
EP 0 307 866 B1 Description This invention relates to dichroic coloring
agents having a blue to blue violet hue for use in liquid crystals. 5
Recently, liquid crystal display elements have been widely used for a
variety of variable displays from the energy saving and miniaturization
viewpoints. Most of the liquid crystal display elements now being used
utilize the electro -optic effect of twisted nematic type liquid crystals.
A combination of two polarizing plates is required in this type of display
systems and actually causes many limitations in use. The so- called
guest-host system has been examined as an alternative liquid crystal
display system. The guest- 10 host system utilizes the electro- optic
effect of a colored liquid crystal composition obtained by dissolving a
dichroic coloring agent in a nematic liquid crystal. The guest - host
system has already been utilized in part as display elements for clocks,
electric and electronic appliances, industrial meters and other uses. The
principle of the guest - host type liquid crystal display system is to
arrange guest molecules of the dichroic coloring agent in oriented states
depending on the configuration of the host molecules of the liquid 15
crystal. The molecules of liquid crystals change direction of their
orientation from the OFF state to the ON state usually by applying the
external stimulus of an electric field. At the same time, the molecules of
the dichroic coloring agent also change the direction of their orientation.
Consequently, the degree of light absorption by the molecules of the
coloring agent varies between the OFF and ON states and excites the
display, which is the principle of the guest- host system. 20     The
minimum requirements for the dichroic coloring agent to be used are to
provide such essential conditions as: (a) having sufficient tinting
strength in small amounts, (b) exhibiting a sharp contrast, (c) having
sufficient compatibility with the liquid crystal, and 25   (d) being
excellent in durability and stability and not degrading performance of the
display unit after long use. Various kinds of dichroic coloring agents have
been proposed to meet the above conditions, and some of them have already
been used for digital clocks, meters and other applications.However,
coloring agents exhibiting a high dichroic ratio are poor in durability,
whereas those having excellent durability are too weak so in dichroism to
exhibit a clear display in practice. Many of these coloring agents still
have disadvantages to be overcome. EP -A -0120717 discloses anthraquinone
dyes which satisfy the requirements for pleochroic dyes used in liquid
crystal displays. The dyes are represented by the formula (I) 35
[err] [err] 40                          [err] wherein [err] is alkyl having
1 to 9 carbon atoms; alkoxyalkyl; [err] 50  wherein [err] is hydrogen,
alkyl having 1 to 9 carbon atoms, alkoxy having 1 to 9 carbon atoms or
cyloalkyl which may be substituted; or [err] 2    



EP 0 307 866 B1 wherein R4 is hydrogen, alkyl having 1 to 9 carbon atoms,
alkoxy having 1 to 9 carbon atoms, alkoxyalkyl, 10 0 H
-0-CH2..3    R5 wherein R5 is hydrogen, alkyl having 1 to 9 carbon atoms,
alkoxy having 1 to 9 carbon atoms or alkoxyalkyl, halogen or dialkylamino,
and m is an integer of 1 to 3, and R2 is alkyl having 1 to 18 carbon atoms,
alkoxyalkyl, aryl which may be substituted, cycloalkyl, furfuryl, aralkyl
or allyl. Since the relationship between the molecular structure of
pleochroic dye and the various properties has 20 not fully been clarified
yet, it is quite difficult to select a pleochroic dye which has a desired
hue and satisfies all requirements described herein - before based on
knowledge about known dyes. The present inventors conducted intensive
research into overcoming the above disadvantages and found dichroic
coloring agents which have a high dichroic ratio, excellent durability and
a blue to blue violet hue, and which are to date unknown for use in liquid
crystal displays. The present invention provides 25 dichroic coloring
agents for liquid crystal displays represented by the formula (1): o  NH2
30                vOcoo                                            (' H  R1
XR2 38 wherein X is S or NH; Ri is a hydrogen atom, halogen atom, alkyl
group or alkoxy group; and R2 is a hydrogen atom, alkyl group, aryl group
or aralkyl group. The characteristic of the dichroic coloring agents in
this invention is that an ester group containing a decahydronaphthyl group
is introduced to the 2 - position of an anthraquinone ring. By Introducing
the ester 40 group, the coloring agent of this invention shows a marked
increase in dichroic ratio and a remarkable improvement in durability
compared with similar anthraquinone base dichroic coloring agents which are
already known. Therefore the dichroic coloring agents of this invention are
very valuable in practice. As described above, the present invention
relates to dichroic coloring agents having a blue to blue violet hue for
use in liquid crystals. These coloring agents are represented by the
formula (I) as defined 45 above. Representative examples of Ri in formula
(I) include a hydrogen atom, fluorine atom, chlorine atom, methyl group,
ethyl group, n-pentyl group, n-heptyl group, n-octyl group, n-nonyl group,
3,5,5- trimethylhexyl group, methoxy group, ethoxy group and butoxy group.
