CHI RAL . PHENYLETHER | NTERVEDI ATES FOR FERRCELECTRI C LI QUI D CRYSTAL COVMPOUNDS -
This invention relates to chiral phenylether. internediates for

fer :mgl ectric liquid crystal conmpounds. An al koxybenzene derivati &&7@@_ _
asy tric carbon atons has recently attracted public attention as a
intermediate of a liquid crystal material=1-Al koxybi phenyl conpounds2al koxy-
phenyl pyri m di ne conpgs oS | | | . are known ¢
as ferroelectric smang Cg%gﬁﬁsdgbﬂéﬁhg{ CIR met hyl oct oxy (’\.-
groups, 2-nethyl buto ese liquid
crystal materials. However, these corrpounds are not suitable for practical

use because their t(Tohpcinrentionw zeltpresstachirshiphenflethactintkrmsdianas fiokei r
stability is far fromsatisfactory. 15 Therefore, extensive studies

on ferroel ectrfertdedaserisr yiquid erwsseliehmphunds.been carried out. The

present inventors have conducted a thorough study of al koxybenzene

conpounds?and have 2h, 041} Hﬁzeﬁgedé‘ﬁ HaviHyf g%ﬁ@?lpﬁa}g&x feLLoW ng

general formula A have excellent optlca act|V| (A

[err] [err] whese XckseR Bed:Q@881 3B c @tfex?ntﬁg %sé A g?%m ;ﬁhaﬁe * is an

asyrmetrl c carbon atom The conpounds have a as high
reactivity 25 a 1@mid dyekenmatebsdl.t Uiy SisheRy1 adtpaesr dingly they are
expected to be useful as internedi ates of ferroerectlc Ilqdl d crystal
conpounds and pRéilpgtfinidine compounds, alkoxybenzoic acid derivatives,

etc. are known as fe¥roelectric smectic liquid crystal materials.

10 Generally 6~methyloctoxy groups, 2-methylbutoxy groups, etc. (}('
are the alkoxy groups in these ligquid crystal materials. However,
these compounds are not suitable for pracﬁical use because their.
temperature range is ﬁnsuitable for actual use and their stability
is far from satisfactory.

15 Therefore, extensive studies on ferroelectric liquid crystal
compounds have been carried out. The present inventors have
conducted a thorough study of alkbxybenzene gompounds and have
found that -the compounds_represented'by the following general
formula A have excellent optical activity:

20

x—@-o-(cn ) c':chHz“+1 (R)
CH,

3

where X is a halogen atom, m = 3 to 5, n = 3 to 12 and * is
an asymmetric carbon atom.
The compounds have a halogen atom which has high reactivity
25 as a nuclear substituting group, and accordingly they are expected
to be useful as intermediates of ferroelectic liquid crystal

compounds and materials.



-2- X may be chl or| ne, iodine or fluorine, but preferably is brom ne.
Furthey, whilst n = 3 to 12, preferably.n is 4 to 10. The conpounds of ‘the
genegal formula (A) can be eaS|Iy prepared by known etherification

t echni ques For exanple, 5 4- et hyl al kanol is sul phonated and thereafter
react®td with a 4-hal ogenated phenol to yiel.d a conmpound according to the
gene}-al formula (A). The present invention is further explained with
reference to the following Exanples. 10 Exanple 1 Preparation of

4- et hyl decyl 4'-bronophenyl ether 172g (1. Oml) of 4-nethyl decanol and
151.5g (1.5ml) of Krmsi byl elliorenepriedihe 2l ¥hbrife | QNpreferably is

di chl oronet hane and the m xture was cool ed down to a tenperature of 0 to
-[err]. 15 14cpmi e 3nFuytisdr ,mehiketesus Fhanyl2,c pkefexd®lyas iaddemh doopw se
to the mixture and the mixture was stirred at the sanme tenperature for two
hours. Then, | OO0 Thé cdmppirsisonEt tiengeneralafelmla htklecan e easily and
the mixture was washed with ice-cold water, 10% of hydrochloric acid,

sat ur at ed aqueckrePased Jm &ms&b%nsfepauqmtmisamr aFey ez@mpl%uqa'eous sal t
solution in order, followed by dri/ wth si um sul phate. The renoval
of the sol vént @]‘&\?&hﬂlafiﬂ‘taﬁ% décHr H@F‘H‘aﬁ%-ﬂn@u‘g}ﬁ%ﬂﬁ‘ﬁ? reaghedt witeh &f 1259
(0.5n0l) of 4-net decyl _net hanesul phonate prepared as above, 95.1¢g
(0.55m0l ) of 4-% mﬁﬁ FINATSE Phesgl (bR ¥ARLE )2 SERPOUIA PRARTEIRY tgoa%rﬂeﬂymbx. de
and 800m of dlé)xamf V\&re m xed

The present invention is further explainéd with reference
to the following Examples.

