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- 1 -«Dichroic anthraqui nonic dyes 2140816 This invention relates to
novel dichroic dyes and a liquid crystalline conposition for color display
conprisi.ng such a di chroi.c dye. Mre spe?LI|caIIy, this invention relates-
to 5 ngvel anthraqui noni c conmpounds$ havi'ng di chroic pro- perty represented

by the Xﬁnula [etr] ,wherein, each of [ery] and [err]
hgdrog \ fom a M&-&M&nﬁp or a hydr?yxfzeégir% i n which

the ami no or hydroxyl gro fhgay be substituted by an al kyl group having 1 £
to 4 carbon atons; each of ah@vgntiepresén@QSa pyae¥gdndicbrpies a
roup or an_ al kyl group_having 1

hal t yd
Lo 0 arbon at GhEes | sndif chiad aé?éﬁﬁﬁmhyp@aes%repyrpn eALoR k)

b benyl d/
O Dhony T ane’ o oEEEtay e AbOIYESR. 2UBH o BikbrofR AYNTorot r oup iy be
substituted by an al ky' Ordpe é’fflé@ﬂr cam gagzgnimg o8 ggg.ﬁ.ﬁse”gs an

oxygen or sul fur aton an esent's an group avin

carbon at om rmmiuprmmh&mn@ascns&iaybeﬁesrrrawm52§1cnk-81£h§ra' LKyl
group may be replaced by an oxygen atom [err]an oxycCarbonyl group and/or a

perty represented by the formula
X 0 X :
LOCO-@ w
N C ™
Xg X; 0 X, o

each of xl, Xa, x3 and'xu represents a

wherein

10 hydrogen atom, a halogen atom, an amins group or a
hydroxyl group, .in whichlthe amino or hydroxyl group
may be substituted by an alkyl group having 1 to 4
carbon atoms;
each of Xs and X5 reeresents a hydrogen atom,
15 a halogen atom, an amino group, e,hydroxyl group or
an elkyl group having 1 to 15 carbon atoms, in which
at least one methylene moiety in the alkyl group may
be replaced by an oxygen atom, IRl ONFE—FRORPy an
oxycarbonyl group'and/or a phenyiene group, and the
20 amino group or the hydroxyl group may be substituted
by an alkyl group having 1 to 4 carbon atoms;
Y represents an exygen or sulfur atom; and
Z represents an alkyl group having 3 to 15
carbon atoms, in which at 1east one methylene molety
25. in the alkyl group may be replaced by an oxygen atom,
f—earboxyl—agroudy an oxycarbonyl group and/or a



- 2 - bﬁenylene group. The invention also relates to a liquid crys- talline
cofpositfon for.use in display devices utiliz- ing the el ectro-optical

effects of liquid.crystals, 5 sai d composition conprising liquid cry 'ETS\
and dis- solved therein at |east. one anthraqui nonic dichroic dye b
represented by formula (1) above. In recent years, liquid crystal di
el ements have gai ned wi despread acceptarmce i-n the field 10 of di spl
ekements to save energy. and reduce the size of display devices. Mst of the
liquid crystal diséh%éyiﬁﬁﬁmﬁﬁgyﬁnnm in use utilize the el ectro-optical

effect of twisted nematic ligQuid crystals. They are required,to_ he used in
conbi nat#on with two pol ari z@be fir'f‘f%ftjaﬂ{ﬂ 80 ’Férﬁ%er"fag’ﬂ iac(ljii&‘l'é I Fé'y.s;

i nposed ‘e# their l%#? i t i J540QY e d
crystal display by ]éixggje%@o%sﬁ%e%\%hﬁﬁéuﬁ Iéizs}?ﬁe el rez%tq'r é‘-"&%#?cm
ef fect of a color i 4Eh Side t o ' igNg a
dichroic dye in nghé n%??%é?’%ﬁo crystafs aig)bdg‘enqq'g‘% gﬁ%glrﬁ'st’p sone
extent come irmgo pé@fd'@&ﬁpéﬁﬁidh%n?ﬂﬁ%i@%ﬁﬂﬂdj hydtialisC aingARRlslances,

and industrial nmeasuring instruments. The guest-host node |iquid crystal

di splay 25 net hosoDpsd atltsrain tdee Jyastwigie ddtirauiiicnie duenriiecul es
as a guest are oriented according to the alignnent of liquid crystal
ol ecul es as a hosdye Amgpresanted diy fommtla Hl) sbomd.us which is usually

In recent years, liquid crystal display
k\_/ elements have gained widespread acceptdnce in the field
10 of display elements to save energy and reduce the silze
of display devices. Most of the liquid crystal display
elements now in use utilize the eléctro-optical.éfrect
of twisted nematic liquid crystals. They are required
to be used in combination with ﬁwo polarized films, and
15 many restrictions are imposed on their use. As an
alternative érystal display method, liquid crystal
display by the guest-host mode which utilizes the
electro-optical effect of a colored liquid crystal
K\/’ composition obtained by dissolving a dichroic dye in
20 nematic liquid crystals has been studied, and to some
extent come into practical use in watches, household
electrical appliances, and industrial measuring
instruments.
The guest-host mode liquid crystal display
25 method operates on the principle that dichroic dye
molecules as a guest are oriented according to the
alignment of liquid crystal molecules as a host.

Application of an external stimulus which is usually



<

an electric field changes the aligning direction of liquid crystal

: nnlecules fromthe "off" state to the "on" state, and at the sane tinme, the -
.direc- tion of the dichroic dye nol ecul es al so changes. 5-
Conseqyently, the degree of |ight absorption by the dye mol ecul es differs

l he two states, and display is thus effected. The dichroic dye used
met hod shoul d at | east neet rh§1ﬁﬂlomﬁng require- nents. (1) It

has sufficient colaoring ablllty in 10 noynt s. 2., It has a high;Q
di chroi ¢ rati oamfdesididse tggaﬂ %FﬁbdéﬁgF%&Q i 8h of a
vol t age and th abs ce of volta as w3\ Gl olubility in
liquid cryst aI j'(‘{A'I)""ylst é"ﬁcgﬁl (ﬂﬂ "%, £ 25 ?’t % '%' d -does

not degrade. 15 nhe or I e e 4 |§gﬁsed
for a long peri o %ﬁi{% a(ﬁf%?ae oeloc yeg’s\gnr‘fgetaq\%?t%egbgkg
requirements h rf‘ q’teaﬁ%éclh&%ﬁﬁz diRS Gib 1L Iles HAH PHatiglesqal ned

accept ance |n neters, etc. But they have one or nore 20
def ects Whl Q{] 3; 0 tife TIEEL DS HPh © a8t 1oy ke ng a high
di chroic ratlo ave poor urablllty, and those having excellent durability
do not have a (i miledlids dfifdrdaeticer By theHtates) andcti cal
applications. |In particular, with regard to dichroic 25 dyes having a
reddi sh col or, cisplardis thies efffecteatldi Thedivhroie Kiyevused Have a
relatively hlgh dichroic ratio, but they have too |ow durability to be
practical. The mmmmmmmggmw Ijeefa\they following require—

ments. (1) It has sufficient coloring ability in -

10 small amounts. (2) It has a high dichroic ratio, and
shows a high contrast between the'application of a
voltage and the absence of a voltage. (3) It has
sufficient solubility in liquid crystals. .(4) It has

- excellent durability, is stable, and does not degrade

15 the performance of a display device even when it is
used for a long period of time. Various dichroic dyes
meeting the above requirements have already been pro-
posed and to some extent gained acceptance in digltal
clocks, metefs, etc. But they have one or more \_/}