Examples of R2 include a hydrogen atom, methyl group, ethyl group, butyl
group, phenyl group, 4- ethylphenyl group, 4- ethoxyphenyl group, 50 benzyl
group, 4- ethylbenzyl group, and 4- ethoxybenzyl group. Anthraquinone base
coloring agents wherein X is NH in formula (I) include, for example, 1,4 -
diamino - 2 - (decahydro - 2 - naphthyloxy)carbonylanthraquinone,  1,4 -
diamino - 2 - (trans - decahydro - 2 - naph -
thyloxy)carbonylanthraquinone,    1 - amino - 2 - (trans - decahydro - 2 -
naphthyloxy)carbonyl - 4 - methylamhnoanthraquinone,         1 - amino - 2
- (trans - decahydro - 2 - naphthyloxy)carbonyl - 4 - s6
ethylaminoanthraquinone,   1 - amino - 2 - (decahydro - 2 -
naphthyloxy)carbonyl - 4 - (4 - methylphenyl) - aminoanthraquinone, 1 -
amino - 2 - (trans - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
ethoxyphenyl) - aminoanthraquinone, 1 - amino -2- (trans - decahydro -2-
naphthyloxy)carbonyl -4- (4- chlorophenyl) - aminoanthraquinone,
1 - amino - 2 - (trans - decahydro - 2 - naphthyloxy)carbonyl - 4 - 3   



EP 0 307 866 BI benzylaminoanthraquinone,  1 - amino -2- (trans - decahydro
-2- naphthyloxy)carbonyl -4- (4-methyl - benzyl)aminoanthraquinone,   1 -
amino - 2 - (decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 - methyl -
phenetyl)aminoanthraquinone,   1,4 - diamino - 2 - (6  chloro - decahydro -
2 - naphthyloxy) - carboxylanthraquinone,         1,4 - diamino - 2 -
(trans - 6 - chloro - decahydro - 2 - naphthyloxy) - 5
carbonylanthraquinone,   1 - amino - 2 - (trans - 6 - chloro - decahydro -
2 - naphthyloxy)carbonyl - 4 - methylaminoanthraquinone,  1 - amino - 2 -
(trans - 6 - chloro - decahydro - 2 - naphthyloxy)carbonyl - 4 -
ethylaminoanthraquinone,   1 - amino - 2 - (6 - chloro - decahydro - 2 -
naphthyloxy)carbonyl - 4 - (4 - methylphenyl) aminoanthraquinone, 1 - amino
-2- (trans -6 -fluorodecahydro -2- naphthyloxy)carbonyl - 4- (4-
ethoxyphenyl)aminoanthraquinone, 1 - amino -2- (trans -6 -fluoro -
decahydro -2- naphthyloxy) - 10 carbonyl - 4 - (4 -
chlorophenyl)aminoanthraquinone,    1 - amino - 2 - (trans - 6 - fluoro -
decahydro - 2 - naphthyloxy)carbonyl - 4 - benzylaminoanthraquinone,  1 -
amino - 2 - (trans - 6 - bromo - decahydro - 2 - naphthyloxy)carbonyl -4-
(4- methylbenzyl)aminoanthraquinone, 1 - amino -2- (6- bromo - decahydro -
2 - naphthyloxy)carbonyl - 4 - (4 - methylphenethyl)aminoanthraquinone,
1,4 - diamino - 2 - (6 - methyidecahydro - 2 -
naphthyloxy)carbonylanthraquinone,  1,4 - diamino - 2 - (trans - 6 - methyl
- 75 decahydro - 2 - naphthyloxy)carbonylanthraquinone, 1 - amino - 2 -
(trans - 6 - methyidecahydro - 2 - naph - thyloxy)carbonyl -4-
methylaminoanthraquinone, 1 - amino -2- (trans -6- methyl - decahydro -2-
naph - thyloxy)carbonyl -4- butylaminoanthraquinone, 1 - amino -2- (6-
methyl - decahydro -2- naphthyloxy) - carbonyl - 4 - (4 -
methylphenyl)aminoanthraquinone,  1 - amino - 2 - (trans - 6 - ethyl -
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
butoxyphenyl)aminoanthraquinone,  1 - amino - 2 - (trans - 6 - ethyl - 2o
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
chlorophenyl)aminoanthraquinone, 1 - amino - 2 - (trans - 6 - butyl -
decahydro - 2 - naphthyloxy)carbonyl - 4 - benzylaminoanthraquinone,    1 -
amino - 2 - (trans -6 - isopropyl - decahydro - 2 - naphthyloxy)carbonyl -
4 - (4 - methylbenzyl)aminoanthraquinone, 1 - amino - 2 - <>, (6 - isobutyl
-decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
