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2107733 " PHENYLETHANES' The present invention is concerned with novel . L §

t . tetra- and pentacyclic phenyl et hanes of the genera,d‘p-ly%a 10 [err]

15 wherein [err] signifies trans-4-alkylcyclo- hexyl, .~
'\ yl - 4-bi phenyl yl, p-(trans- j-4-al kyl cycl ohexyl ) phenyl, 2-(trans-4- ¢

- cycl ohexyl)ethyl or p-[2-(trans- -4-alkylcycl ohexyl)ethyl]phenyl and

20 [err] signifies trans-4-al kycyclohxyl, or [err] signifies

trans-4-al kyl cycl ohexyl and R signifies p-(trans-4-alkylcycl o- €

hexyl ) phenyl, p-[2-(trans-4-al kyl cycl o- hexyl)ethyl]phenyl or

4' -(trans-4-al kyl - 25 cycl ohexyl) - 4-bi phenylyl, or [err] signifies

p- al kyl-phenyl and R2 signifies p-[2-(trans-
-4-al kyl cycl ohexyl ) et hyl ] phenyl, and the al kyl groups in the substituents R

and R2 are straight-chain groups contai-ning 1 to 7 30 car bon
algoms. "PHENYLETHANES"

The present invention is concerned with novel tri-,

tetra- and pentacyclic phenylethanes of the general formula

10 .

R_T. CH2CH2—R2 ' - I

-

15 wherein_Rl

signifies'trahs-4-&lkylcyclc-
hexyl, 4'=alkyl-4-biphenylyl, pQ(trans- '
é4-alkylc§clohexyl)phenyl. 2-(trans-4-
-alkylcyclohe#yl)ethyl or p-[2;(trans-
-4-alkylcyclohexyl)ethyl]phenyl and

20 g2 signifies t:ans-4-alky1cYcl§hexyl,
or rt signifies'trané-4-alkylcyclohexyl
and Rz signifies pf(trans-4;alkylcycio;
hexyl)phenyl, p-[(2-(trans-4-alkylcyclo-
he#yl)ethyl]phenyl ér 4'-(trang-4~-alkyl-

! signifies

25 cyclohexyl)~-4-biphenylyl, or R
' p~alkylphenyl and > signifies p-{2-(trans-
-4-alkylcyclohexyl)ethyl]phenyl, and the

1 2

alkyl groups in the substituents R- and R
are straight-chain groups containing 1l to 7'

30 carbon atoms.



Y 2 .. The |nven}|oh 71s also concerned with the manufacture 5 of the

conpounds of formula | -above, liquid crystalline mxtures which contain
_pkpmounds of fornula, | above as well as their use for electro-opti
“pur poses. The cohpounds in accordance with the invention 10 cont,
or two terminal trans-4- aIkyIcycIohexyI‘gﬁoups as well as 1-3 p-p
groups and one or two ethyl ene groups. The term’ aIkyI in the
af mentioned substi- tuénts R and R enbraces the groups methyl,” ethyl,
propyl butyl, pentyl, hexyl and heptyl. 15 Liquid crystals have recently
gai ned considerable inportance primarily as dielectrics'in I ndi cating

.devi ces, since the opdilggljtrg;é}p@{&tefs Oglééjp{b | 233 g%‘é)er%ase cture

fl uenced by an applied-vol |'ectro-o

1 qui d crysgal syargaelindas (G LAeRELS on éﬁ%&é edliihi&‘ecffétﬁ‘ﬁﬁ@” be

based on vari ous ects such as, for exanple, dynam c”scattering,
_deformation of miiw@nesk FIRSES é&é&ﬁmﬁsmpémdssmdfoﬁhuélﬂam&@cas well
(rotation cell), the "guest-host effect” or a cholesteric- 25 -nenatic
phase transiti cas tHelz iuge dfor ysledtroroptisedl fyrposediper of re-
quirenents in order to be suitable as dieletrics for electro-optical
|nd|cat|ng deV|ces For exanpl e, they '

The compounds insaecordance with the invention
10 contain one or two terminal trans-4-alkylcyclohexyl groups
as well as 1-3 p-phenylene groups and one or two ethylene
groups. The term "elkyl“ in the aforementioned subetié
tuents Rl and R2 embraces the groups methyl, ethyl, propyl,
butyl, pentyl, hexyl and heptyl.
Liquid crystals he?e recenfly gained cohsiderable
importance primarily as dieleqtrics in indicating devieee,
'since the optical p:operties of such substances can be_in-
- fluenced by an applied voltage. Electro-optical devices
20 based on liquid crystals are well known to the person
skilled in the art and can be based on various effects
such as, for example, dynamic scattering, deforﬁation of
aligned phases (DAP type), the Schadt-Helfrich effect
(rotation cell), the "guest-host effect” or a cholesteric-

25 ~-nematic phase transition.

The liquid crystals must satisfy a number of re-
quirements in order to be suitable as dieletrics for

electro-optical indicating devices. For example, they



must have a high chem cal stability towards environnentaL'S factor.s -

- heat, air, noisture and the like), nmust be photochem cally stable andf;'

| ess, must have short response tines and not too high a viscosity, L
ave a nematic or chol esteric nesophase in all tenperature ranges in *
‘whish/the liquid crystal cell is-t® be operated, 10 and nmust give a good
contrast. Qt her properties such as, for exanple, the threshold potential,
the dielectric aniso- tropy and the electrical conductivity nust fulfil
different conditions depending on the type of cell which is used. 15
Since, in general, it is not possible to achieve all desired and to sone

extent contradictory properties with a single conpound, attenpts have -

mai nly Deest nkke td Qikhrﬁh@ﬂiﬁ@lp$§§biliéx tovards euvironmentapplications
by nmixing several conponents. In this case it is, however, inportant 20

t hat ot hef3DFRTTefR < uRAGo Abr cHBAE 8ENTe caRE| B hike) onBUBKOPRer and can

e e non A I el ThAR USTLOIAES, Shouldhieue o gTect | ¢
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nematic or cholesteric mesophase in all temperature ranges
in which the liquid crystal cell is to be operated,

10° and must'give”a good contrast. Other'preperties'such'as,
for example, the threshold poteﬁtial,'the dielectric aniso-
tropy and'the'electrical'conductivity mﬁst fulfil different

. conditions depending on the type of cell which is dsed;

15 Since, in general, it is not possible to achieve all
desired and to some extent contradictory properties with a
single compound, attempts have mainly been made to optimize
the properties for the particular applicetions by mixing
several_components. In this case it is, however, important

20 that the components undergo no chemical reactions with one
another and can be mixed well. . Fufther, the.mixtures

formed should have no smectic mesophases.

The object of the present invention is therefore
25 to provide novel compounds which permit the further:im-
provement of the properties of liquid crystalline dielec-

trics.

It has now been found that the compbunds provided



-,
S

“triccs. It has now been found that the conpounds provided - 4 - by the
[nventlon are very well suited as conponents of 5 | iquid crystald

{xtures, since they surprisingly at the sane tinme have |arge _ Ase
“ranges. with high clearing points as well ,as | ow viscosities and. nlrdlngly

“short res- ponse tines. Mor eover , tﬁe4n§Iting points are ofteArVvery -

- consi der abl y super-cool abl e. Further, the conpounds 10 - provided by the.
i Rvention have smal|l absol ute values of the dielectric anisotropies and
generally a nematic and/or- snmectic nesophase. Furthernore, they have-an

-excel I ent chenical and photochem cal stability and are col ourless. The.

- conpounds provbg Pyiﬁbént ¥R anVGEQ b@lﬂ‘gﬁi¥e35as Héﬁﬁonéh&ﬁeothey
have a good misCibility wth ot l1quid crystals and since liquid

crystals hpvi ngigefat teystatiohe- mikeﬁresUEﬁQﬁbaseaeyasubprmamn§a9tatedhe
readily by m xing the present conpounds with other liquid crystalline

and/ or non- I|qsadectymeahhveelangponedephaséhrahgebawithohigheczéaring

af orement i oned properties they are especially suitable for increasing the

clearing poi ntpobhitai asuveilhasi hgwl vhsopsibiesi and gcneudinqLM|§hea§ereae

viscosity 'S_”Sgnsé times. Moreover, the melting points are often |
very considerably'superécoolable. Further, the compounds

10 provided by the invention have small absolute values of
the dielectric anisotropies and generally a nematic and/or
smectic mesophase. Furthermore, they have an excelient
chemical and photochemical stability and.are.colourlees.
The compounds provided by the invention can be widel&

15 -'used, since they have a good miscibility with other liquid
crystals'and since liquid crystals having nematic or chole-
steric mesophases can be manufactured readily by mixing
the present compounds with other liquid crystalline and/or
non-liquid-crystalline.compounds.. On the basis of the

20 aforementioned properties they are especially suitable for
increasing the clearing peints of mixtures having low

viscosities, sinée in this cese the,viscosity_is not

inéreased or is increased_only insignificantly.

