
EP 0 205 998 B1 Dncrdpdon This invention relates to a novel cyclohexane
derivative and a liquid crystal composition contirin the same. 5     Uquid
crystal display elements utilize the optical anisotropy and the dielectric
anisotropy of iquid crystal substances, and there are various modes such as
those of T-N (twisted nematic) type. DS (dynamic scattering) type,
guest-host type, DAP type, depending on their display mode. There vary
properties required for liquid crystal substances used according to these
modes, but it has been re quired in common that the substances exhibit
liquid crystal phases within a temperature range as broad 10 as possible
and also they are stable to moisture, heat light. air. At present, however,
there is no single compound which satislies all such requirements; hence
iquid 'crystal compositions obtained by blending several kinds of liquid
crystal compounds or blending these with compounds similar to liquid
crystals have been used. As examples of compounds having a
3,4-dlhalogenbphenyl group or a 3-halogeno-4-cyl 15  group. Japanese patent
application laid-open Nos. Sho 58-836651 1983, Sho 58-210057/1983, She 59-
170042/1984, Sho 59-193850 /1984, Sho 59-80651/1984 and Sho 60-4549/1985
disclose respectively esWr compounds expressed by the following formulas
(1) - (6): 20                        R-v-C- O CN
(1 11         F O 25                        R-<>-C-O-QCN
(2 o F R-<- C-O--F                              () o          F In he bov
fomulsR rerset   liea chi  -Q - group.5 so
~~~~~~~~~~~~~~~~~~~~11 o ~F In fti above 1brmulas, Rt represents a linear
chain allyl gop The compounds of te above formulas are liquid crystal
compounds or compounds similar therek), ca- 55   pable of being used as
liquid crystal compositions by blending them with oer iquid crystl
compounds. The respective compounds of fte above formulas, however, have
drawbacks as described below. The compounds of the formulas (1), (2) and
(3) constitute a liquid crystal blend having a relatively lr  ddeoe- tric
anisotropy value (at), but the blend has a high viscosy, and furter among
these corpouids, those which exhibit liquid crystl phases are scanty.
Compounds expressed by the formulas (4), (5) and OD  (6) have a relatively
large dielectric anisotropy value and a suitable mesomorphic range, but hy
have a high viscosity. Further, since the compounds (1) - (B) have an ester
bond, they are Ibble to be hydrolzed thus liqid crystal compositions using
these compounds could not have completely s.ived problems ol stably, res-
ability. 65 2   



EP 0 2C5 998 B1 The content of EP-A-0 149 208 as filed and published on 24
July 1985 (pirt dafe of 17 Januy 1984) is, pursuant to Article 54(3) and
(4) EPC, comprised in the sas of the al. This Ehupean puemW application is
directed to compounds, which are similar to the compouds as dained i nhis
hpkabon I EP-A-0 125 563 and DE-A-3 233 641 compounds are described which
ae useful as iquid crystal caopo- 5   nents. The electric properties of the
compounds known, however, ae not satislacoiy. It is an object of the
present invention to provide a compound whih has a good stiy. a bk  visaoi-
ty and a Wage dielectric anisotropy value, and also when it is used in
VA1wh oCe dhr _Pa IDeN W constitute a liquid crystal composition, has a
good compaiblity thrwih and does not rdse both tie vis- cosity and the
driving voltage of the liquid crystal composition together. It is also an
object of the 10   present invention to provide a liquid crystal
composition having a bw viscosity and a low openg threshold voltage. This
invention relates to a cyclohexane derivatve expressed by the fomuila 15
RLD-*CH2 CH                             A           I 20
whereinRisanaliylgroupofl 0Ocambonatoms;lisl or2;misOorl;aidAisa uokiesa-o
oracy- anogroup withprovisostatamiodtandmisl or2,andthAlkaluofe alomwn hm
isl. This invention r s also o a iqidaysta comosition hving atleat b  oI a
let ba s -cf which is a cycloheae deriatve epres   by the above metie tmla
rI The cyclohexane derivative of the present inventon expreaqed by the
fomiula M kxchas compomnds 25   expressed by the following foinds (aHe), as
those which ae priend as a conw of iquMid cry tal display materials, and in
thse fomuLa  R is as defined above and Pakdy pr- aed - o be a li- ear alkyl
growp of 2 to 7 cba-n atoms: R <C EzC Hz 4F
(a) R-0-CHzCH2zQ-CN                                       b 35
W 45~~~~~~~~~~~ (e) 50                                                   F
Among fco u   of fwe present inventim those of Ihe fnaf M          in.1 mid
mu hae a low viscosiy and when used as a compone  of a liqid ayac   oian
have a fwion d eni 5s  irn the dielecic air     ote resuling kiid raystal
cmpi In particular, th compounds expressed by the fomulas (a) and (b) have
m   entremely bw vboy ana a notable effectwiess upon its dielect ansopy. By
using such compounds haing two 6-mebered rings as a comnent of a Squid
crystal 0I  It is possible to operate liquid crystal display elements at a
bw dMvt volage. 60     Among the compounds of the present invention,
compounds hating lies 6-niemered rings have a broad mesonorphic range, and
by adding these coapounds as a compent of a liSquid crysl  tion, it is
possible to broaden the mesomrphic range of the resuling liquid crystal
blend wihout rahisig the viscosity of the bend. NextL a preparation example
of the cydohexane deriv~v of ' 9 present kwetw. is Musd be- 85  low.  



