy 1BBniff ddi$, CUmMatoban3endll, 2-disulfonic acid, 2-
sulfamoylaniline,3=sulfamoylaniline,4-sulfamoylaniline,
2-aminobenzoic acid, 3-aminobenzoic acid, 4-aminobenzoic
acid, 2-chloroaniline, 3-chlorcaniline, 4-chlorocaniline,
2,5—dichlorqaniline, 2-bromoaniline, 3-bromoaniline, 4-
bromoaniling, 2-methylaniline, 3-methylaniline, 4-
methylaniliﬁe, 2-ethylaniline, 3-ethylaniline, 4~
ethylaniline, 2-methoxyaniline, 3-methoxyaniline, 4=
methoxyaniline, 2-ethoxyaniline, 3-ethoxyaniline, 4~
ethoxyaniline, 4-di( & -hydroxyethyl)aminocaniline, 1-
aminonaphthalene-4-sulfonic acid, l-aminonéphthaleﬁé—s—
‘sulfonic acid, l-aminonaphthalene-6-sulfonic acid, 1=
aminonaphthalene-7-sulfonic acid, l-aminonaphthalene-8-
sulfonic 1acid, '2-amindnaphthaléne—l=sulfonic acid, 2-
'aminonaphthalené-S—sulfbnic 'écid,:'2;aminonaphthalene~6=
sulfonic acid, 2-aminonaphthalene-7-sulfonic acid, 2-
aminonaphthalene-8-sulfonic acid, l-aminonaphthalene-4,7-
disdlfonic acid, l=amin6naphthaléne—4,Gédisulfonic acid,

l-amincnaphthalene-3,7-disulfonic acid, 1-
aminonaphthalene-3,8-disulfonic acid, i-aminonaphthalene-
3,6-disulfonicacidi2-aminonaphtﬁalene=4,8—disulfonicacid,
2-aminonaphthalene-6,8-disulfonic acid, , 2-
aminonaphthalene~3,6-disulfonic acid, 2-aminonaphthalene-

1,5-disu1fonicacid,2—aminonaphthaléne—5,7—disﬁlf6niéacid,'

l-aminonaphthalene~3,6,8-~trisulfonic acid, 2-
aminonaphthalene-3,6,8-trisulfonic acid, 2-
aminonaphthalene-4,6,8~trisulfonic acid, 2-

| REPLACEMENT SHEET |
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Exanple 4 21 Parts of the bisazo conpound obtained in Exanple 3 was added
to 500 parts of water. To the m xture, 6 parts of anhydrous copper sulfate
and 8 parts of nopnoethanol am ne were added and, then, the resulting
mxture. was heated to 95[err]C and reacti on Wphsgiditel SHbe?Ut26 Qund21 HOGT S

at the teHRYAIMHEhthh i BheCOURRAILDE, 07 508 ARA | ONadile, M XaWe wag -
cooled to 30[err]C and, then, 35% hydrochloric acid was added to. adjust the

pHto 7, Bgliln@mwhaﬂéhagasagmﬁu@L&d@._ffoqxricsaééialg out a crystalline

product which was then filtered out to obtain a bisazo conpound havi ng

following structure: gxamples of the compound of formula (VII) include
aniline, 2-methylaniline, 3-methylaniline, 2-ethylaniline,
3-ethylaniline, 2-methoxyaniline, 3-methoxyaniline, 2-
ethoxyaniline, 3-ethoxyaniline, 2-hydroxyaniline, 3-
hydroxyaniline, 3-acetylaminc aniline, 3-carbamoyl amino
aniline, 2-methoxy-5-methylaniline, 2-methoxy-5-
ethoxyaniline, 2,5-dimethoxyaniline, 2,5-diethoxyaniline,
2-methoxy-5-~carbamoyl amino aniline and 2—methoxy—5-methyl
sulfonylamino aniline.

Examples of the compound of formula (XI) include
2-hydroxyaniline, 2-methoxy-5-methylaniline, 2-methoxy-5-
ethoxyaniline}- '-2,5=dimethoxfaniline, 2-methoxy-5-
carbamoylamino aniline and 2-methoxy-5-methyl sulfonylamino
aniline.

When X in the formula (I) or (II) is =NH- or -
NHCO-, exampies of the compound of formula (VIII) include
;-hydroggQaphthalene-6—phenylamino-3—sulfonic acid,
l-hydrogynaphthalene—ﬁ—(4—aminophenyl);mipo—3~sﬁlfonic
acid,
l—hydroxygaphthaleﬁé—ﬁ-(4—dimethylaminophenyl)amino—3-
sulfonic acid,
l-hydroxynaphthalene—s-(4—methoxyphenylSamino-é—sulfonic
acid,
l-hydroxynaphthalene—S—(4—sulfophenyl)amino—3-su;fonic
acid,

l-hydroxynaphthalene-6-benzoylamino-3-sulfonic acid,

I - |
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29 [err] Measured in an aqueous nedium [err] max. of this conmpound is 591
nm Exanple 5 12 Parts of 6-am no-I|-hydroxynapht hal ene-3- sul fonic acid was
di spersed in 150 parts of water and dissolved by adding 6 parts of sodium
hydroxi de. After adding 9.6 parts of tepsyl chfatstitete sheetsol6tiure W86
stirred flahykdAoeynaph8had@nyrd - andminkdenopl ¢dmﬁn05[3e=rs“drfb;uadd| ng
I ce. After adding
acid,
l-hydroxynaphthalene-6-(3-aminobenzoyl)amino-3-sulfonic
acid,
l-hydroxynaphthalene-6-(2-aminobenzoyl)amino~3-sulfonic
acid,
l-hydroxynaphthalene-6-{4-hydroxybenzoyl)amino~-3-sulfonic
acid,
l-hydroxynaphthalene-6-(3=-hydroxybenzoyl)amino-3-sulfonic
acid, and '
1- hydroxynaphthalene 6~ (2 hydroxybenzcyl)amlno-B ~sulfonic
acid. Among the above mentloned, l1-hydroxynaphthalene-6-
phenylamino-3-sulfonic acid, 1-hydroxynaphthalene-6-
benzoylamino-3-sulfonic acid and 1l-hydroxynaphthalene-6-
(4—aminobenzoyl)amino=3—sulfdnic acid are particularly
preferred. . - |

When X in the formula (I) or (II) lS -N=N-, the

i
compoundrepresentmibytheformulan-Hlncludes forexample,
aniline and a derivative thereof, phenocl and a derivative
thereof, and aminophenol and a derivaﬁive thereof. As

examples of the cgmpound, aniline,_l,3-diaminobenzene,

l1,3-diamino-4-methylbenzene, . 1,3-diaminobenzene-4-

sulfonic acid, 3-acetylamino aniline, 3-carbamoyl amino
aniline, 2-methylaniline, 3-methylaniline, 2-ethylaniline,

3-ethylaniline, 2-methoxyaniline, 3-methoxyaniline, .2-

ethoxyaniline, 3-ethoxyaniline, 2-methoxy-5-methyl aniline,

2-methoxy-5-ethoxyaniline, 2,5-dimethoxyaniline,

2-methoxy-5-methylsulfonyl amino aniline, l-acetylamino-

[P ——
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21 parts of 35% hydrochloric acid and 3.5 parts of sodiumnitrite to the
resulting solution, diazotization was conducted at 5[err]C
Subsequently, 4.7 parts of phenol was added thereto, then, sodi um hydroxide

was added to adJ ust the pH to 9, followed by @QLH%'tﬂt@& st 26 Rine 1996
5Iqerr] stir action m.xture. . 8@! t|o f the
coupling re&% n?) pgg‘t(s of Mﬁ%ﬁ%ﬁgg') By é&gl eg, hy oI yS| 's was

carried out at 80[err]Cfor 3 hours Af ter coollngthe resulting reaction
m xture tFEERTOiRRE} (Pma"j%%ﬂéﬁééﬁllor?Cmé&hd'lwélse%%le@‘t%‘l‘%ﬂapgﬁ nedi ust
pHto 7, foll owed by addi ng sodiumchloride for salting out crystal l'i_ne
product wéi-etRilphenoti| et xRXYt BesBedin %Fhénoaz@wﬁ%ﬂao 3-

aminophenol, 5-amino-2-methylphenol, 3-diethylaminophenol

and 3-di( B -hydroxyethyl)amino phencl 'can be mentioned.
Among the abofve-mentioned compounds, phencl is particularly
preferred.

Azo compound I may be u_seci in the form.of free acid
or in the form of salt, such as lithium salt, sodium salt,
potassium salt, ammonium salt, ethanolami.ne salt or
alkylamine salt. Preferably, ézo compound I is used in sddium
salt form.