methylphenethyl)aminoanthraquinone,   1,4 - diamino - 2 - (6 - methoxy -
decahydro - 2 - naphthyloxy)carbonylanthraquinone. 1,4 - diamino - 2 -
(trans - 25 6 - methoxy - decahydro - 2 -
naphthyloxy)carbonylanthraquinone,    1 - amino - 2 - (trans - 6 - methoxy
- decahydro -2- naphthyloxy)carbonyl -4- methylaminoanthraquinone, 1 -
amino -2- (trans -6- methoxy - decahydro - 2 - naphthyloxy)carbonyl - 4 -
ethylaminoanthraquinone,  1 - amino - 2 - (6 - methoxy - decahydro - 2 -
naphthyloxy)carbonyl - 4 - (4 - methylphenyl)aminoanthraquinone, I - amino
- 2 - (trans - 6 - ethoxy - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
ethoxyphenyl)aminoanthraquinone, 1 - amino - 2 - 30 (trans -6 - ethoxy -
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
chlorophenyl)aminoanthraquinone,   1 - amino - 2 - (trans - 6 - butoxy -
decahydro - 2 - naphthyloxy)carbonyl - 4 - benzylaminoanthraquinone,  1 -
amino - 2 - (trans - 6 - butoxy - decahydro - 2 - naphthyloxy)carbonyl - 4
- (4 - methylbenzyl) - aminoanthraquinone,    1 - amino - 2 - (6 -
isobuthoxy - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
methylphenethyl)aminoanthraquinone, 1 - amino - 2 - (trans - 6 - isobutoxy
- decahydro - 2 - naphthyloxy) - 35 carbonyl - 4 - (4 -
chlorophenethyl)aminoanthraquinone,    and  I - amino - 2 - (trans - 6 -
octyloxy - decahydro - 2 - naphthyloxy)carbonyl - 4 -
methylaminoanthraquinone. The preferred decahydronaphthyl group used is in
a trans form. The dichroic coloring agent of this invention represented by
formula (I) wherein X is NH can be easily prepared by a conventional method
as described below. I -Amino -4- nitroanthraquinone -2- carboxylic 40 acid
is converted to an acid chloride by reacting with thionyl chloride and then
allowed to react with 2- decahydronaphthol derivative to give an ester
derivative. The compound wherein R2 is a hydrogen atom can be obtained by
reducing the nitro group of the resultant ester derivative. The compound
thus obtained is further reacted with an alkyl halide or an aralkyl halide
to give compounds wherein R2 is an alkyl or 



aralkyl group. The compound wherein R2 is an aryl group can easily be
obtained by reacting 1 -amino - 45 4- bromoanthraquinone -2- carboxylic
acid with arylamine, followed by esterifying with a 2- de - cahydronaphthol
derivative. Crude coloring agents can be purified by recrystallization,
column chromatog - raphy and other processes to provide high purity
coloring matters. Representative examples of anthraquinone coloring agents
in this invention wherein X is S include 1 - amino - 4 - ethylthio - 2 -
(decahydro - 2 - naphthyloxy)carbonylanthraquinone,  1 - amino - 2 - (trans
- so decahydro - 2 - naphthyloxy)carbonyl - 4 - n -
propylthioanthraquinone, 1 - amino - 2 - (trans - decahydro - 2 -
naphthyloxy)carbonyl - 4 - methylthioanthraquinone,  1 - amino - 2 - (trans
- decahydro - 2 - naph - thyloxy)carboxyl -4- ethylthioaminoanthraquinone,
1 - amino -2- (decahydro -2- naphthyloxy)carbonyl - 4 -
butylthioanthraquinone,1 - amino - 2 - (trans - decahydro - 2 -
naphthyloxy)carbonyl - 4 - (4 - ethoxyphenyl)thioanthraquinone,  1 - amino
- 2 - (trans - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 - 5a
chlorophenyl)thloanthraquinone, 1 - amino - 2 - (trans - decahydro - 2 -
naphthyloxy)carbonyl - 4 - benzyl - thioanthraquinone,   1 - amino - 2 -
(trans - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 - methylbenzyl) -
thioanthraquinone,   1 - amino - 2 - (decahydro - 2 - naphthyloxy)carbonyl