20 defects which are desired to be remedied. PFor example,
those having a high dichroic ratio have poor durability,
and those having excellent durability do not have a
dichroic ratio which permits clear display in practical

- applications.  In particular, with regard to dichroilc

25 dyes having a reddish color, some azolc dyes of a
reddish color ere known to have a relatively high
dichroic ratio, but they have too low durability to be

practical. The anthraquinonic dyes generally having



good dur.ability have been proposed; but none of themcan be said to haye a

sdichroic ratig on a practically feasible level. This situation mark
restricts.the usage of guest-host node crystal display elements. 5 ,
Accordingly, -it has been strongly desired in the art to devel op dyes-kdvi ng

excellent durability and a high dichroic Jatio, particularly those of a
reddi sh color tone. The present inventors, Tn an attenpt to nmeet 10 this

equi renent, have | ' S, t e have
% proved to be %ﬁ%‘??%k/%sa | g&%&%&ﬁ‘?%‘f%ﬁ/,b%enég%rr%g'u%é%%f t he
fol- low ng for r | o pd I a9 [y
Japaneses. Lai d- Ongéa?]n I[Dgé e%ﬁﬂcgu%? %ﬁoﬁ%&{ 12367%%%%6&?554}% I ar%%?ir]fy

structue to the coapOIESIOfenENEMM s fHIERE BLdR Jmd FkTGO B YTE Wst kHehi S

i nvention cannot fully neet the demand of the market in regard to its
solubility in 20 usageuot guest-hes+ atslie terystaDVEIsplahasl dneartsdesi red.

It is an object of this invention therefore to provide a novel dichroic dye
whi ch can conpl et Atgormdingline Hf dias bekn e orgintdesimead dimgheo aiti o

i nvention, novel an- 25 t hraqui noni ¢ conpounds of general fornmula (1) are
provi ded ‘as di chrédexeligpsdyesmshaving exeshisnt diurabiktiuliand 1@ ahe a

character- : _
. dichroic ratio, particularly those of a reddish color

tone.’

The present Inventors, in an attempt to meet
this requirement, have alrady proposed many dichroic
dyes, but these dyes have not proved to be entirely
satisfactory. Particularly, the compound bf the fol-

lowing formula
0 OH
: " ! 0]
CU()-®
5w,
2
15 which the present inventors proposed in Japanese ﬁaid-
Open Patent Publication No. 123673/1980 is similar in
structure to the compounds of general formula (I) in
accordance with this invention cannot fully meet the
demand of the market in regard to its solubility in
20 liquid crystals, and its improvement has been desired.
It is an_ogject of this invention therefore
to provide é novel dichréic dye which can completely
meet the aforesaid requifement.

Accgrd;ng,ﬁo this invention, novel.an—

25 thraquinonic compounds of general formula (I) are

at



istfcally hi gher dichroic ratio than the anthraqui nonl dichroic dyes

pr opos eretofore. They also have 5 excellent durability, are. stable, and
have goQdssolu- bility in various liquid crystals. - Thus, the conpounds of
f or mul ) fully meet the requirements of dichroic dyes to be applied to

liquid crystal color display devices._1 _ The di chroi c dyes of
formula (1) in accordance with this invention can be synt hesi zed by _
subj ecting a coppovided§ash@itwroid adyed.r| wherein [err] and [err] are 15 i
the same atons or groups as [err] X5, X6 and Y in formula (I), or precursor
capabl e of bei Nnjosbnofrtire tompdendsinel aformula (I bupsve aancehea maotpand
represented by the fornmula [err] wherein Z' represents the sane atom-or

group as Z in fhstdeally)highen ¢ichreterratirbikanftheisntheaauinanivd t he
sanme atan or group, to dehydrochlorinating condensati on and dehydrocycllza-
25 tion in a flenrede| 4¥9si peppoted heretofersr sTReY Also haye

o-di chl or obenzene and ni trobenzene, and opti.onall 5§Lect| t he product
to a required aetcellent durabilifh, apecstanl %xd%ﬁf Yt & sund  of
formul a

bility in various liquid crystals. Thus, the compounds

of formula (I) fully meet the requirements of dichroic

dyes to be applled to liquid crystal color.display

devices. _ L
10 : The dichroic dyes of formula (I) in accordance \uif

with this invention can be synthesized by subjecting

~a compound of the formula

lY-H

wherein X!, X3, Xt and Y' are

s e X4,
15 the same atoms or groups as Xl, Xz, X3, X
XS’ X6 and Y in formula (I), or precursor |
capable of being converted to the \d/
same atoms or groups,

and a compound represented by the formula

20 ClOG-<C::>-Z' "~ (Ib)

wherein Z' represents fhe.same atom or group

as Z in formula (I), or a precursor '

| capable or being converted to the s-ame atom or group,
to dehydrochlorinating condensation and dehydrocycliza—

25 tion in a high-boiling inert organic solVvent such as



m.no- 3- hydr oxy- 5, 8- di br ompant hr aqui none, 10

m no- 3- hydroxy- 5, 8-di (net hyl am no) - ant hraqui none,
2- am no-.3- hydr oxy- 5, 8-di brono- 7- net hyl ant hr aqui none,
3-amno-1, 2,5, 7, 8-pent ahydroxyanthraqw nonéd -5

34gni no- 1, 2- dlhydroxy aqﬁkra U|none 7- carboxyllc aci d.
2- ani no- 3- hydr oxy- £ Q$£4ﬂ9ﬁﬂ%£ﬂﬁhré&9|ﬁ@ﬁé°nally

i S SR s oeaers v AT

2-an1n0'$¥nercaptc»éi - di br omoant hr.aqui none,
3-am no- 1, 2- di hydr oxy- -isopropylanthraquinone

3-am no-1, 2, 5-tri hydroxy- 6- by
3- ami no- 1, 2- di hydr oxy- 4- brormaﬁg‘ﬁ'r aqu|aér:1‘lo£r,1'geres ot the compound of formula

3-am no- 2- hydr oxy- 1{ Ea Xify@agagent hr aqui none, and

3- am no- 2- hydr oxy- | - met hyl am noant hr aqui none. Specific exanples of the
group Z' - in formula (1b)- iBdasincdik)d-dihydroxyantnraquiane, | sopropyl,
butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, heptyl, octyl nonyl ,
dodecyl and pentadecyl; a hyd%ﬂmnﬂno-l 2, u-trihydroxyanthraquinone,

5 (la) i'ncl ude 3-am no- 1, 2- di hydr oxyant hr aqui none, 3-am no-1 , -
2, 4-tri hydr oxyant hr aqui none, 3-am no-1, 2,5, 8-tetrahydroxyant hraqui ngn Z)}
2-a D
2-a

3-amino-1,2,5,8-tetrahydroxyanthraquinone,

g\_/ 2-amino-3-hydroxy-5,8-dibromoanthraquinone,

10 2-amino-3-hydroxy-5,8-di(methylamino)- |
aqthraquinone,
2-amino-3-hydroxy-5,8-dibromo-7-
methylanthraquinone,
3-amino-1,2,5,7,8-pentahydroxyanthraquinone,

15  3-amino-1,2-dihydroxy-anthraquinone-7-
carboxylic acidg,, _
2-am1no—3-hydroxy-h,8;dibromo-7-methoxy-
carbonylanthraquinone,

\‘/' 3-amino-1,2,4-trihydroxy-7-(4'-butylphenyl)-

20 ' anthraquinone, -
3-amino-l-hydroxy-2-mercaptoanthraquinone,
2-am1no—3—mercaptd—5,8—dibromoanthraqu1none,

. 3-am1no-1 2-d1hydr5xy-é 1sopropylanthraqu1none,
-’_3-amino-1 2 5- trihydroxy—6-buty1anthraqu1nune,
‘25 3-am1no-1 2-dihydroxy-ﬂ-bromoanthraquinone,

3-am1no-2—hydroxy-1 4-dibromoanthraquinone,

3-am1no-2-hydroxy-1—methylaminoanthraquinone.