25 ~ Those compounds of formula I in which the sum of

the carbon atoms in the_two terminal alkyl groups of the

substituents'Rl and R2 is 5 to .10 are preferred. Those



i ncreased or is increased only insignificantly. 25 » These conpounds - v

of formula | in which the sumof the carbon atons in the two termnal alkyl . _ -
greaps of the 1 2 substituents Rand Ris 5 to 10 are preferred. Those\j_
“cénged\nds - of formula | in which-Rgsignifies trans-4-alkyl- cyclohexyl,

4' | - 4- bi phenylyl or p-(trans-4-alkylcyclo- hexyl)phenyl and R
si i tJes trans-4-al kyl cycl ohexyl, or [err] signifies : P
tran “4-al kyl cycl ohexyl and R2 signifies ' -

-(trans-4-al kyl cycl ohexyl ) - 4- bi phenylyl are al so preferred. The follomnng
are exanpl es of preferred conpounds of fornula I:

112" i Ragrl YoAEEYL) ShiNhLed " QtEadries' WbucldhsiyiLbonene.

e e il S
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-pentylcyg* bﬁﬁﬂéﬂ?ﬁnéﬁaeR signifies trans-4-alkylcyclohexyl, or

1-[2 S 4 propyl cycl ohexyl?ethyl] 4-(trans-4-
'hepty|CH£|Qb@ﬁﬂfibenifaﬁs-4-&2k§lb96$oﬂehylyhﬁuch&helghhfﬁhﬁl] 4-(trans- 4-
_-pentyl cycl ohexyl ) benzene, '
4'-(trans-4-alkylcyclohexyl)~ 4-biphenylyl are also preferred.

The following are éxaﬁples of preferred cbmpounds

. of formula I:

l-[2-(Trans-4-propylcyclohexyl)ethyl] 4~ (trans=-4-
-ethylcyclohexyl)benzene,
l-[2-(trans-4-propylcyclohexyl)ethyl}-4-(trans-4--
-propylcyclohexyl)benzene,
| 14[2-(trans-4—propylcyclohexyl)ethyl]-4-(trans-4é'
—pentylcyclohexyl)benzene, ' | |
l-[2-(trans-4—propylcyclohexyl)ethyl] -4-(trans-4-
-heptylcyclohexyl)benzene, '
l-[2—(trans-4-butylcyclohexyl)ethyl] -4- (trans-4-
-pentylcyclohexyl)benzene,
l-[2-(trans-4-pentylcyclohexyl)ethyl]-4-(trans-4-
-propylcyclohexyl)benzene,
' l-[2-(trans-4-pentylcyclohexyl)ethyl]-4-(trans-4-
-butylcyclohexyl)benzene, o
| l-[2-(trans-4-pentylcy¢lohe#yl)ethyl]-4—(trans-4-
-pentylcyclohexyl) benzene,
' 44(trans-4-ethylcyclohexyl)-4'-[2-(trans-4-propyl-
cyclohexyl)ethyl]lbiphenyl, |



1-[ 2-(trans-4-pentykcycl ohexyl ) et hyl]-4-(trans-4-
- propyl cycl ohexyl ) benzene, ' .
}kLZ (trans-4-pentyl cycl ohexyl )ethyl]-4-(trans-4- -butyIcyclohez%iififzene,
1-[2-(trans- 4-péentyl cycl ohexyl)ethyl] -4 (g rans- 4- ' : '
- pentyl cycl ohexyl ) benzene,

“4-(trans-4-ethyl cycl ohexyl)-4'-(2-(trans-4-propyl -

cyel phexyl ) et hyl ] bi phenyl , - 6-

“4- (trans-4-propyl cycl ohexyl)-4'-[2-(trans-4-propyl- 5

cycl ohexyl ) et hyl ] bi phenyl , ' . '

4-(trans-4-butylcycl ohexyl)-4,-[2-(trans-4-pentyl -
cyc|ohexy|)ethy|]biphdﬁ¢mrans-4-propylcyclohexy1) 4'-[2-(trans-4-propyl-
" 4-(trans-4- pentylcyclohexyl) -[2-(trans-4- propyl

cycl ohexyl et h@vediopeanl) ethyll biphenyl,

4-(trans-4-pentyl cycl ghe t.r ans- 4- but
cyglohexyl)gthyr]prhéhﬁxrans'4' ut lcyc. ohexyfs 4'-[2-(trans—4-pentyl-

4-(trans-4- pen§¥f§¥%ﬁph§§%%5fildi%h55?9§ 4-pentyl -

cycl ohexyl)eth
4-(trans-4- heptylCyc'Qhq@yéhs-4J§%n&&ﬁ§@§ﬂém@&ﬁﬁxl4'1%2-(trans-4-propyl-

‘cycl ohexyl ) et hyl ] bi phenyl,
; [ 2-(trans-4- %&@lbﬁﬁ&be%%hbhﬁ%ﬂ%hbn&ﬂ[2 (trans--
10 4~ (trans-4-pentylcyclohexyl)-4'~-[2~-(trans-4-butyl-
| cyclohexyl)ethyl]biphenyl, '
4-ktrAAs-4-penty1cyclonexy1)—4'-[2-trans-4-penty1- o
cyclohexyl)ethyl]biphenyl, |
4-(trans-4;heptylcyclqhexyl)-4'-[2-(trans—4—propy1-
15 cycléhexyl)ethyl]biphenyl, _
1-[2- (trans-4~ethylcyclohexyl) ethyl] -4~ [2- (trans-—
-4-propylcyclohexyl)ethyl]benzene, _
l,4-bis[2-(trans-4-propyicyclohexyl)ethyl]benzene,
| 1-[2-(trans-4-butflcyclohéxyl)ethyl]-4-[2-(trans-4-
: 20 _-pentylcyclohexyl)ethyl]benzéne,'
1-[2-(trans-4—penty1cyclohexyl)ethyl]-4 [2-(trans-4-
-propylcyclohexyl)ethyl]benzene,
1,4-bis[2-(trans-4-pentylcyclohexyl)ethyl]benzene;
l-[2-(trans-4-heptylcyclohexyl)ethyi]449[2-(trans-4—
25 -propylcyclohexyl)ethyl]benzene,. '
4- [2—(trans-4-ethylcyclohexy1)ethyl] 4'-[2-(trans-4-
-propylcyclohexyl)ethyl]blphenyl
4 4'-bis[Z-(trans-4-propylcyclohexyl)ethyl]biphenyl,
4-[2-(trans=-4 —butylcyclohexyl)ethyl]-4'-[2—(trans-4-
30  -pentylcyclohexyl)ethyllbiphenyl, '



-4-propyl cycl ohexyl ) et hyl ] benzene, ) _ : .
- bi*s[-2- (trans- 4- propyl cycl ohexyl ) et hyl ] benzene,
2- (trans-4-butyl cycl ohexyl )ethyl]-4-[2-(trans-4-. 20
ntyl cycl ohexyl ) et hyl ] benzene, ' : -
= 2-(trans-4epentylcyclohexyl)th]IT—4-[2-(trans-4- :
- propyl cycl ohexyl ) et hyl ] benzene,
1, 4-bi s[2-(trans-4-pentyl cycl ohexyl) et hyl ] benzene,
1-(2-(trans-4-heptyl cycl ohexyl)ethyl]-4-(2-(trans-4- 25
- propyl cycl ohexyl) ethyl] benzene, '
4-[ 2-(trans-4-ethyl cycl ohexyl)ethyl]-4'-[2-(trans-4- _
‘prOpy|CyC|0heX!LXQLH!EhhbphePéhtylﬁycloheﬁgl)ethyl]-4'-[2-(trans-4-
[

4,4' -bis(2-(trans-4-propyl cyc

ohexyl )et hyl ] bi phenyl ,

4- (25(trapsogyhoyelleliekel¢rrhya]bipbhedyl(2- (trans-4- 30

- pent yl cycl ohexyl ) et hyl ] bi phenyl ,

4-[ 2- (trans- 4- pédptdykbysl8hdtyanet-dypentylicycliohexyl4ethyl] biphenyl,

. -propyl cycl ohexyl ) et hyl ] bi phenyl, . ' S '

_ 4L4'-bis(2-(traﬁslZ?ﬁ§ﬁ§9Bcﬂchsn§xﬁpysﬂhybkwﬂﬂHGMML]-4'-[2*(trans-4-
4-[2-(trans-4-heptilcyclohexg&§ethyl]-4'-(2-(trans-4- '