- 4 - (4 - methylphenethyl) - thioanthraquinone,              1 - amino - 2
- (6 - chlorodecahydro - 2 - naphthyloxy)carbonyl - 4 - 4    EP 0 307 866
B1 ethylthioanthraquinone,   1 - amino - 2 - (trans - 6 - chloro -
decahydro - 2 - naphthyloxy)carbonyl - 4 - n - butylthioanthraquinone, 1 -
amino - 2 - (trans - 6 - chloro - decahydro - 2 - naphthyloxy)carbonyl - 4
- meth - ylthioanthraquinone, 1 - amino - 2 - (trans - 6 - chloro -
decahydro - 2 - naphthyloxy)carbonyl - 4 - ethylthio - anthraquinone,  1 -
amino - 2 - (6 - chloro - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
methylphenyl) - 5  thioanthraquinone, 1 - amino - 2 - (trans - 6 - fluoro -
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 - ethox -
yphenyl)thioanthraquinone,  1 - amino - 2 - (trans - 6 - fluorodecahydro -
2 - naphthyloxy)carbonyl - 4 - (4 - chlorophenyl)thioanthraquinone,  1 -
amino - 2 - (trans - 6 - fluoro - decahydro - 2 - naphthyloxy)carbonyl - 4
- benzylthioanthraquinone, 1 - amino - 2 - (trans - 6 - bromo - decahydro -
2 - naphthyloxy)carbonyl - 4 - (4- methylbenzyl)thioanthraquinone, 1 -
amino -2- (6- bromo - decahydro -2- naphthyloxy)carbonyl -4- 10 (4 -
methylphenethyl)thioanthraquinone,  1 - amino - 2 - (6 - methyidecahydro -
2 - naphthyloxy)carbonyl - 4- (4- ethylphenyl) thioanthraquinone, 1 - amino
-2- (trans -6- methyl - decahydro -2- naphthyloxy) - carbonyl - 4 - (4 -
butoxyphenyl)thioanthraquinone,  I - amino - 2 - (trans - 6 - methyl -
decahydro - 2 - naphthyloxy)carbonyl - 4 - methylthioanthraquinone,    1 -
amino - 2 - (trans - 6 - methyl - decahydro - 2 - naphthyloxy)carbonyl - 4
- butylthioanthraquinone,  1 - amino - 2 - (6 - methyl - decahydro - 2 -
naph - 15 thyloxy)carbonyl - 4 - (4 - methylphenyl)thioanthraquinone,  1 -
amino - 2 - (trans - 6 - ethyidecahydro - 2 - naphthyloxy)carbonyl - 4 - (4
- butoxyphenyl)thioanthraquinone,  1 - amino - 2 - (trans - 6 - ethyl -
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
chlorophenyl)thioanthraquinone,  1 - amino - 2 - (trans - 6 - butyl -
decahydro - 2 - naphthyloxy)carbonyl - 4 - benzylthioanthraquinone,  I -
amino - 2 - (trans - 6 - isopropyl - decahydro - 2 - naphthyloxy)carbonyl -
4 - (4 - methylbenzyl)thloanthraquinone,  1 - amino -2- 20 (6 - isobutyl -
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
methylphenethyl)thioanthraquinone,  1 - amino -2- (6- methoxy - decahydro
-2- naphthyloxy)carbonyl -4- phenylthioanthraquinone,  1 - amino - 2 -
(trans - 6 - methoxydecahydro - 2 - naphthyloxy)carbonyl - 4 -
phenylthioanthraquinone, 1 - amino - 2 - (trans - 6 - methoxy - decahydro -
2 - naphthyloxy)carbonyl - 4 - methylthioanthraquinone,  1 - amino -2-
(trans -6- methoxy - decahydro -2- naphthyloxy)carbonyl -4-
ethylthloanthraquinone, 1 - amino -2- (6- 25 methoxy - decahydro - 2 -
naphthyloxy)carbonyl - 4 - (4 - methylphenyl)thioanthraquinone,  1 - amino
- 2 - 



(trans - 6 - ethoxy - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 -
ethoxyphenyl)thioanthraquinone,    1 - amino - 2 - (trans - 6 - ethoxy -
decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 - chlorophenyl) -
thioanthraquinone,  1 - amino - 2 - (trans - 6 - butoxy - decahydro - 2 -
naphthyloxy)carbonyl - 4 - benzyl - thioanthraquinone,   1 - amino - 2 -
(trans - 6 - butoxy - decahydro - 2 - naphthyloxy)carbonyl - 4 - (4 - 3o
methylbenzyl)thioanthraquinone, 1 - amino - 2 - (6 - isopropoxy - decahydro