EP 0 205 998 B1 A compound (la) of the formula (I) wherein m represents
zero and A represents hydrogen or a fluorine atom may be prepared according
to the following scheme: A-a-Br  v A-MgBr
Cd-+-A)2 F~~~~~~~~ 10
(II) 15              (II) + R40rCH2CC1   +Ot 2 0                          0
F 20                                (III)                         (IV) (IV)
.RCCH2H-A A  R tr1fiMCHCEIQA (V)                                 (VI) 30
(VI) + R4<4rCN2C32-C-A 35 F (Ia) 4      A GWOWd reant obtained by reacting
a 3-fluoro-4-substituted-bromobenzene (or a 3-fluoro-bro- _bni   n) wmth
meal magnesu 8i reacted with cadmium chloride to obtWn a cadmium compound
(II), fol- lowed by  areatn t hs compound (II) with a substituted acetyl
chloride expressed by the formula (Ill) to abl  a baone derivative of the
fomula (IV). The reaction for obtaining this compound (IV) is preferred t
be Xwied out at a temperature of 0- - 150, referably 60' - 110C In an Inert
solvent such as ben- M, 1oken. Successively the ketone derivative (IV) is
subjected to reduction reaction in the pres- o    of a suitable reducing
agent such as lithium aluminium hybrids, sodium borohydride, to obtain an
al- coohl derivative (V), followed by subjecft thus alcohol derivative to
dehydration reaction In the pres- omeof a catayst described below In an
inert organic solvent at a reflux temperature and under the nhepde pressure
to obtain an ethylene derivative (VI. As the Inert organic solvent,
benzene, tolu- SO  Ae   diorm, carbon tetrachloride, methylene chloride,
are suitable. As the catalyst for dehydration, Lowis acids such as
aluminium chloide, tin tetrachloride, titanium tetrachlorkde,
toluene-suffonic add, _rid  in   acds such as sulfuric acid, phosphoric
acid, may be used. Doee  th  tnylone derivative (VI Is subjected to
catalytic reduction reaction and the reaction Mnowe is s   t        a
purificatIon treatment suitable to the mbiture, whereby It is possible to
isolate the S    dbetie compound of the formula (a). Further, a cyclohexane
deive (lb) of the formula (I) wherein m represents zero and A repre- Z&-fa
-CN may be prepared for example as f'Olows by a combination of know n
reactdons: Namely, the above compound of the formula (la) wherein A
represents hydrogen Is used as the start- ing raw material and this
compound Is subjected to Friedel-Crafts reaction to obtain a ketone
compound dof the formula (VII), followed by subjecting this compound to
haloform reaction to obtain a carboxylic acid of the formula (VIIQ,
chbrintng this compound into an acid chloride (IX) converting this chloride
into an amide compound (X) and dehydrating It to obtain the objective
compound (lb). ,6 4 



EO 0 205 998 B1 CH COC                    CH2CHfjCOC% F   AC3
F 5 (Ia)                                             (VII) 10 I Nai>C
Ra2>2-+O       CHH             dOOH      CR4 42 CH 2 F~~~~~~~~ (VIII)
(IX) 20  (IX) * R{jjCH2C CONt2  R-cH 2tCH-2CH2QC F 25
.X)                                             (Ib) A compouy d Q) of the
formula (I) wherein m represents 1 and A represents hydrogen or a fluorine
at- om may be ublaed by subctng the add chloride of the forniula (111) and
a 3-fluoro-4-substituted bi- 30 eyql   lo (Xdl)        reaction to obtain a
ketone derivative (XIQ) which is then reduced, dehy- mdm hydrogenated.