- pr opyl cyBFSR¥XGYS

PRFKY) kB biphenyl,

4~(trans-4;ethyIcX¥Iohex

cycl ohexyl)-1,1

EE R R R —

4 416b1 sLhE78Ra Ay R OBY 1 SGLRDTENE N Buh aRlY! ene-

15

20

25

30

4,4'-bis(trans-4-propylcy¢lohekyl)-1,1'4éthYIene- _
dibenzene, ' ' - ' '
4-(trans?4;bu£ylcyclohexy1)-4'-(trans-4-pentyl-
cyclohexyl)-1,1'-ethylenebidenzene, |
4-(trans-4-pentylcyclohexyl)-4'-(trans-44propyl¥
cyclohexyl)-1,1'-ethylenedibenzene, '
4;4!-bis(trans-4-péntylcyclohéxylf—l,l'-ethylehe-

dibenzene,

4-(trans-4-heptleYclohexyl)44'-trans—4-propylcyclo-

hexyl)-1,1'-ethylenedibenzene, _
4-[2-(trans?4-propylcyclohexyl)ethYl]-4';(trans-4-
-ethylcyclohexyl)41;1'-ethylenedibenzené;
4-[2-(trans-4-propylcyclohexy1)ethyl]-4'-(trans-4-
-propylcyclohexyl)-1,1'-ethylenedibenzene,
44[2-(trans-4-propylcyblohexyl)ethyl]-4‘-(ﬁrans-4_
-pentylcyclohexyl)-1,1"-ethylenedibenzene, |
' .4-[2;(trans-4—propy1byclohéxyl)ethyli-4'-(trén§-4-
-heptylcyclohexyl)-1,1l'~ethylenedibenzene, |
4-[2—(transé4-butylcyclohexyl)ethyl]-4'-(trans-4;
-propylcyclohexyl)-1,1'-ethylenedibenzene,



;aibenzene, 4- (tyans+4-butyl cycl ohexyl)-4"-(trans-4-pentyl -

cycl ohexyl)-1,1'-ethyl enebi denzene, 15 -
A (trans-4- pentylcchohexyI) 4' - (trans-4-propyl -
cyclohexyl) 1, 1'*~ et hyl enedi-benzene, . g - _

4, 4" - bls(trans

4- pentyl cycl ohexyl ) -1, 1'-ethy|ene- di benzene,

4- (trans-4-heptyl cycl ohexyl) - 4'-trans 4- propylcyclo- 20

he 1)-1,1" -et
-(trans-4-
-ethylenedlbe

hyl enedi benzene, :
propyl cycl ohexyl)ethyl]-4"-(trans-4- -ethchycIohexyI)-l,L-
nzene, 4-[2-(trans-4-propylcyclohexyl)ethyl]-4"-(trans-4-

-propyl cycl ohexyl )-1, 1' - et hyl enedi benzene, . 25

4-(2-(trans-4-

propylcﬁcﬂ6hdxyhperythyicypﬂahsxyl)eﬁé&ﬂﬁh@ﬂcﬂ@ﬁ@ﬂﬁfﬂfl 1 |

- et hyl enedi benzene, 4-[2-(trans-4- propylcyclohexil)ethyl] 4' - (trans-4-

- heptyl cycPohexpeptyleycidoheryaddilpdrzekbylenedi

4 [2-(trans-4-

4-

10

propyl cycl ohexyl )- 1, #=IérH
2-(t 4- but | t ' 4
bt y1 o onenbRY LT e AR S Bl b AR anene,

enzene,

bUtylCyCthexéFégégﬁﬁbﬁféﬁ %&%th&xyi?ethyl]-4‘-(trans-4-'

4-[2-(trans-4-pentylcyclohexyl)ethyl]-4?-(trans—4-
-pentylcyclohexyl)-1,1'-e£hylenedibenzene, |
_4-ethy1-4"-[2-(trans-4-propylcyclohexyl)ethyl]-p-

-terphenyl,

15

20

25.

4-propyl-4”?[2-(trans—4-propylcyclohexyl)ethyl]-p-
-terphenyl,
_ 4-butyl-4"—[2-(trans-4-pentylcyclohexyl)ethyl]-p-'
-térphenyl,
4-pentyl-4"-[2- (trans-4-propylcyclohexyl)ethyl] -p=-
-terphenyl, _ o
4-penty1-4“-[2-(trans-4-buty1cyciohexyl)ethyl]-pé
-terphenyl, | | |
4-pentyl—4“¥[24transf4-pentleyclohexyl)ethyl]-p-
—terpheﬁyl,
4-heptyl=4"-[2~(trans-4-propylcyclohexyl)ethyl]-p-
-terphenyl, ' |
| 4~ (trans-4-ethylcyclohexyl)-4'~[2~(p~(trans-4-propyl-
gyclohexyl)phenyi)eﬁhyl]bipﬁenyl,'
4-(trans-4-pr09ylcYClohexyl)-4'-[2-(p—(trans-4-propyl--
cyclohexyl)phenyl)ethyl]biphenyl,

4-(trans-4-bu£ylcyclohexyl)—4'-[2-(p-(trans—4-pentyl-'

'cyclohexyl)phenyl)ethyi]biphenyl,



-4-[2-(trans-4-penty|cyclohexyl)ethyl]-4'-(trans-4-
~ -butyl cycl ohexyl)-1,1"-et hyl enedi benzene,

4- 4
-p
[ 2-

4-propyl-4"-[2<(trans-4-propylcyclohexyl)ethyl]-p- -t er phenyl, 4-butyl
[ 2- (trans-4-pentyl cycl ohexyl )ethyl]-p- 15 -terphenyl, .
4-pentyl -4"-[2-(trans-4-propyl cycl ohexyl)ethyl]-p- -terphenyl, 4-pentyl-4

t

rans- 4- pentyl cycl ohexyl )ethyl] -4'-(trans-4-
cycl ohexyl)-1, 1' - et hyl enedi benzene, 10
ns-4- propyl cycl ohexyl ) etshyd |- p- -terphenyl

"-[2-(trans-4-butyl cycl ohexyl)ethyl]-p- -terphenyl 20
4-pentyl -4"- [2 trans 4- pentylcyclohexyl)ethyl -ter

- [ 2- (t r ans- 4- pATHFFAREGTPRN SYHIRA JohexXy si4 h 1(p—(trans-

4-(t

ran

4-et hyt- 4" -

phenyl

Cyclohe;yé}g’i}é}/fy&%é’ﬁ%ﬁiﬁl e |b21 (l-P (}}lr'ans -propyl - 25
" pro %h S Jé%#ﬁ%ﬁé;éﬁgﬁé&?ﬁﬂns A'ng) -(trans- -butyl_

cyc ohexyl)phe

- (

4-(t

ran

ran

~ cycl ohe

10

15

20

25

%?# yqyghﬁgﬁﬁbgﬁﬁilﬂﬁidﬂgjffaﬂs 4-pentyl -

4- heptyl
4-propy

4-(trans-4-pentylcyclohexyl)-4'—[2-(p—(trans-4-pentyl—

cyclohexyl)phenyl)ethyl]biphenyl,

4—(trans-4-heptylcyclohexyl)-4'-[2-(p-(trans-4-propyl-

cyclohexyl)phenyl)ethyl]biphenyl,

4-[2-(trans-4-propylcyclohexyl)ethyl] 4'-(p—ethy1-

phenyl)-1,;'-ethy1enedibenzene,

4-[24(trahsf4;propylcyclohexyl)ethyl]-d!-(p-propyl-

_phenyl)-l 1l'-ethylenedibenzene,

4- [2-(trans-4—propylcyclohexyl)ethyl]-4'-(p-pentyl-

phenyl) -1,1'-ethylenedibenzene,

4-[2-(trans-4fbutylcyclohexyl)ethyl]-4'-(p-pentyl-

phenyl)-1, l'-ethylenedlbenzene,

4-[2—(trans-4-pentylcyclohexyl)ethyl] 4'-(p-butyl-

. phenyl)-1,1'-ethylenedibenzene and

4-~[2-(trans—-4-pentylcyclohexyl)ethyl]-4'~

| phenyl)-1,1'-ethylenedibenzene.