- 2 - naphthyloxy)carbonyl - 4 - (4 - methylphenethyl)thloanthraquinone,  1
- amino - 2 - (trans - 6 - isobutoxy - decahydro - 2 - naph -
thyloxy)carbonyl - 4 - (4 - chlorophenethyl)thioanthraquinone,  and   1 -
amino - 2 - (trans - 6 - octyloxy - decahydro - 2 - naphthyloxy)carbonyl -
4 - methyfthioanthraqulnone. The preferred decahydronaphthyl group used is
in a trans form. 35    The dichroic coloring agents of this invention
represented by formula (I) wherein X is S can be easily prepared by a
conventional method as described below. 1 - Amino -4- nitroanthraquinone
-2- carboxylic acid is converted to an acid chloride by reacting with
thionyl chloride and then allowed to react with a 2- decahydronaphthol
derivative to give an ester derivative. Then the nitro group of the
resultant ester derivative can be easily substituted by R2SH %R2 Is the
same atom or group as formula (1)) in the presence 40 of a base to give the
coloring agent. The crude coloring agent thus obtained can be purified by
recrystallization or column chromatography to obtain a high purity product.
The dlchroic coloring agents of this invention are incorporated with liquid
crystals to form a liquid crystal composition for color display. The
composition can be used for conventional display units. The liquid crystals
which may be used include, for example, mixtures of cyano - biphenyl base
liquid 4s crystals such as 4 - cyano - 4- n - pentylbiphenyl, 4 - cyano - 4
- n - propoxybiphenyl, 4 - cyano - 4- n - pentyloxybiphenyl, 4 - cyano - 4
- n - octyloxybiphenyl and 4 - cyano -4 - n - pentylterphenyl. This type of
liquid crystal is available commercially as E - 8 (trademark, Merck & Co.,
Inc.). Other types of liquid crystals which may be used include, for
example, mixtures of. cyclohexane base liquid crystals such as trans -4- n
- propyl - (4 - cyanophenyl)cyclohexanetrans - 4 - n - pentyl - (4 -
cyanophenyl)cyclohexane,  trans - 4 - 5o  n - heptyl - (4-
cyanophenyl)cyclohexane, and trans -4- n - pentyl -(4-
cyanobiphenyl)cyclohexane. The latter type of liquid crystals is available
commercially as ZLI -1132 and ZLI -1840 (trademark, Merck & Co., Inc.).
Optically active substances such as cholesteryl nonanoate and optical
rotatory 4- cyano -4'- isopen - tylbiphenyl may be added to the liquid
crystals listed above to prepare a so -called chiral nematic liquid 5s
crystal mixture. The mixture is in a cholesteric phase state when no
electric field is applied, and is converted to a nernatic phase state when
an electric field is applied. Liquid crystals are not limited to the
examples listed above. Other examples which may be used include other types
of biphenyl base liquid crystals. phenylcyclohexane base liquid crystals,
liquid crystals based on Schiff's base, ester base liquid 5    EP 0 307 866
BI crystals, pyrimidine base liquid crystals, tetrazine base liquid
crystals and various other liquid crystals. These liquid crystals may be
used singly or in a combination of two or more. The coloring agents of this
invention may be used singly or in combination of two or more. The
concentration of the coloring agent used should be in such a range that the
coloring agent can be 5  completely dissolved in the liquid crystals and
that the orientation of the molecules of the coloring agent can be
sufficiently adjusted on the basis of the molecular orientation of the
liquid crystal. The concentration is generally 0.01 - 10% by weight and
preferably 0.1 - 5% by weight of the liquid crystals. 