5 group; al koxy groups such as ethoxy, pentoxy, octoxy and dodecyl oxy; a
car boxyl group; al koxycarbonyl groups such as net hoxycarbonyl and -

eth zarbonyl ; hydroxyal kyl groups such as hydroxynet hyl and hydroxyethyl
al k al kyl groups such as nmet hoxyet hyl and nethoxypropyl 10~ aral kyl
gro such as 4'-nethyl-phenethyl; and al kyl -, al koxy-
acyloxy-substituted phenyl groups suchlas 4'-ethy|pheny| 4' butylphenyl

4 acetoxyphenyl . 15 SPRCAFLé opemplSachbcERR srotREfofhs i) T
wher ei d I I
and (1), 20 @8, %pciu?s nABeRd EcPBedsBiEf o, %“?E?%%‘[%%ﬁ#ﬁ?“é? b
converted to abgﬁgﬁoquo spgnﬁhggléd Lepeyha pbhtlhY, SHEkFELI NG | Nfto a

required additi reac ’Slc i t1onal feactidn nay,’for exanple,

be the |ntrodugkbgglofoe@y§n1Hgngiougoagcgltaﬁalgan@adeayp ZShyda sexgpent
reduction, the subSti'tution’of a halogen atom by an amino, al kyl am no or

hydr oxyl glsoupgrlam ;0hIkbRy ngth 8lchChd ethoklyl peneokgyi bétory cand
al kyl ation, etCc. é crude dye of fornula (1) obtained as above can be

purified to a hbgbc@&g&ge by caeboxylakironpt;i ahkozykarhonlilogaouwps apheh
subm i mati on, and ot her neans. 5 Exanpl es of preferred dichroic
dyes of the i nasnmethoxycabbenyddande eshoxycarbonyi; Thydeoxyalkyl
groups such as hydroxymethyl and hydroxyethyl; alkoxy-
alkyl groups such as methoxyethyl and methoxyprobyl; g;);
10 aralkyl groups such as 4'-methyl-phenethyl; and alkyl-, )
alkoxy- or acyloxy-substituted phenyl groups such as
4t —ethylphenyl, 4'-butylphenyl, 4'-octylphenyl, U'-
methoxyphenyl, 4'-octoxyphenyl, 4'-nonaxyphenyl, and
kt-acetoxyphenyl.

15 . - When a compound of the formula

, XX 0 X! -
xs 4 1 Y
PSSO GFOTIN
X1 x* 0 xt N
6 3 2

wherein Xi, Xé, XL, X&, X%,.Xg,-Y', and Z2°'
are the same as defined with regard to
formulae (Ia) and (Ib),
éO 1s not a compound corresponding to formula (I), it may
‘be converted to a compound corresponding to formula
E'(I) by subjecting 1t to a required additional reaction.
Such an additional reaction may, for example, be the
introduction of an em;no 5rouprby n;tre;ionuand sub-
25‘ sequent reduction, the subetitution of a halogen atom

by an amino, alkylamino or hydroxyl group, hydrolysis



The dithroic ratios showm in Table 1 are characteristic values which nost
tharacterize the utility of the novel dichroic dyes of the invention.;
The-'dichroic rati,o is determned as follows: 1.0% by wei ght of a dy F
was dissolved*in liquid crystals E-8 (a product of Merck & Co.), .ty

bi phenyl -type nematic I|qU|d crystals, andgthe solution-was sealed inma
glass liquid crystal cell havi ng a gap of 10 m crons which had been

beoated in advancewsgnagnl gcaadsse?ﬁmggpggegrm 9, ROCFELIIES ere

placed in the ligh a spectro-p zed IT

parallel to the allgnnent OfThEeckhSH'dyEr¥§tP$§m pléﬁih{ﬁbafgacgﬂéve

and t he~20 absorbance (A//) was neasured. Furthernore, stralght

pol ari zéd | i ght at cahobe paghesediotbhs aigsnasgieefby heed kit &ll T 38 £dr5, Was
applied, and the absorbance (Al) was neasured.. The dichroic ratio was
calculated fromt heoluhxhouhagmmugt-apny,Asﬁﬁnlimation, and) ¢thier onédria 0

- 9 - Table 1 Sanple [err] [err] [err] . [err] [err] Y
No. 1. OH 5 [ERR Examiples of preferred| dichroic dy&®s of Ghe

[ERR] H NH H H O3 OH H OH OH
H H . ingeptionCmo obtpined ape summapfized inifable 14 '

0
The dichroic ratios shown in Table 1 are

characteristic values which most characterize the
utility of the novel dichroic dyes of the invention.
10 The dichroic ratic is determined as follows:
1.0% by weight of a dye sample was dissolved
in liquid crystals E-8 (a product of Merck & Co.),
typical biphenyl-type nematic liquid crystals, and the
solution was sealed in a glass liquid crystal cell
15 having a gap of 10 microﬁs which had been treated in
advahce so ‘as to induce homogenéaus.aligning. The cell -
was placed in the light path of a spectro-phdtometer.
Stralght polalized light parallel to the alignment of
i\d} the liquid crystals was applied to the cell, and the
20 absorbance (A//) was measured. Furthermore, straight
polarized light at right angles to the alignment of the
liquid crystals was applied, and the absorbance (AJ_)
was measured.. The dichroic ratio was calculated from

the following equation .

> .
N
~

25 . o Dichroic ratio =

g

----------
B, -



OIEIOIIMIQIim

H H H 06 OH Br
| 07 OH OH H H H
[ERR] H H M . H . .09
H Hog - 0 10 NH2 -[ERR] H
0 11 OH H H H H H
H Tdhle 1 H S 13 OH H
| STI4d — OH [ ERR] OH [ERR] &/
Ol LERRL L K —ERR— :
16 [ER¥amplefoHx, H X, | g i, HX Xg 017]Y FERR]
No. " H H 0}18 CH H
OH [#R [ERR| oo H
obo| Oy |MHp | ¥ = [ERR?] ! i, Ho{©
21 OH H|yg. H ® N "HERR g 0 22 OH.
[ ERR] H ch CHOH 324 H 2 0 2B OH [ER%] H
[OERR] H 3, 2?1{ [,_H] [Q)%]‘l Oy ({ERR | wH ., [EF&R
026 OH Yy | OHyy T Iig I?h #ﬁ H b D7.
OH. [ERR] CGH OH [ERRH. | HH H H.| H -10H Table 1 (cot]| dued)
Sanpl e Z 2 Cglor in Di chroic ratfi o No.
t ol uene 6 MOHqui*iBrystaﬂs E-3 H | H H lo
7 OH OH B " H H H 0
8 OH NH, | H H H H K -
9 OH NH, | H H 'H H 0 ’
10 NH, NH, | H H H H 0
11 O | H H H H H s
12 OH NH, | H H H K S
13 | OH H H H H H s
14 OH NH, | OH NH, H H 0
15 OH NH, | H H ._ CH; | H 0
16 NH, OH H H H 0
17 NHCH, | H H H H H 0
18 |oH |H OH OH H H 0 d
19 OH NH, | OH NH, H H 0
20 |om |u -| wHCH; | NucH; | H 0
21 | OH B OH H H CH,CH(CH3), | ©
22 OH . NH, | & OH H H 0
23 | OB | NH, H . OH " H 0
i . . - '
24 O | NH, | H H K COOC,Hy(n) | O
25 NH, | NH, H B H H -C00C,Hg(n) | O
26 OH cL | OH c1 H H 0
.27 [ OH  LNH, | OH . .NHy L H | H.. . 0