(p-pentyl-"

Especially preferred compounds of formula I are:

1-[2-(Trans-4~butylcyclohexyl)ethyl] -4~ (trans-4~-pentyl-

cyclohegyl)beﬁzene,

4-[2-(trans-4-butylcyclohexyl)ethyl]-4'~(trans-4~pentyl-

cyclohexyl)-l,l'-ethylenédibenzene and

4"

-
g

4
o



9 -.4- (trans:4-pentylcycl ohexyl)- 4" [2-(p-(trans-4-propyla
cyclohexyl)phenyl)ethyl]b|phenyl 5 ' /
A (trans-4-pentyl cycl ohexyl)-4' - [2 (p-(trans-4-butyl - oo
cyclohexyl)phenyl)ethyl]blphenyl
4- (trans-4-pentyl cycl ohexyl) - [2 (p- (rr&ﬁs =4-pentyl - : (j%)
'cyclohexyl)phenyl)ethyl]biphenyl 4- (trans-4-heptyl cycl ohexyl)-4
'-{2; (p- (trans-4-propyl- 10 cyclohexyl)phenyl)ethyl]blphenyl
4-[2-(trans-4-propyl cycl ohexyl Yethyl]-4"-(p-ethyl -
phenyl)-1, 1' - et hyl enedi benzene,

4-[2- (trans: 4- prOpylC5C|QQQK¥LXe&gﬁkbléyciBhQ&QEXLl'-[2-(trans- -butyl-

phenyl)-1,1' - et hyl enedi enzene

4-12-(trans-4- h (p-pentyl -
phenyl)-1, 1 -e?gepéhg§?%2§§é¥%)SEBMé vt

4-(2- (tran5 4- butylcyclohexyl)ethyl]-4 -(p-pentyl-

phenyl)-1,1"-et hyl enedi benzene,
4-[ 2- (trans 4- pent yl cgheohenpbhatibybE- §or@p1butyban26e manufactured in
phenyl)-1,1"-et hyl enedi benzene and
4-[ 2- (trans 4- pegoyfanceowb kbl rhehghyentipp- pbyt vyl -
phenyl ) -1, I - et hyl enedi benzene. Especially preferred conpounds of formula I
are: 25 - .

(a) for the manufacture of the compounds of formula I

1

10 in which R* signifies trans-4-alkylcyclohexyl, 4'-alkyl-4-

'?biphenylyl, p—(tréns-4-alkylcyclohexyl)phenyl or 2-(trans-

-4-alkylcyclohexyl)ethyl and R2 sighifies trans-4-alkyl-

1

cyclbhexyl, or R™ signifies trans-4-a1kylcyclohexyl and

R? signifies p-(trans-4-alkylcyclohexyl)phenyl, p-[2-(trans-
| 15 -4-alkylcyclohexyl)ethyl]lphenyl or 4'-(trans-4-alkylcyclo-
hexyl)=~4-biphenylyl, or Rl signifies p—alkylphenyl and
g2 signifies p-[2-(trans-4-alkylcyclohexyl)ethyl]phenyl,
catalytically hydrogenating a compound of the general
formula | |

20

—R4 .
R3 CH=CH—R VI

25

wherein R3 signifiés trans-4-alkylcyclohexyl,
4'-alkyl-4-biphenylyl, p-(trans-4-alkylcyclo-
héxyl)phenyl or 2-(trans-4-alkylcyclohexyl)-



";

(Trans-4-butyl cycl ohexyl )ethyl ]-4-(trans-4-pentyl- cycl ohexyl)benzene,
trans-4- butylcyclohexyl)ethyl] 4' -(trans-4-pentyl - L
oHexyl ) -1, ' - et hyl enedi benzene and - 10 - . , ' xj,
Ans- 4- pentylcyclohexy1)-4'-[2-(trans-4-buty|4 - '
cy 6hexyl ) et hyl ] bi phenyl . 5 The cqnpaunds of fornula | can be manufactured
I n accordance with the invention by (a) for the manufacture of the
conmpounds of fornmula I. 10 in which.R signifies trans-4- al kyl cycl ohexyl rw

-al kyl -4- -bi phenylyl, p-(trans-4-alkyl cycl ohexyl)phenyl or 2-(trans-
~-4-al kyl cycl ohexyl )ethyl and R signifies trans-4-alkyl- cyclohexyl, or R
signifies trans-4-al kyl cycl ohexyl and 2 [err] S|gnifies :
p-(trans-4-alkyIcKCIohexylhphenyl p-[ 2- (trans-
- 4- al kyl cycl ohe®¥ ¥étﬁ9ﬂ]Bheﬁ}gnéﬁiﬁs-Gﬂﬁaﬁs 34$W9kcyclo--
hexyg) 4- bi phenyl yl, or fsi es p-al kyl phenyl and 2 R signifies -
p-[22(trans-4- aFK?ﬂE?EF@Hex? gthﬁPF A@is tEa®<A1 cal |y hydrogenating a =

conpound of the giﬂyicyclohexyl and r? signifies p-

 -(trans-4-alky1cy¢lohexyl)phenyl,

pf[2-(trans;4&alkylcyclohexyl)ethyl]-

phenyl or_4'-(trans-4;alkylcycloﬁexyl)-
10 -4-biphenylyl, or g3 signifies p-alkyl-
phenyl'and_R4 signifies p;fze(trans-4~
-alkylcyclohéx?l)ethyl]phenyl,_and the
alkyl_grpups.in the substituenté R3

and R4 are St;aightfchain gr§u§s_c§n—-

'_ 15 " taining 1 to 7 carbon.atoms}

or

(b) for the manufacture of the_compounds-of formula I
in which Rl signifies p—[2-(tran3f4-alkylcyclohéxyl)ethyl]-
20 phenyl and R2 signifies trans-4-alky1cyclohexyl, reacting

a compound of the general formula

25 . RS.

XI



Fformul a 20 [err} 25:wherein R3 signifies trans-4-alkyl cycl ohexyl,
4' - al kyl - 4-bi phenyl yl, p-(trans-4-al kyl cycl o- hexyl) phenyl or
_ZLQtrans 4- aIkyIcyprhexyI) ethyl and R signifies trans-4-alkyl -
tycl ohexyl, or R signifies trans- 4- -al kyl cycl ohexyl and R signifi ¢

-(trans-4- aIkyIcycIohexyI)phenyI, p- [ 2= (12 ahs- 4- al kyl cycl ohexyl ) et hj
phenyl or 4'-(trans-4-al kyl cycl ohexyl)- 10 . - 4- bi phenyl yl ,

grgfles p-al kyl - phenyl and R signifies p-[2- (trans-4- ' '

yl cycl ohexyl ) et hyl ] phenyl, and the a1ky| groups in the substituents R 4

and R are straight- chaln groups con- 15 - taining 1 to 7 carbon
atons, or 5

3where1n R™ signifies a straight-chain

5 -alkyl group containing 1 to 7 carbon
| atoms and X signifies a leaving group,

with a compound of_thé general formula

1o S 6 CH_Mg¥

XX

wherein R6 signifies a straight-chain
15 alkyl group cohtaining 1 to 7 carbon

atoms and Y signifies-chlorine or

bromine, |

in the presence of dilithium tetrachlorocuprate.

20 The catalytic hydrogenation of a compound 6f
formula VII can be carried out accbrding to methods known

per se. Palladium is the preferred catalyst.

The reaction of a compoﬁnd of formula XI with a
25 compound of formula XX can be carried out according to
methods khown_per se for the Fouquet-Schlosser coupling
reaction. As leaving groups X there come into considera-
tion all leaving grdups which are usually used in such

reactions. Preferred leaving groups are chlorine, bromine,



(b) for the manufacture of the compounds of fornmula | i:n which R
i~ p-[2-(trans-4-al kyl cycl ohexyl )ethyl]- 20 phenyl and R -
es trans-4-al kyl cycl ohexyl, reacting a conpound of.the general .
[err] - 12 - 5 wherein R signifies a straight-chain 5

group containing 1 to 7 carppr.atons and X signifies a |eaving group,
w th a conpound. of the general formila 10

MY XX 6 wherein R signifies a straight-chain 15 al kyl group o
containing 1 to 7 carbon atons and Y signifies chlorine or bromne, in the
presence of dilithiumtetrachl orocuprate. 20 The catal ytic

hydr ogenati on of a conpound of formula VII can be carried out according to

Tethods RN REla e pRBAEH dioddl? eogpeééﬂffy G Gh¥sd . Y

preferably signifies bromine.

The preparation'of the starting materials of
formulae VII and XI and preferred methods for the manu-

facture of the compounds of formula I are illustrated

herelnafter in Reaction Schemes 1 and 2 in which R3, R4,

© 10 R5 and R6 have the significances ‘given above.