10 Example 1

Preparation of 4-methyldecyl 4'-bromophenyl ether

172g (1.0mol) of 4-methyldecanol and 151.5g (1.5mol) of
triethylémine were dissplved in 1300mi of dichloromethéneAand
the mixture was cooled down to a temperature of O t§ -10°C.
15 149g (1.3mol) of methanesulphonyl.chloride was added dropwiée
to the mixture and the mixture was stirred at the same temperature
for two hours. Then, 1000ml of dichloromethane was added thereto
i~/ _ ~ and the mixture was washed with ice-cold. water, 10%-of hydrochloric
~acid, sa;uraﬁed aqueous sodium carbonate.solution and saturated
20 agueous salt éolution in order, followed by drying with magnesium
sulphate. Thg removal of the solvent gave 4-methyldecyl methane-
sulphonate. | |
A mlxture of 125g (0.5mol) of 4-methy1decy1 methanesulphonate
prepared as above, 95 ig (0. 55mol) of 4-bromophenol, 30g (0.75mol)
25 of powdered sodium hydroxide and 800ml of dioxane were mlxed

and the mixture was stirred under reflux for eight hours. The



and-the m xture was stirred under reflux for erght hours. The - 3-
alsence of sul phonate was confirned by gas .chromat ography. The resulting
sadi um et hanesul phonate was filtrated and the solvent was renoved. The
resitdue was extracted with 1 000OM of tol uene and the solution was washed
ith 5% hydrochloric acid and saturated 5 aqueous salt solution and the _
ol vent was rempved. The residue was-gkstilled under [err]/ImHg to obtaip
4- et hyl decyl 4'-bronophenyl ether. The infrared spectrum anal ysis of thexf
4- net hyl decyl 4'-bronophenyl ether satisfied the requirenents: 1590cm  and
820cm (benzene ring) -1 10 1380cm (et hyl group) 1250cm
(ether) |absadce taZosplphvaatpowst Fenfioked ybypgaerchresatdgraphy( clther of orm . d
Exanpl e 2 15 Preparati on of 4-nethyl dodecyl 4'-bronophenyl ether The net hod
was t he skesplting isedivs mErhansisalphdnate warchitratednuid ®he sadpeatted by 200g -
(1. Ol ) of 4-nethyldodecanol. 4-nethyl dodecanol -4'-bronophenyl ether was
t he di st iYasaremqyed:orThe Fasiqpe vash extrretRdeHigh 00PNt IPeRS of t he

4- et hyl dodec#% 4' - br omophenyl . ether satisfied 20 the requirenments: 1590cm
and 820crfnd FRRFPREICT MEF WRSBEEYith AbIHPFOghiaEAF acid and saturated

5 aqueous salt solution and the solvent was removed.
The residue was distilied ﬁnder 165°C/1mﬁng to obtain
4-methyldecyl 4’ -bromophenyl ether. The infrared spectrum analysis

of the 4-methyldecyl 4'-bromgphényl ether'satisfied the réquirements:
. .

. o /
1590cm ~ and 820cm {benzene ring)
10 1380cm-1 {methyl g?oup)
1250cm™! (ether)
In additio#, thé séecific roﬁéry power wés:
[al, = +2.84° (chloroform).

Example 2

15 Preparation of 4-methyldodecyl 4'-bromophenyl ether

. The method was thé same as that of Example 1 but'4-méthy1decanol
was replaced by 206g (l.Omol).of 4—methyldodecénol. 4-meth§ldodecanol
Q*bmcmophenyl-ether was.the distillate at 175°C/1mmHg; The infrared ~

spectruﬁ anaiysis of the 4-méthyldodecyl 4'-bromophéﬁyi-ethér satisfied
20 the requirements: . |

1 and 820cmm1 (benzene rihg)

1590cm
1380cm_1 {methyl group)
= 1250cm--1 (ether).'
In addition, the specific :otary.power was:

25 faly = +1.99° (chloroform)