1 [‘ERR]

Red 9.5 2 [ ERR]
Vi ol et S 8.2 3 [ ERR] ) Orange
9.3°4 [ ERR] I Yel | ow 7.2 5 [ ERBl= "
Red - » 10.1 6 [ ERR] Or ange \é[
6.8 7 [ ERR] Orange10 8.1.8 [ BRR]
Red 9.5 9 [ERR] ~—10~- Red .
10 [ ERR] : di sh, v oy 8.1 11+ [ERR]
Yol ow- o 6.5 12 [ Lable 1'contldila) Red
8.7 13 [ ERR] _ Yel | ow 7.8 14
[ERR] - < Blue 15
Red  \J’ Sﬁ‘“"h 10.2 16 % [ERR| 2{;‘1;’;"5 oy P L
% gnéz [ ER Or angs c@%ﬁ%&[_ﬁm
: [ ERR| U
10.3 20  [HRR|Y “cuH T Bl e Red §:3 21 -
kEdeR] ] I 2 _&80? ange[ ERR Violet 8.1 22 R[ EBEQh LLR
e 'S vi ol 4 e vi oljet
8.2 24 [EPLR] 3 1w othai o] OO 6 93" V| B
Reddi sh viol dt 4 -nglﬁ(ﬂ)a [ ERR] Yellow Or dnge
8.0 27 [ ERR] Bl ue 9.2  The
-dichroic dyeq of _the tion may not onl
5. -@4(%)3 Y Red 10.1
\/ 6 —czHuocqu(n) Orange 6.8
7 -czaum%cuzc(ag) Orange - 8.1
8 | i) Red 9.5
9 IZHZS(n) Red 9.3
10 ~CgH, 1 (n) Reddish violet 8.1
n | <y n) Yellow 8.5
12 | -0C0CgH, 5(n) Red 8.7
13 | -c(cy), Yellow 7.8
14 ~CgH, 7(n) Blue 10.5
15 ~CgH o(n) 'Red 10.2
16 -C.,.Hls(n) Red 8.0
17 -CSHn(n) Orange 6.9
L 18 -CSH'll(n) Orange 9.8
W, 19 ~GH,CH,CH(CH, ) GL,C(CH,) 5 | Blue 10.3
20 | <C.H5n) Blue 9.2
2l | -Gy (n) Orange 8.1
2 | -G(CH,),CH,C(CHy)4 Reddish violet 11.6
23 -(I)OCuﬂg(n) Reddish violet 8.2
24 CHs(n) . " | Reddish violet © 8.6
25 ~CH, 5(n) .| Reddish violet 9.3
2 -coo-@—cul-lg(n) | orerge 8.0
2T '@0—©-Cuﬁ'9(n) Blue 9.2




-

have a high dichroic ratio, but also exhibit other desirable properties
réqujfTad of dyes for liquid crys tals, for exanple excellent solubility in

i quyi crystals and the excellent durability, particular]y excellent
stness, of liquid crystalline com position containing such dyes.
SpecN+cal |y, when a sol ution of the-adlthmaqui nonic dye of the invention in
liquid crystals is sealed in a display el ement, and 10 |l eft to.stand :
under irradiation of sol &hel iddlehriode dyesngfpdhieodrfention may abscopiY o/
current .increases only to a degree corresponding to an increase in power
consunpti on dehavei aghighn ddlehrioiguinatdoys barts exdHPito aheRe in col or
tone is observed. This light 15 fastness is much superior to, that. of

conventional adesdrabdier Freperides-aneaningd of o1 haphd iGF VBt e 1

Tl v i LA 1 a2 0
Solubi 11ty 5Thi §Toetaks SRS FemaptiReT L et T g T
crystals £'8 (mde by Mro & Code ol of Fifudd Byl et 6ns Soalk by

wei ght of each “&f&
position containing such dyes. Specifically, when

. a solution of the anthraquinonic dye of the invention
in liquid crystals 1is ﬁgaled 1n'a display elemqnt, and -
10 left to stand under irradiation of éolar_iight.ror a ~
long period of time,.the electric current increases
only to a degree ﬁorresponding to'an_increase in powver
consumption depending upon the liquid crystals used,
- and no change in color tone 1is observed. This light
15 fastness is much Sﬁperior to that of conventional azoilc
dichroic dyes. For example, dye No. 8 given in Table 1
-which is a typical dichroic dye of the invention has
higher solubility and light fastness than knowﬁ dyes
A, B and C for 1liquid crystals as shown in Table 2. \,/

20 Known dyes for ligquid crystals

A: @-N=N-©-N=N-©—N(Cﬁ3)2 .
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the liquid crystals E-8, and the solution was sealed into a liquid crystal
cell having a gap of 10 mcrons 10 and including a pair of facing AN
transparent electrodes 2 with an area of 1.0 cm. The cell was exposed Ei}
solar light fer 200 hours. Then, a voltagg of a rectangul ar wave fornl[

was applied, and the total current was Tre &uTed [ ERR] 15

Tabl e 2 Dye Solubility (9@0 ngﬁt fastness ([ERR] ) A (known)
1.7 - 4.2 B (known)

3.6 C (known) 8 (invention)
4.7 2..0 _Li quPd crys > @

1.6 Thus,+ the novel dichroic dyes O i on kedly renmedy the
defects ‘of* the conventional - dichroic @yesuﬁor liquid crystals. The

di chroic dyes of the invention, either S|ngly r as a mxture of two or
nmore, can give coBolfiB3ditens of various color tones for liquid crystal 5
di splay elenents.™ In such a conposition, the anount of the dye nay be such
that the dye can dissol ve i fhileisi the dsclysihisy. (K&sbpl wgight) of5 eaxth nore
than 10% by weight, preferably 0.1 to 5% by wei ght, based on the liquid
crystals. To obai Ayehdndadsautd coystalshE-80(madechyMerelyck Foiheat

I nvention naysbe %sgd I n adm xture

Light fastness

0.5% by weight of each dye was dissolved in

N the liquid crystals E-8, and the solution was sealed
into a'liQuid crystal cell having'a gap of 10 microns
10 and including a pair of facing transparent electrodes
with an area of 1.0 cmz. The cell was exposed to solar
light for 200 hours. Then, a voltage of a rectangular
wave form (GV p? 32 Hz) was applied, and the total
current was measured (uA/cm ).
15 - Table 2
. Dye Solubility (%) | Light fastness
A\ (uA/cm2)
A (known) | 1.1 4.2
B (known) 0.7 3.6
C (known) 0.4 -
No. 8 (inventi&njl | “-h:T : 2.0
Liqu;d\crystais.E-S.élone' : .;-  - 1.6