“The reaction of , a cenmpound of formula XI with a 25 conmpound of for

XX,
can be carried out according to nethods known per se for the e
Jouquet - Schl osser coupling reaction. As | eaving groups X there to
‘consi dera- tion“’all |eaving groups mhigr are usually used in suc
reactions. Preferred | eaving groups % thl orine, bronine,.

iodine and the p-tosyl oxy group, especially bromne. Y preferably srgnifies
3g1 5 The preparation of the starting materials of forrmulae VII and Xl
preferred met hods for the manu- fggﬁgéﬁ pf the compounds of formula. |

_are illustrated hereinafter in Reacti s 1and 2 in which R3, R4, 5
6 10 R and R have the significances given above. - 14 - Schene 1
[err] '

R3 CN

II

-CHO

LiAlH, o
_ | III
R3 CHoOH . ' |
v wp (Cfls) 3

R_a - CHoBr
| p(cT éHs) 5 | B
A._ | | v
R3 —a® @ |
CHy=—=P ™ (CH,) , Br
Q.® _ _
I N \1) (@) ;00 Tk, (a1, oo,
2) R-aro ' '
R3 CH=CH-—R4%
_ VII
H,,Pd/ .
. toluene/ethanol
R3 CHaCHy—R4 |



,' Schene 2 [err] -16- The compounds of the fornmula R4-CHQ in Schene 1
~ be obtained in a sinple manner from known conpounds; for exanple,
ns- 4- al kyl cycl ohexanecarbggaldehydes can be obtai ned by Rosennund
on of the corresponding acid chlorides and the renai ni ng conpounds
obt ai ned by reduction of the corresponding cyano conmpounds (in an 10
anal ogous nmanner to the prepaSghems f the conpounds of fornmula I11). By ..
reacting the conpound of formula X with Gignard reagents.in accordance sg
with Schene 2 there can be obtained 15 conpounds of formula X or :
directly conpounds of fg n.Ia IB 5 6 in which R and R have the sane
signi ficance. When 3 qol - of Grignard reagent are used per.

-mol of the EiMpOOC-< 'qucﬁsciprnula l%fi%

-HQCH? HoOH - IX

CB
r4:P(C H5)3

RS -O-wz MgBr

g LLZCuCl

o5 . | .
: C.H'QCHZ "CH2 Br  XIa

gy Li CuCl

RS — . _ , ' o

L%



. _

‘general |y predom nantly fornmed directly. 20 The conpounds of formula | can
be used in the formof mxures with one or nore other liquid crystallipe
agd/0( non-1liquid crystalline substances such as, for exanple, with J
substances from’the classes of the Schitfl& bases azobenzenes, azoy
benzenes, phenyl benzoat es, cyclohexanecarboxyllc acid phenyl esters,
cyclohexanecarboxylic aci d cycl ohexyl esters, bi- phenyls, terphenyl s
- phapyl cycl ohexanes, cinnanic acid derivatives, phenylpyrimn dines,

dip enylpyriﬁidines cycrohexylphenylpyrinidines phenyl di oxanes,

2- | oh | - h .
known .e.% o the aﬁei%ﬁ: o lh?%d qaﬂl e PR Rany™S Hhagtene L fcan
nor eover , rc :

W th the ifventt cobEakpainn ¥ B .eeo#%*“%ﬁé%?fﬂ%ﬁ%?p&%dﬁ@?%?@nﬁfi
|, preferably 0“5.1;3“? FReClkrah- f@dﬂwmyeﬁaﬂeuaﬁaca&%o&a@@m@@eeahs

of the general <%
. be obtained by Rosenmund reduction.of the corresponding acid

chlorides and the remaining compounds can be obtained by
reduction of the coiresponding cyano compounds (in an
- 10 analogous manner to the preparation of the éompounds of

formula III).

By reacting'thé cbmpound of formula X with Grignard
reagents in accordance with Scheme 2 there can be obtained
.15 compounds of formula XI or directly compounds of formula IB
in which RS and R6 have thé same significance. When at
-least about 2 mol of Grignard reagent are_used per mol of
;he compound of formuia-x a cbmpound of fofﬁula IB is
generally predominantly formed directly.
20
The compounds_pflfcrmulé I can bé'used in the form
ofnﬂgtuﬁeswith oﬁg or more’ other liqpid.crystaliine énd/orlﬁonsliquid
crystallihe substances such as, for exampie, with subétances
from the classes Qf ﬁhe Schiff's bases,.azobenzehes, azoxy-
25 benzénes, phenylbéhzoaﬁés, cyclohexanecarboxylic acid phenyl
esters, cyclohexanecarboxYlic aéid cyclohexyl esters, bi-
phenyls, terphenyls, phenylcyclohexanes, cinnamic acid
derlvatlves, phenylpyrlmldines, dlphenylpyrlmldlnes,'
cyclohexylphenylpyrlmldlnes, phenyldloxanes, 2—cyclohexyl-

30 -l-phenylethanes and the like. Such substances are known



in R signifies a straight-chain al kyl or al koxy group.containing 2 t.0
caron atons, 20 p-(trans-4- aIkylcyclohexyl)benzonltrlIes or

r.ans- 4- -aIkylcyclohexyl)alkylbenzenes of the general .formula [err] N
'h Rsignifies a straight-chggyn.al kyl group containing 2to 7 carbon
~atons and R12 signifies the cyano group 5 : . or a
stralght chain al kyl group con- taining 1 to 7 carbon atons, ..
p- (5-al kyl -2-pyri m di nyl)benzonitriles of the general formula 10 - v

N [err] wherein R has the above significance, 15
p-[ 5- (trans-4-al kyl cycl ohexyl )-2-pyri m di nyl ] benzonitriles of the general
formula 20 R8 CN N

to the person skilled in the art and many of them are,

5  moreover, commercially-.available.

The_liquid crYstal mixtures in écgordance with the
invention contain, in addition to one or more'compouhds of .
formula I, preferably one or more of the following compounds:
10

4-Cyanobiphenyls of the general formula

XII
15 :

wherein R’ signifies a straight-chain
'alkyl or alkoxy group-contéining 2.to
7 carbon atoms}.
20 p—(trans-4-alkylcyclohexyl)ben#onitriles or p-(trans-4-'

-alkylcyclohexyl)alkylbenzenés of the general formula

25

XIII -

wherein Ra'signifies'a'straight?chain

alkyl group containing 2 to 7 carbon



Vherein R has the above significance, ) s
p- (trans-5-al kyl - m di oxan- 2-yl )benzonitriles of the general 25 for px

Iigr] -~ - 19 - wherein R has the above significance, 5 p-al kyl benzg

“phenyl esters of the general formula [errjgl0 wherein R signifies apo
group or a straight-chain al koxy group contalnlng 1 to 6. carbon atons apd 8
15 : R has the above significance, '

traps- 4- aIkylcyclohexanecarboxyllc aci d phenyl esters of the general

formula [err] wherein [err] -and [err] have the above sig- 25

nificances, 2-(trans-4-alkylcyclohexyl)-1-phenylethanes of the general

formul a , 12
. ' atoms and R

signifies the cyano group
5 | or a straight-chain alkyl group con-
taining 1 to 7 carbon atoms;_
p-(Séalkyl-z—pyrimidinyi)benzonitriles of the general'

formula

o | N |

15 wherein R8 has the above significance,
p—[5-(trans-4-alkylcyclohexyl)-Z-pyrimidinyl]benzonitriles

of the general formul#

20 CN

wherein r® has the above significance,
p-(trans—s-alkyl-m4dioxan-2—yl)benzonitriles of the general

25 formula



-20- [err] 10 wherein R signifies a straight-chain al kyl.group containi:ng -

3 carbon 10 atons and R signifies the cyano group or a .
st(%ﬁébt chai n al kyl or al koxy. group containing 1 to 7 car.bon-atons, ~
4" | - 4- cyano- p-t er phenyl s of ige general fornmula 15 R *
CN 20 - wherein R has the*above significance, or :
- (trans-4-al kyl cycl ohexyl ) - 4- cyanobi phenyl s of the general formula 25

CN wherein R has the above significance. 5 The -m xtures -
provi ded by the invention can contain one or nore conpounds of formula I.