The polarizin'g. £film of the present invention
comprising azo compound I may further comprise other organic
dyes to modify the color tone and/or to improve the polarizing
activities. Any dyes can be used as the other organic dyes,-
as long as ‘Ehéy haﬁe high dichromatic activity and also ﬁéve
the absorption ranges different to thoseé of the azo compound
I. | For example, dyes listed in Color Index suchas C.I. Direct
Yellow 12, C.I. Direct Yellow 28, C.I. Direct Yellow 44, C.I.
Direct Yellow 142, C.T. .Direc-:t Olrange 6," C.I, .Direct Crange
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. Dir;e"t___.G.._reen




Subsequently, to 150 parts of water, 15.7 parts 30 Substitute sheet
- 26 June 1 996 of the internediate (1) obtained in Exanple 1 and 7 parts
of 28% aqueous sodi um hydroxi de sol uti on were added and di ssolved. To the
resulting solution, 10.9 parts of 35% agueousSglostitutie sheet t @6sdling i1&Bras
added, foddomgd BY adHdg 26 parts of 35% hydrochloric acid to carry out

di azoti zation at 20-30[err]C. After excess sodiumnitrite was el.imnated by

addi ng sulfanmi c aci dptdiger&5Ubti B8 JQa¥d Awoaby@ddedleetad from the
group {A] and [B] mentioned-below are used as the other dyes,
i.e. the dyes to be used together with azo compound I. More
preferably, at least one dye selected from the group [A] and
at least one dye selected from the group [B] are used as the
other dyes.
[A] : Trisazo dyes represented by the following formula (IIIa)

or (IIIb):

wherein Al and Bll, which are the same or different, each

represent a substituted or unsubstituted phenyl group or a

substituted or unsubstituted naphthyl group; RAl_r_epresents
a substituted amino group, a hydrogen atom, a C;-C4 alkyl group
or C;~C4 alkoxy group; RAZ represents a hydrogen atom, a hydroxy

group or C;~-C, alkoxy group; andm is 0 or 1, and a salt thereof;

I
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sol ution prepared by adding 5.2 parts of 35% hydrochloric acid and 7.7
parts of 1-am no-2,5-di net hoxybenzene to 100 parts of water. Thereafter,
sodi um car bonat e was added thereto to adjust the pHto 3 and with stirring
the reaction mass, the coupling reactigg was ametiei@shdet!-l Daedinky1996

filtering:gytctie pLeebpi ¥@1 eduCl ¥st@l L1 nes peedugsl 1 Subsequentl Ypirect
crystalline product thus obtained was di spersed in 300 parts of water, then

15.6 partge9f o308ahyer echd prbetagt nyes28ddedrt hei ebocadsantleens ,18.9 parts
of 35% sodiumnitrite was added to carry out diazotization with stirring
the mxtuperakt20rdake 1b¢, ¢ 0T O Bt dcf Kk@20! c2qd Piedu’i Red 31, C.I.

Direct Red 7%, C.I. Direct Red 81 and C.I. Direct Red 247.

In formula (IIIa) and (IIIb), A' and .B' each

independently rep_resent‘ a substituted or unsubstituted
phenyl, or a substituted or unsubstituted naphthyl. Examples
of the substituent of the phenyl group include sulfo,
sulfamoyl, nitro, C;-C, alkyl, C;-Cy aikoxy, carboxy, hydroxy,
halogen, unsubstituted amino and substituted am_;nb.
Examples of the substituent of the -napht'hyl group ir;clude'
s_ulfo, hydroxy, unsubsti‘tuted amino and substituted amino.

The substituted amino as the above-mentioned substituents may

be either monosubstituted amino. or disubstituted amino.

Examples of the substituent of the amir.1c>-gro'up include €;-C,
alkyl, C;-C4 alkyl substituted by hydroxy or cyano,
alkylcarbonyl wherein the alkyl' has 1-4 carbon atoms, phenyl,
sulfophenyl, disulfophenyl, benzyl an&'carbamoyl,

- -The phenyl group denoted by al J.s preferably that
substituted by one or two substituents sélécted from sulfo,

sulfamoyl, nitro, methyl, ethyl, methoxy, ethoxy, carboxy,

chlorine, unsubstituted amino or substituted . amino.

Particularly preferred as the phenyl grcup denoted by Al is

sulfophenyl. The naphthyl group denoted by Al is preferably
naphthyl substituted by one, two or three sulfo groups.

Particularly preferred as the naphthyl group denoted bywl!xl

W WA TRt i a8
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Subsequently, the nonoazo conpound nenti oned above was added to 200 parts
of water and the pH was adjusted to 8.5 by addi ng sodi um carbonat e at
10-15[err]C. Wiile keeping the pH of the m xture at 8.5 with the aid of
sodi um carbonate, the diazotized product7 ment iSupettaosteetas2addeed 1996he

m xture agnd, mb'ﬁ%ul"féﬂaﬁh‘th&’l“%zt hei £ XEBhEpn&euPl | Ng reaction was

conpleted. Thereafter, salting out wth sodlunlchlorlde and filtration were
conducted to obtain ?Asrgﬁéeﬁﬁéﬂ§1 degéted by B ;, one of the following

(1) and (2) is preferred:

(1) phenyl which is substituted by one or two amino groups

which may be optionally substituted, and may be further
substituted by hydroxy, sulfo, C;-C, alkyl, C;-C,; alkoxy or

carboxy, or
(2) phenyl which is substituted by one, two or three hydroxy

groups, and may be further substituted by amino which may be
optionally substituted, sulfo, C;-C, alkyl, C;-C, alkoxy or

carboxy.

As the naphthyl denoted by Bl, one of the following

(1) and (2) is.prefefied;

(1) naphthyl which is substituted by one or two hydroxy groups

and which may be further substituted by sulfo, unsubstituted -
amino or amino substituted by acetyl, phenyl, sulfophen?l,

disulfophenyl, benzoyl or methyl} and |

(2) 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.

In formula (IIXa) and (IIIb), RA1 is hydrcgen,
C,-C4 alkyl, C;-q4 alkoxy or substituted amino. The
substituted aminc as RA1 may be either mono-substituted amino |
or di-substituted amino. Examples of the substituent of the
amino include C,~C, alkyl, alkylcarbonyl wherein the alkyl

has 1-4 carbon atoms, C;-C, alkylsulfonyl and carbamoyl. In

i J ................................




product which is a trisazo conpound having follow ng structure: [err]
Measured in an aqueous nmedium J[err] max. of this conpound is 589 nm
Exanple 6 21 Parts of the trisazo conpound obtained in Exanple 5 was added
to 500 parts of water. To the m xture, 1@ part SubktidiaysHaais 2oORpee tPbat e
and 8 parts of nonoethanol anine were added and, then, the resulting
m xture wdermedtad(IDIQ)[,eR,] Cianthydanienmn hmdroay icad Oy Cfoalk2xyours at
the tenperature. Trisazo dyes of group[A], i.e. trisazo dyes of
formula (IIIa) or (I1IIb) can be produced according to a known
process such as a process described in JP-A-2-75672. The
known process comprises a conventional diazotization and
coupling reaction and, when the dye forms a copper complex
salt, it further comprises a formation of copper complex salt.
Preferable examples of the trisazo dye of group{Aa]
include dyes represented by the formulae '(IIIa-1l) - {(IIIa-6)
or(IIIb-1) - (IIIb-6). mentioned below and salts thereof.
These dyes are usually used in the form of sodium
salt, though they can alsc be used in the form of free acid,
other alkalimetal salt suchas lithiumsalt or potassiumsalt,

ammonium salt, or amine salt such as ethanolamine salt or

alkylamine salt.