(III) +                                      R40+E -          C  H2-  +
(Ic) F (XI)                                                 (XII) The Ikpd
crystal composition of the present invention contains the compound
expressed by the formu- a ( h a proportlon of 0.1 to 99% by weight,
preferabiy 1 to 40% by weight more preferably 5 to 20  by As compounds
which may be used In admixture with the compound of the formula (1), as a
component of -4    t  liqudd crystal composition of the present invention,
a group of known compounds expressed by the Iollowing formulas (i) -
(xxxiiQ) may be enumerated; in the above formulas (i) - (xxxiii), X
represents -or '   .or Y represents -CN, halogen, R or -OR' and R and R
each represent an alkyl group: 65 5    EP 0 205 998 B1 R  M Y    ~( I)    R
Y(11) 5   ROP. -Y                    ROSY  44 R  B Y~C~      ()    R  SY
@ R-Q-Coo-Y-x ) RO-G-COO-X-Y 4O i   -         O~~~~~~~~O 20~~~ 25 30 



35 40 45 50 55 so 65 : ,~~~~~~~~~~~~~~    EP 0 25 98 B1 RO 43-N=NYr'Al 5
0 R-4CuC-v~Y  (xli) 10     RO-e-Cwc-f-Y   odV) la-^CH-N ^Y)  (XY)
5R-O-CH-N-AY   (XVD R-&-OY   (XVf)   R     AiY    C R-Q-~-COO-X-Y  (Odx)
RO-C-O-COO-X-Y   (AX) Ra&COO-X-Y  oCD so     R-<-CH3-0-.Y  o0o R*     CN
(xxi) R-&CH.0-fmRV OodV) R-&  CH30 -OR' (av) RW(9ho~rCxxvi)    R-O-OO-Y   (
cXXVI 0 R 4~mCH2C H3 -OR' (XdXx) *      a {}C-OCCH-O-0-Y   (xvx)
R-(>-CHZCHi--CN   (xxxD *      R -)- HCH3-C)-2Rt  Ooocl R-<-CH2CH2--Q--Oa'
(xxwn) U R-0-mriir.-O-OOw   o=II    EP 0 205 998 B1 The present invention
will be described in more detail by way of the following Examples. In te
Examples, the symbols C-I point, CS point, S-N point, N-I point and S-I
point mean crystalline- isotropic liquid phase transition point,
crystalline-smectlc phase transition point, smectic-nematic phase
transition poit, nematic-isotropc liquid phase transition point and
smectic-isotropic liquid phase transi- 



5    on point, respectively. Further, the dielectric anisotropy values of
liquid crystal compositions are abbreviated to ,s. Example 1 10
2-Trans-4-(trans-4-propyb yclohexyr)cyciohexyQ-1-(3,4-duorophenyl)ethane
(i) Wo a duthyl ether solution of a Grignard reaget prepared from
3,4-difiuoro-1-bromobenzene (52.8 9, 0274 mol) and magnesium (8. 9, 0274
mol) was added cadmium chloride (25.1 g, 0.137 mol), followed by reflxdng
th mixture for one hour, distilng off dethyl ether under reduced pressure,
adding benzene (100 ml) to the resuiling liquid, heating the nme under
reflux for one hour, adding a solution of trans-4- 15   (p             hh
cride (504 , 0.177 mol) dissolved In benzene f100 ml), hting the reaction
mixture under rellux for 2 hous, allowng it to cool down to room
temperature, adding It  a mbed solubon of water (600 mi and sulfrc add
(20g), septing the benzene layer, washing the bene layer with water till
the washing water became neutral, drying by means of anhydrous sodium SulbW
fleIng off the drying agent distli  off bzene from the benzene solution and
recrystallizing 20   a remaii  oily substance from ethanol to obtain
tran(ians-4-propyclohexylydohexylacety- 3_4dluarobenzene (35 9). This
product exhibited. iquid crystal phases (C-I point 982C, N-I point U.5C).