- M xtures which con- tain one or nore conmpounds of fornula |I in an anmount of

about 1 weight %to about 50 wei ght % and one or nore ot her
' - wherein R™ has the above significance,

5 p-alkylben201c acid phenyl esters of the general formula

R ole) RO
XV1iI
10
_wherein R’ s signifies the cyano group
or a stralght-chain alkoxy group
containing 1 to 6 carbon atoms and
15 R® has the above-signifiCance,_
trans-4-alky1cyclohexaneéérboxylic acid'phehyl esters of
the general formula | |
20 8 . '
- R® ofole —R9
' XVIII
.8 .9 TP ;
whereln R” and R” have the above sig-
25 nlficances,_

2—(trans-4-alkylcyclohexyl) l-phenylethanes of the general

formula



*suitable liquigd crystalline and/or non-liquid crystalline 10 subst ances
are preferred. M xtures which contain about 3 weight %to about 30 melght
“Yo:0f compounds of fornula | are especially preferred. The m xtures pyrovidgd
By the invention can contain 15 ot her suitable optically active c 1
(e.g. optically active biphenyls) and/er2di<hroic colouring substan ggﬁg7_-
(e.g. azo, azoxy and ant hraqui none col ouri ng substances). The anouni_ of
squ conmpounds is determ.ned by the solubility and the desired pitch, :
colour, extinction and the |ike. 20 Preferably, the anmount of optically
active conmpounds is at nost about 4 weight % and the anount of dichroic
col ouri ng substance is at nost about 10 weight % The manufacture of the
liquid crystalline mxtures 2p Qnd of the el eck+e-—Qptical devices can be
carried out in a manner e e and therefa e rged not be descri bed
herein in $ore detail. Rhe— i of #RH al | novel -
22 - conpounds, m xtures, uses and dgyvices/ as des- 5 cribed
herein. The fol | owi ng M xt ur e~Exafipl es 1- 11 are exampl es of XIX

wherein Rlo_signifies a straight-chain

‘alkyl group containing 3 to 7 carbon

10 N atoms and Rl; signifies the cyano group
or a straight-chain alkyl or alkoxy
group containing 1 to 7 carbon-atoms,

4“-alkyl—4-cyano-p-tetphenyls of the general formula

15
XXI
20 wherein R® has the above significance,
or 4'-(trans-4-alkylcyclohexyl)-4-cyancbiphenyls of the
general formula |

25 o8 ' CN

w

XXII



preferred m xtures. The m xtures of M xture Exanples 5-8-are.especially
pret en ed. n signifies the viscosity 10 (bul k viscosity); [err] signifies -
L&l ectric anisotropy, [err] signifies the optical ani.sotropy, ton

ijes the switching-on tine (0-50%transm ssion), [err] signifies the
_ ng-of f time (100-10% transSm4%sion), [err] and V50 signify the

t hreshol d potential for 10% or 50%trans- 15 mssion (tilt angle 0), [err].
signifies the maxi num nunber of nultiplexible I|'ines. [err] (splay) and ~w*
k33 (bend) are elastic constants. M xture Exanple 1 20 Basic m xture A: 5.2 .
wei ght % of p-(5-pentyl-2-pyrimdinyl)benzonitrille, 11.5 weight % of

p- (5- heptyl - 2- p%\e@e‘ib”? ?%%Z@ﬁet A Rre él%d’iﬁigﬂncé of p-butyl benzoic acid
p - cyanophenyl ester 2 wel ght % of
trans- 4- propylcyclohexanecarboxyl|c acid p- cyanophenyl ester, 12.4 wei ght %
of trans-4-pentyl cycl ohexanecarboxylic acid p-cyanophenyl ester, 22.0

wei gist. % of tr amrhed miuithresd prlowided By ehd iinveritdan &h @m{wphenyl
L est er,

one or more compounds of formula I. Mlxtures which con-
tain one or more compounds of formula I in an amount of
about 1 weight % to about 50 weight % and one or more_other
suitable liguid crystelline and/or non-liquid orYStalline
10 substances are preferred.  Mixtures which contain about

3 weight % to about 30 weight $ of compounds of .formula I

are especially preferred.

The mixtures provided by the invention ean contain
15 other suitable opticelly active compounds (e.g. optically
active biphenyls)'end/or dichroic colouring substances
(e.g. azo, aéoxy and anthraquinone colouring substances).
The amount of such compounds is determined by the solubility
and fhe desired pitch, colour, extinCtion.and the like.
20 Preferably, the amount of optlcally active compounds is at
most about 4 weight % and the amount of dlchr01c colouring

' substance is at most about 10 weight $%.

The menufaeture'of the liquid crystalline mixtures
25 and of the electro-optical devices can be carried out in a
manner known per se and therefore need not be described

herein in more. detail.

The invention is also concerned with all novel



©

- 23.- 19.9 weight % of trans-4- pentylcycfohexanecafboxylic acid 5
p- met hoxyphenyl ester, 11.0 melght % of

E¢I5 (trans-4-et hyl cycl ohexyl ) - 2-pyrimi- dinyl]benzonitrile, cl.p.\z2/5C *

42 cp, nematic. 10 92 wei ght, % of basic m xture A + 8 wei ght

_of 4-(trans-4-pentyl cycl ohexyl)-4'-[2° (??aﬁs-4-pentylcyclo-

hexyl ) et hyl ] bi phenyl; cl.p. 91C, n = 43 cp, nematic. 90 wei ght % of basic
m-xture A + 10 meight % of 15 4,,4 -bis[2-(trans-4-pentyl cycl ohexyl
)ethyl ] bi phenyl; cl.p. [err] n = 43 cp, nematic. M xture Exanple 2 .20

~ Basic mxture B: 4.1 weight % of p-(5-pentyl-2-pyrimdinyl)benzonitrile,

7.3 weight %of p-(5-heptyl-2-pyrimdinyl)benzonitrile, 14.0 wei ght % of

~trans-4-pentyl G&ﬁb&ﬂﬁ&é ﬁg&*&%&y c %l:dsaeget RS%%PRARY HetilRl adddesd? 9

wei ght % of trans-4- penf ycl ohexanecar boxyl'i ¢ acid p- propyl oxyphenyl
ester, 8. GSWE|gb§bgaohegeﬁ5 (trans-4- ethylcyclohexyl) 2- pyrlrn - di nyl

-benzonltrlle

‘The following Mixture Examples.l¥ll are exémples of
:preferred mixtures.' The mixtures of ﬁiXtufe Examples 5-8
are especially preferred. n signifieé the viscosity

10 (bulk viscosity),'Ae signifieé the dielectric anisotropy,

An signifies the optical anisotropj, t__ signifies the.

on
switching-on time (0-50% transmission), toff signifies

the switching-off time (100-10% transmission), V.. and

10

Ve~ Signify the threshold potential for 10% or 50% trans-

50
15 mission (tilt angle 0°), N max signifies the maximum number
of multiplexible lines. ll (splay) and kqg (bend) are

elastic constants.

Mixture Example 1
20 |
Basic mixture A:
5.2 weight % of p-(s-pentyl-z-pyrimidinyl)bepzoniﬁrile,'
11.5 weight.%'ofp—(S-heptyl-z-pyrimidinyl)benzonitrile,
5.8 weight % of p-butylbenzoic écid p'-cyanoéhenyl ester,
25 12.2 weight % of trans-4-propylcyclohexanecarboxylic acid
p-cyanophenyl ester,
- 12.4 weight % of tians-4-pentylcyciohexanecarbogylic acid
p-cy;nOphenyl ester, |
22,0 weight % of.trans;4-butylcyclohéxanecarboxylic acid p-

30 -ethéxyphenyl ester,

%



6.5 weight %of p-[5-(trans-4-pentylcycl ohexyl)-2-pyrim,- 5

] benzonitrile, 36.6 weight % of _ o
ns- 4- pentyl cycl ohexyl)-1-(p-ethoxy- phenyl)ethane; cl.p. 69.9C, n- ~& .
6.3 .¢p, nematic. 90 weight % of basic mxture B + 10 wei ght % of 10

(t¥ans- 4-pentyl cycl ohexyl)-4'-[[256t Lans-4-pentyl cycl o-

hexyl ) et hyl ] bi phenyl; cl.p. 87C, n = 27 cp, nematic. Mxture Exanple 3 15
Basic mixture C 6.3 weight % of p-(5-pentyl-2-pyrimdinyl)benzonitrile,
12. 3 wei ght % of p-(5-heptyl-2-pyrimdinyl)benzonitrile; 22.0 wei ght %.of
trans-4- pentyl cycl ohexanecar boxylic acid p-nethoxyphenyl ester, 20 30.2

wei ght % of trans-4- pent yl cycl ohexanecar boxylic acid p- propyloxyphenyl

Sﬁ;ﬁ;l)eiﬁaﬁ gghyw%gggﬁFgékgPitégg%gzxkgiééggéé%ﬁ%ﬁépégyctQhexanecarboxy- 
Ilcpgﬁéghaﬁggﬁgﬁgg ggxggyclohexyl ester; cl.p. [err] n = 30.0 cp,

nena I C wel g astc mxture C + 10 wei ght % of

4-(transy ¢ @ewéybﬁﬁchobexisl-)[sél (tkan(sf-maas. érlwwh@v@m 2-pyrimi-

hexyl)ethyl]blphenyl, cl.p. [err],. cp, nematic.
dinyl]benzonitrile, - :

cl.p. 72.5°C, n = 42.cp,'hematic.

10 . - 92 weight % of basic mixture A + 8 weight % of
4-(trans-4-pentylcy¢lohexyl)-4'-[2-(trans-4~penty1cyclo-
hexyl)ethyl]biphenyl; cl.p. 91°C, n = 43 cp, nematic.