After conpletion of the reaction, the m xture was cooled to 30[err]C and,
then, 35% hydrochloric acid was added to adjust the pHto 7, followed by
addi ng sodiumchloride for salting out a crystalline product which was then

filtered to obtain a trisazo conpound havi ng EabsowiteEheet H@udene [1€9G
Measured in an aqueous nedium [err max. of this conpound is 636 32 nm

C0—Cu-—0

(111t-1) HOgS~<O)-N= N@N N

(1116-2) HO3S©—N N—@—N \1 HO

HO3S O—Cu—0C0
(1116-3) N=N'@N \’j“\
l HOgS O CHg HOgS Qe N= N‘@‘OH
0—Cu—0
(111-9)  HOgS<O)y-N= NN N:“\
Chg HOgS Q- N

HOgS™ NHj

(111a-1) HO3S—©—N N—~QrN= N*\
L HO3S N= '\I—@—OH

. 0—Cu—0
(1115-5) HOgS—@— -@— N=N
OCH; HOgS N=N~O)-o¥
HOgS OCHS

(tt-2) :—N N'@'N N

HOgS €Hy HOsS ‘@‘OH
. HO3S OCH3
(112-3) N =N‘@§’N N C
HO3S HO3S NHg
0—Cu—0O

(111b-8) HO3S—©—N=N<©— N

Gy HOgS N= N-@—OH

“ HEF rﬁ\um!nmdﬂ 35" *‘“‘F




Exanple 7 The trisazo conpound obtained in Exanple 6 was di spersed in 500
parts of water, followed by adding 29 parts of ethylene diamne tetra
aceticacid and, then, adding sodi um hydroxide to adjust the pHto 5.
Thereafter, the m xture was stirred fopo3 houggbsafitulf-skeker deCJuhel19p®d by

TSP ool o o hd S8, SEee e, IS4 SOt e dee e
Measur ed ddhA@ragHeays "Bk #Thpler rlaf@x. cah thhé ComRauntkds 235iMYy.
Preferable e#amples of the dyes of group {B] include following
dyes which are on the market by Sumitomo Chemical Co., Ltd.,
and Color Index Generic Names and trade names of ghich are
also 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 $ast‘Yellow GC),
C.I. Direct Orange 26
| (trade name : Direct Fast Orange S),
C.I. Direct Orange 39
(trade ndme : Sumilight Supra Orange 2GL 125%),
C.I. Direct Orange 107
(trade name : -Sumilight Supra Orange GD extra Conc.},
C,EE"Direct Red 2
(trade name : Benzopurpurine 4B),
C.I. Direct Red 31
(trade name :HNippon Fast Red BB conc.),
C.I. Direct Red 79
(trade name : Sumilight Supra Red 4EL 170%),
C.I. Direct Red 81
(trade name : Sumilight Red 4B) and
C.I. Direct Red 247

{trade name : Japancl Fast Red FA).




Exanmpl e 8 A pol yvinyl alcohol filmof 75 [err]min thickness (Kuraray
Vi nyl on #7500 manufactured by Kuraray Co., Ltd.) was stretched to four
times its original length in a |ongitudinal uniaxial direction to prepare
the substrate of a polarizing film Theftesul tslﬂgt,ftu«ger@p.{@est dpeRRfhef Po9E0
as kept in the tensional state, into a 0.025 % aqueous sol ution of
the trisazo conpound obtained in Exanple 7 which further contai ns sodi um

sulfate, 2fedpdY8ir1% iy IFi1M bt 8hePpresent invention can be produced

m nut es,

by incorporating dichromatic dyes consisting of azo compound
I and, if desired, another organic dye, into a substrate which
is a polymer film according to a known method.

When at least two dyes,selected from the group[A]
and [B] are used in addition to azo compound I, the composition
ratio among them is not limited. Preferably, the total amount
of the dyes selected from the gr oup[A] and/or [B] is 0.1 -
5 parts by weight per the amount of azo compound I.

. Examples of a polymer film usable as the substrate
of polarizing filﬁ include polyvinyl alcohol; derivatives of
polyvinyl alcohol; polyvinyl alcohol modified with an olefin
such as e{chyléne and propylene or with an unsaturated fatty
acid such as crotonic acid, acrylic acid, methacrylic acid

or maleic acid; EVA (ethylene-vinyl acetate) resin; a

saponified EVA resin; a nylon resin; and a polyester resin. .

A film made of polyvinyl _a.lcohol or derivatives thereof is
part:.cul_gg:ly preferred from the view points of the dye
fixation and the orientation.

Incorpdration of the dichromatic dye into a
polymer £film is carried ou.t ﬁsually 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 dye

in water. Though dye concentration in the dye bath is not

particularly 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

4
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33 concentration of 2.0 %at 65 [err]C. Thereafter, the filmwas di ppéd

into 7.5% aqueous boric acid solution at 65[err]C for 5 mnutes, then

washed with water at 20[err]C for 20 seconds,
a polarizing film The pol arazi ng fsudsttieishedit-apeer:nzadobsgh

to obtain

and then dried at 50 [err]C

pol ari zi ng AckbMi e Ss @Dfaexhiily t dogood dur abe | ist Yopver iafties hayienhdeen

left for a long period of tinme at a high tenperature under a highly humd

s A1 Book |ABd e R0 RY ABEAP! G0 SCRxanpl e 8

f
was repeated,” excep ha

condi ti on.

t%ﬂ;éiagﬁ?et(i

The orientation of the dichromatic dye
incorporated in the polymer £ilm is conducted by stretching
the f£ilm. 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.

If desired, the oriented polyrﬁer 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 palarizing film. éonditions’ for the boric acid
treétmeﬁt vary depending on the kinds of the polymer film and
the kinds of sdiﬁ:hromaftic" dyes used. Usually, however, _the
treatment is _fca.ri‘ie& out in an é.queous. boric acid solution

havin§ the concentrationof from1 to 15 % by'weight, preferably

from 5 to 10 % by weight, é.t a t'empe.rature of from 30 to 80 °C,

preferably from 50 to 75°C. If desired, the polymer film may.

further be #gbje_cted to a fix.ing treatment in an aqueous
solution containing a cationic polymer compound.

The dye-c;ontaining polarizing £ilm thus obtained
may be laminated with a protective f£ilm having excellent
optical transparency and mechanical strength on one or both
sides of the film to produce a polarizing plate. Conventional
materials which have been used for producing protective films

for polarizing films can be used in the present invention.




conpound used in Exanple 8 was replaced with each of the azo conpound
obtained in Exanple 1-6. [err]max. of the polarizing filnms are shown in
the followi ng Table. Table 1. Azo conpound( Exanpl e No.) [err]max. (nm)
Exampl e 1 580 Exampksg 2 Substitute sheet - 26 JGA® 1BG@B| e

3 Examples of t@@mﬁwﬂlﬂél used for producing tH¥ deteteibe
600 Exanpl e 50
fl.lm include a fluor:.ne type film such as a tetrafluoro
ethylene/hexafluoro propylene copolymer film, a polyester
resin £ilm, a polyolefih resin filmand a polyamide resin £ilm,
as well as a cellulose acetate film and an acrylic £ilm which
have been conventionally used.

A polarizing film having excellent polarizing
activities and durability tomoisture and heat can be obtained
by incorporating azo compound I to a film substrate. A
polarizing £ilm having neutral color which keeps the excellent
polarizing activities and durability can be obtained by
incorporating anocther organic dye(s) in addition to azo

"compound I. Particularly, by incorporating at least two dyes
selec;ted from the above-mentioned group [A] and [Bl in
addition to azo compound I, polarizing films which are little
pervious to li.gh_t at crossed state bver the visible wavelength
region and which keep the excellent polarizing activities and
durability c;n be obtained. As mentioned.above, if a set' of

- two pola;:_::'i_.zing films. of neutral color is pervious to light-
of a specific wave ‘length within the visible radiation
wavelength region at crossed state, a liquid crystal display
using the two films often shows a color different f;:om the
intended color at dark state. Inorder tc prevent the problem
due to the light breaking through the films, transmittance
of the polarizing films at -crossed state (hereinafter, thi.s
is referred to as “cross light transmittance”) must be lowered

over the visible radiation wavelength region. Being little

pervious to light at crossed state over the visible wavelength




34 Exanple 10 Exanple 8 was repeated, except that the trisazo conpound used
in Exanple 8 was replaced with each of the azo conmpound shown in the second
colum of the follow ng Tables 2-5, which were obtained according to

simlar nethods as in Exanples 1-7, toogbtainspdkatute dieeti-l276 Junkergds nax.
of each Oéeghsnpﬁgahlszwatf bl:afbarhahwerla@xstmwhed £8! ¥8pyof ohevdabl es

2-5. The polarizing filnms obtai ned”had hi gh pol ari zi ng act|V|t|es and

exhi bi t edy geody faii Bl i hYvaledghndhrb8iRY At Ulherefore, by using a
polarizing £ilm incorporating at least two dyes selected from
the above-mentioned group [A] and [B] in addition to azo
compound, the above-mentioned problem of conventional liquid
crystal display can be solved.

Azo compound I is useful as a dye, particularly
as a dichromatic dye to be incorporated into a dye-containing
polarizing £ilm. The dye-coﬁtaining polarizing film
containing azo compound I not only exhibits high polarizing
activities but also has excellent durability to moisture and
heato Hence, the polarlzlng fz.lm of the present invention
is preferably appl:.ed to a variety of lJ_un.d crystal displays,
part:.cularly to dlsplays for motor veh:.cles which require high
polarizing act:.v:.t:.es and durability and to displays for
industr'ial instruments e'sed in a variety of circumstances.

The Present invention is now explained in more
details with reference to the follow:.ng Examples, which are
only J.llt_l_s_tratlve, and never construed to 1imit the invention.

In the examples, "part" and "%" mean "part by weight” and "%

by weight" respectlvely unless otherw1se mentioned.

