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EP 0 432 958 Bl Descri ption The present I nvention relates to a

di cycl ohexyl et hyl ene derivati ve, ds/pnq)éﬁ icularly, to a dicyclohex-

yl ethyl ene derivative as a liquid cr %ound suitable for a conponent
of a display material, and a liquid 5 crystal conposition containing said
derivative. IP_'i'qﬁleéP"crystal di spl ay devi ces have been recently introduced,

as a new displa stem i nt o personal com puters, office automation
machi nes and tﬁ%"ﬁ% '"" He f dievgghexy hY'?Feid #ive, rdspore particularly, to slicygiohex-
¢ ‘{"’a‘FV P%W"’ yfabiefasa compangptor§ digelay mgteripl3ad ¢ liquid

t hat , am)ng
(ST sys erff" ce effect and an
act i matr i i %;Lﬁ i qa: E‘i’gsy&ﬁ'aﬁ@%"é‘@ﬂa' com-
Cocent |y usdh "f e Eﬁfﬁ %@eﬁﬁ m&&%tnaaﬁeg G
Li quid crystéaéup mgyﬁ uihda thi éto

have varipus &Q#Fa&énﬁ?u Hnﬂﬂno&or%ﬁﬁ

tenperatures &‘Ju?cr Hésﬁ%ns I8y dySt&ifh Motmﬁvetﬁri&:QWoBé?{HE%Géh%
factors (noigdhibififya aﬁorphwphaseauahsem Efe'tl‘iHJls)Sley &vice ib used) SbliEyIS SR FRmental

| arge (or srradidrg (momtufHeatDdi Ightraldeinbity, 6bf.) cbibridasHbs, Mide {oFsiaN) ahidbinpic Anultf réfRkctive
smal |') el astihdex ) Rikgeidr sindll) biastic Lonstar ratib) ilge! dnBftrofic amBuntdr distbetit! constmt (A) Jow vis-
const ant £ [ edosifyshigh sipéuific vésitanchlessoharigh Wf, théépgéificrpeistante withrties| witlecdAT; cell thitkness,
change of t hepikch®egth)nargiesnd tedkece With tinme, wide d/p (d: cell thickness,
p: pitch | engt Mpresent.iowevertblere ibao single compdundsapable ofisyfficianiyedrieing a displgy devics; anvidhere-
si ngl e conpdomcprastigaiytsised lighid crystal metetiain dryliauid icryBtal gompodiitians Pemposhd wf aixturetseveral
t here- for e,liayd eryatal gerpoyndssed |iquid crystal materials are |iquid cr stal
conpgsi t i26n CansagpRRte the Yauid.crystek sqmpaung have &n keroqmpatible with pther avid.srystelsemeRyRdes
Consequent | y {nitfhe Ares FQ?"'E‘W%‘I' %ﬂ”’dﬁy GB'HQP"FF&\?@”E W@@Uﬁﬂ&?@"ﬁh“@g\m ‘!’M'"%'fqﬂ'ér
liquid cryst w eci fication crystal
compounds mean™ é"’%‘aﬁfafﬂ? @"B?“"ﬂ&ﬂf'?’?’fﬁﬂ[’t "B(@"“P’b 2 gpRAPRSLP! | hf&ﬂ“ga "cryst al

di splay devices at |east to sone extent. As an anal ogue of the conpound of
t he preséﬁt i nvention, a conpound.pf the fornula RR] so wher e
nis 3,4,5,6 and 7 (Jap&:aﬁgﬁ_,_lf AOR| & Cont | =T oJ dNo: 215336/ 1986)
i's known. However, this conpound-kas high viscesfty | ess conpatibility
at | ow terrperatures and has drawbacks that the spe- cific resistance and

I'ts changg Wi th yhb@R isBlas, 6 Hnld 7 {sapasd PhBR APREERE LAM-op e Nol 21533618863 @ fhdwn However €
fol | oW NG C OB eoHpeEndREas Highivisbdaty sk 146 dofatiBifit Bfow tégefburddTHing Fasldrwbacks KROpES
anal ogues of cifichésistneaunyl iEkharige WRE Y dsiebto ubd W@ Bdmpbund fdr TFT.
In addition, the following compounds containing fluorine atoms in the molecule are known as analogues
of the compound of the present invention.
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[ERR] 50 55 2 EP 0 422 958 Bl [ERR] 10-In various liquid display systens
as well as the above-nentioned |iqui g [3%‘3%1 system w de operation range,
rapi d response speed, |ow driving volt )8; the like are in demand.
SUMVARY OF THE | NVENTI ON 15 An object of the present invention is to
provide a liquid crystal corrpound exhi b| t| ng, at least partly, a wde
operation range L‘q_rrf C ase sity, large As and hi.gh
stablllty Anot her -- ect t(ﬁg Elon is to proviBB a liquid
crystal cbnposition conprisi ng the above- newtioned liquid crystal

co%d 20 According to one aspect of the present invention, there

i s provided a dicycl ohexyl ethyl ene deriva(il8 Bf t#he Yo9rp| a2 QEgI?] 30

where Ris a straight chain alkyl having 1 - 8 carbon atoms, X is hydrogen
or fluoripe atom mis 1 or 2, nis 0 or 1, and [err] |nd|cates that a

SUDSi T UENt At intyafioud TRRishia Bysfdins 63FIHR B62HBG elrhoRondd iuid BB kibi Sde Bbraich®
4-posi tion tRageSapid REAns spébd! I6WREHRInG AithdeGid he Nl are iR@emand.  ACCOrding t
anot her aspect of the present invention, there is provided a liquid cr yst al
conposi ti on SUMMARYSDRTHEINVENTIONAST oOne rrerrber of the compounds of the
formul a (1) above. DESCRIPTITON OF THE PREFERRED EMBCDI MENTS Pref er abl e
conpounds of f An ohjdctof fhie presdnbim@ntion &ltaistevide 4Uquidcrysial compound exhibiting, at least partly, a wide
operation range of mesomorphic phase, low viscosity, large Az and high stability.
Another object of the present invention is to provide a liquid crystal composition comprising the above-
mentioned liquid crystal compound.

20 According o one aspect of the present invention, there is provided a dicyclohexylethylene derivative of
v the formula,
St

R
% m
CH, C Hz—)—@-[-‘ - (1)
. : n x
30 where R is a straight chain alkyl having 1 - 8 carbon atoms, X is hydrogen or fluorine atom, mis 1 or2,

nisCor1,and ) indicates that a substituent at the 1-position of cyclohexane ring and a substituent at the
4-position thereof are at a trans configuration.
According to another aspect of the present invention, there is provided a liquid crystal composition con-

% taining at least one member of the compounds of the formula (1) above.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
; Preferable compounds of formula [I] above include :
s 40
n-— C g H 2 'a + 1—< >—\ ’ .
\J Bee ‘
45 "< >"<:>' F (I a)
50
n=Cy Hy g X ,
F « {(Ib)
F
85



3 EP 0 422 958 Bl [ERR] where [err] is 2-7. 20 - It has been found

t hat these conpounds have a wi de msgﬁr,%&iég iange from about room
tenperature to one hundred and sever ¢ B grees C, extrenely | ow
viscosity for three-ring conmpounds, and a positive As value, and therefore,
t hese conpounds have turned out ta.pe suitable for liquid crystal display

devi ces. Anpong t hgase (Cgrrblz)éjr}i_js,l :@ syl arly preferabl e conmpounds are:
[ERR] 30 35 F where k ¥s 22 485 e tYe Lowpounds of for [Lb'] and
[1d'] hav® a large positive [err]s val ue, @ 'Quﬂlgi Gr@gt'@‘dﬁl ay de-
Vi ceQ\can be driven by a | ow voltage. Further, the conpounds of formnulas
[I ba]™~and [lda] can hardly exhibit a 45 smectic phase and t hgieffire’ are
suitable for a liquid crystal display device using a nematic &é. For
exam ple, a conpound of formula [Iba] where k is 5 does not exhibit a

snectic phase. In the conmpounds o ormula [I], the follow ng conpounds are
al so preferable. [rERREnFmE .61"'1 @1 42 958 Bl [ERR] F
| CHy CHy <O)-F
' F

’
v (Id)

where £ is2-7. _ :
20 It has been found that these compounds have a wide mesomorphic range from about room temperatu
\u to one hundred and several tens degrees C, extremely low viscosity for three-ring compounds, and a positive
Ag value, and therefore, these compounds have turned out to be suitable for liquid crystal display devices.
Among these compounds, particularly preferable compounds are :

n=Cy sz;r(}—\ ) R |
\o@r o
: F '
. n=-Cy H2k+1“<:>‘—\ | |
o “< >'-CH2 CHZ'F'

L e |  (Ida)

15

25

where kis 2 - 5. _ :
Since the compounds of formula [Ib’] and [Id"] have a large positive As value, the liquid crystal display de-
vices can be driven by a low voltage. Further, the compounds of formulas [Iba] and [Ida] can hardly exhibit a
45 smectic phase and therefore, are suitable for a liquid crystal display device using a nematic phase. For exam-
ple, a compound of formula [iba] where k is § does not exhibit a smectic phase.
In the compounds of formula [1], the following compounds are also preferable.