90 weight % of basic mixture A + 10 weight % of
15 4;4'-bis[2-(trans-4-pentylcyclohexyl)ethyl]biphenyl; cl.p;

9062°c"n = 43 Cp, nematic. ’

Mixture Example 2

20 Basic mixture B: _
4.1 weight % of p-(5-pentyl-2Z-pyrimidinyl)benzonitrile,
7.3 weighﬁ % of p-(5-heptyl-2-pyrimidinyl)benzonitrile,
.- 14.0 weight %,cf'trans-4-pentylcycthexanecarboxylic'aqid
p-methoxyphenyl estér, i
25 22.9 welght % of trans-4-pentylcyclohexanecarboxyllc acid
p-propyloxyphenyl ester, '
8.6 weight % of pf[S—(trans-4-ethylcycldhexy1)-2-pyrimi--

dinyl benzonitrile,



- 25 -~ Mxture Exanple 4 Basic mixture D: 4.1 weight % of
p- (5-pentyl -2-pyrimdinyl)benzonitrile, 8.2 weight % of
P f5-heptyl - 2-pyrim dinyl )benzonitrile, 15.9 wei ght % of
trans-4-pentyl cycl ohexanecar boxylic acid %0 ~ p-net hoxyphenyl ester,
wei ght % of trans-4-penty|cyclohexanedér% Xylic acid- p-propyl oxyphenyl
~ester, 24.7 weight %of 2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy- '
phenyl ) et hane, 15 6.5 wei ght % of _ _ _
p-[S-(trans-4-pentylcycl ohexyl)-2-pyrim- dinyllbenzonitrile, 7.4 weight %
- of p-[(4aaH,[err])-decahydro-[err]-propyl-2a- -naphthyl]benzonitrile
(racemate), 6.1 weight %of p-[[err]-decahydro-[err]-pentyl-2a- 20 -
-napt hyl ] benzonig.'5 lw@ilghac aese)p- [F= rdrii+4-pgernt XheRLINBL 2 Loy ¥ni -
wei ght % of basic mwtore D+ V\[/(esight G- pertytoy “py=iini-
- (trans- 4- pent Wicwd J0emedni-t¥i-lel- (trans- 4- pentyl cyclo- 25 :
hexyl ) et hyl ] bi phenyl; cl.p. [err], n =29 cp, nematic. Mxture Exanple 5
3.89 wei ght % &6 £ weight -¥-ofy Arodindnemd-pentylcyclohexyl) -1- (p-ethoxy-

phenyl)ethane; cl.p.'69.99c, n = 26.3 cp, nemétic..
90 weight % of basic mixture B + 10 weight % of
10  4-(trans-4-pentylcyclohexyl)=-4'-[2-(trans-4-pentylcyclo-

hexyl)ethyllbiphenyl; cl.p. 87°C, n = 27 cp, nematic.

Mixture Example 3

15  Basic mixture C: o |
6.3 weight.% of p—(5-pentyl;2-pyfimidinyl)benzonitrile,
-12.3 weight % of p—(S-heptyl—z-pyrimidinyl)benzonitrile,
22.0 weight %.of'trans-4-pentylcyclohéxanecarboxylic acid
p-methoxyphenyl ester, |
20 30.2 weight % qf ﬁrans-4-pentylcyclohexanecarboxylic acid
p-propyloxyphenyl ester,’ | . |
15.5 weight %'of'2—(trans-4-heptylcyclbhexyl)-l-(p-ethoxy-
phenyl)ethane, |
13.7 weight % of trans-4-(p-peptylphenyl)cyclohexanecarbo#y-
25 li; acid trans-4-propylcy¢lohexyl ester; cl.p. 60.3°C,

n = 30.0 cp, nematic.

90 weight % of basic mixture C + 10 weight % of
'4-(trans-4-pentylcyclohéxyl)-4'-[2—(trans-4-pentylcyclo-

hexyl)ethyl]lbiphenyl; él.p. 79°C, n = 30.6 cp, nematic.



19. 00 wei ght % of 4'-pentyl -4-cyanobi phenyl, - 26 - 16.08 weight %
trans-4-propyl cycl ohexyl )-1-(p-ethoxy- S phenyl)ethane, 22.16 .
% of 2-(trans-4-pentyl cycl ohexyl)-1-(p-ethoxy- phenyl)ethane, 5.72 «J/,
| % of 4"-pentyl -4-cyano-p-terphenyl, 5.83 weight % of : : -
rans-4- pentyl cycl ohexyl ) -4-cyano- 10 bi phenyl, 12.79 wei ght % of
1-[2-(trans-4-butyl cycl ohexyl)eTh ﬁ]‘4- -(trans-4- pentylcyclohexyl)benzene
" 8.55 melght % of 4-[2-(trans-4-butyl cycl ohexyl)ethyl]-4"- -
-(trans-4-pentyl cycl ohexyl) -1, 1'-ethy|ened|benzene 15 5.98 wei ght % of
4- (trans-4-pentyl cycl ohexyl ) - 4' [2-(trans- : ' - :
-4-butyl cycl ohexyl ) et hyl ] bi phenyl; mp.< [err] cl.p. [err] nematic; n =
24.8 cp; [err] = 6.19; An 0.142; ton =25 ns, toff 40 ms; [err] =
2.76V, tu $=76; J[err]= 1.17. 20 hAxture Exanple 6 3. 70
wei ght % of 4' -propyl -4-cyanobi phenyl, 18.09 wei ght. % of
4f-ﬁ%nty|-4-cyanobiphenyl,

Basic mixture D: .

4.1 weight % of.p-(5-pentylf2-pyrimidinyl)bénzbnitrile,
8.2 weight % of'p-(5-hepty1-2-pyrimidinyl)benzbnitrile,
15.9 weight % of trans-4-pentylcyclohexanecarboxylic acid

10 p-methoxyphenyl ester, _

27.1 weight % of trans-4-pénty1cyclohéxanécarboxylic acid

| p-proﬁyloxyphenyl-estef, .

24.7 weight $ of 2-(trans-4-pentylcyclohexy1)fl-(p—eﬁhoxy-'

phenyl)ethane, |
15 6.5 weight % of p-[5-(trans-4—pentylcyclohexyl)-2-pyrim1-
dinyl]benzonltrile, _

7.4 weight % of p-[(4adcH, SaBH)-deéahyd:o-GB-prbpyl-Zq-
-naphthyl]lbenzonitrile (racemate), |
6.1 weight % of p~[(4aaH, 8aBH)-decahydro-GB-pentyl-Za-

20 'fnapthyl]benzonitrile (racemate); cl.p. 68.9°C, n = 28.2

CP, nematic.
90 weight % of basic mixture D + 10 welght $ of 4-
-(trans-4-pentylcyclohexyl) 4'—[2—(trans-4-pentylcyclo-

25 hexyl)ethyl]blphenyl, cl.p. 87°C, n = 29 cp, nematic.

Mixture Example 5

3.89 weight % of 4'—propylf44cyanobiphenyl,
30 19.00 weight % of 4'-pentyl-4~-cyanobiphenyl,



"25 .15.32 weight % of 2-(trans-4-propylcyclohexyl)-I-(p-ethoxy- ~
phenyl-) et hane, 21.10 wei ght % of 2-(trans-4-pentyl cycl ohexyl)-1-(p-ethg
Epenyl) et hane, - 27 - 5.45 weight % of 4"-pentyl-4-cyano-p-terphen
5755 weight %of 4'-(trans-4-pentylcycl ggexyl)-4-cyanobi - phenyl, 12.18
wei ght 9% of 1-[2-(trans-4-butyl cycl ohexyl)ethyl)-4- '
(trans-4-pentyl cycl ohexyl )benzene, 8.14 wei ght % of
4~L2 (trans-4-butyl cycl ohexyl)ethyl]-4"- 10 -
(frans 4- pentyl cycl ohexyl )-1, 1" - et hyl enedi benzene, 5.70 meight % of
4- (trans-4-pentyl cycl ohexyl) - 4 - [2-(trans- _
-4-butyl cycl ohexyl ) et hyl ] bi phenyl, 4.77 wei ght % of
1- propyl - 4- (tr 3AsO8- ﬁeﬁ99t0§cpﬁhéxjtrbeﬁ‘4zeﬁepylﬁyploheﬁwﬂﬁrchPpeFGPKV‘
nenatlc n =21.0c 15 [err]=5.84, [err] 0.140; [err]= 24 ns,
[err] = 38%ns; PhFéYE?e thanesy [err]=. 3.08V; '[err] = 78; k33/k 1.05.
M xture Exarrpl

wei ght % of 4'35eﬁ?yVeigg§agoﬁ p%eﬁ§g5g56ﬁﬁ§g gé%?é%% R)pqeq¥‘et g3§§
2-(trans-4-progylaye) gagxyL) - 1- (p-ethoxy- -

5.72 weight % of 4"-pentyl—4-cyano-p-terphenyl, -
5.83 weight % of 4'-(trans-4épentylcyclohexyl)-4—cyano-
10 biphenyl, | |
'12.79 weight % of lf[2-(trans-@-butylcyclohexyl)ethyl]-4-
- (trans-4-pentylcyclohexyl)benzene, | |
8.55 weight % of_4-[2-(trans-4fbutjlcy¢lohéxyl)ethy11-4'-
-(trans-4-pentylcyclohexyl)-1,1'-ethylenedibenzene,
15  5.98 weight % of 4-(trans-4-pentylcyclbhexyl)-4'-[2f(trans-;

"-4-butylcy¢lohexyl)ethyl]biphenyl; m.p.‘é-3b?C, cl.p.