(U) NeK  a solution of the above
traen-4-(ans-4-ropyclohexyl)cyclohexylaeyl)-3,4-dlluoro- beng-. (13 9)
dissolved In diethyl eter (50 ml) was added to a dieyl ether suspension (50
mS) of lithi- 25   u alumnhium hydride (1,2 , 0.032 moi) at OC, folwed by
agitating the mixture at OC for one hour, add- in 20% sulfuric add (50 mE)
to the reation material to dissolve the inorganic substance therein, ex-
c1hg In separated oily subsance with dlhyl ether (100 ml), washing the
separated ether solution Wm 10% sodium            bnte solution and furhr
wflh water till the washing water became neu- dog tho ehr s on with
afhydrous sodhan suffati, distilling off diethyi ether, adding to the re-
30  mnaIi oily substance, p-trluenesulonic acid (0.1 g) and toluene (50
ml), heating the mixture under re- Om,  moing th generated water to the
outside of the system, allowing the resulting material to cool down to room
tempeature after completion of the reaction, washing the toluene solution
with water till the W1I Ig water became neutral, drying the toluene
solution with anyhydrous sodium sulfate, distilling off toluo  and
rerystallizing remaining solids from  ethanol to obtain
2-[trans-4-(trans-4-propyscy- 35   dol )c ylx-1-(34-de
(102 g). This product, too, exhibited liquid crystal ph_ (C-N point: 358SC.
N-I poat 1773C). (   NSA,  the  above  2- yhy
oxy-(3.4-difluoophenyl)ethene (10g) w  diseolved In  yd by subjecting the
solution to catalytic hydrogena- Ion at 208C by means of 5%PdC catalyst
(0.5 9) till absorption of hydrogen ceased, removing the cata- o   y after
completion of the reaction, distilling off ethyl acetate and
recrystallizing a remaining oily sub- _s  from ethanol to obtain the
objective 2-[trans4-(bans-4-propylcydohexyl)cydohexylj-1 -(3,4-di-
_1oopenyl)-ane  (8 9). This product has a broad mesomorphic range, and C-S
point: 18.40C, S-N poki 40.50C and N-I point: 118.3'G. 45   Example 2 The
following compound was obtained in the same manner as In Example 1:
2-[rafs-4-(_ans-4-pentyLcycoxyohexy- -(3,4-difluorophenyl) ethane C-S
point: 50.8C, S-N poit 74.1eC, N-I point 121.5C. 0      In addition,
compounds obtained as intermediates also exhibited liquid crystal phases.
The phase tran- ulmon points thereof are as follows: 



tran-4-(tran      hcel-        ylacety-3,4-difuorobenzene C-S point: 8.9C,
SI point 112., 2-an-4-(trans                y    -1 -(3,4-difluoro)ethene
55   C-N point: 47.1 C, N-I point: 178.5C Examples 3 - 6 The following
compounds were obtained in the same manner as in Example 1: oo
2-(trans-4-ylcydohexyl)-1-(3,4-dauorophenyl)-ethane C-I point: -35.1VC
2-(trans-4-propylcydohexyl)-1-(3,4-dlfluorophenyl)-ethane C-I point: -7.5 C
2-(trans-4-buylcydohexyl)-1-(3,4-difluorophenyl)-ethane 65   C-I point:
-0.5 C 8    EP 0 205 998 B1 2-(trans-4-pentylcyclohexyl)-1
-(3,4-difluorophenyl)-ethane C-l point: 1.56C, N-I point: -30.1IC Example 7
S Tho following compounds were obtained in the same manner as in Example 1.
2-(bfa _4'propyoxyl)-1 -(3,4-difluorobiphenyiy-47ethane C-N point 64.10C,
N-I point: 88.70C Compounds obtained as Intermediates, too, exhibited
liquid crystal phases. The phase transition points 10  thereof are as
follows: 4-(tras-4-propyicydothxylaostyl)-3', 4'-difluorobiphenyl C-N point
75.c, N-I point: 80.26C
2-(tais-4opylyclohexyl)-1-(3,4-difluorobiphenyyi4)ethene C-N point: 94.1-C.