- F o (1€)
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25 where j is 1 - 5. In the conpounds of fornula [I] where mis 2,
conpounds of formulas [le'], [If'], Iog"zh?%q [Ih'] have very high clearing
- points so that the upper Iimt of driving tenperature range of |iquid

- crystal display devices can 30 be raised, and therefore, these conpounds
are useful. Anong these conpounds, particularly preferable conpounds are
those of forrmulas of [le'] and ' and t hese conpounds have | arge
positive As val ueg €dCt,h3 {I _ #siwl di splay devices can be driven
by a | ow®vol tage. FurtHNer ; co * an[ |1 hav afﬁigh
compatibility with other liquid crystal conpodnd gr exanpfé, nown
liqu crystal conpounds such as ester type, Schiff type, ethane type,
acetyl ene type, azoxy type, biphenyl type, cyclohexane type, cycl ohexene
type, pyrjdine type, pyrimdi o+ di Oxane type, fluorine type liquid
crystal conpounds -a'ﬂj'tn%llgil 8 w ore, the conpound of formula [I1]

J g
re O e CONRQ t or I qu [¥Sta
Cata P KO

can be m xed wth one®or

materials suitable forvarious usages. And f sta
materials are very stable to environnental factors (noisture, heRt, air,

i ght, ekectricity, etc.). 40 It is clear that the conpound is excellent,
taking into consideration that a conpound of the formula, rEREﬂ ere Ris
as defined above, simlar to the conpound of the present invention is not

stable to environ- Wsnt fact . The compound of fornmula [I] is

al so suitable fof 3 ‘sjartdpg [ or\\pr ring other l|iqud crystal

com pourds, for exanple, a liquid crystal Wi Com R can be
5

prepared by the process of the follow ng rea®+fon forful as: EP O
422 958 Bl [ERR] 15 The conpound of the present invention may be produced
by the followi ng method: 20 v (] }{J

25

where jis 1- 5.
in the oo:npounds of formula [Ij where m is 2, compounds of formulas [le’], [If'], [ig’] and [Ih’] have very
high clearing points so that the upper limit of driving temperature range of liquid crystal display devices can
30 be raised, and therefore, these compounds are useful.
Among these compounds, particularly preferable compounds are those of formulas of {le’] and [lg’], and
these compounds have large positive As values so that the liquid crystal display devices can be driven by a
low voltage.
Fu:lgarmore, the compounds of formula [1] have a high compatibility with other liquid crystal compounds,
35 for example, known liquid crystal compounds such as ester type, Schiff type, ethane type, acetylene type,
azoxy type, biphenyl type, cyclohexane type, cyclohexene type, pyridine type, pyrimidine type, dioxane type,
fluorine type liquid crystal compounds and the like, and therefore, the compound of formula [I] can be mixed
with one or more of these compounds to form liquid crystal materials suitable for various usages. And further,
.the liquid crystal materials are very stable to environmental factors (moisture, heat, air, light, electricity, ete.).
40 Itis clear that the compound is excellent, taking into consideration that a compound of the formula,

) R—O—CH=CHF

F

where R is as defined above, similar to the compound of the present invention is not stable to environ-
mental factors. )
50 The compound of formula [] Is also suitable for a starting material for preparing other liquid crystal com-
pounds, for example, a liquid crystal compound of formula [ii] can be prepared by the process of the following
reaction formulas. '



1
1)

25 30 35 40 45 50 55 EP 0 422 958 Bl [ERR] 20 55 7 EP 0 422 958 Bl
[ERR] 15 n X 25 where R, X, mand E ?Eﬁgﬂi iefined above. That is,

1, 4- cycl ohexanedi one- nono- et hyl eneke 8 Blcted with a Grignard reagent
(1) prepared fromthe corresponding brom de (substituted bronobenzene or
substituted phenet hylprom de) followed by dehy- drating with an acid
catal yst (for exqae -t Ol uenesul foni ¢ aci d, potassium hydrogen sul fate,
hydrochl oric 30 aci¥® and\\su ri cid) to produce a cyclohefe %
derivativd (2). The resul'ti &ne derivative is hydry- gQ % ed in
the presence of a Pd, Ni, or typeépatalyst and then treated with an
aqueous acidic solution fo give a cy | ohexanone derivative (3). The
resulting conmpound (3) i$ reacted with an ylide of the fornmula (a) prepared
by treatipg methoxymethyl| Hy , metal catalyst

R CH, CH O—@-F w (1)
. R-emcx

F

The compound of the present invention may be produced by the following method :



tri phenyl phosphoni um chloride of the fornula, 35

[err] with a base such as n-butyl | IE&H&S&P@I&? assiumt-butoxi de and the

li ke, and then treated in an acidic olution to give an al dehyde
derivative (4). The derivative (4) is reacted with an ylide of the formula
(b) prepared by treating a phosphoniumsalt (5) of the formula, 40 [ERR] 45
wth a base such a 2.1 gt hi t - but oxi de tq,obtayn a
di cycl ohexyl et hyl eﬁeﬁgr{ﬁtq %/122 [?’I}zﬂﬁl@iﬂ? is a mxture o?-le?s-for m
and trandformand the ratio of-cis: trahs isXabout 95: 5. This cis-formis

conw§¥ted to the trans-forlmto obtain the conmpound [I] of the present

inveition. That is, the ethylene derivative '] are oxidized with a
peroxi de such as m chl oropler bgnzoi c acigd XM nht ed with di bronotri phenyl
phosphor ane and 50 finallly reduced with 2a~ 0odl ve the conpound of the

present invention, the dic cl'é)nexyl et hjMéAe derivative [1]. Afeature of the
liquid crystal conpositionr,of the present invention Is that it contains at

| east two liquid crys- tal conpounds and at | east one of themis the liquid
crystal conpound of fornula [I] above. Exenplary suitable |iquid crystal

conmpoundgs whi ch are us her wwth the c und of forrmula 11] as
conponents of the |iquitd ¢H,qn'&)§g‘3m@5de t he fol'r‘oh’g] group of
neP

known conpounds (i) - (x®ii1). [ERR] 8 X422 958 B1 5 [ERR] 10 15 20
25 30 :
20
ot
: 1) H2 , metal catalyst
25
'2)  Acid
" o X HCH, CHZF w (3)
X
35
2) Acid
\ 4
v 40

oHC cu, cH3—OFF - (D
< Ore ey T
45
R« ».CH=PPh3 (b)
m



so 45 9 EP 0 422 958 Bl 20 [ERR] 25 90 40 45 50 55 10

EP 0 422 958 Bl [ERR] 10 EP 0 422 5Yis -CN, -F, [err]
or [err] where R and [err] are indepgﬁggﬁ%ﬁgﬁgl kyl or alkenyl, and Zis -H

or -F. The NI point of the conmpound of the present invention is so high

that the operatlon ge of liquid crystal display devices can be
broadened; its y € weCyHl g r ef t he nse tj of
liquid cr stal - spl y devi ces @ bebs @r tce);?'e Et e f o

its Iarge p03|t|ve vaI ue, it is not required to rai s@ t hexdri v-
-~ (cis/trans 3= 95/5)
1) Peroxide

10
2) Ph3PBr2

3) Zn

15

vV

. o R
S V= OIS
CH, CH F « (1)
2 2 0

X
25
where R, X, m and n are as defined above.