The dichroic coloring agent of this invention may be mixed with other
dichroic or nondichroic coloring agents. Dichroic coloring agents having
any desired hue can be provided by this method. When the 10 dichroic
coloring agent is dissolved in the liquid crystals, a prescribed amount of
the coloring agent is added to the liquid crystal and stirred for a long
period of time. The stirring may also be conducted above ->   the
temperature where the liquid crystals form an isotropic state to obtain a
desired liquid crystal composition for color displays. is Examples The
synthesis examples of the anthraquinone base dichroic coloring agents of
this invention will hereinafter be described. In Table 1, typical coloring
agents are illustrated by structure, colors in solution, and dichroic
ratios at the maximum absorption wave length in the liquid crystal ZLI-
1840 of Merck & Co., 20 Inc. The dichroic ratios are measured by the
following methods. Each 1.0% by weight of the coloring agents is dissolved
in a typical liquid crystal (ZLI -1840: trademark, Merch & Co., Inc.). The
resultant solution Is >> sealed in a liquid crystal cell having a thickness
of 10 um which has been pretreated to obtain a homogeneous orientation,
placed in the optical path of a spectrophotometer, exposed to linearly
polarized 25 lght which is parallel to the orientation of the liquid
crystal, and its absorbance Al i is measured. Then the cell is exposed to
the linearly polarized light which Is perpendicular to the orientation of
the liquid crystal and Its absorbance Al is measured. The dichroic ratio is
calculated from the following equation: 30 Dichroic ratio = A as All the
dichroic coloring agents of this invention exhibit an extremely high
dichroic ratio. Part and parts in the examples mean part by weight and
parts by weight, respectively. Example 1 40     A mixture containing 150
parts of o - dichlorobenzene, 18.7 parts of 1 - amino -4-
nitroanthraquinone - 2-carboxylic acid, 0.3 part of pyridine and 17.9 parts
of thionyl chloride was stirred for 30 minutes and Y@, heated to 100 -
105-C for 2 hours with stirring. After completely distilling off excess
thionyl chloride under reduced pressure, 18.5 parts of decahydro -2-
naphthol (cisxtrans = 1:1) was added and heated to 100 - 105-C for 2 hours
with stirring. To the reaction mixture, 10 parts of 90% hydrazine hydrate
was added and 45  heated to 100 - 105-C for 2.5 hours with stirring to
complete the reaction. After cooling, the reaction mixture obtained was
poured into 180 parts of methanol, stirred for 1 hour, cooled with Ice,
filtered, washed with methanol and dried. The crude product thus obtained
was 20.5 parts. The crude product was purified by column chromatography
using silica gel and a toltene developer. The amount of 1,4-diamnino-2-
(decahydro-2-naphthyloxy)carbonylanthraquinone was 10.5 parts (45% yield)
(coloring agent I in Table 50  1).
- In a small beaker, 1 part of the above obtained coloring agent was added
to 100 parts of liquid crystal ZLI - 1840 of Merck & Co., Inc. and heated
to about 80 * C with stirring to obtain a completely clear solution. The
solution was allowed to cool and the colored liquid crystal thus obtained
was sealed in a liquid crystal display element under reduced pressure. The
display unit indicated a blue color when no voltage was s5 applied. When a
voltage was applied, only the electrode portion of the display unit turned
colorless and exhibited a good contrast. The dlchroic ratio of the purified
coloring agent indicated 10.3 at the maximum absorption wave length of 638
nm. A weathering test of 200 hours with a sunshine weather meter led to
changes of 1% or less in the absorption spectrum and the dichroic ratio,
thereby exhibiting good results. 6  



EP 0 307 866 B1 Example 2 The same reaction procedures as described in
Example 1 were carried out, except that trans - decahydro -2- naphthol was
used in place of decahydro -2- naphthol (cis.trans = 1:1). The reaction 5
product was purified to obtain 1,4 - diamino - 2 - (trans - decahydro - 2 -
naphthyloxy)carbonylanthraquinone (coloring agent 2 in Table 1). The
dichroic ratio of the coloring agent indicated a good result and was 15.2
at the maximum absorption wave length of 638 nm. The same weathering test
as in Example 1 also exhibited similarly good results. io  Example 3 A
mixture  containing  7.6  parts *of
1,4-diamino-2-(trans-decahydro-2-naphthyloxy)- carbonylanthraquinone
obtained in Example 2, 47.5 parts of sulfolane, 6.5 parts of patassium
carbonate and 8.4 parts of methyl iodide was stirred at 60 - 65 * C for 3
hours. The reaction mixture was cooled, filtered, 15 washed with water and
dried. The crude product thus obtained was purified by column
chromatography using silica gel and a toluene developer. 1 - Amino - 2 -
(trans - decahydro - 2 - naphthyloxy)carbonyl - 4 -
methylaminoanthraquinone (coloring agent 3 in Table 1) was obtained in an
amount of 4.7 parts (60% yield). The dichroic ratio of the coloring agent
thus obtained was 14.1 at. the maximum absorption wave length of 672 nm.