Example 1

34.6 Parts of sulfanilic acid was dispersed in 1000
parts of water, and 28% agueous sodium hydroxide snlution was
added thereto so as to adjust the pH to 7 a1;1d to dissolve the
sulfanilic acid. Then, 37.1 partsof 4-nitrobenzoylchloride

was added in small portions while adjusting the pf to around

vl T SHEET
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under a highly hum d condition. 35 Table 2 No. Chemical St
rructur e [errJmax (nm [err] 36 :

25 Substitute sheet - 26 June 1996
7 by adding 28% aqueous sodium hydroxide solution, followed

by conducting the reaction for 12 more hours. Thereéfter,
sodium chloride was added to the reaction mixture for salting
out crystalline product, followed by filtering the reaction
mixture to obtain the crystalline product.

To 1400 parts of water, 30 parts of iron powder
and 5 parts of ferrous sulfate (7hydrate) was added and
dispersed. To the resulting dispersion, the crystalline

product obtained above was added in small portions, followed

by conducting reaction for 7 hours at 85°C. After cooling

the resulting reaction mixture to 60 °C, 28% agueous sodium

" hydroxide solution was added thereto to adjuét the pH to 10
and.the insoluble component was removed by filtration. To
thefiltratebbtaiﬁéibythefiltratidn,35%hydroéhloricacid
-was added to adjust the pH to 7 and, then, sodium chloride
was added thereto for salting out crystalline product,
followed by filtration to obtain an intermediate (1) having

following structures
NaO3S—©———'NHco-—/—\— ONHZ

~Subsequently, to 150 parts of water, 15.7 parts
of the intermediate (1) and 7 parts of 28% aqueous sodium
hydroxide solution were added and dissolved. To the
resulting solution, 10.9 parts of 35% aqueous sodium nitrite

solution was added, followed by adding 26 parts of 35%

CLACEMENT SHEET
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Tabl e 3 No. Chemical Structur eflerr] 37 Table 4
Chemical Structure [err] max nm) [err]
26 Substitute sheet - 26 June 1996

hydrochloric acid to carry out diazotization at 20-30°C.

After excess sodium nitrite was eliminated by adding sulfamic
acid, the resulting solution was added to a solution prepared
by adding 5.2 parts of 35% hydrochloric acid and 6.9 parts
of l-amino-2-methoxy-5-methylbenzene to 100 parts of water.
Thereafter, sodium carbonate was added thereto to adjust the
pH to 3 and with stirring the reaction mass, the coupling
reaction was completed, followed by filtering out the
precipitatéd crystalline product to obtain a monoazo
compound.

. Subsequently, the monoazo compound thus obtained
was disperéed in 300 parts of water, then 15.6 parts of 35%
hydrochloric acid was added thereto and, then, 10.9 parts of
35% sodium pitrite was added to carry out diazoti;ation with
stirring the mj_.xture at 25-35°C to obtaina di#zqtized product
of the monoazo compound.

15.8 parts of l-hydroxynaphthaleneéﬁ-
phenylamin053—§uifonic acid waé aaded to 200 parts of water
and the pH was adjusted #o 8.5_by adding sodium carbonate at

10-15°C. While keeping the pH of the mixture at 8.5 with the

ahiofsodiumcarbonate,thediazotizedprodﬁctofthenmnoazo'
compound obtained above was added to the mixture and,'then,
with stirring the mixture, coupling reaction was completed.
Thereafter, salting out with sodium chloride and filtration
were conducted to obtain a crystalline product which is a

bisazo compound having following structure:
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38 Table 5 No. Chemical Structur e

[err] max(nm) [err] 39 Exanple 11 A polyvinyl alcohol filmof 75 [err] m
in thickness (Kuraray Vinylon Film VF-9X75RS manufactured by Kuraray Co.,
27 Substitute sheet - 26 June 1996
OCH
N0 S —@‘NHCO—< :}—N N—j‘ ;—-N Nm
- SO,Na

Measured in an agueous medium, A max. of this compound is 561

nme.

Example 2
20 Parts of the bisazo compound obtained in Example
1 was added to 500 parts of water. To the mixture, 6 pérts

of anhydrous copper sulfate and 8 parts of monoethanol amine
were added and; then, the resulting mixture was heated to 95°C

and reaction was carried out for 12 hours at the temperature.

After completion of the reaction, the mixture was
cooled to 30°Q and, then, 35% hydrochloric acid was added to

adjust the pH to 7, followed by adding sodium chloride for

salt:.ng out a crystalline product which was then flltered out

to-obtaln a bisazo compound- having following structure:

Cu—0o

was-Qpmo-Qf N{% 0, 4

50, Na

Measured in an aqueous medium, A max. of this compound is 600

nm.




Ltd.) was stretched to four tines of its original length in a |ongitudinal
uni axial direction to prepare the substrate of a polarizing film As kept
in the tensioned state, the resulting filmwas di pped i nto aqueous sol ution
of sodiumsalt of azo conpound No. 4 ipgTabl esghsisefde ishebkamd gudd,1 998l um
salt of azo conpound of formula(llla-1), C . direct orange 39 and sodi um
sul f at e(=dyei ng auxiliary), the concentrations of the solutes being 0.025%
0. 0017%erRafAB14%3and 2. 0% respectively, at 70 [err]C for 27 m nutes.
Thereafter, the filmwas dipped into 7.5% aqueous boric acid solution at 78
[err]C for 5 ninutexsgafplBen washedpuhtbd2ekeedtComieris os poreeconds to
obtain a polarizing film

l-hydroxy naphthalene-6-phenylamino-3-sulfonic acid was

replaced with 18 parts of 1l-hydroxy naphthalene-6-(4-
aminobenzoyl)amino-3-sulfonic acid to obtain a bisazo

compound having following structure:

OCH

\
N2 08 ‘.‘NHCO*@'N N«C/ N;“

\ -
| 3 50, Na NHCO@ NHZ

Measured in an aqueous medium, A max. of this compound is 555
nm.
Example 4

21 Parts of the bisazo compound obtained in Example
3 was added to 500 parts of water. To the mixture, 6 parts

of anhydrous copper Sulfate and 8 .parts of moncethanol amine

o

were added and, then, the resﬁlting mixture was heated to 95°C

and reaction .was carried out for 12 houf:s at the temperature.

After comi;letion of the r'eéction, the mixture was
cooled to 30°C and, then, 35% hydrochlorié acid wés added to
adjust the pH to 7, follov}ed by adding sodium chloride for
salting out a crystalline product which was then filtered out

to obtain a bisazo compound having following structure:




The polarizing filmthus obtained has a neutral color and no discol oration
was observed even after having been kept for a long period of tine at a
hi gh tenperature under a highly hum d condition. Exanple 12 A pol yvi nyl

al cohol filmof 75 [err] min thicknessg(KuragaystWiRy spBefL 126 ¥mé&X&d&S
manuf actured by Kuraray Co., Ltd.) was str ched to four tinmes its original

| ength in a | ongitudinal un| axial direc epare the substrate of a
polarizing film __As kept hetens ed stat theresultlngfllmvvas
di pped into aqu sol uti al t
NaOES NHCO
s, Na NHCO —NH,

Measured in an aqueous medium, A max. of this compound is 591

nm.

Example 5

12 Parts of 6—amino-1-hydr§xynaphthalene-3—'
sulfonic acid was dispersed ;n 150 parts of water and dissolved
by adding 6 p'ar'ts of sodium hydroxide. After adding 9.6 parts

of tosyl chloride, the solution was stirred for 1 hour at
35-40°C and, then, cooled to 5°C by adding ice. After adding

21 parts of 35% hydrochloric acid and 3.5 parts of sodium

nitrite to the resulting solution, diazotization was
conducted at 5°C. Subsequ.ently, 4.7 parts of phenol was added
thereto, then, sodium hydi‘oxide was added to adjust the pH
to 9, foX¥lowed by coupling reaction at 5-10°C with stirring

the reaction mixture., After completion of the coupling

reaction, 3 parts of sodium hydroxide was added and hydrolysis

was carried out at 80°C for 3 hours. After cooliflg the

resulting reaction mixture to 20-30°C, 35% hydrochloric acid

was added thereto to adjust pH to 7, followed by adding sodium
chloride for salting out crystalline product which was then
filtered out to obtain a monoazo compound.