That is, 1,4-cyclohexanedione-mono-ethyleneketal is reacted with a Grignard reagent (1) prepared from
the corresponding bromide (substituted bromobenzene or substituted phenethyl bromide) followed by dehy-
drating with an acid catalyst (for example, p-toluenesulfenic acid, potassium hydregen sulfate, hydrochloric

30  acid, and sulfuric acid) to produce a cyclohexene derivative (2). The resulting cyclohexene derivative is hydro-
genated in the presence of a Pd, Ni, or Pt type catalyst and then treated with an aqueous acidic solution to
give a cyclchexanone derivative (3).
The resulting compound (3) is reacted with an ylide of the formula (a) prepared by treating methoxymethyl
triphenyl phosphonium chloride of the formula,
35 CH;OCH,P*PhsCI~
with a base such as n-butyl lithium, potassium t-butoxide and the like, and then treated in an acidic aqueous
solution to give an aldehyde derivative (4).
‘The derivative (4) is reacted with an ylide of the formula (b) prepared by treating a phosphonium sait (5)

of the formula,
R + -
—(O}— CH,P*Ph Br

m

with a base such as n-butyl lithium, potassium t-butoxide to obtain a dicyclohexylethylene derivative [I'}. This
fI'] is a mixture of cis-form and trans-form and the ratio of cis : trans is about 95 : 5. This cis-form is converted
to the trans-form to obtain the compound [1] of the present invention. That is, the ethylene derivatives [I'] are
oxidized with a peroxide such as m-chloroperbenzoic acid, brominated with dibromotriphenyl phosphorane and
50 finally reduced with Zn fo give the compound of the present invention, the dicyclohexylethylene derivative [l].
Afeature of the liquid crystal composition of the present invention is that it contains at least two liquid crys-

tal compounds and at least one of them is the liquid crystal compound of formula [I] above.
Exemplary suitable liquid crystal compounds which are used together with the compound of formula [I]
as components of the liquid crystal composition include the following group of known compounds (i) - (ocxiii).

R‘O—O-Y o | (i)



ing voltage of liquid crystal display devices. In addition, the compound of
the present invention is very stabl eqpt oﬁzgggéid:lonment al factors and
therefore, can be used for various | (fu rystal display devices (for
exanpl e, active matrix systemby TFT). The foll owi ng exanpl es are given for
illustrating the present+Qveptgon~Qut not |imting the present invention.

15 Expl anati on oR¥ynporé /ﬁ=\ 3kanpl es: CN point (1) .
Crystal line-nemati c phase transition point CS point .....
Crystal | i%ne-smectic phase transition point SN point ..... Smecti c-nemati c

phase transition point N paoint . ... Nemati c phase-isotropic liquid
phas€ transition poi nR Q@:ﬁym epar ati on of ( “r?
trans-2-(trans-4-(3,4-difle®ro yl') cycl ohexyl)-1-(t rans-h- - pentyl cycl ohe
xyl)etheqde ( [err] =5in formula [Ib"] (No. 1) 25 (i) Preparation of 3,

4' -di fl uor ophenyl - cycl ohexene- 4-one- et hyl eneketal (X =F, n =0 In fornula
(2) To a 2 1. three-necke onni ng 8.0 g. of magnesiumand 30 ni.

of THF was dropw se add@ai =<z t pod¥en at nosphere 250iw}i . of a THF
sol ution of 3,4-difluorobronobenzene (63.7 g.) kept at [err], followed by
stirringq4 or 1 hour and dropw se adding thereto 200 m. of a THF sol ution.
of 1, 4-cycl ohexanedi one-nono- ethylene ketal (46.9 g.) kept at 40C
Continuing stirring for A6\ hoy R &5 it is, and 500 m. of a saturated
agueous sol ution of aF"i de under cooling with e and further,
500 m . of toluene were added thereto to effect extraction. The organic

| ayer wago washed with 500 m. of water three tines, dried over sodium
SUli.]"Z‘}e 35 and concentrated. g, Product were added 0.6 g. of

p-t ol uenesul foni c aciRl : tyol uene and refl UXGC(VEE 3 hours
while water in the formde #was W thdrawn using a Dean Stark trap.
After cooling the product to [err], 200 m. of a 0.1 N aqueous sodi um

hydr oxi dé® and 200 ml . of heptane were added thereto and the water |ayer was
renoved. 40 Then, jhe a¥s s washed with 200 m. of water three
tinmes, dried over soRi @ { at p Fhcen- trated to obt&i1)81.7 g. of a
crude product, which wa 2zed from heptane to obtain 55.7 g. of

t he end g?oduct. Its structure was confirmed by NVR (ii) Preparation of

4- (3, 4-ditluorophenyl)cycl ohexanone ( X =F, n =0 in formula (3))

R4 -co0-x-Y (viL1)

35

R »C00-X~-Y an

\,.4 40

RO-{ y-coo-X-Y (x)
45

R%:}Q;y{:}Y (x1)
) 5
) no{:}qu{:yv (xi1)



46 A300 m . egg plant type flask containing 8.4 g. of 5 % pal | adi um car bon,
55.7 g. of the conpound obt ai ned inég& iggwﬁ and 200 m . of ethyl acetate
was swept with hydrogen. Stirring was é? ected at [err] for 8 hours to
consune 5 |. of hydrogen. After renoving the catalyst, the resultant
product was concentrated and recrys- tallized fromal cohol to obtain 52.3
g. of a white cryst _@-C=ﬁmt al was dissol ved i(n EDE 600 nl, and
165 m of 2 N hydrochl acr hd¥ed thereto and re- i d for one
hour. After allowing to cool, 300 m. of toluene was added thereto for
extriaction and the extract was washed with 300 m. of a 0.5 N aqueous

sodi um hydroxi de and with 300 m . of water three tinmes, followed by drying
over sodium sulfate IAONLarobtain 40.3 g. of .a,crude product.
The crudeg, product wagﬁ(rbe‘g@?a %ﬁfﬁg{m al cohol and dri‘fé‘dv%o give 24.0 g.
of the title conmpound, mp. [err] . The structure was con- 55 firmed by
NVR. (iii) Preparation of trans4-(3,4-difluorophenyl)cycl ohexane

car boxyal dehyde (X = F, =0info la (4)) 12 EP 0 422 958 B1 A 1 |

t hree- necked flask cdf Hoe. met hoxymet hyl t riawgnyl phosphoni um
chloridesand 150 m. of THF was cooled to [err] and 18.7 g. of potassium

t - but oxi de was added thereto. After stirring the resulting mxture at [err]
for one hour 100 mM. of a solution of the conpound obtained in (ii) above
(23.4 g.) in THF was _ég:yg i §€, _%gg>L reto, and stirying was effected
for 4 hours and 300 %Fp p%ﬁanﬁp m®. of toluene mé&@lgdded f ol | owed
by extraé@ion. The extract was washed with 300 M. of water tw ce, dried
ovex_sodi um sul fate, concentrated, and 500 ml. of heptane was added and the
thus-precipitated crystal_was filtered off. The filtrate was concentrated,
passed t hrough a col ug agn§6q+lsilica gel using a hgﬂkrﬂp fol | owed by
concentration again. To wecentrate 10 was added 15 of 2 N

hydrochl&fic acid and 300 m. of THF and refluxed for two hours. After
allowing to cool, 300 m. of toluene was added and extraction was carried

out, and the extract S ) 200 m. of 0.5 N aqueous sodi um
hydr oxi de and with 2 ee tinmes. The prod(wtiifpus washed
was dried,over sodium sulfate and Concentrated to give 25.5 g. of a crude

prod- uct, which was then distilled to give 18.5 g. of the end product. The
structure of the final productwas confirmnmed

R Y Hcoo-x-v | (x1x)

35

RO Y4 HYcoo-x-v (xx)

o |

R-EO-c00-x-Y (xx1)
45

R -cH, 0 v | (i)
50

R—CZ}—Q—CN (xxli1)
55 . .