Thus, the novel dichroic dyes of this inven-

" tion markedly remedy the defects of the conventional



cryst used in the conposition of this invention may, for exanple, be

nena liquid 15 crystals which show positive or negative dielectric

ani sotropy, such as biphenyl-type liquid crystal mx- tures, .
phenyl cycl ohexane-type liquid crystel 13i »ures,. Schiff base-type |iquid
crystal mxtures, ester-type liquid crystal m xtures and pyri m di ne-type
liquid 20 ccyshapiq1drase€or Alausduceysitaddo or nore such liquid crystaly
m xtures may al so be used. Liquid crystal - m xtures containing at |east 80%
by wei ght of the bi phen¥het 9§ehrpa,a| gyesy ofaithe xipvesticne BRERGF-

cycl ohexane-type |iquid cryst m xtures and/or the 25 %§ter type liquid
crystal mxt UP&SL¥e°Es§EC al }tBF'éf efy é"&’°f (9r" ROF G on B BHTR COR™W t@-t he

?i?2&2kéniie?wb&ﬂéa‘et”é?”%'a%@peesﬁgéaf' B PO 145 ey %i”d =°

bi ph | - d t 113 840

fc p Flydm ¥§es¥s%§#xlk3 ?%Wh gﬁr E?*smfo ﬁaaaic”«‘}cfndh 5*5' B¢ Fla d) |
S xtu

V\:h?/Ch Is the {ég?e?;%ylﬂég §au?‘c'i‘["{c’r ;éggg”%%extdﬁewmt%aéﬁ v? (ig tradenarre for

a product or g& aga g?ysthig ) - USAagalyl, eqm%sqf&ﬁ Hbtd itdan Yoy o ral

nematic |iqui rystalS can al so be-usSed which are
welght, preferably 0.01 to 5% by weight, based on the

mitgz§§§ther di chroic dye or a dye having no dichroic property. The liquid

.1iquid crystals. To obain the desired color, ‘the -

' 10 dichroic dye of the invention may be used in admixture \-J;
with another dichroic dye or a dye having no dichroic
property. _

The liquid crystéls used in the composition -

of this 1nvegtioh may, for example, be nematic liquid
15 crystals which show positive or negative dielectric

anisotropy, such as biphenyl-type liquid crystal mix-

tures, phenylcyclohexane-type liqﬁid crystal mixtures,

Schiff base-type liquid crystal mixtures, ester-type

liquid crystal mixtures and pyrimidine-type liquid ' \,)
'20_ crystal mixtures. A mixture of two or more such liguid

crystal mixtures may also be used. Liquid crystal
o mixtures containing at least 80% by weight of the

bipheﬁyl-type liquid crystal mixtures, the phenyl-.

cyclohexane-type 1liquid crystal rixtures and/or the

25 ester-type liquid crystal mixtures are especilally
preferfed for use 1n combination with the dichroic
dyes of the invention. - Specific examples include E-T -

and E-8 (tradenames for products of Merck & Co.) which



10 obt ai ned by adding optically active substances, such as chol esteryl
‘nonanoate or rotatory 4-cyano-4'- isopentyl biphenyl, to these nemati g™
liquid crystals. The liquid crystal conpositions of this in- vention<§§]}
col or display can be prepared by dis- 15 solving the dichroic dye i
liquid crystals in ac- cordance with kno met hods. Usual ly, the desired
liquid crystal conposition for color dispray is prepared by m xing required

nmount s of the di o) d e ' ye | 0 | -
Sﬁhtarnrng 20 %pé %ﬁe %fpﬁ % -t¥£ ?1?9£d %rfzgyfsﬁrrrrrufttﬁ}ﬁn
for a long peri odaﬂa ZLIE1800 §§b£&éﬁ&né£ péi’ebra&@éwgortmé&@m%e
tenperatare at which the liquid crystal mxture becones an isotropic

l'i qui d,~¥hereby twnhgthsare¥ethéepHyfyleythonexanedtgpy Siequld crystdlire. As
required, other additives may be added to the liquid crystalline

conposi tion of theixtueesi oBLI«127§, (Actpadenameffer 4 hprodudthpdf the

di chroic dye -15- with the liquid crystals. The foll ow ng Exanpl es
illustrate thB pr¥eeek knCeniiwhicbrisspbei estar+yype tlianwid detgstalder st ood
however, that the invention is in no way limted by 5 the description of
these Exanpl es. ER&¥bpees,1snd BYril 59 tepdaname gorz ¥i PRRAUSY -of

aninoanthraquinon&hgggoocg a£t b¥ wei ght of. zinc
., . *

So-called phase-transition type chiral
| nematic liquid crystals can also be-used which are
N~ 10 OBtained.by adding optically active Substances, such
as cholesteryl'ndnanoate or rotatory lL-cyano-ii'-
isopentyl biphenyl, to these nematic liquid crystals.
The liquid crystal compositions of this in-
vention for color display can be prepared by dis-

15 solving the dichroic dye in liquid crystals in ac-
cordance with known methods. Usu&ﬂl&, the desired
liquid crystal composition for color display is
prepared by mixing required amounts of the dichroic

\ , ' dye of the invention or a dye composition containing

20 it with the liquid crystal mixtures, stirring the
mixture for a long period of time, or stirring it
after heating it to above a temperature at which the
liquig crystal mixture becomes an isotropic liquid,
thereby to dissolve the dye in the liquid cryssal

25 mixture. - '

Aé reqﬁired; othér'additives may be added to
- the-liquid crystalline composition of the invention

during, before or after the mixing of the dichroic dye
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iﬁ% were dispersed in 30 parts by weight of o- 10 di chl or obenzene at
aQd 10.8 parts by weight of trans-4-n-pentyl-cycl ohxanecarbonyl

was added dropw se. The mi xture was stirred at 170 to [err] for 5
hoursy” and cool ed. Then, 30 parts of nF hanol was added. The precipitate
was filtered, mashed mnth 15 nethardl$?ahd dried to give 13.6 parts by
wei ght of a cru de dye was purified by chronoatograph- ing it
on a cqunn‘hIW Wﬁ?ﬁ %%. J tr using toluene as an el uent.

No. 4" n Tabl e 15, a&ﬁ%l%@%& L1iiied i SpbiskBs ggaggpegem ’
-ZI-anl Sarlt \évazydl ﬁgjhﬁmd’gfgfsm t ré ch%’jl.%fiwa EaS% %rége\n gg”a{ﬂ%bgt@féd" and

The mxture wag,gldvdfd cat Eive L EAPESASLSH €15 0in nQOH&y Qﬂﬂieéﬁrﬁﬁ into 400

parts by weight of water. The preéecipitate was ltered and washed
W th water.s 'ﬂyhg|dé§@¥1€§u&@k@rw@§esglEﬁgﬁgggsLn 250 parts by wei ght or
nonochl or o- benzene, -and parts by wei ght of an aqueous sol ution
cont ai ni ng 10. X3 P e y wei ght of 60% sodiumsulfide 5 was added. The
m xture was stirred under reflux for .10 hours. The resul fing product was
neutralized with 65.5 parl@.dyPartghty okegh€%£o0li, erdhhgdogep-34l fite

aminocanthraquinone aﬁd.o.ﬁ_part by_weiéht of zine

chloride were dispersed in 30 parts by weight of o- N
10 dichlorobenzene at_70°C, and 10.8 parts by weight of ;_};

trans-u-n-pentyl-cyclohxanecarbonyl_chloride was added

dropwise. The mixture was stirred at 170 to 180°C for

5 hours, and cooled. Then, 30 parts of methanol was

added. The precipitate was filtered, washed with
15 methanol, and_dfied to give 13.6 parts by weiéht.or

a crude dye.