The same weathering test as Example 1 also exhibited good results. 20
Examples 4 - 28 The coloring agents of formula (I) wherein X is NH
(coloring agents 4-28) were prepared by carrying out the same procedures as
described in Examples 1 - 3. The structures, dichroic ratios and other 26
properties of these coloring agents are summarized in Table 1. Example 29 A
mixture containing 312 parts of dimethylsulfoxide, 10.4 parts of potassium
carbonate and 16.3 parts of 9o  4-n - butoxythiophenol was maintained at 60
* C and 15.6 parts of 1 - amino -4- nitroanthraquinone -2- carboxylic acid
was added. The mixture was reacted for 7 hours at 55 - 60' C and poured
into 500 parts of water. To the resultant aqueous mixture, 70 g of sodium
chloride was added and allowed to stand for 2 hours. Then the mixture was
filtered, washed with water and dried. To the mixture containing 8.9 parts
of the reaction product and 50 parts of o - dichlorobenzene, 0.2 part 35
of pyridine and 6.7 parts of thionyl chloride were successively added and
reacted at 100 * C for 2 hours. After distilling off excess thionyl
chloride under reduced pressure, 7.7 parts of decahydro-2-naphthol were
added and reacted at 100 - 105' C for 2 hours. The reaction mixture was
cooled and poured into 300 parts of methanol. The precipitated solid mass
was filtered, washed with methanol, washed with water and dried. The crude
product obtained was 9.3 parts. The crude product was purified by column
chromatog - 40 raphy using silica gel and a toluene developer. 1 - Amino
-2- (decahydro -2- naphthyloxy)carbonyl -4-
(4-n-butoxyphenyl)thioanthraquinone (coloring agent 29 in Table 1) was
obtained in an amount of 6.4 parts (54% yield). In a small beaker, 1 part
of the above -obtained coloring agent was added to 100 parts of liquid
crystal ZU - 1840 of Merck & Co., Inc. and heated to about 80* C with
stirring to obtain a completely clear solution. 45 The solution was allowed
to cool and the colored liquid crystal thus obtained was sealed in a liquid
crystal display element under reduced pressure. The display unit indicated
a blue violet color when no voltage was applied. When a voltage was
applied, only the electrode portion of the display unit turned colorless
and exhibited good contrast. The dichroic ratio of the purified coloring
agent indicated 11.2 at the maximum 



absorption wave length of 590 nm. The same weathering test as described In
Example 1 led to changes of 5o  1% or less in absorption spectrum and
dichroic ratio, thus exhibiting good results. Example 30 The same reaction
procedures as described in Example 29 were carried out, except that trans -
66 decahydro-2-naphthol was used in place of decahydro-2-naphthtol
(cisltrans = 1:1). The reaction product was purified to obtain 1 - amino
-2- (trans - decahydro -2- naphthyloxy)carbonyl -4- (4-n -
butoxyphenyl)thioanthraquinone (coloring agent 30 in Table 1). The dichroic
ratio of the coloring matter indicated a good result and was 15.8 at the
maximum absorption wave length of 590 nm. The same 7    EP 0 307 866 BI
weathering test as in Example 1 also exhibited similar good results as in
Example 29. Example 31 5     The same reaction and purification procedures
as described in Example 29 were carried out, except that n - butylmercaptan
was used in place of 4-n - butoxythiophenol. 1 - Amino -2- (trans -
decahydro - 2- naphthyloxy)carbonyl -4-n - butylthioanthraquinone (coloring
agent 31 in Table 1) was obtained in an amount of 4.7 parts (yield 60%).