10



15 by NMR (iv) Preparation of 2-(trans-4-(3,4-difluorophenyl)

cycl ohexyl)-1-(trans-4-n-pentyl cycl -efhene ( X = F, R=n-pentyl, m
=1, n=0in formula [I"]) 20 %M‘r’.sﬁ"hree- necked flask containi ng
15.7 g. of trans-4-n-pentyl cycl ohexyl nethyl triphenyl phosphoni- urn

brom de and 100 m . of F was cooled to [err] and 3.5 g. of potassium

t - but oxi de was adde@ C gt rglone hour at [erpl,;,§0 m. of a

sol ution of the compou obt ai_zned =/ (ill) above (6.3 g.s x]n THF was

dr opwi se added thereto and the tenperature was gradually raised up to OOC
wWth stirring over4 hours, and 150 ni. of ﬁter and 150 m . of toluene were
added followed by e .afyr Th s washed with 200 m . of
water tw ce, dried ?\/e 0 |lIJIr72 sgl g’] concent r at ed. {%’?‘f)he concentrate
was addeq, 150 ml . of heptane, and the crystal thus precipitated was
filtered off, and the concentrated filtrate was passed through a col um
packed with silica gel (N hept ane followed by dis- tilling off heptane
to obtain the final %@}r@\’g.). The ratio of the cifdfvd)mto the
transformwas 95: 5. 304YV) eparation of

trans- 2- g4 rans-4- (3, 4-di fl uorophenyl ) cycl ohexyl)-1-(trans-4-n-pentyl cycl ohe
xyl)ethene ([err]=5in formof [Ib']) A 100 m . three-neckedfl ask

containing 5.1 g. of mg benzoi c acid, 3.0g. of (pot assi um
carbonate 35 and 108 og)f ormwas cooled to [errRXVEHd 20 m . of a.
solution of the conpound obtained in (iv) above (5.5 g.) In chloroform
Afterstireing fortwo hours, a 10 % aqueoussodiumthiosulfate (30 nm.) was

add"gg.;- and stirring was ected for_5 mn. After renoving the water |ayer,
t he product was wash c36 v 0.5 N aqueous sog'kwp W dr oxi de,
and with 30 mM. of wate hree ti , and dried over sodiumsuffate. After

concentration, the concen- 40 trate was passed through a colum packed
with sili®a gel using a heptane, and heptane was distilled off to give 5.2
g. of an oily product. a 100 m . threg-necked flask containing 8.4 g. of
di br onot ri phenyl phosp dbgl GOH ‘énzene was addgdidp M. of a
solution of the above-neEntioned oily product (5.2 g.) in benzene and
refluxedgor 6 hours. After allowi ng to cool, the product was passed

t hrough a col umm packed with silica gel using a toluene and 45
concentrated to gi v&? : ' ystal followed by {ecr ystal l'i zi ng
froma heptane and y t g of white crystal, X’&xﬁ [err]. NMR
spectrumof the resulting white crystal product supported the chem cal
structures [ERR]

(. m ./.@ _(xxxi)

=~ Z

R O-cH, cHy < ) Y (xxxi1)
50
R < »cH, cH, @-Y (xxx11i)

55 In formulas (i) - (ocxiil), X is

O

1



5 '
B

To a 100 m . three-necked flask containing 2.2 g. of the bronp conpound and
20 m. of acetic acid was added 1.5 gpo % Bftnd the tenperature rises up
to [err]. After stirring for two hours € mxture was poured 55 into a
300 m . beaker containing 70 m . of water, extract ed with 100 m . of

t ol uene, washed with 100 m . . 571 | um hydroxi de and wth 50
m. of water three tines, dri® 1 A\ and concentrated to
give 2.0 % of crude product The crude product Wy ecrystallized froma
heptane ahd dried to give 0.7 g. of the final product CN p0| nt [err] and

:C\Ii)r mt [ l[ ]e; %The Bdo EBCP ézé 0%5%‘3'?% nge gl';:ipe%dé h£t lke %'?XI? go:Eﬁ‘qud crystal .
appropriate p U&Hb%% d Merefore th onsp time of liquid crystal
th: i %é&&%‘v&lﬂ@ m 1J}ﬁe driv-

trans- 4- Nppe gy, eQ&‘ﬁ’ﬁXLI’Bﬂ& and fut
foll ow ng commmﬁcgg@ displl

Trans- 2- ('t r ansifladdider}thd ichrhpaGdP a&t&@%hﬂ&wty)smh td EnAroRmédITabto laid/thérebig X Y
| ) et hene ( Nocandp used for various liquid crystal display devices (for example, active matrix system by TFT)

Tr ans- 2- ('t r ans-THefolibwihg kiamplesurayian foyillustatingthepradeptinbertib, Bubfot Hinihg hjébﬁb’ﬁ\hﬁhﬁ%)ﬂ )
et hene (Ns. 3) Ekflanation of symbdis in 8f8.eRdmpledll , 95. 8C

Trans- 2- (t r agGNpdint(.3, 4- di Gwmhmtiybbasqméneim”hﬁ -1-(trans-4-n-propyl cycl ohe
xyl ) et hene (68point)....CN, 4Crysdlineisinectit Bdsi@nsition point

Trans- 2- (tr aBNpant(.3, 4- di $rhagtic-nemiaticphesedrarsitiomeoint| ) - 1- (t r ans- 4- n- but yl cycl ohex
yl ) et hene ( NNL polgg’ €N, [ emqn]a,tic plese-isotrepicliguid phase transition point

Trans- 2- (¥rans- 4- (‘3, 4-di f | uor ophenyl ) cycl ohexyl ) - 1-(trans-4-n-hexyl cycl ohex
yl ) &thene (

;lr ? 2? hgnét E %Cn)s- % rgpai'atlo {rlan%- r(O nQS-’IX 4-21!%3/090% een))('slcyzlo ):[1t(gar:1§-4-n-pentylgﬁlo etCIJer?eheX
Tr ans- 2- ( rans- 4‘”(?'"“’81“P|“B’!>$N8pt).enyr )cycl ohexyl)-1-(trans-4-n-octyl cycl ohex
yI)ethene( I g = in formula [1])

Repeat i ng tm ré(r}%ce 3?@ ﬁglﬁ'fgibghénﬁ cy‘iﬁne’&eggei g Az?-%t crekete

2-(3, 4-di f1 uor opheny b Llilimd @Y de is used I n place of

3, 4-di f | uor obr GyR B¢ K& Mfecked Rk chiitainifY Y & BY thagh&iumR@ SPRCE THE WasS@bgwisk BddeB InaC €
of trans-g- Naitrogen atmosphere 250 ml. of a THF solution of 3,4-diflucrobromobenzene (63.7 g.) kept at 50°C, followed
by stirring for 1 hour and dropwise adding thereto 200 mi. of a THF solution of 1,4-cyclohexanedione-mono-
ethylene ketal (46.9 g.) kept at 40°C. Continuing stirring for 10 hours as it is, and 500 ml. of a saturated aqueous
solution of ammonium chloride under cooling with ice and further, 500 ml. of toluene were added thereto to
effect extraction. The organic layer was washed with 500 ml. of water three times, dried over sodium sulfate
35 and concentrated.
To the product were added 0.6 g. of p-toluenesulfonic acid and 200 mi. of toluene and refluxed for 3 hours
while water in the form of azeotrope was withdrawn using a Dean Stark trap.
After cooling the product to 30°C, 200 mi. of 2 0.1 N aqueous sodium hydroxide and 200 ml. of heptane
were added thereto and the water layer was removed.
o 40 Then, the product was washed with 200 ml. of water three times, dried over sodium sulfate and concen-
trated to abtain 81.7 g. of a crude product, which was recrystallized from heptane to obtain 55.7 g. of the end
product. its structure was confirmed by NMR.

(i) Preparation of 4-(3,4-difluorophenyl)cyciohexanone { X = F, n = 0 in formula (3) )

A 300 ml. egg plant type flask containing 8.4 g. of 5 % palladium carbon, 55.7 g. of the compound obtained
in (i) above and 200 ml. of ethyl acetate was swept with hydrogen. Stirring was effected at 25°C for 8 hours
fo consume 5 |. of hydrogen. After removing the catalyst, the resultant product was concentrated and recrys-
tallized from alcohol to obtain 52.3 g. of a white crystal.