-1 ¥250cm (ether) In addition, the specific rotary power was: 25

[ert] (chloroform -4- Exanple 3.Preparation of 6-nethyl decyl .
4' ~bronpphenyl ether 51.7g (0.3nmol) ‘of 6-methyl-1-decanol whose specific
rotary power [a] was -0.62 (1.612%chloroformsolution at 270C), d 5 62.9g
(0.33nol ) ‘of paratolue' ‘ul phonylchloride arfit 36.4g (0. 36nol) of

tri.gthyl am ne were di ssolved in toluene solvent and tosylation was
perf.ormed by a usual nmethod to give 92.1g of paratol uenesul phonate. 6.53g
(0.02nol ) of ester. sul phonate prepared as above and 5.19g (0.03nol) of

4- br onophenol wef—’eeﬂﬁgﬁgeneously di ssolved 10 in 30m of dioxane. Then 1. 6g
(O 04nol ) of po ger, odi ulj_nnxg{ o>ii de s_,added L teq:sol ution and the

m xture was react+ed e SF—th ot S5—+he—+eact i on product was
extracted with | OO pof, t hed wi th 5% agueo ol ution of
caustic soda, 5% aqugg'u7§ 3%1%8@?b%r}g?y%}aﬁﬁﬁﬁ%ﬁn@tlaﬁ°,e a J'%gc ;rots:%’%rat ed
aqueous solutio s u hlyog4de, i r der. l ried and
fol | owed by reno%l r?g]j d g%)%vlgr'é% Zé'%zgegﬁlof?g . 13@%&5{31@;2??2%'%

transparent |i.qugs 8BL3I Ned. p R R ) ; C : phy
was 94. 8% Tr?e solgélfl?oon vvas) di-I%t edowit E%\bggg%e éggh%g%p%fngé g‘?ﬁ%%%{l@and

t he ]gevgl oped 20,5QkutiRNanBR Pe¥d Bi&sbivBa AnStbiveRe W1veRt WHE @Y 144N
purifie : - give
was performed by a usual method toJ?Z.lg of paratoluenesulphonate.

6.53g (0.02mol) of ester sulphonate prepared as above and
K_/ _ 5.19g (0.03mol) of 4-bromophenol were homogenibu;ly dissolved
10 in 30ml qf dioxane. Then l.6g (0.04mo;) of powdered sodium
hydroxide was added to the solution and the mixture was reacted
under refliux fo¥ three hours. The reacﬁion product was extracted
with 100ml §f toluene and was washed with 5% agueous solution
of caustic soda, 5% agueous soluti§n of hydrochloric ac;d, and
15 a saturated aqueous.solution of sodium chloride in order. The
solution was dried and followed by removing the solvent. As
a result, 6.18g of a yéilowish transparent iiquid wés obtained,
k_/ and purity measured by gas chromatography was 94.8%. The solution
"was diluted with heXaﬁe as developing solvent and the developed
20 solutiﬁn was purified in a silica gel column and the purified
solution was Aistilled by Kugef‘roh; ﬁo obtainlﬁ-methyldecyl
& g' -bromophenyl ether with a boiiing point of 138 to 141°c/0.5mmHg.
The infrared spéctrﬁm analysis of the 6-methyldecyl
%5'-bromopﬁeﬂyi ether satisfied.the requirements:
25 i 1595cm71, .1490c1:r1-1 and 825cm-1.(benéene ring)
1380cm-1 {methyl group)

1250cm"1 {ether)



- sol utiron was distilled by Kugel roht to obtain 6-nethyl decyl
44" - bronophenyl ether with a boiling point. of 138 to 141 C/ O Smmig. The

i nf Kared spectrum anal ysis of the 6-nmethyldecyl kg'-bronmophenyl ether .
satisfied the.requirenents: 25 1595cm , .1490cm and .
§25cm  (benzene ring) -1 1380cm '('rlgg hyl group) 1250cm (ether) In ..

addition, the specific rotary power was: [a]d = -0.39 (at 260C, 1.538% u\
chl orof orm sol ution). Exanple 4 Preparation of 6-nmethyl nonyl 4'-bronmopheny#
ether 5. The nethod was the sane as that of Exanple 3 except that

6- met hy! - Qs a64e4 byt@tggégq;é; aadlonanol whose specific rot a'ry
power vvas %& o)f/ast}.‘r g% 28 <C:: °1 432% chl orof orm sol ution).