N-I point: 174.3C 15 Example 8 2  (+    yhex ydyclohexy
ey-1-(3-fluo-4-cyanophoenyl)ethane, (i) 2-frTfa-4-(.4m  hIexyi)c dohe
--(3-fluorophenyl) ethane (50 g) obtained from 3- 20   _umbohm-mm n  and
tans-4-(t.cs 4 roployhke      l)-cydohexa xylact   chloride in the sane
manrw as in Exenple I was dissolved In ntrobenzene (100 ml), followed by
adding anhydrous aluminium ad-(SQ5 9) 110 te solution, agitat  the mixture,
dropwise adding acetyl chloride (29 g), reacting the on hetling at 40-C on
a watr bath for 2 1hours after completion of hea generation, adding the re-
acdon midr to a mixture of Ice (500 g) and cone. hydrochioro acd (100 mi)
to decompose the resulting 25   Wukium dhgo kde complex with vigorous
stirring, exacng a liberated oily substance with toluene (200 m), wahh~g
the extract liquid with water ti the washing water became neutral, drying
the toluene solu- 1on YAM anhy*ous sodium sulfate, filtering off the drying
agent, distilling off toluene and nitrobenzene undr nedid prsure and
recrystallizing Ot  remaining oily substance from ethyl acetate to obtain
2- 



lly                             i-e                       (19 g). This
product, too, 30   -yd sd aptal phses (C-N point                 I 168.C).
(l) 2TiuI Ws4        O    ohexylc      yat                tane  (10 g)
obtained in the above _uqm  ih fI) was dissolved In dioxane (100 i),
follwed by adding to the solution, a solution of sodhmn 1uldids (199),
reacting the mixture on heating at SOC for 4 hours, allowing the reaction
mixture to cool down after completion of the feaction, adding 6N
hydrochlofic acid (100 mi), filtering off a depos- 35   Ned buk suume,
drying It and  ys           from acetic acid (200 mi) to obtain
2-fluoro-4-(2- _3 I 4Z I  qqlJdbl.Sxyl)Cyd~hexyljthyldc~nZ~lO acid (9.0 g).
This product, too, exhibited lipd au    as (C-N point: 251 .7 C, N-l point
>300iC). (13 2-Phuwo.4(2-(_rans-4-(um.3 I _xu,~  xyl)-cyclohejethyl
benzoic acid obtained in the _           h p) was  gr   d into te corrs
benzoyl chloride (5g). which was then dis- 40   soeddry one (10 ml),
followed by adding the solution to a mixture of ice (100 g) and aqueous
ammo- nMa (30 mt). agiating the mixture vigorously, filtering off a
deposited bulky substance, and drying it to ob- ta  the corres _ponding
benzamide (4.7 g). This product, too exhibited liquid crystal phases (C-N
point: 23411-C N- pont: 241.MC). K~v) To tw bmnziads (4.7 g) obtained In
the above paragraph (lli) were added toluene (50 ml) and thionyl 45   din
dm(50 m5) and the mixture was reactsd on heating under reflux for 10 hours,
allowing the resuwng mdb* to cool down after completion of the reaction,
adding It in ice (100 g), agitating the mixture, sepa- rll tie tolusne
layer, washing with 2N NaOH aqueous solution (50 ml), further washing with
water till toiewiin  war  became neutral, drying over anhydrous sodium
sulfate, removing the drying agent, dihi dli toluene from the toluene
solution and recrystallizing remaining solids from ethyl acetate to so   mh
the   objecOive
2trans-4-rs-4-prpyclohexyl)cyclohexyq-l-(3-fluoro4-cyanophenyl) dtu e (2.5
g). This product exhibited a broad liquid crystal range (C-N point: 72.1IC,
N-I point: 172.90C). Exugmqsp 9 and 10 IS     VW folwing compounds were
obtained in the same manner as in Example 8: 2ohexy
(nswlcydohexyi)OydohexyQ-1-(3-fluoro4-cyanophenyl)ethane C4. p=nt 0.46C.
(S-N point: 80.5eC), N-I point 170.4-C 2-k
doh-4-prplcydohexyl)-1-(3-fluoro-4-cyanophenyl)ethane 80   C-I point 19.2C,
(N-i point: 7.2-C) ExMe 11 A lquid crystal composition A consisting of
trans-4-propyl-(4cya 3phenyl)cyclohexane .s   30% by weight,    EP n 205
998 B1 -4-penty-(4cyanophenyl)cyclohexane 40% by weight and
trans-4-hptyl-(4-cyanophenyl)cyclohexane 30% by weight 5   has a N-I point
of 52.1*C, a dielectric anisotropy value a of 11.2 and a viscosity at 20OC
of 23.4 cp. This composon was sealed in a TN type cell of 10 pm  thick and
its charactenstics at 200C were mea- 



sured to give a threshold voltage of 1.54 V and a saturation voltage of
2.13 V. To this  udd crystal composition A (85 parts by weight) was added
2-[tans-4-(trans-4-propylcy- cohexyl)-cyclohexyl)-
-(3.4-dfiuorophenyl)ethane (15 parts by weight) shown in Example 1. The
resulting 10  liquid crystal composition had a N-I point raised up to
60.20C, a =A of 12.1 and a viscosity at 200C low- ered down to 22.0 cp.