50 The crystal was dissolved in THF 600 mi, and 165 mi of 2 N hydrochloric acid was added thereto and re-
fluxed for one hour. After allowing to cool, 300 ml. of toluene was added thereto for extraction and the exfract
was washed with 300 ml. of a 0.5 N aqueous sodium hydroxide and with 300 ml. of water three times, followed
by drying over sodium sulfate and concentrating to obtain 40.3 g. of a crude product. The crude product was
recrystallized from alcohol and dried to give 24.0 g. of the title compound, m.p. 61°C. The structure was con-

55 firmed by NMR.

(lii} Preparation of trans-4-(3,4-diflucrophenyl)cyciohexane carboxyaldehyde

(X=F, n=0informula (4) )
12
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~d
)
v
i
;
t"*"' o @
B3O8 d d

per{tyl cS/cI ohexyl met hyl triphenyl phosphoni um bronide, there are produced
Trans-2-[trans-4-(2-(3,4-difl uoropheny eﬁ%er'cycl ohexyl ]-1-(trans-4-net hyl
cycl ohexyl ) et hene
ycl ohexyl ) et ﬁfe'l',lilg £molqu1omnd4g7 ocf siung iputpxide was added thereto. After stirring the resulting
) JinT

Trans-2- [tra K nd1 o@rnng%%d%nqﬁi gﬂaggﬁﬂ@%}/ a{erg'nd q()?)zr:?rjltlﬁogi'tailzfxer':'e vwi%p
Tr ang- -[tra
| cycl ohexyl )gtthg S~ filtered off. The neentra assed

t DL S0 RGeS oo B ohror ageim 75t o Bt
yl cycl oheyyl &:els ydrochlonc cid and 300 ﬁTHFa T;quedﬁrtwogu
Trans- 2- [ trans-xipf aowiny 1§ odé 60%“6? :HM ol rfied IEﬂlﬁeéﬁrQﬂWy
Trans- 2- [ t r ans 4 grodudt thusWabHelt RaPBEsVEF shilir ylithte Yifd comemiatel tolgive 25.8.5%f lcriidelprial Y
| cycl ohexyl ) aét/whitRwéd¥hen dibfillbd to give 16.5 g. of the end product. The structure of the final product was confirmed
| cycl ohexyl ) et hene (No. 16) 35 Exanple 4 (X =H m=1, n=0in formula
(1]) Repeati (ig Ptep@ation ot 2:(ttenset-(8,#-dluaropbbreyl) Eyclohappl-(tiahed-n-dentylaydehek)ettetrenzene
phosphoni um sal t(xﬂFﬁm@ntyf. m=1ans Oinfor: ﬂ?'elﬂﬂ)yl cycl ohexyl met hyl triphenyl 40
phosphoni #m br dyfcg ml. t'!’ﬂ?é?@‘%ﬂ&?"@ﬂﬂ?ﬁ'i“ﬁé% g-|9tirang;f-npeftyigyct @GMM@PM"Y‘ phosphoni-
hene ( No. ?g Afterstlrnng for one lOﬂOf e compound obtain above (6. g)in

1
Trans- 2-(t raagd1 rngm%rmyﬁoluene Zldd'zd :o%l?dgﬁlgragf g ‘Hr& %gwrwwj ez
Tr ans- 2- (?raﬁ%o'ﬂ c:tf;;n
et hene ( No.
ugh ;colump fadfd witP gllrlleg gﬁl usm%aut%egp/ %eyfgqowﬁdexy‘

t hene (No 2 S to
Trans- 2- (§,r ans- 4- (4- Iuorop enyl )cycl ohexyl) 1 (trans 4- n- pentyl cycl ohexyl)
Trans-2- (trans-4-(4-fl uorophenyl)cycl ohexyl)-1-(trans-4-n-hexyl cycl ohexyl)e
t hene (No. 22) (¢=5informof[ib])
t hene (Noss 23nd 8Gnl. of chioroform was cooled to 10°C, and 20 mi. of a solution of the compound obtained in (iv) above
Trans- 2- ('t r a5 gh)-if ehidrdfarar ophenyl ) cycl ohexyl ) - 1- (trans-4-n-octyl cycl ohexyl)e
t he procedur &r&minEAftentsimeving theceatesiayerithe productias weshedith é’ﬁw %QWFQUB‘P"SW 'Ws
used in pl ac@royge, andwits3p mhgmbrtbmmmyﬁérmerm“ﬂgﬁvwﬁ tercenceiigiay

the foll owi.ng conpounds. 25
Trans- 2- [ t r ans- At E"’T@cha)dd'i"?"l"e@?'ﬂi?ﬂﬁ pogﬁefepmwmtyﬂmmwormm m ghigride apd 48yl ¢
yl cydohex§l ) ' el

adi s v ?Wﬂes&o.n%wagﬁw.cms bl R4 i chd 055, a0
Trans-2-[tra ey
| cycl ohexyl )%Jnecﬂﬁth(zk;bml b5 N aqueous sodium hydromde and with 200 ml. of water thres times.
Tr ans- 2- [ isr abgNMR.( 2- ( 3, 4-di f |l uor ophenyl ) et hyl ) cycl ohexyl ]-1-(trans-4-n-octy
is used in place of 3,4-difluor- obronpbbenzene and an appropriate
Tramg; 2- (t raH@bﬁP 8 2p WBF"beouraX‘l;  Eper s ofagoluzdaf’ - OF Retpssium trhufon e;?‘%x dedexyl ) et
trans-2. L Wi vl i B HBR VA MGl BE 5
Trans-2-(t rag&g
et hene (NO &ibreparaﬂon oftrans-z- trans-4-33 4-d|ﬂuorophenyl)cyclohexyl)-1-(trans-4—n-pentylcyclohexyl)ethene
Tr ans- 2- ( t r ans-A400 it thiee-aeckpd fiaskdohtainihgd 1ty yiimetathi¢ropethaszoié acid, B.0 p.lof Hotagsiinndadiondtd e
thene (No. 24) Aftecstipsingforiwe haus, a 165 agueops sediym thipsulfate {30 ml. wap jddedand stirringmesritectpt g
sal tii/n pfoac&rateas pagsed throygh 9 colury pagkad ¥ith gliqagehusipg a éﬁ?/f“”ﬁﬂﬂb!’ﬁffﬁ?\"ﬁ'rﬁf o

b e e R e

ohexyl)et he n owmg eool the product was passed through a column packed with silica gel using a toluene and
45 oonoentrated to give 7.2 g. of white crystal followed by recrystallizing from a heptane and drying to give 3.4 g.
of white crystal, m.p. 151°C.
NMR spectrum of the resulting white crystal product supported the chemical structure,

o CgH, Ocmsrcnnrp
F

To a 100 ml. three-necked flask containing 2.2 g. of the bromo compound and 20 ml. of acetic acid was
added 1.5 g. zinc, and the temperature rises up to 45°C. After stirring for two hours, the mixture was poured
56  into a 300 ml. beaker containing 70 ml. of water, extracted with 100 ml. of foluene, washed with 100 ml. of 0.5
N aqueous sodium hydroxide and with 50 ml. of water three times, dried over sodium sulfate and concentrated
to give 2.0°g. of crude product. The crude product was recrystallized from a heptane and dried to give 0.7 g.
of the final product, CN point 31°C and Ni point 136°C.
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k]

Trans- 2-[trans-4- (2- (4-f1 uorophenyl ) et hyl ) cycl ohexyl ] - 1- (t r ans- 4- et hyl cycl o

hexyl ) et hene (No. 26) 14 EP 0 422 ?E%
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cycl ohexyl]-1-(trans-4-n-propylcy
cl ohexyl ) et hene (No. 27)

Trans- 2- [ t r afample2y_ (4 f1 uor ophenyl ) et hyl ) cycl ohexyl [-1- (trans-4-n-butyl cyc
| ohexyl ) et hene (