6- met hyl nonyl 4" - bromopham I e-t)hgé° Wat 2¢°c)01 13388 B0IcRbrOtm L8Ruddcl) 15mHg
was obtai ned by distillati®n. - The infrared spectrum anal ysi s of

t he 6-net hgh% 44" - brormphenyl ether satisfied the follow ng
requi rements: cm and 820cm  (benzene ring) 1380cm (nethyl group)
1250cm  ( @kBpinatibn of B-mélkliylnoilyl WMebrdaophényd kthexr Y power was: O 0
[ad = +0.85 (at 26 C, 1.412% chl oroform solution).

5 The method was the same as that of Example 3 except that

6—methy1-1—decahol was replaced by 6-methyl-i-nonanol whose
specific rotary power was [a]d = +1;67o (at 28°C, 1.432% chloroform

solution). 6-methylnonyl 4'-bromophenyl ether with a boiling

point of 165°C/0.15mmHg was obt&ined by distillatioh. .
10 The infrared spectrum analys;s of the 6—methyinonY1
4' -bromophenyl ether s;tisfied the foliowing reéﬁirements:
1595cm™ ! aﬁd'820c¢-1 (benzene ring)
1380cu.1_l (methyl group)
1250cm™* (ether)
15 In addition, the specific rotary power éas:
[@]4 = +0.85° (at 26°C, 1.412% chloroform solution).
Exémple 5 | ”
Preparationlof 5-methyltridecyl 4'-bromophenyl ether \./'

i) Preparation of 5-methyltridecandl-

20 2g of magnesium shavings were disperséd in 8ml of anhydrous
ether in é stream of argon. 4g of 4-methy1-1-dodecylb;omide
which had beenldissolved in 4ml of anhydious ether ﬁés added
dropw:ise to_ the solution to pre;}are the Grignard reagent. Aft_er

' injection of gaseous formaldehydé into the Grignard reagént
25 for 90 minutes at room temperature, the temperature'was reduced

to 0°C. 20ml of ice-cold water and 6ml of concentrated sulphuric acid



Exa'n’pl’e 5 Preparation of 5-nethyltridecyl 4'-bronmophenyl ether i) ,
Preparati on of 5-nethyltridecanol 20 . 2g of magnesi um shavi ngs were
di spersgd in 8m of anhydrous ether in a stream of argon. 4g of

4- et hyl - 1- dodecyl br om de whi ch had been dissolved in 4m of anhydrous

et her« was added dropwi se to the solution-g0 prepare the Grignard reagent.
Af te¥<i nj ecti on of gaseous fornal dehyde into the Gignard reagent 25 for
90 mi nutes at roomtenperature, the tenperature was reduced to 0C. 20m of
i ce-cold water and 6m of concentrated sul phuric acid -6- was added to

t he sol uti on, vaadadded po exhepsdhvtdonpsandonie girekjpitiate orase domplileeDy gani C

| ayer was washed with 5% hydrochloric acid and the sol vent was renoved. 10m
of ethanol andigsdivedef Thenorganist dalydry was tdsbed ovixbi Sk hydeschladied to t he
residue and the reflux of the m xture was conducted for 4 hours. Then the
sol vent was r @9 candafbie tsedveris wasi yRpVe8duct was extracted with benzene.
The crude product prepared as above was distilled by Xugel rohy, and the
distillate was obt&‘ﬂeﬁf vithanel 98| ¢ +fiplpef Rongentrased hybrackdogiomaifg. Then
the distillate 10 : was purified usiﬁrlx%a silica gel colum after it had

been dilut®d WPFH adeednts &bRyyesidue 8% 2pfiux, O, the PEKbRT S Y28 TRdpsed As

a result, 5-nethy]tridecanol ving,the purity of. 97 3% was qQbtained. ii)

Preparati on g&°ﬁh & h_@?‘e‘l‘h ® ?zf‘nvtﬁf_%a ag ﬁeé%ﬁﬁ)r’ﬁa ?’\ﬁa§eﬁ‘ﬁ1t!"5$\@f°§%:"ept

for using 15 yag2 SREMUEL WI8K BALeRL! ARELRRe AWEee pHiBafls bl ARG WS
was distilled by Kugef~roﬂi, and the distillate was obtained with