that is, it is seen that its effectiveness is superior. When this liquid
crystal compo- sition was sealed in the above TN type cell, the threshold
voltage and the saturation voltage were 1.60 V and 2.21 V. respectively. 15
Example 12 To the liquid crystal composWon A (85 parts by weight) used in
Example 11 was added 2-[trans-4-
(trs-4-petyLcyclhexyl)cycohexy]-1-(3,4-dlfluoropheny)-eftne (15 parts by
weight) shown in Exam- ple 2. Tw resulting liquid crystal composition had a
N-I point raised up to 60.1 C, a as of 11.8 and a vis- 20   omlt at 200
lowered down to 21.8 cp. Further when this liquid crystal composition was
sealed in the above TN cell, the threshold voltage and the saturation
voltage were 1.57 V and 2.14 V, respectively. Example 13 25     To th Squid
crystal composition A (85 parts by weght) used in Example 11 was added
2-[trans-4- _*           c J  yrdohexyQ-I-(3-uuoro-4-flnophwnt-ethane (15
parts by weight) shown in Exeir~le 8The oMulting liquid crystal composition
had a N-l point raised up to 68.000, a as somewhat mlhed  u to 12.1 and a
viscosity at 200C also somewhat raised up to 25.8 cp. When this liquid
crystal con- poiaMn was sealed In the above TN cell, the threshold voltage
and the saturation voltage were 1.59 V 30   -W 221 V. respectively. Epb* 14
A qd cystal composition B consisting of 38
Vn-4-prupyl-(4-cyanopnyl)cydohexane 24% by weihl bu  4-e
(4-cyanophenyl)cyclohexane 3S%bywe he4qyurpy e4-cyanophynyl)cyclohexane 40
25% bywelgh and W*4-pnt4-yanobipheryl-4)cyclohexane 118%byweight ae a N-l
point of 72.0C, a dielectric anisotrophy value az of 1 1.6 and a viscosity
at 200C of 27.8 cp. Thb composition was sealed In a TN type cell of 10 pnm
thick and its characteristics at 200C were mea- 45  sured to give a
threshold voltage of 1.75 V and a saturation voltage of 2.40 V. To this
liquid crystal con- position B (85 part. by weight) was added
2-(trans4-propylcyclohexy)-1-(3-fluoro-4-cyanophenyl) ethe (15 parts by
weight) shown in Example 10. The resulting liquid crystal composition had a
N-I point of MC, a at of 13.7 and a viscosity at 20.C lowered down to 26.4
cp. When this liquid crystal compo- iion was sealed In the above TN cell,
the thrxshold voltage and the saturation voltage were 1.50 V and so   207 V
respctively. Exwnple 1S To th Uloquid crystal composition B (85 parts by
weight) used in Example 14 was added 2-(trans4pro- 6   pVA)-yhxyl)
-1-(3,4-difuopheny1)ethane (15 parts by weight) shown in Example 4. The
resulting li uid crystal composition had a N-l point of 52.6C, a Ae of 11.3
and a viscosity at 209C of 20.7 cp. When *s liquid crystal composition was
sealed in the above TN cell, the threshold voltage and the saturation 



voltae were 1.48 V and 2.05 V. respectively. 00   Cbmns 1. A cyclohexane
derivative expressed by the formula 65 10    EP n 205 998 B1
tans-4-penyt-(4-cyanophenyl)cydohexane 40% by weight and
ans-4epty(4-cyarnophenyl)cyclohexane 30% by weight 5   has a N-1 point of
52.1-C, a dielectric anisotropy value As of 11.2 and a viscosity at 200C of
23.4 cp. This composition was sealed in a TN type cell of 10 pm thick and
its characteristics at 20-C were mea- suwed to Ie a threshold voltage of
1.54 V and a saturation voltage of 2.13 V. TO this     crystal composition
A (85 parts by wiht) was added 2-[(trans-4-propylcy- d
daxyl)cydoexyQI--(3,4-difluorphenyl)ehaie (15 parts by weight) shown in
Example 1. The resulting 1o  liquid crystl composition had a N-l point
raised up to 60.2C, a as of 12.1 and a viscosity at 200C low- ered down Io
22.0 cp. that Is, it is seen that t effeiveness Is superior. When this
liquid crystal compo- siMion was sealed in the above TN type cell, the
threshold voltage and the saturation voltage were 1.60 V and 2.21 V.