Tr ans- 2- [Lrans 4 QFQ‘A'? p?)'q Ic% Lohex ansI ent%;I cy
R = ke onlon gt ke
Trans-2-[trapg :ﬁ‘gwdmﬁﬁ%ﬂ%})&WJ M%%ﬁ&ﬁcﬁbh&)&tﬁ&n&o‘lmn hept yl cyc

| ohexyl ) et he \
Trans- 2- [ for aﬁ‘sans('zlc 4.0 4-|d l';';%’&fé‘ﬁ"’&”f’f""‘% S‘“‘é’i?‘c‘ﬂ‘%'?’("’%” (fhfxylfet?ene Nr?ss)4 n-octyl cyc

| ohexy! ) et hefgnderansi, &m&mdnenyﬁcyaghe&%n&nsmm&w&um&yﬁdhem ya [1])
Repeating the prewaduwios Mfisszeenpl e 1 except that an appropria phosphonl um

sal t is usedTrais-Plramsl-@i-difluaogherhEycipRRyy-@iklaosudyEidtekybthére (NI NY |
phosphoni um br ontnje¢.2dchel,a@3ns°e obt ai ned the foll owi ng com pounds. 15

Tr ans- 2- (#r afrenstB(trans-45(3 ddiflocranhlameyl)gykiplexy)- 1oftraneyd-r)-hekylytiolmmyi)etheriet(N@ BE - 4- et hyI C
ydohexyl ) cy cTremed{jranset-(3 4rdiflu¢rdgdenyB&yplohexyl)-1-(trans-4-n-heptylcyclohexyl)ethene (No. 7)

Trans-2-(t ramnsa-msﬁ—@ﬂﬁWImmpthwmm@m@mwmmh«(np (Noa8)- 4- et hyl cyd
ohexyl ) cydohexyl Let hene (No. 34)

Trans- 2- (t r abamale@3 4. d|f|uorophenyl)cyclohexyl) 1-(trans-4-(trans-4-n-prop
yl cydohexd| )cydohexa(&z et hene CS, [err]; SN, 168.4C, NI > [err]

.- .
Trang,2- (transgg PI: (ﬂ ’Qr‘ l C)é@t ?hr;te%(-éli)-diﬂuorgphenyl)ethyAi bgoEnEdg |ssus§d IQ plgget y

yEart. Koz > g LT AL, 8 (T
yl cycl o % VAP € 4% ﬁ% ylcy etfiene (No. 9) In
EOEQULad.[Huorow Y g,g fotind -3 ﬁ': %wcgaﬂﬁi'ﬁsnﬂﬁﬂ

3, 4-di f | uor oL ANDRERAGHPs, hetitjetry a@rieﬁyllﬂfl%ﬂh-‘ﬂwmy%ﬂhéxyﬂe&eﬁﬂ S1Pf

trans-4-n- pﬁaasvé.m&uqb.@s%m&gwmg %&Wkﬁﬁhﬁ%ﬁ@&ﬁ%&&e M(ﬁéem)

f ol | oW NgspCOTRMHAEHnsAL Renyl)ethyl)cyclohexyll-1-(trans-4-n-pentylcyclohexyl)ethene (No. 13)

Trans- 2- [t r angnsd2- |&2ns(43(2 d«-ﬁdowaﬁéhﬁ Eiylydydishielintl1) (gans-Uabiegiey diohdxyl)éthiens ot 14) t r ans

- 4- met hy| cy crratseapransosy(@( 3@ airyokopRniifReil)dybihexyi}d)(trans-4-n-heptylcyclohexyl)ethene (No. 15)
Trans-2-ftrans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-octylcyclohexyl)ethene (No. 16)

35 Example 4

(X=H,m=1,n=0informula(l]) . .
Repeating the procedure of Example 1 except that 4-fluorobromobenzene is used in place of 3,4-difluor-
obromobenzene and an appropriate phosphonium salt in place of trans-4-n-pentyicyclohexylmethyl triphenyl
W/ 40  phosphonium bromide, there are obtained the following compounds.
Trans-2-(trans-4-(4-fluorophenyl)cyciohexyl)-1-(trans-4-methyicyclohexyl)ethene {No. 17)
Trans-2-(trans-4~fluorophenyl)cyclohexyl)-1-(trans-4-ethyicyclohexyl)ethene (No. 18)
Trans-2-(trans-4~(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-propylicyciohexyl)ethene (No. 19)
CN, 64.4°C ; NI, 167.5°C

45  Trans-2-{trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-butylcyclohexyl)ethene (No. 20)

CS, 56.4°C; SN, 59.1°C; Ni, 163.0°C
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-pentylcyclohexyl)ethene (No. 21)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-hexylcyclohexyl)ethene (No. 22)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl}-1-(trans-4-n-heptyicyciohexyt)ethene (No. 23)

60  Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-octylcyclohexyl)ethene (No. 24)

Example 5

(X=H,m=1,n=1informula[l])

&5 Repeating the procedure of Example 1 except that 2-(4-fluorophenyl) ethyl bromide is used in place of
3,4-difluorobromobhenzene and an appropriate phosphonium salt in place of trans-4-n-pentylcyclohexylmethyl
triphenyl phosphonium bromide, there are produced the following compounds.
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)eyclohexyl}]-1-(trans-4-methylcyclohexyl)ethene (No. 25)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl}-1-(trans-4-ethylcyclohexyl)ethene (No. 26)
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30
Trans-2-[trans-4-(2-(3, 4-difluorophe k cycl ohexyl]-1-(trans-4-(trans
- 4- et hyl cycl ohexyl ) cycl ohexyl ) et henegyklow% |

Tr -2-[t 4 2- 4-difl h hyl | ohexyl
ans- 2 [trape. ;g brens Met L (1

; -f b t
Tz,aﬂsbﬁt 5t r affe s fop ot mpm 32%) (trans
Tr ans- 2-[]{

Cyrans- -firans-4= f S?glr 30

raga AAVS tiol g‘? %}_nggm S % (trans
-4-n tyl XV C, Eﬁm
I n ﬁ(’;’?%n[?’] )C¥ esf)e tlng t Qéﬁ'pl cep ﬁt ne

4-f1 uor obr onpRaReeNe 1S used I n place of 3, 4-di fI uor - obronobbenzene and an
appropri ajpe pnospnoniumsalt in place of trans-4-n-pentyl cycl ohexyl net hyl
triphenyl phosphos gm £2, alotorniufagy ¥ 0l | owi ng conpounds are produced. 45

Tr ans- 2- ( t r ans -Répdafinglthegrocaplie snExarmp DGR thit sh-abprogiias phospchidi Saldis 08 ydidey 6f O
hexyl ) cycl ohgangldinaishigingiohédgimetiys friphenyl phosphonium bromide, there are obtained the following com-
Trans- 2- (tr apsmnds: (4-f | uor ophenyl ) cycl ohexyl)-1-(trans-4-(trans-4-ethylcyclo
hexyl ) cy c#ohEnansk2)(ednsé-(8e 4-tlifi@rophbay)cyclohexyl)-1-(irans-4-(trans-4-methylcyclohexyl)cyclohexyl)ethene (No. 33)
Tr ans- 2- ('t r afrenrsiz-(rdnst4-(34-diipdvephigryeygiotienificx(iyny-4-trafs-4-ethiioyclohéxyasiahexdlietiheps dip\BHCy

dohexyl ) cycl bnaesf UQMSWM transc4:-(frans-4-npropykey¢idhepyaysidhenijathene (No. 35)
cycl ohexyl ) - 5,703 SNAB8.49CHNI>- 390 bhut Xad ohexyl ) cycl ohexyl ) et hene (
46 Trans-2-(trans-4~(3,4-diflucrophenyli)cycich )-1- ns-4~(tlans-4-n-butylcyclohexygcydohexyl)ethene (No. 36)

Tr Zins 2- (¥r affans£-(rane{-{3fifiyorppbenyoyaheniy frimum 4 traps-f-mpeivicysiohexyioydnbedethepa(Ne. 3T c y
cl okexyl ) cyc ohef< | )ethene (No. 47) 50 Exanple 9 (X =H m=2, n =11in form
[1]) Repeati procedure of Exanple 1 except that

2- (4-fl uoropheny, %B%_eigﬁylzgrqugﬁml sed in pI ace of 3,4- 55
di f | uor objonmob & | A65ia9%s used in
; Lnd GQF'% prB iﬁlq’ﬁ‘ ; l?rgnssfg-n-