Subsequently, to 150 parts of water, 15.7 parts

l
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40 of azo conpound No. 24 in Table 5 used in Exanple 10, sodiumsalt of azo
compound of formula(llla-1), C . direct orange 39 and sodium
sul fate(=dyeing auxiliary), the concentrations of the solutes being 0.025%

0.0023% 0.0028% and 2. 0% respectivel ygoat 70g@&filiftel Heel® I8 DULESt99

Thereafteps the filddaMeea dheaed1hnbdth DY6A0¥R0EXaHYIE ACILhGOr UbheRgat 78
[err]C for 5 mnutes and then washed with 20[err]C water for 30 seconds to

oblt ain ad@§| 2% agubb® JH&i0R! HYLtowilel BIDWE 18Rt alded Rasan NgHEr al

color and no _
dissolved. To the resulting solution, 10.9 parts of 35%
aqueous sodium nitrite solution was added, followed by adding

26 parts of 35% hydrochloric acid to carry out diazotization
at 20-30°C. After excess sodium nitrite was eliminated by

adding sulfamic acid, the resulting solution was added to a
solution prepared by adding 5.2 parts of 35% hydrochloric acid
and 7.7 parts of l-amino-2,5-dimethoxybenzene to 100 parts
of water. Thereafter, sodium carbonate was added thereto to
adjust the pH to 3 and with stirring the reaction mass, the
coupling reaction was completed, followed by filtering oul’c
the precipitated crystalline product.

Subsequently, crystalline product thus obtained
was dispersed in 300 'par'fs of water_,; then 15.6 parts of 35%
hydrochloric acid was added thereto and, then, 10.9 parts of

35% sodium nitrite was added to carry out diazotization with
stirring the mixture at 25-35°C to obtain a diazotized

product‘.*--"
Subsequently, the monocazo compound mentioned

above was added to 200 parts of water and the pH was adjusted
to 8.5 by ad'ding sodium carbonate at 10-15°C. While keeping

the pH of the mixture at 8.5 with the aid of sodium carbonate, -
the diazotized product mentioned above was added to the
mixture and, then, with stirring the mixture, coupling
reaction was completed. Thereafter, salting out with sodium

chloride and filtration were conducted to obtain a crystalline




di scol or
time at

pol yvi ny

Its origi

substrat
resultin
conpound
of formnu

ation was observed even after having been kept for a | ong period of
a high tenperature under a highly humd condition. Exanple 13 A

| alcohol filmof 75 [errfmmin thickness (Kuraray Vinylon Film
VF- 9X75RS manufactured by Kuraray Co., 41d.) wWagbstittiet shed -t 26 ome 1898S
dd@BItPnisha 1onGk t ugh Nk zuni gomdoutid eaidwingo Poepawanighe

e of a polarizing film As kept in the tensioned state,.the
gtfdddmwes: di pped into aqueous sol ution of sodium salt of azo

No. 4 in Table 2 used in Exanple 10, sodiumsalt of azo conpound

la(llla-6), C 1. direct orange

N"OS—@'NHCH: :)-N N—-f; :;-—N N;“ '
\NN—() —0H

Measured in an aqueous medium, A max. of this compound is 589

nmb

Example 6

21 Parts of the trisazo compound obtained in
Example 5 was added toc 500 parts of water. To the mixture,
6 parts of anhydrous copper sulfate and 8 parts of monoethanol

amine were added and, then, the resulting mixture was heated

to 95°C and reaction was carried out fcf 12 hours at the .

temperature.

After completion of the reaction, the mixture was
cooled tg 30°C and, then, 35% hydrochloric acid was added to

adjust the pE to 7, followed by adding sodium chloride for
salting out a crystalline product which was then filtered to

obtain a trisazo compound having following structure:

—Cu—0

ool

CCH SO Na

Measured in an aqueous medium, A max. of this compound is 636

‘ BEPLACERENT 8b

27 Ju ?9%

H Date :

EET |




39 and sodi um sul fate(=dyei ng auxiliary), the concentrations of the sol utes
‘being 0.025% 0.0012% 0.0013% and 2.0% respectively, at 70 [err]C for 30
m nutes. Thereafter, the filmwas dipped into 7.5% aqueous boric acid

solution at 78 [err]C for 5 mnutes angat hen waphfiflite sibbt - 265UbARI 1306
sheet - June 1996 with 20[err]C water for 30 seconds to obtain a

polarizing film The polarizing filmthus obtained has a neutral. col or and
no di scol orati on was observed even after having been kept for

Example 7

The trisazo compound obtained in Example & was
dispersed in 500 parts of water, followed by adding 29 parts
of ethylene diamine tetra aceticacid and, then, adding sodium

hydroxide to adjust the pH to 5. Thereafter, the mixture was
stirred for 3 hours at 30-40°C, followed by adding sodium
chloride for salting out a crystalline ﬁaroduct which was then

filtered to obtain a trisazo compound having following

structure:

Naos—.-NHco-< >—N NQN \z*

OCH, SO —OH

Measured in an aqueous medium, A max. of this compound is 587

nm.

e

Example 8
A polyvinyl alcohol film of 75 4 m in thickness

(Kuraray Vinylon #7500 manufactured by Kuraray Co., Ltd.) was
stretched to four times 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, intoc a 0.025 % aqueous solution of
the trisazo compound obtained in Example 7 which further

contains sodium sulfate, as a dyeing auxiliary,




a long period of tine at a high tenperature under a highly humd condition.
Exanpl e 14 A pol yvinyl alcohol filmof 75 [err] min thickness (Kuraray
Vi nyl on Fil m VF-9X75RS nmanufactured by Kuraray Co., Ltd.) was stretched to

four times its original length in a | orgg t udi sbstiftitaxdietdi 2&guUheM 296
prepare the substrate of _.a_pqlarizing_fidim _.As ke int t | O '
stat e, tﬁ@nﬁﬁﬂﬁﬁ?ﬁb°?i9§1%a§ ﬁﬁ%dg?nt °ad5%%ﬁ§aggﬁﬁ?igﬁﬁ%ffgg i%ﬁg%alt
of azo compound No. 24 in Table 5 used in Exanple 10, sodiumsalt of azo
conpounddapgedt mied | 7L Bs6hquedus dgeit arddgsd3uadnsati 6MC for 5

sul fate(=dyeing auxiliary), the concentrations

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 durability even after having been left for
a long period of time at a high temperature under a highly

humid condition.

A max. of the polarizing film is 600 nm.

Example 9

Example 8 was repeated, except that the trisazo

compound used in Example 8 was replaced with each of the azo
compouhd obtained in Example 1-6. A max. of the polarizing

films are shown in the following Table.

Table 1
Azo compound(Example No.) A max. (nm)
. Example 1 . 580
Example 2 620
Example 3 550
Example 4 600
Example 5 600
Example 6 650




of the solutes being 0.025% 0.001% . 0.0018% and 2.0% respectively, at
-70[err]C for 30 mnutes. Thereafter, the filmwas dipped into 7.5% aqueous
boric acid solution at 78 [err]C for 5 minutes and then washed with

20[err] C water for 30 seconds to obtai g pol & b7slt-l.'|_l o shdBt -TH8 quealiggbng

filmthus obtained has a neutral color and no discoloration was observed
even after having been kept for a long period of tinme at a high tenperature

under a @'mgleh%i d condition.
Example 8 was repeated, except that the trisazo
compound used in Example 8 was replaced with each of the azo-
compound shown in the second column of the following Tables

2-5, which were obtained according to similar methods as in
Examples 1-7, to obtain polarizing films. A max. of each of
the polarizing film are shown in the third column of the Tables
2-5. The polarizing £f£ilms obtained had higb' pclarizing
activities and exhibited good durability ;:-rt a high temperature

under a highly humid condition.




42 Exanple 15 According to simlar conditions as in Exanple 11 except that
‘azo conpound of formula(llla-1) was replaced by the conpound obtained in
Exanple 3 to obtain a polarizing film The polarizing filmthus obtained
has excel lent properties. Exanple 16 Aggordi ngubstifit8ishakt COBIULheNBFS I N
Exanpl e 11 except that azo conpogiaghiNe.24 in Table 2 used in Exanple 10 and
azo conpound of formula(llla-1) were replaced by azo conmpound Na. 22 in
Table 5 used in Exanple 10 and C.I. direct red 81 to obtain a polarizing
film The polarizing filmthus
N

No. Chemical Structure 2 max (nm)
OCHy OH
. NaOss—@'NHCO—Q—N=N-©N=N - . 500
| OCHg SO3Na ) © N 2
0—Cu—0
, N 2038 (OrNHC 0-O-N=NJ-N=N OO 550
OCHz  SO3N N—N-©—NH2

.H
. NaC S.@-NHC()—@—\I -dw N

— 580
OCHg SOgNa NHCO-NH,

- 0—Cu—0
-, oS ONHION =G NN

e OCH; SO3Na NHW-O-—NH,| 680
: 5 ]
; |
— OCHg OH |
N0 O DK i,
B CH _NO T
3 SO3Na | 1
\ =
O—Cu—0
6 }NaOSS@NHCOQ-N=N©N=N Q0 N=NO-NH, | 610
- CH; SO3Na 2
1 ’ |
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obt ai ned has excel |l ent properties.