respectively. 15   Example 12 To he liquid crystal composition A (85 parts
by weight) used in Example 11 was added 2-[trans-4-
(trans-4epwylylohexyl)cydohexyl-1-(3,4-dluorheny)-.thoe (15 parts by
weight) shown in Exam- ple 2. The result  liquid crystal composition had a
N-I point raised up to 60.1OC, a As of 11.8 and a vis- 2D  codr at 20RC
lowered down to 21.8 cp. Further when this liquid crystal composition was
sealed in the above TN oell the threshold voltage and the SasuraftO voltage
were 1.57 V and 2.14 V. respectively. K.,  EExuwq* 13 25     To h  Id
crystal composition A (85 parts by weight) used In Example 11 was added
2-[trans-4- _twus..propycyclohedyl~cycloh 1-(3-fluoro-4- peythane (15 parts
by weight) shown In n             au     quid crystal composition had a N-I
point raised up to 68.0C, a as somewhat isd UPtD 121 and aisoosty at 200C
also somewhat raised up to 25.8 op. When this iWd crystal com- position was
sealed in the above TN ceel, the threshold voltage and the saturation
voltage were 1.59 V so  mNd 221 V. resetve. Pmriplel4 A   d  pystal
composition B consisting of 35   vpropyl-(4-cyanopheny1cydohexane 24%
byweight low 4      nty-14-cyanophenylohexane 30%bywe101
N4tua4-ptyI-(4-cyanophenylcycohexane 40  2a% bywehta   and 



kw-&4-pety(4'-cyanobiphenylyi-4)cyciohexane 11%byweight hu a N-l point of
72.0C, a dielectric anisotrophy value as of 11.6 and a viscosity at 20CC of
27.8 cp. The composition was sealed In a TN type cell of 10 pm thick and
its characteristics at 20C were mea- *4  s ed lo give a threshold voltage
of 1.75 V and a saturation voltage of 2.40 V. To this liquid crystal com-
position B (85 parts by weiht) was added
2-(trant4ppylcylohexy1)-1-(3-fluor4-cyanophenyl) ellie (15 parts by weight)
shown in Example 10. The resulting liquid crystal composition had a N-I
point d W2&C, a at of 13.7 and a viscosity at 20CC lowered down to 26.4 op.
When this liquid crystal compo- allon wa sealed In the above TN cell, the
threshold voltage and the saturation voltage were 1.50 V and SO   2.07 V
repectvely. Example 15 To the Noquid crystal composition 9(85 parts by
weight) used in Example 14 was added 2-(trans4-pro- 55    x0yt ohexyl)
-1-(3.4-d)fluorophenylethane (15 parts by weight) shown in Example 4. The
resulting liq- uid crystal composition had a N-I point of 52.6-C, a A of
11.3 and a viscosity at 200C of 20.7 cp. When It-s lqd crystal composition
was sealed in the above TN cell, the threshold voltage and the saturation
vole were 1.48 V and 2.05 V, respectively. so  CO"s 1. A cyclohexane
derivative expressed by the formula I 0                       C  L S      S
85~~10*CL       -6,                                     EP 0 205 998 B1 R4f
.Ci.CH2 wherein R is an alkyl group of I to 10 carbon atoms;t is 1 or2; m
is 0 or 1; and Ais a fluorine atom or a cy- ano group, wfth provisos that a
sum of I and m is 1 or 2, and that A Is a fluorine atom when m is 1. 2. A
cydc xane durivative according to laim   wherein A is a fluouine atom. 10
3. A cyclohexane derivative according to claim 1 wherein A is a cyano
group. 4. A cyclohexane derivative according to claim 1, expressed by the
formula R-J-CH2CB2Q 2 .2      F wherin R is as defined above. 5. A cyohxane
derivatlve according to laim 1. expressed by the formula 20 oCH2CR2_( 25
wein R is as deflined above. L A cdohexans derivative according to claim 1,