The crude dye was purified by chromoatograph-
ing it on a column fillled with silica gel powder using

toluene as an eluent. A yellow dye having a melting ;;)
20 point cf 165 to 168°C was obtained (Dye No. 4 in Table

1).
ye Example 2

12.5 Parts by weight of compound No. 4§ in
Table 1 was dissolved in 75 parts by weight of 98%
25 sulfuric acid, and 2.4 parts by weight of 94% nitric };-
acid Has‘:;d.ed dropW1se a.t 0 to 5°C. The mixture was
- stirred at this temperature Tor 7 hours, and poured

~ into 400 parts by weight of water. The precipitate was



w—— -

and 6.3 parts by weight of 50% sul furic acid, and then stean1distiI:;d%\
*Monochl or obenzene was thus distilled 10 out, and the precipitate 3D
fiftered,  .washed with water and dried to give 11.2 parts by wei ght

crude dye. The crude dye was purified by the sanme col um chronat ographic
technigque as in Exanple 1 to give a 15 Leq dye having a nelting point of
215 to 2160C (Dye No. 8 in Table 1). Exaone 3 6.0 Parts by wei ght of

1, 2,5,8-tetrahydr =AMy RQa uj e 0. 5qppar | C i de 20
L el aRA Waidhed! ki eRCwaA 0 STRR' b19Eratin %J_ugép

were dispersed in parts by weight o o- benzene, a arts

by wei ght of transag: aiRddived IXCG0Xpases’ BeN¥kighltobr dfon8sn BIFST

dropwi se. at 80C over the course of 30 mnutes. The m xture was stirred O
at.. 17Q/C..f or $enzemwes. andy 79 partdi 9y weaghtnofoan2aquedughboiabronrene
was distilled out. The residue was filtered, washed with water and dried to
give 7.2 parts by contgiining 18.dr pdetdyby Wedgbtudf 698 sedipmrsalftdéy the
sanme col um - 17 - chromat ographic technique as in Exanple 1 to give an
orange dye ha® ngwasn@iddedy pdhet mdxtare gasostigredcunpee reflus forTabl e

1). Exanple 4 5 - 0.1 Part _by weight. or the dye No. 8 in Table
- 10 ‘hours. The resulting product was neutralized with

65.5 parts by weight of 23.6% sodium hydrogen sulfite
and 6.3 parts by weight of 50% sulfuric acid, and then
steam distilled. Monochlorobenzene was thus distilled
\\/' 10 out, and the precipitate was filtered, washed with
water and dried to givé 11.2 parts by weight of a crude
dye.
The crude dye was purified by the same column
chromatographic technique as in Example 1 to give a
15 red dye having a melting point of 215 to 216°c (Dye
" No. 8 in Table 1).
Example _
6.0 Parts by weight of 1,2,5,8-tetrahydroxy-
&N/ o 3-aminoanthraguinone and 0.5 part of zinc chloride
20  were dispersed in 25 parts by weight of o-dichloro-
benzene, and 6.8 parts by weight of trans-4-n-pentyl-
cyclohxanecarbonyl chloride was added dropwise at 80°¢
| ' over the course of 30 minuteé;'.The mixture was stirred
s .vat~170°cmfov;4'hoﬁrs...By;sﬁeAm distillation, o-
) 25  dichlorobenzene was distilled out. The residue was
'filté;ed; washéd'with'ﬁate}:ghd déiéd to.giVe 7.2
?%% - .- parts.by-wWweight of - a crude-dye. - -nlow Tl

The crude dye was purified by the same column



1 was drssolved in 10 parts by weight of a liquid crstal m xture conposed
of 43¢ ;5 4-n-pentyl -4' -cyano- bi phenyl, 17% of

e“yxy-4'-cyanobiphenyl, 13% of 4-n-pent oxy- 4“-cyanob|phenyl 17% of
4-n-octexy-4 '- 10 cyanobi phenyl and 10% of 4-n-pentyl - 4'-cyanoterpheny|.
The resulting color liquid crystal nixtggf was sealed into a gl ass cel
having a gap or 10 microns which had be subj ected to honngeneous aligning-

%{ﬁﬁﬁ orc tatlo iR q”%a”é@é’?%ﬁ*ﬁﬁé?ea%}?%ﬂ‘?%g&%bv*@fﬁn LA BV oo or
i qui d I I Ty f th
oo Strustu. %&ﬁdﬂ% transparentd@f@ Oﬂlm 3 ﬁ té% t ©

same structure a ectrodes assuned

color entirely |@§%qq@bsg10fh ofaa&/0l ¥ 2ge applied, 20 and vvhen a Ml t age
was applied, onl e part or the el ectrodes becane nearly col orless, thus
show ng a good<zyuﬁ§§§ 4 Exanple 5 6.0 Parts by wel ght or 3-am no-1, 2 5- 25
tri hydroxyant hr agquinone and 0.5 part by weight of zinc chloride were

di spersed im555 parts by weiphRart by weiihtaf dihenzye Noand &r8 Tamles by
wei ght of trans-4- (3,5 ,5 -trimethyl hexyl)-cycl ohexanecarbonyl chloride
-18- was added ot opvs i 330 B08E v el0 t pROED DY WaskgH of rauitldauidrhe mi xture
was stirred at 175 C for 7 hours, and cool ed Met hanol (150 parts by

wei ght) was addeerstatl mhetwre ccompesed o8 %3ﬁ|%tlb-d11gﬁfmln‘gt-m¥@nqmashed

biphenyl, 17% of 4-n-propoxy-4'-cyanobiphenyl, 13% of

l-n-pentoxy-4'=-cyanobiphenyl, 17% of 4-n-octoxy-4'- -
10 cyanobiphenyl and 10% of 4-n-pentyl-4'-cyanoterphenyl. \'J’
The resulting color 1liquid crystal mixture was sealed
into a glass cell having a gap of 10 microns which had
been subjected to homogeneous aligning treatment. The
maximum absorption wavelength was 512 nm and the
15 dichroic ratio was 10.2. A display device obtained by
sealing this color liquid crystal mixture into a glass
1iquid crystal display element of the same structure
-as above .including transparent electrodes assumed a
red color entirely in the absence of a voltage applied, ;_/
20 and when a voltage was applied, only the part of the
electrodes became nearly colorless, thus showing a good
contrast.
Example 5
6.0 Parts by weigl: of 3-amino-1,2,5-
25 trihydroxyénthréquinone.and 0.5-part by weight of zinc
‘chloride wéré'dispé;sed in S5 parts by welght of o~
dichlorobenzene, and 8.3 parts by weight of trans-i-

(3',5',5'-trimethylhexyl)-cyclohexanecarbonyl chloride



5 w-th nethanol and water, and dried to give 9.1 parts by wei ght of an
roxazol € conmpound.. The product was dis- solved in 100 parts by wei ght T%
ni trobenzene, and 45 parts: by wei ght of sulfuryl chloride was added.

m xture was stirred at 70 to 85 C for 5 hours. An 10 aqueous sol uti

sodi um carbonate was added to adjust the m xture to pH 7. By steam
distillation, nitrobenzene was’ evapor at edl8ard the precipitate was
collected by filtration, washed with wateg and dried to give 10 Barts by
Wei ght of a di chl Wes® eddedudaopydse %89r6dmm&bespwrég af 390 to [err]
for 4 hours together with 120 parts by wei ght of nitrobengene, 8.4 parts by
wei ght of potaSS|G#ﬂ@§FBGna@@e piztyze: wap ﬁéﬁgﬁ@doﬁtcéﬁﬁep ﬁ@ﬁt&t@oubs