Exanpl e 17 According to simlar

conditions as in Exanple 11 except that azo conmpound No. 4 in Table 2 used

in Exanple 10 and C.I.

di rect orange 39 were replaced by azo conpound No.

24 in Table 5 used in Exanple 10 and C. kg di reﬁ&bé‘ﬁ%ﬂg%hég’z t g?ﬁgi{ggas

polarizing film The polarizing féﬁﬂhtgus obt al ned

properti es.

-43-

as excel

No. Chemical Structure oo (o)
7 09:1 Q r N=N©_OH 8§00
oHs  $0.Nj |
ONNG- > |
NaO3S-QONHCH-O-N=NC-N=N-0y
8 = |
NCOcH, SOgNG v O-OH 640 |
!
OCH3z OCH | .
! 3 ! -
: NHCo-O-N=N NN " | :
9 Q N Q Ié@N=N @_3 a 00 |
NHZ
O OCH3 OH l
l a 'COOH |
] @@ O @ﬁ“c“"". | B
INHCO N=N N=N \ |
11 OC
SOgh OCH; SO, N=N{O-OH 650
N | )
Na%SQNHCO@N=N NN |
i1 2
“ OCHg  SO.N, NHO) ! 59 0
! |
' 5 | Ne03S-ONHCO-O- N=N{-N=N @@ 640
! | i
REPLAGEMENT SHEET |
77 Jud 199
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CLAI M5 An azo conpound of fornula (1) or (Il1) [err] wherein Qerr]
group of fornul a:

phenyl

am no group, a carboxy group or ajhaldpgen atom or

is a

[err] wherein R err] and R err] each independently
represent a hydrogen atom a sulfo group, a sulfanoyl

group, a
clerr]-Cerr] alkyl

group, a (err]-Cey7] al kpipstigh@$heed -S28 kUt 896

No. Chemical Structure L max (nm)
O0—Cu—0
. NaOSS@NHCO©—N=N©-N=N NG | 560
SO3Na
@2@{3 OH
NaOgS-@}NHCO@-N NC-N=N
15 OCH3 SO3Na N= N é?{)—N(CZHS)Z 610
o [NaO; SO-NHCo-O-N= NQN—N - OCHg 610
OCHg SO3Na ‘Q-NHZ
OCH; OCH3 OH
., INz0 s@NHCOQN—NQN~- 510
OCHg SO3Ng N=NO-OH
| (20,8 @;‘% C(;CH OH
'1\ a O3S ONH IO N=N{Or N=Ny
| 6§00
1 ° OCHg SO’N“N“N@—OH
| & 6&{ OH i
. NaO S-@NHCU N=NON=Npy |
5 @) | 610
1 CHy  OCH, sogn, NHO-OH |
OCHg OCHg © !
| CHyO-NHCON= NQN——N@N sNa | 600
20 OCHjg NQNHz




-44- a napht hyl

group of fornul a:

[err] wherein Rerr],

Rlerr] and R err]

each independently represent a hydrogen atom a hydroxy group or a sulfo
group; @ represents a substituted or unsubstituted phenyl

and R err] each independently representgag hydr
Cerr]-Cerr] alkyl

group, a ([erglgflhesgr],

group; R err]

itgtcPShedt NYE RN 9998P, 2
oxy group or a hal ogen atom

R3 and Rl err] each independently represent a hydrogen atom a hydroxy

gr oup,

a CJerr]-Cerr] alkyl

gr oup,

a CJerr]-Cerr] alkoxy group or a

substituted am no aroup: and X represents -NH. -NHCO or -N=N-: or a salt
No. Chemical Structure A max(nm)
ocH
21 3 600
Na0;s <O Mco~{O)-Nn —@—N N
H;CO  NaO3$ N-N~<(O)-oH
22 O~Cu—0 650
Na038~O)-NHCO~O)-N=N N0
HyCO NaOsS N-N~<O)-oH
oCH; OH 580
23 NaO-_,,S—@—NHCO@-hkN—@—MN
HyCO NaO;S NHco~(O)-oH
24 O0-Cu—0 6§30
Na%S—@-NHCO-@-N‘N-@—
H;CO  NaOyS nuco~O)-oH
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t her eof .

18 OCT 2000 -45- 2. An azo conpound according to claim1l

wherein X is -N=N- and (Jerr] is a phenyl group which is substituted once,
twice or three tines by hydroxy groups and which may be further substituted

by an unsubstituted am no group, a subsgpt ut edSﬁEétri’t‘i’.thrsﬂHBt %SHLF]Q 1@'9_’6”31
a Cerr]-gkample alkyl group, a Cerr]-Clerr] alkoxy g

group.

oup of a carb

A polyvinyl alcohol £film of 75 &4 m in thickness

{(Ruraray Vinylon Film VF=9X'f5RS 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 azo compound No. 4 in Table 2 used in Example 10, sodium .

salt of azo compound of formula(IIIa-l), C.I. direct orange
39 and sodium sulfate({=dyeing auxiliary), the concentrations

of the solutes being 0.025%, 0.0017%, 0.0014% and 2.0%,
respectively, at 70 °C for 27 minutes.
Thereafter, the film was dipped into 7.5% aqueous

boric acid solution at 78 °C for 5 minutes and then washed

with 20°C water for 30 seconds to obtain a polarizing f£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 12
A polyvinyl alcohol film of 75 4 m in thickness

(Kuraray Vinylon Film VF-9X75RS manufactured by Kuraray Co.,
Ltd.) was stretched to four times its original length in a
longitudinal uniaxial direction to prepare the substrate of
@ polarizing film. As kept in the tensioned state, the

resulting film was dipped into aqueous solution of sodium salt

t nrp"ﬂ l‘ld’l‘l“
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S
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3. An azo conpound according to claim1 wherein Xis -N=N- and Q@ is a
phenyl group which is substituted once or tw ce by unsubstituted or
substituted am no groups, and which nay be further substituted by one or

two subtituents selected froma hydroxy @r oup, S&&Hh{@sﬂé&“pzs"’h

el Ol P sie omrngét%aw% mﬁéégxxnxﬁrgapw ‘%@r%w?“’rp-
hyd I Al [
N0 oo e e dR R 8 hD %‘?w&?&&% o1 grSud o %’%ﬁcre%'yz{%
er%bﬁgl ;lrjgif?ga%é gaaﬁgﬁlms%l%a%ueqbdanefgéuabuSJEiiEggg)?n}.ﬁ'g %r%'gntga%li%sr{é t Ut ed
of the solutes being 0.025%, 0:._0023%, 0.0028% and 2.0%,

respectively, at 70 °C for 18 minutes.
Thereafter, the film was dipped into 7.5% agueous

boric acid solution at 78 °C for 5 minutes and then washed

with 20°C water for 30 seconds to obtain a polarizing film.

The polarizing £ilm 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 13

A polyvinyl alcohol film of 75 #m in thickness

(Xuraray Vinylon Film V¥F-9X75RS manufact.ured- by Kuraray Co.,
Ltd.) was stretched to four times its original length in a
longitudinal uniaxial direction to prepare the substrate of
a polarizingl film. As kept in the tensioned state} the
resulting film was dipped into aqueous solution of sodium salt
of azo compound No. ..4 in Table 2 used in Example 10, sodium
salt of azo compound of formula(IIIa-6), C.I. direct orange
39 and sodium sulfate(=dyeing auxiliary), the concentrations

of the solutes being 0.025%, 0.0012%, 0.0013% and 2.0%,
respectively, at 70 °C for 30 minutes.
Thereafter, the film was dipped into 7.5% agueous

boric acid solution at 78 °C for S minutes and then washed

I* REPLAGEMENT SHEET

[ ome 210 9%




group or a Jerr]-(err] alkoxy group. 6. An azo conpound according to any

one of clains 1 to 5 wherein R err]

a hydrogen atom a nethyl group, a nmethoxy group, a hydroxy group or a

chlorine atom 7. An azo conpound accorgi ng t & ¥ QaesitetC! 88 Rink 1808

err] err] _each independently represent drogen_atom a
§b‘%‘b, 2 g%&%ﬁrgﬁBEp? Cafesands gfr%tﬁi?tglﬂe?hBﬁgad‘%ﬁﬁd?g z_fll hoxy

A polarizing filmwhich conprises an

wherein
hydr oxy

group or an acetylam no group. 8.

azo conpdiine pdlapiming Cijlmokthgls| pbtained 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 14
A polyvinyl alcohol film of 75 4 m in thickness

(Ruraray Vinylon Film VF-9X75RS manufactured by Kﬁraray Co.,
Ltd.) was stretched to four times its original.length in a
longitudinal uniaxial direction toc prepare the substraéé of
a polarizing film. As kept'in the tensioned state, the
resulting £ilm was dipped into agueous solution of sodium salt
of azo compound No. 24 in Table 5 used in Example 10, sodiuﬁ
salt of azo compound of formula(IIIa-6), C.I. direct orange

39 and sodium sulfate(=dyeing auxiliary), the concentrations

0of the solutes being 0.025%, 0.001%, 0.0018% and 2.0%,.

respectively, at 70 °C for 30 minutes.
Thereafter,'the film was dipped into 7.5% agueous

boric acid solution at 78 °C for 5 minutes and then washed

with 20°C water for 30 seconds to obtain a polarizing film.