X3
trans-4- n Pepkog! &Y Rrbb
follow ng co Wé?g’ 3&2 phosphoniumb ide, the followln oom unds are produced
Trans-2-[t raﬁﬁnséb' #Wé&ﬁ%@ byciBibRyl)cyclohexyl)ethene
4- (trans-4- n@jphas) cycl ohexyl )cycl ohexyl ) et hene ( No. 48
Trans- 2- [sr aﬁﬁns‘b—[ﬁa?:s-@»&-di.lﬂ—umﬁdmhﬁﬂ»{rblﬁ:&m%#@hﬁhﬁ%%dw@d@m&dém&ﬁerﬁ- e
t hyl cycl ohexyo)agydohexyl ) et hene 15
Trans-2-Jtrans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl}-1-(trans-4-(trans-4-n-propylcyciohexyl)cyclohexyl)ethene
(No. 40)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(frans-4-n-butylcyclohexyl)cyclohexyl)ethene
35  (No.41)
Trans-2-[trans-4-(2-(3.4~diﬂuomphenyl)ethyl)cydohexyl]—1-(lrans-4-(ﬁ’ans-4-n—pentylcyclohexyl)cydohexyl)ethene
{No. 42)

Example 8

(X=H,m=2,n=0inform[l])

Repeating the procedure of Example 1 except that 4-fluorobromobenzene is used in place of 3,4-difluor-
obromobenzene and an appropriate phosphonium salt in place of frans-4-n-pentylcyclohexylmethyl triphenyt
phosphonium bromide, the following compounds are produced.

46  Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-{trans-4-methylcyclohexyl)cyclohexyl)ethene (No. 43)
Trans-2-{trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-ethylcyclohexyl)cyclohexyl)ethene (No. 44)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-n-propylcyclohexyl)cyclohexyl)ethene (No. 45)
Trans-2-(trans-4-(4-fluorophenyl) cyclohexyl)-1-(trans-4-(trans-4-n-butylcyclohexyl)cyclohexyl)ethene (No. 46)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(frans-4-(frans-4-n-pentylcyclohexyl)cyclohexyl)ethene (No. 47)

Exarflple 9

(X=H,m=2,n=1inform[l])
Repeating the procedure of Example 1 except that 2-(4-fluorophenyl)ethyl bromide is used in place-of 3,4-
55  difluorobromobenzene and an appropriate phosphonium salt in place of trans-4-n-pentylcyclohexylmethyi tri-
phenyl phosphonium bromide, the following compound is obtained.” _
Trans-2-Jtrans-4-(2-(4-fluorophenyl}ethyl)cyclohexyll-1-(trans-4-(trans-4-methylcyclohexyl)cyclohexyl)ethene
{No. 48)
Trans-2-[h'ans-4-(2-(4-ﬂuorophenyl)ethyl)cyclohexyl]—1 (h'ans-4-(h'ans-4-ethylcyolohexyl)cyclohexyl)ethene
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EP 0 422 958 Bl (No. 49)

Trans-2-[trans-4-2-(4- fIuorophenyl)h%pgg%ﬁﬁghphexyl]-1-(trans-4-(trans-4-n-
propylcydohexyl)cycloyexyl)ethene (

Tr ans- 2- [trans (2 (4-fl uorophenyl)ethyl)cydohexyl]-1-(trans-4-(trans-4-n-

?‘#%'tsclﬁc'[ ; FZ - l%‘w ik #%1%%0@5w@wbvmwﬁwam&mwmmqwmwﬁw )
| Tauid cor Sst N Eﬁ) ATl BlenR i one iy %ﬁé% ﬁf%%l& SRRl L.,
i, éﬁam-@;‘»@é{ogﬂep TR I

added 15 parts by wei ght of the conpound of Exanple 1 of t he present
i nventi O Tﬁ@mﬁgaultlng liquid crystal composition had an NI point of
[err], [err]S 30 of 9.7, [err]n of 0.114, and viscosity of 20.8 cp at

[err]. Conparative EXx | able s n Nl pojntof each of
conmpounds of the afbve® I‘:haﬁ]t %gsﬁ[l ], ?‘?\I%Sﬂr% ngy:%gei%}ﬁ/] and
viscosity of three liquid crystal conpositions which are conposed of the
liquid crgstal -conposition A as iin Exanple 10 and 15 parts by wei ght of the
conpounds of formulas [I1], [IllL] and [IV], respectively The result of

Ex le 10 i I H 40 P 0 422 958
Taglme) € 'S alsa Sk@\g’nH“%—C# %0 parts gy weight

20
[ o
T *15% CN 30 parts by weight
A liquid crystal composition A composed of the above-mentioned components has an NI point of 52.3°C,
Az of 10.7 and An of 0.119 and a viscosity of 22 cp at 20°C.
To 85 parts by weight of the liquid crystal composition A was added 15 parts by weight of the compound
of Example 1 of the present invention. The resulting liquid crystal composition had an NI point of 59.1°C, As
30 of 9.7, An of 0.114, and viscosity of 20.6 cp at 20°C.
Comparative Example
The following table shows an NI point of each of compounds of the above-mentioned formulas [, (i} and
85 [IV] and viscosity of three liquid crystal compositions which are composed of the liquid crystal composition A
as in Example 10 and 15 parts by weight of the compounds of formulas [Il], [1ll] and [IV], respectively. The result
of Example 10 is also shown.
o o
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Conparison of NI point and viscosity [err] Conpound
Nl [err](CP) point Exanple 15 EP 0 422 958 B1

[err] [err] 20. 6 Conparative [err]
[err] 21.4 20 Exampl e 25 [err]
[err] 22.1 [err] [err] 25.2 30 [err] 35 As

Is clear fromthe table above, the conpound of the present invention

exhi bi tss the highest NI point and the_| owest viscosity as conpared with the
anal ogues. 40 Clains 1. Dicycl ohexyE2R38/| ene derivatives of the fornul a,

[ ERR] 50 i n which R Cémgrisdn’ dieJ j. [ 1 to 8 carbon
atons; X Is a hydrogen or fluori ngkaﬁgn‘f&g{qti gglil%irs‘%;sgﬁpig 000> 1; and
[err] i ndicates that ajsubstituent at the 1-position of cycl-ohexane ring
and a dUb- stituent at tie 4-posi tbApoddiereof are in th glrans} -
configurati e85 2 L.cycl ohexyl et hyl ene derivative$ gadinél éizwéq’)l n
claim1lin mﬁg,&g‘pﬂi s 1.13. Dicyclohexyl'ethyTene dertrvaytves gs—ctatned in

claim2 in whialb Ris a ptraight [erg] alkyl group. 4. bicycl phexyl ethyl ene
derivatjives as clained ihQJ o whgcli XedSMarf kygorin DM dRis a
strai gH}t‘ 17 EP O 422%58 Lglg‘; H ‘ q: (197 | "R PMagy

Tabl e Conparison of Nt pppint and viscosity [err]' 10

Conmpound N por nt eI T CP)
Comparative | €5 Hjj CH, CH, 'éQF 110°c| 21.4
20 Example 0

(o)

. Cs HHO—OQF m | 5c| 221

Cg M, {O-CH, CH~O—~O)-F| wc| 2.2
F

30

(V)

As is clear from the table above, the compound of the present invention exhibits the highest NI point and the
lowest viscosity as compared with the analogues. '

49 Claims

1. Dicyclohexylethylene derivatives of the formula,

“‘\-<:>-—(-c1-12 cnz—a—-(:?-F v (1)
| X

i

50 in which R is a straight chain alkyl group of 1 to 8 carbon atoms; X is a hydrogen or flucrine atom; mis 1

or2;nis0or1;and >—' indicates that a substituent at the 1-position of cyclohexane ring and a sub-
stituent at the 4-position thereof are in the trans configuration.

55 2. Dicyclohexylethylene derivatives as claimed in claim 1 in whichmis 1.
3. Dicyciohexylethylene deﬁvatives as claimed in claim 2 in which R is a straight C,-C; alkyl group.

4. Dicyclohexylethylene derivatives as claimed in claim 3 in which X is a fluorine atom; and Ris a straight
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v

Exanpl € 10 H 15
s AP L L
22.1 [err] - [err] 25.2 30 35 As is clear fromthe
tabl e above, the conpound of the present invention exhibits the highest N

point and the | owest viscosity as conpared with the anal ogues. 40 C ains 1.