~ a boiling point of 112 to 114°C/0;25mmHg. Then the distillate
jo was purified using a silica gel column after it had been diluted
with hexane/ethyl acetate (85/15) as a developing solution. As
a result, S5-methyltridecanol having the purity of 97.3% was obtained.
- ii) Preparation of phenyl ether
The method as in Example 3 was followed except for using
15 5-methyltridecanol obtained as above. The distillate was obtained
with a boiling point of 150 to 151°C/0.2mmng._ Then the distillate
was diluted with hexane as developing solvent and the solution |
\_/ was purified using a silica gel column to obtain 5-methyltridecyl
4'-bromophenyl ether.
20 _ The infrared spectrum Analysis of 5-methyltridecyl 4£bromo-
‘phenyl ether satisfied the following requirements:
1'595¢:m_1 and 820cm ! (benzene ring)

1380cm . (methyl group)
. _

1250cm ° (ether)
25 In addition, the specific rotary power was:

[aly = -0.206° (at 29°C, 1.512% chloroform solution)



w th a boiling point of 150 to 151 /0. 2mmEg. Then the distillate was .
di luted with hexane as devel opi ng sol vent .and the solution was purified
usjng a silica gel colum to obtain 5- gethyltridecyl 4' - br onophenyl et her,
20 The infrared spectrum anal ysi‘S of 5-nethyltridecyl 4 brono-
phenyl ether satisfied the follow ng requirenents: 1595cm and 820cm
(benzene ring) 1380cm (nethyl group) -1250cnl (ether) 25 I n addltlonﬂj\
the specifi & cempaupd pangerdiggsto [the pres8n@(GivéntioRdRsy bd. dska%<hor of orm ™
" solution) A conpound according to the present invention may be used as.
an i nt er nedii@ternedintre 1pr@pa9ama@'ﬁtmn af corpopmuidodf tthe gpmeesnlfofmiiayl a:

- [err] [err] 5 where I s_an al kyl Opp With 7 to 12 carbon atons.

Conpounds of the Ref aﬁéﬁmoﬁgj ( chiral snectic phase C
(hereinafter referr s S %%@i% y knovvn(«%r)c* S .
ferroelectric liquid crystal 10 flhge and the el ectro-optical swtching

and nmenory characteristics of ferroelectric liquid crystal conpounds is
much better than that of other known conpounds [N. A Cark et al. : AppL
Phys. Lett. wh&fe R8S8 an(4B4Q)groupnwinhalttcd2i ¢tanbon egosat | &bmpaynds of the
ferroelectric liquid crystal 15 conpounds to have a wde liquid crystal
t enper at ur e gevexpd formula (B) present a chiral smectic phase C (hereinafter

referred to as SmC*).

As generally known, SmC* is ferroelectric liquid crysual

10 phase and the electro-optical sthchlng and_memory characterlstxcs of \_/

ferroelectric liquid crystal compounds .is much betteg

than that of other known compounds [N. A. Clark et al. : Appl Phys.

Lett., 36, 899, (1980)].

In practice it is essential for ferroelectric liquid crystal

15 compounds to have a wide liquid crystal temperature range .

Comppunds according to the general formula (B) are very suitable

since they can be used over a range from extremely low temperature

to relatively high temperature as shown in Tablé 1. For example,

compoﬁnds 6 and 7 present the SmC* phase at.extremely_léw_ \;)
20 temperature, 36.4 to -2.7°C and 46.8 to 4.1°c, respectively.

Compounds 11 and 15 present the SmC* phase at relatively high

temperature, 70.6 to_58.5°c and 73.o_to'50.5°C, respectively.

The temperature_rangeé can be arbitrarily selected by changing the

position of the asymmetric carbon atom in the compound according to
25 general £6rmula (a). Namely, the temperature characteristics

depend on the values of m and n.

Using a compound according to general formula (A),
a compound according to general formula (B) c&ﬁ be prepared very

easily by the following process:



Compounds according to the general fornula (B) are very suitable since they.
can_be used over a range fromextrenely |low tenperature to relatively high
t enperatgure as shown in Table 1. For exanple, conpounds 6 and 7 present the
SnC* phase at extrenely | ow 20 tenperature, 36.4 to -2.70C and 46.8 to
4.1 -G, respectively. Compounds 11 and 15 present the SnC* phase at
rethjver hi gh tenperature, 70.6 to 58.50C and 73.0 to 50.50C,
respectively. The tenperature ranges can be arbitrarily sel ected by

changi ng t-he position of the asymmetric carbon atomin the conpound
according to 25 general formula (A). Nanely, the tenperature
characteristics depend on the values of mand n. Using a conpound according
to general formula (A), a conpound according to general fornmula (B) canh be
prepared very easily by the fol L.Qw ng pragess: [err] (Step-1]