The polarizing f£ilm 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.

i WAE&MENTSHEETIi
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and R err] each independently represent

J




-46- [err] wherein Jerr] represents a substituted or unsubstituted phenyl
group or a substituted or unsubstituted naphthyl group, @ represents a
substituted or unsubstituted phenyl group; R err] and R err] each

i ndependently represent a hydrogen atomgza hyd§@titdiPYReete %Juﬂe
Cerr] al koxy group or a hal ogen atom and ea ch

| kyl
?ndgpendggg?y represLnt a hydrogen atom a hydroxy group, a Cferr]- C[err]
alkyl group, a Clerr]g{I&Eaknd KXY iH1AUY Yorfh SUPSAL AL e Example 11

except that azo compound of formula{IIIa-l) was replaced by
the compound obtained in Example 3 to obtaina polarizing £ilm.

The polarizing film thus obtained has excellent properties.

Example 16

According to similar conditions as in Example 11
except that azo compound No. 4 in Table 2 used in Example 10
and azo compound of formula(IIIa-1) were replaced by azb
compound No. 22 in Table 5 used in Example 10 and C.I. direct
red 81 to obtain a polarizing £film. The polarizing f£ilm thus

obtained has excellent properties.

Example 17

According to similar conditions as in Example 11
except that azo compound No. 4 in Table 2 gsed in EXample-lO
and C.I. direct orange 39 were replaced by azo cbmpound No.
24 in Table 5 used in Example 10 and C.I. direct orange 107
to obtain a polarizing film. The polarizing film thus

obtained has excellent properties.
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am no group; and X represents -NH, -NHCO or -N=N-;or a salt thereof;

-47- and a polarizing filmsubstrate. 9. A polarizing filmaccording to
claim 8 wherein the conmpound of forrmula (I) or (I1) or salt thereof is as
defined in any one of clains 1 to 7. 183 A pofahst&ubd shebim 26CHKke N® I8
;Lgimiaéﬁa@ w@igﬁa&mn{§§es one or nore further organic dyes other than an

1. An azo compound represented by the following

formulae (I) or (II):

is Sheet Has Been Replaced

T

wherein Q; represents a substituted or unsubstituted phenyl

group or a substituted or unsubstituted naphthyl group, Q;
represents a substituted or unsubstituted phehyl groﬁp; R
represents hydroxy group; R; and R, each independently-

represent a hydrogen atom, a hydroxy group, aC;-C, alkyl group,

a C;~-C, alkoxy group or a halogen atom; R3; and R, each

independently represent a hydrogen atom, a hydroxy group, a
C;-C4 alkyl group, a C,~-C, alkoxy group or a substituted amino

group; and X represents -NH-, -NHCO- or -N=N-;

il
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conmpound of fornul a (I') or (Il) or salt thereof as defined in claim8. 11.

A polarizing filmaccording to claim10 wherein the further organic dyes
are at | east two dyes selected fromthe followi ng groups [A] and [B]: [A]

trisazo dyes of formula (lI1l1a) or (111kg [errbu\glgg{@gryﬂeqr_gi%?ﬂﬂeﬂ%é] :

whi ch arg_t he ﬁﬁﬂ@ Lif.erent each represent a substitute
unsubst i ﬁtgh p eny?ﬁsggéggor a substituted or unsubstituted naphthyl

group; err] represents a substituted ami no group, a hydrogen atom_a
Clerr]-CRerr] al kyl 8Po83° compound according to claim 1 wherein Q;

is a phenyl group represented by the following formula:

wherein Ry and Rg each independently represent a hydrogen atom,

a sulfo group, a sulfamoyl group, a C;-C4 alkyl group, a C;~Cy,

alkoxy group, a substituted amino group, a carboxy group or-

a halogen atom.

3. An azo compound according to claim 1 wherein @,

is a naphthyl group represented by the following formula:

This Sheet Has Been Replaced

il

T N U

wherein Ry, Rg and Ry each independently represent a hydrogen

atom, a hydroxy group or a sulfo group

4. An azo compound according to claim 1 wherein X is

i



Lo Reph8.qCOCt Ober 2000 .or a Cferr]-Clerr] al koxy group;

ced

-47a- Subst Tﬁﬂ%h@et%

Rl err] represe 3 108 B atom a hydroxy group or a (Jerr]-Clerr]
al koxy group; 55@ ) i flll, and salts thereof; [B] C. 1. Direct Yellow
12, G1. Drect! 28 ligl | . Direct @Ilow%st;@tg sHidiecs0 Ga0Pagh.

Direc a 39, C.| rect
G rect RN 30 020}s & PhABY 178£08D VR Potd SHF  BRESOFE by FEL e
247. 12. A polarizing filmaccording to claim 1l wherein the further
or gani ¢ dyesthreeatt imestbpnkydyexyelgadwgis f anth tihdich may be further

substituted by an unsubstituted amino group, a substituted
amino group, a sulfo group, a C;~C4 alkyl group, a C;~C4 alkoxy

group or a carboxy group.

5. An azo compound according te claim 1 wherein X is
-N=N- and Q, is a phenyl group which is substituted once or

twice by unsubstituted or substituted amino groups, and which

may be further substituted by one or two substituents selected
from a hydroxy group, a sulfo group, a C;-C, alkyl group, a
C,;-C4 alkoxy group or a carboxy group.

6. An 'azo compound according to claim 4 wherein X is
-N=N- énd Q; is 4-hydroxyphenyl.

7. An azo compound according to claim 1 wherein X is
-NHCO- or -NH- and Q, is an unsubstituted phenyl-group'or.

. a phenyl group substituted by a hydroxy group, an

unsubstituted amino group, a substituted amino group, a sulfo

group or a C;-C, alkoxy group.
8. An azo compound according to claim 1 wherein R;

and R, each independently represent a hydrogen atom, a methyl
group, a methoxy group, a hydroxy group and a chlorine atom.
9. An azo compound according to claim 1 wherein Rj
and Ry each independently represent a hydrogen atom, a hydroxy_

group, a methyl group, an ethyl group, a methoxy group, an

26 (68| (11211 BRI 1181 || (EE
i (! HAE i i
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group [A] and at |east one dye selected fromthe group [B]. 13. A
polarizing filmaccording to any one of clains 8 to 12 wherein the
polarizing fil msubstrate conprises polyvinyl alcohol or a derivative

thereof. 14. A lami nate conprising a palgri zi BgnpkiitdteaHe d'i@flhﬂea‘fygé’”e
BLI glr ?|2|mr51 &6?%118{@%% %Zpraoﬁ eg %e&];a'é‘l%lrﬁ g?ﬁe prepg gtﬂ)nezf C)an azo
g?)gf)(r)rgng 0 ;orm 2h§\p%)ocess l)or% g sestm{d]‘ azot | zﬁfgége%&gm%ﬁ%é)&?%l a
(M) [en@ formula (I) or (II) or a salt thereof according to claim

1 and a polarizing film substrate.

11. A polarizing film according to claim 10 which

further comprises one or more further organic dyes other than

an azo compound of formula (I) or (II) or a salt thereof

according to claim 1 in a polarizing £ilm substrate.

12. A polarizing film according to claim 11 wherein

the further organic dyes are at least two dyes selected from

the following group [A] and [B]:

[A] trisazo dyes represented by the following formula (IIIa)

or (IIIb):

This Sheet Has Been Replaced

I

(111a)

. 1 . .
wherein A" and Bl, which are the same or different, each

represent a substituted or unsubstituted phenyl group or a

substituted or unsubstituted naphthyl group; RA1 represents
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- 48- wherein Qerr], Rerr] and Rlerr] are as defined in claim1, and
coupling the resulting diazonium conpound with a conpound of fornula (VII)

[err] wherein Rlerr] and Rlerr] are as defined in claim1 or, when the

desired product is of formia (I1), R[e,vr] | ssaBsHiRfk Adet 0 28 Mk b guwl
met hoxy, or with an errL nethaq?sulfoqﬁggp derlvatlve
tom, a P

R err]

i's hydro

t hereof : @ S bsti(%/uted amino'group, & hydrogen

or a C;-C, alkoxy group; RA2 represents a hydrogen atom, a

hydroxy group or a C;-C4 alkoxy group; and m is 0 or 1; and

salts thereof;

[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.
13. . A polarizing film according to claim 12 wherein
the fufther o;ganic dyes are at least one dye selected from

the group [A] and at least one dye selected from the group.