expressed by the formula 30                                R>C2 wheein R is
as defined above. 7. A qydloane derivative according to claim 1, expressed
by the formula as R.4(jfJ-CH 2CC 2Ej-.F 



when    R is as defined above. & A cyclohexane derivative according to
claim 1, expressed by the formula 45             .    R{}<}CX12~RXD(~>CKCH
qCN whein  R Is as defined above. S. A iquid crystal composition having at
least two components at least one of which is a cyclohexane J0   dervtve
expressed by the formula (I) as set forth in daim 1. 1. Cyclh aausgedrOt
durch die Formel: R~c3h4j-CH2CH                              A no
.~~~~~~~~~~. worh R dine Alkylgruppe mit 1 bis 10 Kohlenstoffatomen,  11
oder 2, m 0 oder 1 und A ein Ruoratom oder eine Cyanogruppe bedeuten, mit
der MaSgabe, daB die Summe von I und m 1 oder 2 betragt und dE9 A ein
Fluoratom bedeutet, wenn m 1 ist. 65     2. Cyclohexanderlvat nach Anspruch
1, dadurch gekenrzf.hnet, da8 A ein Fluoratom bedeutet.    EP 0 205 998 BI
3. Cyclohexanderivat nach Anspruch 1, dadurch gekennzeichnet, daB A sine
Cyanogruppe bedeutet 4. Cyclohexanderivat nach Anspruch 1, ausgedrOckt
durch die Formel: s                                  R-,oC}ICH 2 worin R
die oben gegebene Definition besitzt. 10     5. Cyclohexanderivat nach
Anspruch 1, ausgedrtckt durch die Formel: R-(c}-CH2CH 2CN 15
F worin R die oben gegebene Definiton besitzL 6. Cyclohexanderivat nach
Anspruch 1. ausgedrOckt durch die Formel: 20
RCj-CH2CH 2F wodn R de oben gegebene Definition besitzL 25     7.
Cyclohexanderivat nach Anspruch 1, ausgedrOckt durch die Formel:
R-4-J8JCE2CH2f'C 30  worin R die oben gegebene Definition besitzL a
Cyclohexandervat lnach Anspruch 1. ausgedr~ckt durch die Fonnel: 35
R       E 2           X 2 worin R de oben gegebone Definition besitzL 9.
FlOssige Kristallzusammensetzung, dadurch gekennzeichnet daB sie mndexen
zwei Konorhn- ten enthlL wovon mindestens sine sin Cyclohexanderivat ist,
weiches durch de Formel ( dgeaM wird. wie sie in Anspruch 1 angegeben isL
45  1. D6rhve de cyclohexane represente par la formule gen6rale I ci-aprbs:
SD   RCFCHC2 CI) dans laquelle R est un groupe akyle comprenant 1 a 10
atomes de carbone; I est fgal h 1 au 2; mastd fi a oou 1; et A repr6sento
un atome de fluor ou un groupe cyano, la sorme de I et m est touous go&  u 



2 et A represente toujoura un atome de fluor quand m est egal a 1. 2.
D6eiv6 de cyclohexane selon la revendication 1, caractrise en ce quo A
repr6sernt un aso e de fluor. 3 D6rv6 de cyciohexane selon la revendication
1, caract6rls6 en ce quo A est un groupO cyinf 60     4. D6rivh de
cyclohexane selon la revendication 1 de formule: 65 12~~ ~~~~ 1|11 1111
Sl1  11 11    EP 0205 998 91 'W'   ~ ~ ~ RC)'2C:H2-- don lquello R et tel
quo dMin pius hauLF 5. D06v6 de cyohoxwn solon a rovendbalion 1 de formulo:
10                                 R-<)CE2CR CH             CN P dene ILqub
R est tel quo d6fini plus haut. 0 .  1  do cyohexane solon ia revendicalon
1 de formula: I
p dn luqelo R eel tel quo d~fini plus hauS 25 drne laqurnie R eel tol quo
dWINl plus hautL 70   13d6" do cyclohoxan solon la rovondication  do
formulae darn laquelo R eel tel quo d~flnl plus hauL 0. Campoelllo de
crietaux ilquides comprenant au moins deux composants, dont un au moins est
cons- u~ d dkiv de cyciohexane de formule 1 selon la revendicaton 1. 40 s0
55 65    