[err] [err] [err] [err] 2) [ef @+(CH2)miLHCuH2n+ bps (apove are briefly

descri bed below. [Step 11 The coppound (A#gis reacted with butylithiumin
benzene, in a streamof nitrogen to obtain the conpound represented by the
formula (C). (Step-1) 301-1/@ eves.In 8 stresm of Ny

u-@-o-(m:.)n-&if:nﬂaml ()

H3
{Step 2-1)) @ /Ec30 sses.In a stresm of Ng
w : ¥ .
. i * @ .
[ Q-@-O—(CH;):;—CHCnHanﬂ § &1 (o)

[Step 2-2))f 1), RBr/THF .... In & stresm of Ny
2) 10 ' |

[ 4
*
n-@_@-o-ccu,). HCnHzn-ﬂ (8)
. 3

| These steps above are briefly described below:
[Step 1]
The compound (A) is reacted with butylithiuin in benzene, in a
stream of nitrogen to obtain the compound represented by the
formula (C).
[Step 2~-1)]
The comﬁound (c) is reacted with pyridine in ethyl ether to

obtain the compound represented by the formula (D).



[Step 2-1)] The conpound (C) is reacted with pyridine in ethyl ether to -«
obt ai.n' t he conpound represented by the fornula (D). - 9 - [Step 2-2)] .
Thg' conmpound (D) is dissolved in etheg_solution. Then .tetrahydrofuran and, «
| - bronpal kanq are added to the solutidon and the m xed solution is reacted.
Then the reacted solution is hydrolyzed to obtain the conpound represented
by the general fornmula (B) (See the Table 1). In Table 1, K stands for a4 -
. crystal | i ndspeme2)Bnx and Sny stand for unidentified snmectic phase. SnC*®
stands for chiral snectic phase C SmA stands for snectic phase A Ch
10 stands for Bieoremrospd c(Dphbsdissolved in ghbleyr metuyisnt r e | i qui d phase.

" Figures in the parenthesis neans npnotropic_phase transton. " nmeans that

t he conpouf@tfrEEErfurapAnd Lohaomeptiide mFep | to'the splyution |Rgd thee

conpound does not present -the isotropic uid ghase. A ferroel ectric

| i
liquid cry3E%ed SOAPUOR: +%FeactadnowTien ‘I"%fb?%a"fe FANEIMAAPER YRS Sund
according to general formula (B) was thermally sealed into e ace _
bePween tvﬁ"d‘?%@éns%sf’?%&%gdvﬁ#ﬁ?ﬁ%ﬁg(}y&%%‘é‘?@ﬁt %ﬁ‘“&&;‘[‘ r@ge( ereon and
whose surface I}aﬂ bﬁﬁn rubbed. The substrates formed an electric optical
el ement wi t P& 1ERtE

éss of 1 to 2 .mand the el enent was sandw ched

bet ween a pol ari_zer and an 20
In Table 1, K stands for crystalline phase. Smx and Smy stand

for unidentified smectic phase. SmC* stands for chiral smectic

phase C. SmA stands for smectic phase A. Ch o
o _ “
stands for cholesteric phase. Iso stands for isotropic liquid phase.
Figures in the pargnthesis means monotropic phase'trangion. "
means that the compound presenté ea&h correspondinghphase. <" means
that the compound does not present the isotropic iiquid Phase.
15 A ferroelectric liquid crystal composition as shown in Table 2
includingua compound according to general formula (B) was thermally
sealed into the space between two glass substrates which had a
transparent electrode thereop and whose surface had been rubbed. The
substrates formed an electric optical element with a thickness of 1 ;o S
20 2 um apd the element was séndwiched between a polarizer ;nd an ~
analyzer whose directions_crossed each other and then an alternating
electr;c field of + 12 V was applied thereto. As a.result, the
liquid crYstal composition responded according to the direction of
electric field. |
25 The transition point from SpA to SmC* was_relatije;y high, i.e. at
58°C. The SmC* temperature.range was wide. Around the room temperature
(ZSOC), the operational temperature rénge was very good, i.e. at about

+ 5 degrees., The contrast was also very good, i.e. 1 : 10 in the same

temperature range.