D0 ' Chen cool ed. anthaanledr o Matencd; (480, carts B Hedghh) sspoanvessc
P eci pi Late vas cad ﬁ*g&%c&ﬂ%&?éﬁ LA %8"%%2‘??&399?#5 ’ BAEBER
was added to %OO %%ﬁ?ﬁ\%ﬁ' hfanaf w%%@rsmafnﬁr 'd?i%ﬁ' qp ?qu 8062§ F%g Egure

was stirred at” 40 ours. 1t was’then polred
wei ght of ice wat Clwolg ghte ot &% wxh%qew@%@%hect eebhb.y pfrbhheet was, ar@shed
with water and dried to give 9.8 parts by weight of a - crude

The crude dye vas syived 4% oot Izﬁmmw@deu@mcmomtt%mabeae& eghai uge as

in Exanple 1 to give a [err]
parts by weight of sulfuryl chloride was-added. The
mixture was stirred at 70 to 85°C for 5 hours. An

10 aqueous solution of sodium carbonate was added to
adjust the mixture to pH 7. By steam distillation,
nitrobenzene was evaporated, and the precipitate was
collected by filtration, washed with water and dried
to give 10 parts by weight of a dichloro compound.

15 The product was stirred at 120 to 130°C for 4 hours
together with 120 parts by weight of nitrdbenzene, 8.4
parts by weight of potassium carbonate, 0.8 part by
weight of copper acetate, 0.8 part by weight of copper

\_ "' powder and i5.3'parts of p-toluenesulfonamide, and

20 then cooled. The mixture was neutralized to pH 7 with
501 sulrufic acid. DBy steam distillation, nitrobenzene
was evaporated, and the precipitate was collected by

' filtration and dried. The resulting compound was added

_ “to 200 pérté'ﬁy weight of 95% Sulfhric acid, and the

25 mixture was stirred at h0°c for 3 hours. It was then

; .'poured into 2, 000 parts by weight of ice water. The

' precipitate was collected by filtration, ‘washed with
‘water and dried to give 9.8 parts by weight of a



<

¥hng a melting point of 155 to [err] (Dye No.19 in 5 Table 1). The
i.cjratio of the dye was nmeasured in the liquid crystals .E-8 in the

as described above with regard to Table 1,7 and. found to be 10.3
(Amex=816 nm). The dye had a solubility in E-8 of 7.2% by wei ght: Wen
liquid crystals ZLI-1840 were used inst JO " of the liquid crystals E-8,
the dichroic ratio of the dye was 10.8 ([err] 612 nm. Wen liquid crystals.
ZLI - 1275 were Ugpgddetdgedi chroic ratio was 10.1 (A 616 nn). nmax Exanpl &
6 A crude conpound was prepared in the sane way 15 as in Exanple 1 except
that 18.8 parts by wei ght Tie l¢cPude tdyd ywa®xpuSt £hed dayt the (game neolamch 20
parts by wei ght of "4-net hoxycarbonyl cycl ohexanecai bonyl chlori de were- used

i nstead of 1, 2- dehyomatygapidciotechnique mmecimExample 1 to give a bwhe
trans- 4- n- pentyl - cycl ohexanecar bonyl chloride. 20 Si x parts. by
wei ght of the crdye b@mn@l nelting spoint of b’iﬁp‘@m‘s‘i'bﬁ Wl tNa 1D dn
sulfuric acid together_wth parts b t of borig¢c acid, and 2 parts by
wei ght of 94% ni Tabkeatid V\B%ea%l"elél" ‘bp?/ﬁ'g%"a‘?fot’?% 4¥8 rvfas MRAagHEAd, I was

d hi Th
ot o1 Cpour e | nt Bk GUPELEHYS fal §15-8 B8 Bhe s ERY 4810 120 ot
AT o1 "ol 88T T Huhia'LO"ndsEE 15k PEIAE e WdFoP5' 08, )
616 nm) The dye had a solubility in E-8 of 7.2% by

2

_ weight. When liquid crystals ZLI-1840 were used instead
10 of the liquid cr&stﬁls E-8, the_d;chroic ratio of the \'J’
dye w#s 10.8 (Amax 612 nm). When liquid crystals ZLI-
1275 were used, the dichroic ratio was 10.1 (Amax 616 nm).
Example 6
A crude compoﬁnd was prebaréd in the same way
15 as in Example 1 except that 18.8 parts by weight of
| 1,2,8-trihydroxy-3-am1noanthraquinqne and 20 parts by
welght of M—meﬁhoxycarbonylcyclohexanecarbonyl chloride
were used instead of 1,2-dlhydroxy-3-aminoanthraquinone
and trans-u-n-pentyl-cyclohexanecarbonyl chloride. \‘/
20 Six parts by weight of the crude compound
was dissolved in 75 parts by weight of 98% sulfuric
'aéid together with 2'parts by weight of boric acid,
and 2 parts by welght of 94% nitric acid was added
dfopwise at 0 to 5°. The ﬁixture was stirred at this
25 teﬁperature'fdr y hours;"Thé reaction mixture was
N ice waler
poured into 400 parts by weight o%@ and the precipitate
was flltered and #ashed with water. The filtration

cake was dispersed in 250 parts. by weight of a 50%



aqueous- sol uti on of ethanol, and 70 parts by wei ght of an aqueous sol utj
tontaining 5 parts by weight of 60% sodi um sul fi de was added. The m
was$ ‘stirred under reflux fer 8 hours. Then, it was neutralized by 5 a
21 parts by wei ght of 38% sodi um hydrogen bisulfite and 4 parts by wei
of conc. hydrochloric acid. Ethanol was distilled off, and the precipitate
was filtered, washed with water and dri ed20Tie dried product was stirred
quer reflux for 3 hours together 10 wth _50 parts by meight of

n-but anol , 50 par t2QUKPYURei tdon Afuetbaned 1 avs 7 SpaREsgRY Welghtopliene-
sul fonic acid, and the m xture “@? t hen _concentrated ntbl itz hgtal anmount
reached 50 parts P R34fAUs o5 ¢ ,all’ﬁ'é‘sp BRSSP Waleht PEred,

washed }>  with d drJ t i paLLs ight
of a crude dye. T@%%@é“@%%ﬁ&u% ea?dr? °t hg‘h%ary?g'xgg%ﬁrrﬁgg s*BXz-W%h
chromat ogr aphi ¢ t gl ' FH tomj r i ' y
having a nelting poi nt!q(#‘et?g"f ?(?I?Z(O oﬁg}r] e‘éﬁl\éﬁ %ggl %Q!ngﬁgg%fe Sfit
had a di chroi o5 r atdquiiry tde dartiy yCweligits Jr 38% s2aiumngdpbRen’/ A crude
conpound was prepared in the same way as in Exanple 1 except that 18.5
parts by wei ght ofpfulrile? ghd 1 paitex byl welightanthicone.nhydrestldeipart s
by weight of trans-4-(1',1,3 ,3 -tetranethyl butyl)cycl o- hexanecar bonyl
chl ori de were usedcidt eBthaindgl, Xasdidistidded3-ofifi,n@xd: theqprecipitate
trans-4-n-pentyl - ' ' '