Di cycl ohexyl et hyl ene derivatives of the formula, [ERR] 50 in which R
is a stradight chain alkyl group of 1 tapg®igarbon atons; X is a hydrogen or
flugrine atom mis 1 or 2, nis O or I7—and [err] indicates that a
sub¥Ttuent at the 1- posi t | Gemnerison yef dfie patet rainugvmni:satgub‘fz%t jtuent at
the 4-position thereof are in the trans configuration. 55 2.
Di cycl ohgxyl et hyl ene deri vhtives as clained In claim1 |
Di cycl ohexyl et hyl ene derivhtives asCPe¥Ad in claim?2 i @(@)a
strai ght [err~atkyt—greupr—d—UDb-cycloh | s &s clainmed
inclaim3 in ddaehl is af fluorine atom and Ris a stragi 7 EP O
422 958 Bl [err] '8l kyl group, 5. _@_&I ohexylet Ayl ene delli vati yes as
claimed i claim| In whi ch%m Hy & A% O REVrFet(dyl ¢nkl6R(i 2818 ves as
claimed in claim5 in whigh Ris a straight [err]Fal kyl ¢group.}7. Aliquid
crystal conposter—eeontaining a dicycl ohexyl et hyl ene deifi vatiye as cl ai med
in any one of the pre- cedi | ajms,
y COmpaF\)rative E’.95 ﬁ“_-@'-c H, CH, ‘OQF 10c| 21.4
20 Example 0
(. ()
. Cs foO‘O‘@%:F a | 1sc| 2.1
g 0, OCH, CI-IzF 9T | 25.2
(V)

As is clear from the table above, the compound of the present invention exhibits the highest NI point and the
lowest viscosity as compared with the analogues.

L, 4 Claims

1. Dicyclohexylethylene derivatives of the formuia,

- “‘\-<:>—<-cn2 c1-12—)—@-F we (1)
X .

n

50 in which R Is a straight chain alkyl group of 1 to 8 carbon atoms; X is a hydrogen or fluorine atom; mis 1

or2;nisOor1;and >“‘ indicates that a substituent at the 1-position of cyclohexane ring and a sub-
stituent at the 4-position thereof are in the trans configuration.

55 2 Dicyclohexylethylene derivatives as claimed in claim 1 in which mis 1.
3. Dicyclohexylethylene deﬁvatlves as claimed in claim 2 in which R is a straight C»~C; alkyl group.

4. Dicyclohexylethylene derivatives as claimed in claim 3 in which X is a fluorine atom; and Ris a straight
17



10’ Patent ansprOche 1. Di cydohexyl et hyl en-Deri vate foI gender Str
15 R( \9eC H2 C~If 2°) . \‘\ui\““mm\\“\
n Dabei steht R fO eine geradkettlg%"%zﬁﬁsg?hppe aus I b| S

Kohl enst of f- At onmen; X ist ein Wasserstoff- oder Fl uor- Atorn m

betragt | oder GCsdadg8prbol >- heilt, daB eI n Substitunt .an Stellung 1 im
Cydohexanring und ein substituent an 'St‘ﬁlﬁlf"% 4 dessel ben Cycl ohexanrings -

IA n Tr anﬁ 5Il<o i @!ﬁyﬂ?q"wuﬁ'leéedeﬂ@q"‘s?s RIS &n- Deri vat e nach
nspruc rifafVes I e nach
Ansgr ych 2, 'eI tﬂ%nenthgb'e‘}drl?e gerg%%'@rlgﬁsﬁﬁggéﬁ?mﬁmgw

Di cytohexy! et.hyliguld égstdl sciripesition. cdntaihing pdicyeioheylethylene derivative a¢ clained il anypene Attbennresnd
R ei ne gerade (@sdikgslaind. Kyl gr uppe sind. 3 5. Dl cycl ohexyl et hyl en-Deri vate
nach Ansp uch 1, be! denen m= 2 1st. 6. Dicydohexyl et hyl en-Derivate nach
Anspruch '5, bei denen R ehne gerade C -CsAl kyl gruppe ist. 7. Eine

FI f 1 ssi gki stRatentenspriinhenset zung, enthal tend ei n Di cycl ohexyl et hyl en- Deri vat

| aut irgendei nem der 40 vor st ehendemAns rf | che. Revendl catlons 45 1.
D6r | ves de di- cmvmmuenne@ﬁ@wmasvmw I R35 50
C Gs H (I') dans laquelle R est un

groupenent al kyl e # DE dr0| te de 1 A 8 atones de carbone; X est un
= .

at one 55bd hydr oge ,. l} ugq meat 1 ou 2; nest O oul et - Indique
gu' un substituant Ala pos tN\e eCIIgya .t UR.. S ituant A
sa position 4 sont dane |la con i e . nlxre ¢y

gurati ol tra

20
Dabei steht R fiir eine geradkettige Alkylgruppe aus 1 bis 8 Kohlenstoff-Atomen; X ist ein Wasserstoff-
2% oder Fluor-Atom; m betrégt 1 oder 2; das Symbol >"' heiRt, dal ein Substituent an Stellung 1 im
Cyclohexanring und ein Substituent an Stellung 4 desselben Cyclohexanrings in Trans-Konfiguration ste-
hen.
2. Dicyclohexylethylen-Derivate nach Anspruch 1, bei denen m = 1 ist.
% 3, Dicyclohexylethylen-Derivate nach Anspruch 2, bei derien R eine gerade C,-Cr-Alkylgruppe ist.
4. Dicyclohexylethylen-Derivate nach Anspruch 3, bei denen X ein Fluor-Atom und R eine gerade C»-C;-
Alkylgruppe sind.
35 5. Dicyclohexylethylen-Derivate nach Anspruch 1, bei denen m =2 ist.
6. Dicyclohexylethylen-Derivate nach Anspruch 5, bei denen R eine gerade C,-Cs-Alkylgruppe ist.
7. Eine Flissigkristall-Zusammensetzung, enthaltend ein Dicyclohexylethylen-Derivat laut irgendeinem der
\/ 0 vorstehendem Anspriche.

Revendications

1. Dérivés de dicyclohexyléthyléne de la formule:

RO\
a I

dans laquelle R est un groupement alkyle & chaine droite de 1 & 8 atomes de carbone; X est un atome

d’hydrogéne ou de fluor; mest 1 ou2; nestOou 1 et > indique qu'un substituant a la position 1
du noyau cyclohexane et un substituant & sa position 4 sont dans la configuration trans.
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al >
EP 0 422 958 B c ! \mmmmmﬂ“u! L!“
di cycl ohexyl et hyl ene tals quo reven% ﬁgﬁ%@f | a revendl
| esquels mest 1. 3. Derives de dlc hyl ene tots fud r Svendi gues
dans |l a revendicatton 2, dans | esquels R est un c groupenent al kyle a

chal ne drol t20 Sérivés @& dlwdthMWMSWEGUﬂPWGEH%S!W !ﬂ’?ﬂ’l‘%"t‘a%ﬁ“s lgeryels m est 1.
revendlques da Ia r vend| dans | e e S X es
fl uor et R aﬁﬁ%&ne m % %ﬂdwe ) aev%nﬁ c&ﬁoﬁg J%B%Bsqﬂﬁs ﬂ%st un

Derl v6s de di cfﬁ’S FEne revendl ques dans |a revendication
dans | esqjielparives E‘e'i{icyaeh 6tHyRhd t816 quePveritiquisiahslaréendittibr 3)@ank BSdue!s|X Bst un ato-

rev {i ques dare deudrerresss grélipbridit dikyledhichaind de6itg eRCSCR est un groupenent
al kyle A chatne droibt en CL-Cl. 7. Conposition liquide cristalline

cont bnant, ur. d @éiiwée deidicydichsyyiéttian ylsmhg/telfmémée dang ia-revendieatien 1 dans leagusis magife 15

quel cong u e d e S Dr ﬁ\yég 29 hlgy%l%he?(aésthﬁérng (t:e S qug tre%gndlqugs c?ags l§ Qevgr%lcét%n §5da§9 IesSq?lels 3 est un

groupement alkyle a chaine droite en C,-Cs.

7. Composition liquide cristalline contenant un dérivé de dicyclohexyléthyléne tel que revendiqué dans I'une
15 _queloonque des revendications précédentes.

§5
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