The dichroic ratio of the coloring agent was 14.4 at the maximum absorption
wave length of 576 nm. The weathering test gave similar good results as in
Example 1. 10 Examples 32 - 56 The coloring agents of formula (I) wherein X
is S (coloring agents 32-56) were prepared by carrying out the procedures
as described in Examples 29 - 31. The structures, dichroic ratios and other
properties of 15 these coloring agents are summarized in Table 1. 20 25 30
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Claims 1. Dichroic coloring agent for liquid crystal displays represented
by the formula (1): 5 0 NH2 coo
(I} 



10rxI(T                                  KI>.R 0  XR2 wherein X is S or NH;
RI is a hydrogen atom, halogen atom, alkyl group or alkoxy group; and R2 is
a 15     hydrogen atom, alkyl group, aryl group or aralkyl group. 2. The
coloring agents as claimed in claim 1 wherein the decahydronaphthyl group
in formula (1) is in a trans form. 20  3  The coloring agents as claimed in
claim I wherein X in formula (I) is S. 4. The coloring agents as claimed in
claim 1 wherein X in formula (I) is NH. 5. The coloring agents as claimed
in claim 2 wherein X in formula (I) is S. 25 6. The coloring agents as
claimed In claim 2 wherein X in formula (1) is NH. 7. The coloring agents
as claimed in claim 3 wherein R2 in formula (1) is an aprl. group. 9o  &
The coloring agents as claimed in claim 4 wherein R2 in formula (1) is a
hydrogen atom. 9. The coloring agents as claimed in claim 4 wherein R2 in
formula (1) is an aryl group. 10. The coloring agents as claimed in claim 5
wherein R2 in formula (1) is an aryl group. 35 11. The coloring agents as
claimed in claim 6 wherein R2 in formula (1) is a hydrogen atom. 12. The
coloring agents as claimed in claim 6 wherein R2 in formula (1) is an aryl
group. 40 Patentanspriche v   1. Dichroitisches Farbmittel far
FlOssigkristallanzeige - Vorrichtungen, das durch die Formel (1): 50    N2
dargesteilt wird, worin X S oder NH ist; R1 emn Wasserstoffatom,
Halogenatom, eine Alkylgruppe oder Alkoxygruppe ist und Re emn
Wasserstoffatom, eine Alkylgruppe, Arylgruppe oder Aralkylgruppe ist. 55 2.
Die Farbmittel nach Anspruch 1, bel denen die Decahydronaphthylgruppe in
Formnel (I) in elner trans - Form vorliegt. 3. Die Farbmittel nach Anspruch
1, in denen X in Formel (I) S 1st. 15    4. Die Farbmittel nach Anspruch 1,
in denen X in Formel (I) NH ist. 5. Die Farbmittel nach Anspruch 2, in
denen X in Formel (I) S ist. s  6. Die Farbmittel nach Anspruch 2, in denen
X in Formel (I) NH ist. 7. Die Farbmiftel nach Anspruch 3, in denen R2 in
Formel (I) eine Arylgruppe ist. 8. Die Farbmittel nach Anspruch 4, in denen
R2 in Formel (f) ein Wasserstoffatom ist. 10 9. Die Farbmittel nach
Anspruch 4, in denen R2 in Formel (I) inse Arylgruppe ist. 10. Die
Farbmittel nach Anspruch 5, in denen R2 in Formel (I) eine Arylgruppe ist.
15 11. Die Farbmittel nach Anspruch 6, in denen R2 in Formel (I) ein
Wasserstoffatom ist. 12. Die Farbmiffel nach Anspruch 6, in denen R2 in
Formel (I) eine Arylgruppe ist. Revendicatlons 20 1. Agent colorant
dichroTque pour affichages b cristaux liquides represent4 par la formule
(I): 25                      t           C O O-+   1
- O .XR2 



30 dans laquelle X est S ou NH ; R1 eat un atome d'hydrogbne, un atome
d'halogbne, un groupe alkyle ou un groupe alcoxy ; et R2 est un atome
d'hydrogbne, un groupe alkyle, un groups aryle ou un groupe aralkyle. 35 2.
Les agents colorants selon la revendication 1, dans lesquels le groupe
decahydronaphtyle dans la formule (I) est sous la forme trans. 3 Les agents
colorants selon la revendication 1, dans lesquels X dans la formule (I) est
S. 40 4. Les agents colorants selon la revendication 1, dans lesquels X
dans la formule (I) est NH. 5. Les agents colorants selon la revendication
2, dans lesquels X dans la formule (I) est S. 45  6. Les agents colorants
salon la revendication 2. dans lesquels X dans la formule (I) est NH. 7.
Les agents colorants selon la revendication 3. dans lesquels R2 dans la
formule (1) est un groupe aryle. 8  Les agents colorants selon la
revendication 4, dans lesquels R2. dans la formule (1) est un atome 50
d'hydrogbne. 9. Les agents colorants solon la revendlcation 4, dans
lesquels R2 dans la formule (1) est un groupe aryle. 10. Les agents
colorants solon la revendication 5j dans lesquels R2 dans la formule (1)
eat un groupe aryle. 55 11. Les agents colorants selon la revendication 6,
dans lesquels R2 dans la formule (I) est un atome d'hydrogene. 16    *
~     ~~~~~~~EP 0 307 866 B1  .1l111ll 12. Les agents colorants selon la
revendication 6, dans lesquels Ra dans la formule (I) est un groupe aryle.
5 10 16 20 25 30 36 40 45 50 55 17    