. P Y was flltered, washed with water and dried. The dried

B product was stirred under reflux for 3 hours together'
\\'j 10. ﬁith 50 parts by weight of n-butanol, 50 parts by
| weight of to;uene and l.part by weight or_p—toluene-
sulfonic acid, and the mixture was then concentrated
until its total amount reached 50 parts by weight.
After cooling, the precipitate was filtered, washed
15 with methanol and water, and dried to give 3.2 parts
by weight of a crude dye.l
The crude dye wés purified by the same column
chromatographic techhique as in Example 1 to give a
\_/ reddish violet'dye having a melting point of 183 to
20 185°C (Dye No. 23 in Table 1). It had a dichroic ratio
in the liquid crysﬁals E-8 of 8.2.
Example T/
A crude compound was pbepared in the sﬁme way
~as in Example .1l except that 18.5 parts by weight of'
25 1,2,8-£r1hydbdxy-B-aminoanﬁhréquinone aﬁd 26 parts by
weight.of tréns-n-(l',1';3',3'-tetramephylbutyl)cyclo-
R "hexanecarbonyl chloride were used instead of 1,2~

dihydroxy-3-aminoanthraquinone and trans-—4-n-pentyl-



cycl ohxanecar bonyl chloride. 34 Parts by wei ght of the crude conpoud -,
:jol ved in 375 parts- by weight of 98%sulfuric acid containing 10.9

y wei ght of boric acid, and 11 5 parts by weight of 94%nitric

was added dropwise at O to [err]_ gge_nixture was stirred at. this
tenper- ature for 4 hours. The reaction m xture was poured into 2400 parts

by wei ght of ﬁiéb % Pk s filtered and washed with water.
The fiItrationaﬁfgloca eé€§§9é§g%oFéggF%§@l,500 parts by wei ght of nono- <
o™

chl orobenzene, and 470 paghspgyt¥ebghie 0fhdNo2duRalUe ri@klUkbAPoG@NlakNi Ng 3
parts by weight of 60% sodi um sul fide was added. The .m xture was stirred

under reflux.fou1£sﬁpvé§,1ﬁn97Shparanbyakéxgﬂtwbrh984 BalLrarik acly veight
of 38% sodi um hydr ogen sulfite and 50% sul furic acid. By steam -t
distillation, neontéining bengeparvesbdi seighedodf bordsdathd,pandi pitate
was filtered, washed with water and dried to give 31 parts by weight of a
crude dye. 20 parts by weIgbtcofldeifypitmdcpacifli wdsbpdted danpwtekum
chromat ographi c techniqug as in Exanple 1 to give a reddish violet dye
havi ng a mel ti ngtpdi he 5§C240Tb9 méxepreDyasnstizzednatahdsltempee—dye had
a dichroic ratio of 12.3 in liquid crystals ZLI1-1840. It had a 25

di chroic rati o atune. gognl housswbi Fheyrepckion, mixtuge was: peused E-s.

C 9o . _ .

into 2400 parts by weight of-wAter, and the precipitate
was filtered and washed wit;.water. The filtration
iO cake was dissolved ;n'1;500 parts by weight of mono- \_)ﬁ
chlctobenzene, aﬁd MTOIparts by weight of an aqueous
solution cbntaining 30 p#rts by weight of 60% sodium
sulfide was added. .The mixture was stirrea'ﬁnder
reflux for 4 hours, and then neutralized with 54 parts
15 by weight of 38% sodium hydrogen sulfite and 50%
sulfuric acid. By steam distillation, monochloro-
benzene was distilled off, and the precipitate was
filtered, washed with water and dried to give 31 parts
by weight of a crude dye. _
20 The crude dye was purif;ed by the same column
chromatographic ieéhnique as in Example 1 to give a
v reddish violet dye having a melting point of 240 to
243°Cc (Dye No. 22 in Table ;)f The dye had a dichroic
‘ratio of 12.3 in liquid crystals ZLI-1840. It had a
25 dichroic ratio of 11.6 and a solubility of 4.0% in ‘.
liquid ¢rystals E-8. | |

.



CREAI MG 1. A di chroi c ant hraqui noni c dye represented by the follomnng
'struct'ural formula [err] wherein each of [err] and [err] representg a-
hydrogen atom a halogen atom an amino group or a hydroxyl group, ;2_
t he: am no or .hydroxyl group may be substituted by an al kyl group Vi
to 4 carbon atons; each of X5 and X6 repraasents a hydrogen atom a hal ogen
atom an am no group, a hydroxyl group or an al kyl group having 1 to 15
ijbon atoms, in whixgusat | east one netbylene noiety in the al kyl group may
b€ repl aced by an=oxygen atom [err] an oxy- carbonyl group and/or a

phenyl ene group, Xnd the am riichmofe anthraguisgoniel dgnowppwuyeb&ed by
substituted by an alk group having 1 to 4 carbon atons; Y represents an

oxygen Qr sul fur & °¥%ﬂﬂt§8eﬂﬁﬂgﬁﬁﬂﬂﬂkmeﬂﬂeﬂa group having 3 to 15
carbon atons, in which at |east one nethylene noiety in the alkyl group nmay
be repl aced by an oxygen atom -ag [ r] yan oxycarbonyl group and/or a
phenyl ene group. g; 8" 1 jagui g crystalllne conposition for

col or displ ay conpr|5|ng aliqu at ex d  di ssolv therein a
DY VLA 69

di chroic dye, said dichroic dyg

wherein
each of Xl, Xa, x3 and x” represents a

N . hydrogen atom, a halegen atom, an amino group or a
hydroxyl group, in which the amino or hydroxyl group
may be substituted by an alkyl group‘having 1l to 4
carbon atoms;

each of X5 and xs-represents.é hydrogen atom,
a halogen atom, an amino group, a hydroxyl group or an
.alkyl group having 1 to 15 carbon atoms, in which at
least one methylene molety in the_alkyl group may be
replaced'by an'oxygen_atom, e—eanrbexyl-groupy an oxy-
carbonyl group and/or a phenylene group, and the amino
group or the hydroxyl group may be substituted by an
alkyl group having 1 to 4 carbon atoms;

Y‘represente anxexygen or sulfur atom; and

A represents en alkyl group having 3 to 15

carbon atoms, in which at least one methylene molety in
the alkyl group may be replaced by an oxygen atom, -a-

SarboxFl—groupy an oxycarbonyl group. and/or a phenylene

group.

-_——
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| easty*one di chroi ¢ ant hraqui nonic dye represented by the structural fornula-,
erein [err] Y and Z are as defined in claim1. 3. . The o
on of claim2 wherein the liquid crystal contains at |east.80% by
wei g of at least one kind of liquid crystalline mxture selected fromthe
group consi sting of a biphenyl-type nenag?c_liquid crystalline mxture, a
phenyl cycl ohxane-type nematic liquid crystalline mxture and an ester-type
nematic |iquid cpystallineamxgiie. cﬁystallinEaG&n?ésiﬂﬁoﬂim0&616’6’65 '
according to claim1 herein described. 5. A liquid crystalline
conposi ti on cont aispbgyacomphisingdye ldguiddionystalcimiterdal and dissolved

therein a dichroic dye, said dichroic dye being at fg;
least one dichroic anthraquinonic dye represented by

the structural formula

1]
Ly
|

(D)

wherein Xl. Xz, X3; xu, xs,-xs, Y and Z are as defined g_,’
in claim 1.

3. ~ The composition of claim 2 wherein the

liquid crystal contains at least 80% by welght of at

least one kind of liquid crystalline mixture selected

from the group consisting of a biphenyl-type nematic

liquid crystalline mixture, a phenyleyclohxane-type

nematic liquid crystalline mixture and an ester-type

nematic liquid crystalline mixture.

4. " Bach of the dichroic dyes according to claim \,J)
1 herein described.
5. A liquid crystalline composition containing

a dichroic dye according to claim 4.
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