anal yzer ~whose directions crossed each other and then an alternating . ..
eleclrrc field of 12 V was applied thereto. As a result, the liquid - -
crystal conposition responded according to the direction or electric field.
25 ! The transition point from SmA to SnC* was rel atively high,
i.e. -gt 58 C. The SnC* tenperature range 4gs w de. Around the room
tenmpgrature 0 (25 C), the operational tenperature range was very good, i.e.
at about 5 degrees. The contrast was al so very good, i.e. 1 10in the
sanme tenperature range. - 10 - In addition, thg ImlIp ratio, the ratio
of the light t¥aAdéitiamcthe Fn(RRrasiectthiecratio evemdbeckiohtd (when nenory
was operated) / the light transmttance |p when electric field was applied/
was greater tHpngnityance Fpywhen elpcyrig field Mas FRARYRY BHMSPMAMOE¥stic was

Loor i 51 ng & SO ORRNRR) O, M LR et R e, SR 8 e
d i r ngd. . di t I A
"t or o at 6 N5 SHF EEVLRT FAAREE ShR0i1e) B a et hAgR. *5 858 cont rast
and very 10 gqﬁeqw r@*aggg{&%grs‘;%g&‘even if the optical el enent
about®1°to0 2 um uc

t hi ckness is quid crystal conposition can be

applied to Light Wiquf;chidlabve W E6fbeRbctrildl Hindld! Eipleat |1 quid crystal
devi ces etc. - ' ' '
composition comprising a compound or compounds according to
general formula {B) and made using a compound 6r compounds
\~/ _ according to general formula (3) as an intermediate has an
extremely wide driving temperature range, good contrast and very
10 good memory characteristics even if the optical element thickness
is about 1 to 2 um. Such liquid crystal compositions can be

appliea to light ligquid crystal shutters or high multiplex

liquid crystal devices etc.



TABLE 1 TABLE |

- C a H2nfl R m , a Snx Sny SqC* SmA Ch |So 1
CsH, 7 OH - 3 *42.3 18. 0. *64. 4 -
(38.8.) (47.2.) (60.5.) 2 C3 H7 ds H
. *36.2 * 5.6 . 2 5 (20.5.) (43.0.) (52.8) 3
(C4 HO CsoH2j - 8 .6S2.2 -11- - *
. (33.5)(40.5.) (57.2.) 4 CSH3 C HJ 3
.35.0 -47.1 - .524 - - QJ.s)(411.3-)
a CsHlj C Hfq .26. 6 39.9 -
- - .(0.4.) (31.0) E“a‘&P'BE) ‘a ~~CsHi JO-|J~
p35. 3 14. 7 -8 C '
(-
¢ c_ogg?@fgui c%zrfu\_n pr)/ ) r&sgi"llﬂmsx_ngn TEMPERATYUR Epn)
3 54. - : 5. 6
i ChHanyy |54 l K Smx  Smy Saé&>SmalEiO1ie
4.8 (27)1303Hy [CoRg B33 42,30 c5a.0 Quull ? gH-l .3
*4212 *50. 1 1 2.8.) - (471)( '1(8@55)'(34 5.)
(4844.) | | . Cobf 7 | ClaHs 57750 _59.0
q _ _ 7 1] A . ‘e . P .
A Qas7q.9v s B¥ .55 (‘”9 8 das s
3 c COH ? 3 - 82.2 o= — .
+ Hq TR . 1 (33.5-)(40.5+) - (57.2.) _
4 CcH, {CgH s] 0 071 — B4 = - .
£ 9 (1.8 (8.3 8.5
5 CsHij|{Cqn s| w8 .38 — o881 - - .
| il R 0.4 @.0) 0.8 |
8 CsHy | CpH s] -39 547 - S .
e ° ," -2.7) @5.4.)
(-15.4-)(4.1-) 45.89)
8 CeHy |CnHae |8] 807 348 — — - .
e ¥ (8:) (38.62) (51.7:)
- Cs l!p; Ce Hy 3 *48,2 - — -~ .
. (-6.8-) (27.3) €43.99)
10 CeHpp {CqM,e [8] 422 800 — - - .
1.4 (%.59) {48.4.)
11 CeHp |CuHas |3] ‘50 'm0 — 3 o~ - .
_ S e (859 (r0.8-)
12 CyHy lConi 8] %08 -a23 5.0 @~ -
Ml A ©.2:) ©6.3°) 59.2)
18 CalHy |CoHig |8} -0 .822 =~ 880 — = .
? @19 G182 '
14 CaHy |CyHg |B] 284 -85 - - .
’ (.‘.") ('105 .) (35.5-) (‘7.0')
15 CqHg |CqHs |8] a0 .88 NS - - .
) (28.8.) (50.5.) (713.0.)
16 CuHg | Con 8] -3z -s:.8 ‘67 - -
| A DAL R P RS
17 CoeHg O N Bl 266 451 —  .m8 .72 — '
¢ ’ " ” “1.5') (32-") (M-?') (“c")