[B]-

14. A polarizing film according to claim 10 wherein

the polarizing £ilm substrate comprises polyvinyl alcohol or

a derivative thereof.
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optionally hydrolyzing the coupl ed conmpound, diazotizing the conpound thus
"obt ai ned and coupling the resulting diazonium conpound with a conpound of
formula (MI1) OH[err] wherein X and Qerr] are as defined in claiml, to
obtain an az%w&d of formula (1); followe8ubstitute sheet o268 Junavis#36 on
of the conmpound © or nul a REPLACEMENT SHEET

AN AZO COMPOUND AND A POLARIZING FILM

CONTAINING THE SAME

An azo compound of the following formulae (I) or

(II)s

R K S0 H
wherein Q; represents a phenyl group or a naphthy.l group, Q3
represents a phenyl group; R represents hydroxy group; R; and
R; each independently represent a hydrogen atom, a hydll:oxy
group, a C;-C4 alkyl group, a C;-C, alkoxy group or a halogen
atom;. R3 and Ry each independently represent a hydrogen atom,

a hydroxy group, a C;-C4 alkyl group, a C;-C, alkoxy group

or a substituted amino group; and X represents -NH-, -NHCO-
or ~N=N-; or a salt thereof;

and a polarizing film containing the same.

REPLAGEMENT SHEET
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- ‘49 - (1) thus obtained into the correspondi ng copper conpl ex of forrrulra Loeu
(I'l); the optional conversion by denetalization of a conpound-of fornula '
(I'l) into a conpound of fornula (I) wherein Rlerr] is hydroxy; and the
optional conversion of a conmpound of- fgr mul aS&t')QtltL?cé shkebt —1BtOctabeE2 00
t her eof .

CLAIMS

1. An azeo compound of formula (I) or (II):

Q, —NHCO N= NQ—N N
R
S04 H
SR 0-Cu-0. '
Q —NHCO‘Q’NZN N=N b
X—"Q2
R R

S04 H

"wherein Q, is a phenyl group of formula:

Rg

wherein Rg and Rg each independently represent a hydrogen atom,

a sulfo group, a sulfamoyl group, a C;-C4 alkyl group, a C1-Cyq

alkoxy group, a substituted amino group, a carboxy group or

a halogen atom, or

REPLACEMENT SHEET
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-44-  Substitute sheet — 18 October 2000

a naphthyl group of formula:

Ry

R

Rg

wherein Rq, Rg and Ry each independently represent a hydrogen

atom, a hydroxy group or a sulfo group:;

Q, represents a substituted of unsubstituted phenyl

group; R, and R, each independently represent a hydrogen
atom, a hydroxy group, a C,-C, alkyl group, a C,-C, alkoxy
group or a ﬁalogen atom; R; and R, each independently
represent a hydrogen atom, a hydroxy group, a C,-C, alkyl-- -

group, a C;-C, alkoxy group or a substituted amino group;
and ¥ represents -NH-, -NHCO- or -N=N-; or a salt

'thereof .

* c L M S *
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-45-- Substitute sheet — 18 October 2000

2. An azo compound according to claim 1

wherein X is -N=N- and 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 amino
group, a substituted amino group, a2 sulfo group, a C;-C, alkyl
group, a C,-C, alkoxy group or a carboxy group.

3. An azo compound according to claim 1
~wherein X is -N=N- and‘ins a phenyl group which is
substituted once or twice by unsubstituted or substituted amino
groups, and which may be further ;ubstituted by one or two
subtituents selected from a hydroxy group, a sulfo group, a
C&;C‘ alkyl group, a C,-C, alkoxy group or a carboxy group.

4. An azo compound according to claim 2 wherein X

is -N=N- and Q, is 4-hydroxyphenyl.

5. An azo compound according to claim 1-

wherein X is -NHCO- or -NH- and Q, is an unsubstituted phenyl
group or a phenyl group substituted by a hydroxy gfoup,”an
unsubstituted amino group, a2 substituted amino group, a sulfo
group or a'C,-C, alkoxy group.

6. An azo éompound éccording to any one of claims 1 to 5
wherein R, gnd R; each independently represent a hydrogen atom,

a methyl groﬁp, a2 methoxy group, a hydroxy group or a chlorine

atom.

7. An azo compound accofdiné to any one of claims 1 to 6

wherein R; and R, each independently represent a hydrogen atom,

a hydroxy group, a methyl group, an ethyl group, a methoxy

group, an ethoxy group or an acetylamino group.

8. A polarizing film which comprises an azo compound of

formula (I) or (II):

REPLACEMENT SHEET
18 OCT 2000
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Q, —NHCO QN N
X —Q,
SOy H

Ry

- | Ry Cu-0
Q, —NHCO Q‘N N
' L — Q2
Ri 303

wherein Q; represents a substituted or unsubstituted phenyl -

group or a substituted or unsubstituted naphthyl group, Q,

represents a substituted or unsubstitﬁted phenyl group;

R, and R, each independently,

represent a hydrogen atom, a hydroxy group, a C;-C, alkyl

group, a C;-C, alkoxy group or a halogen atom; Ry and Ry each

independently represent a hydrogen atom, a hydroxy dgroup,

a C;-C, alkyl group, a C;-C4 alkoxy group or a substituted
amino group; - and X represents -NH-, -NHCO- orxr -N=N-; or

a salt thereof;

R ) ) R

IOy oy

_ REPLACE
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-47-- Substitute sheet — 18 October 2000

and a polarizing film substrate.

9. A pol#rizing film according to claim 8 wherein the .
compound of formula (I} or (II) or salt thereof is as

defined in any one of claims 1 to 7.

10. A polarizing film according to claim 8 or 9 which

comprises one or more further organic dyes other than an azo

compound of formula (i) or (II) or salt thereof as

_defined in claim 8.

11. A polarizing film according to claim 10 wherein the

further orxrganic dyes are at,leas; two dyes selected from the
following groups {A]l 'and ([B}:

{aA] trisazo dyes of formula (IiIa) or (IIIb):

' on AT
[

» —N::N{O;;:N:N—B '

| R} So.H [
._ A_. 3 (SO3H}m (I11a)

0~Cu~0

Al —N=N©N-—-N
| N=N"Bl (11D

R,!
A SO3H (SO3H)m

. 1 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; Ralrepresents

asubstltutedaminoqroup,ahydrogenatom,a(h-c4alkylgroup

REPLACEMENT SHEET
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47s  Substitute sheet — 18 October 2000

or a C,-C, alkoxy group; R,’ represents a hydrogen atom, a
hydroxy group or a C,-C, alkoxy group; and m is 0 or 1; and
salts thereof; [(B] C.1. 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.TI.
Direct Red 247.

12. A polarizing film according to .claim 11 wherein the

further organic dyes are at least one dye selected from the

group (Al and at least one dye selected from the group ([B].

13. A polarizing film according to any one of claims 8

to 12 wherein the polarizing film substrate comprises
polyvigyl alcohol or a derivative thereof.
;14;‘ A laminate comprising a polarizing film according to
any one of claims 8 to 13 and a proteétive film on ohé.or
both sides of. the polarizing film. |
15.' A. process for the preparation of an azo compound of
formula (I) or (II) or salt thereof according to any one of

claims 1 to 7, which process comprises:

diazotizing a compound of formula (VI):
s 52
Q,—NHCO NH, (V1)

R1

e T 5

18 OCT 2000
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% .
wherein Q,, R, and R, are as defined in claim 1, and coupling

the resulting diazonium compound with a compound of formula . :
(VII):

Ry _

NH (VI)

Rs

wherein R; and R, are as defined in claim 1 or, when the
desired product is of formula (II}, R, is as defined in claim 1

and R, is hydroxy or methoxy, or with an w-methanesulfondted

derivative thereof;: : _—

optionally hydrolyzing the coupled'céhpbund,"diazotizing'ihé
compound thus obtained and coupling the resulting diazogiﬁm

cdmpound with a compound of formula (VIII): .

wherein X and Q,-are as defined in c¢laim 1,

to obtain an azo

compound of formula (I};

followed by the optional conversion of the compound of formula

REPLACEMENT SHEET
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b %

() thus obtained into the corresponding copper complex of .
formula (II); ;'
the optional conversion by demetalization of a compoupd-of t
formula (II) into a compound of formula (I} wherein R, is

hydroxy; and

the optional conversion of a compound of formula (I) or (II)

into a salt thereof.

Oy
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