COVPOUNDOVPOUNI 5<( B) PHASE TRANSI TI ON TEMPERATURRC) NO.. .

a3




12. " Ca HY C7"jr 5 . 30.5  p42.5

*56.. 0\ - - (0.2.) 06.-3.) . . (53 2.) 13 CaH7 - -
CgH19 5 13 .0 .52.2 | s. 6l - - (8.1.)
(1.9.) Y 4 C31 Gilifg 5 . 28.4 .5

(-A.6-) (17.5.) (36.8.) (47.0.) 16 —12- CAHY G Hw 5
439¢ .59.6 *23.5 _ _ C8"7.6.) (50.5-)
(73 ) 1 6 C, Kg C HP a J .2 *? 6.8
* 63.7 _(12.6.) 01.4.) (60.4.) 17 C m C,HS 5
.26.6 *45. 1 - *50. 9 71.2 - (11.5.) (32. 0)
(54.7?) (65.7.) -12- TABLE 2 COM POUND _
COVMPCS | TI ON RATE (wt Vit terroelectrlc Il%gld crystal eonpound CS-1000
(made by Chisso Corporation) 70 CCUR 5*CH(CR2 )
00-0-cl SN2. 20 (conmpound No. B) . ' ..
10 PHABE_IRANRLTI ON 1nC* BmA _Ch ] o PQNT
(Q coMFSuND 1 ” COMPOS1TION

RATE (wte)

!ctroeicetrtc 1iquid erystal compound

. C§~1000 (made by Chisso Corporation) 70

ceRia¥cH(CR2 ) 10-O-O-C12u23s
— tas 20

(compound No, 8)

cei1 1-O-O—-coo-Q—<Ra¥crCcars 10
o -4}
PHASE TRANSITION SmCax SmA  Ch tao
POINT (0 58 71 77

at



* -13- CLAIMS 1. A chiral phenyl et her conpound represehted by the general :F.

“formula: : * [err] [err] 5 wmhere Xis a halogen atom m=3 to _
5 ¢nt 3 to 12 and *is an asymmetric carbon atom 2. A chiral phenyl ether «
conbound as clainmed in claiml in which3X is a bromine atom 3. A chiral

phenyl et her conpound as clained in claim1 or 10 2 in which nis 4 to 10.
4. . 4-methyl decyl 4'-bronophenyl ether. 5. 4- met hyl dodecyl : &}:"
4' - bronophenyl ether. 6. - 6-nethyl decyl 4'-bronmophenyl ether. 7. cad
6- met hyl nonyl 4t -bronophenyl ether. 15 8. 5- et hyl tri decyl '
_4' - bronophenyl ether. 9. A net hod g eparing a chiral phenylether
conpound as clainmed in claiml and ntially as herein described with
reference to any one of Exanples 1 to 5. 2C 111111171 111111 111111111111111

* C L M S * :
1. A chiral phenylether compound represented by the general

formula:
H *
x—<§)-o-(¢32)m-fncn32n+1
CH '

3
5 whexe X is a halogen atom, m = 3 to 5, n = 3 to 12 and * is

an asymmetric carbon atom.

2. A chiral phenylether compound as claimed in claim 1 in \-).
which X is a bromine atom.
3. A chiral phenylether cpﬁbéﬁnd as claimed in claim 1 or
10 2 inwhichn is 4 to 10.
4. 4-methyldecyl 4'-bromophenyl ether.
5. 4-methyldodecyl 4'-bromophenyl ether.
6. 6-methyldecyl 4‘-bromophenyl ether.
7. 6-methylnonyl 4'-bromophenyl ether.
15 8. 5-methyltridecyl 4'-bromophenyl ether.
9. A method of preparing a chiral phenylether compound as S

claimed in claim ! and substantially as herein described with

reference to any one of Examples 1 to 5.

2C
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