91.2°C, nematic; n = 24.8 cp; 4 = 6.19; An = 0.142;
ton = 25 ms, toff = 40 ms; VlO = 2.76Vv, _VSO = 3._10_\.7;..
nax = 763 K3z/ky = 1.17.

20

Mixture Example 6

3.70 weigh£ % éf 4'-propyl—4-cfanobiphenyl,.
l8.09 weight % of 4'-pentyi-4-cyanobipheﬁyl, _ |
25 15;32 weight'% of 2-(trans-4-propylcyclohexyl)-i—(p—ethoxy-__
phenYl}ethane," | |
21.10 weight % of 2-(trans-4—pentylcyclohexy;)-l-(QQethdxy-
phenyl)ethane, | |



ptrenyl ) et hane, 9.72 mbight % of 2-(trans-4-propyl cycl ohexyl)-1-(p-butyl -
@ oxyphenyl’) et hane, 18.56 weight % of

M rans- 4-pentyl cycl ohexyl)-1- (p et hoxy- phenyl)ethane, 4.75 weight % of A&,
X<pentyl - 4- cyano- p-t er phenyl, 4.84 wei ght % of - -
-(trans-4-penty|cycIOhexyI)~4-tyéﬁobi- 30 phenyl, -28- 11.59 wei ght
% of 1-[2-(trans-4-butyl cycl ohexyl)ethyl]-4- - o -
(trans 4- pentyl cycl ohexyl ) benzene; 8.55 wei ght % of o

4-[2-(trans-4-butyl cycl ohexyl)ethyl]-4"-
- (trans-4-pentyl cycl ohexyl )-1, 1'-ethy|ened|benzene
4- (trans-4-pentyl cycl ohexyl) - 4' [ 2-(trans-

4 Puty! ol PG E A DL PG ) Doy ShELEL o gy 85 7. 10

5.98 wei ght % of -

nematic; n

= 21.5 cp [err] =37 ns; [err]

2. 84 \Y% i L - - ht %

of 4.;*/_ o ?;1553 vgé;i;g] Irib ]ﬁy4 -L?Efiné-&) pe%ﬁfié‘félgﬁé‘ﬁyi? 8- é?aﬂoﬁ@ wei g
phenyl,

12.18 weight & of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-
(trans-4-pentylcyclohexyl)benzene, '

8. 14 weight % of 4—[2-(trans-4-butylcyclohexyl)ethyl]-4'

10 —(trans-4—pentylcyclohexyl)—l 1'-ethy1enedibenzene,
5 70 weight $ of 4- (trans-4-pentylcyclohexyl)—4‘-[2-(trans-
—4-butylcyclohexyl)ethyl]biphenyl, |
4.77 weight % of l-propyl-4-(trans-4-pentchyclohe2yl)bén-
zene; m.p. <-30°C, cl. p. 88.2°C, nematic, n = 21.0 cp; |
15  ac = 5.84, An =0.140; ¢, = 24 ms, toff = 38 ms; Vio =
2,75V, Vg4 = 3.98V; Nopax = 783 k33/kll'= 1.05.
Mixture Example 7
20 3.23 weight.% of 4'-pfopyl—4-cyanobiphenyl,
16.75 weight % of 4'-pentyl-4-cyanbbiphenyl,
16.03 weight % of 2-(trans;4—propy1cyclohexyl)-lé(p-ethoxy-
phenyl)ethane, R | o _
9.72-weigh£ $ of 2-(trans¥4-prdpy1cyc1ohexy1)-1-(p—buty1—
25 oxyphenyl)ethane, | o
'18.56 weight % of 2-(trans-4—pentylcyclohexyl)-1-(p;ethoxy—
phenyl)ethane, ' | -
4.75 weight % of 4"-pentyl-4-cyano-p-terphenyl, |
4.84 weight % of 4'4(trans-4-pentyl¢yclohexyl)-4?cyénobi-
30  phenyl,



3.33-meight % of 4'.-propyl -4-cyanobi phenyl, 16.49 wei ght % of
- pentyl - 4- cyanobi phenyl, 15.67 wei ght % of
2 ¢t rans- 4- propylcyclohexyl) 1- (p- et hoxy- 20 phenyl ) et hane. 6.36 wei
2-(trans-4- propylcyclohexyl) 1-(p- bu5¥*- oxyphenyl ) et hane, 18.19 weig
-960f 2- (trans-4-pentyl cycl ohexyl ) - 1- (p- €thoxy- phenyl)ethane, 25 4.90
wei ght % of 4"-pentyl -4-cyano-p-terphenyl, 4.98 weight % of
4\\(trans 4- pent yl cycl ohexyl ) - 4- cyano- blphenyl 11. 92 wei ght % of
1-[2-(trans-4-butyl cycl ohexyl )ethyl|-4- -(trans-4-pentylcycl ohexyl)benzene,
30 6.90 wei ght % of 4-[2-(trans-4-butylcycl ohexyl)ethyl]-4'- - 29 -
-(trans-4-pentyl cycl ohexyl)-1, 1' - et hyl enedi benzene, 5 - 6.90 wei ght % of
4- (trans- 4- pentyll.6¥c welight B £ [12[2-(xrans-4-butylcyclohexyl)ethyl] -4~

- 4- butylcyclohexyl)ethyl]blphenyl ---mp. <-300C, cl.p. [err] nematic; n =
24.0 cp; [6&rr] {txah@-4 -@eniylcycaoheﬁwﬂﬂpenzB&ens tff=43 ns; [err] =
2.63V, J[err] =2.94V, [err] [err]=1.10. 10

8.55 weight % of 4 [2-(trans- -butylcyclohexyl)ethyl]-4'
-(trans-4-pentylcyclohexyl)-l,l'-ethylenedibenzene, _
5.98 weight % of 44(tran5f4-pentylcyclbhexyl)-4'-f24(trans‘
-4-butylcyclohexyl) ethyllbiphenyl; m.p. <-30°C, cl.p. 85.7,

10 nematic; n = 21.5 cp; Ac = 5.40; An = 0.133; t.on = 23 ms,
toee = 37 ms; .Vlo = 2.84V, Veo é 3.20V; Noax = 73+ k33/kll
1.07. |

Mixture Example 8

15
4.36 weight % of 4'-ethyl-4-cyahobiphenyl,
3.33 weight'% of 4'—propyl-4—cyandbiphenyl,
16.49 weight % of 4'-pentyl-4-cyanobiphenyl,
15.67 weight % of'2—(tréns-4~propylcYclohexyl)—l-(p-ethoxy-
20 phenyl)ethane. .
6.36 welght % of 2-(trans-4-propylcyclohexyl) 1—(p—butyl-
oxyphenyl)ethane, _
18.19 weight % of 2-(trans-4-pehtylcyclohéxyl)-l-(p¥éthoxy-
' phenyl)ethane, | | | | |
25 4.90 weight % of 4"-pentyl-4-cyano-p-terphenyl,
4,98 weight % of 4'f(trans-4-péntyldyclohexyl)-4-cyano-
biphenyl, ' | '
11.92 weight % of l-[2-(trans-46butyicy¢ldhéxyl)ethyl]-4-'
—(trans-4-pentylcyclohexYl)benZene, '

30  6.90 weight % of 4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-



xture Exanple 9 14.62 wei ght % of 4'-pentyl-4-cyanobi phenyl., 12.35 wei ght
of 4-hexyl -4-cyanobi phenyl , -- 15 14. 48 wei ght % of

L(trans- 4- propylcyclohexyl) 1-( butyloxy- -- phenyl)ethane; 15.96 wei ght

% of 2- (trans-4-pentyl cycl ohexyl32 1= ( p- et hoxy- 20 phenyl ) et hane,

-- 4.77 weight % of 4"-pentyl -4-cyano-p-terphenyl, 4.85 weight % of T

_ -(trans-4-pentyl cycl ohexyl)-4-cyano- bi phenyl,. 10.46 wei ght % of -
- 1-[2-(trans-4-butyl cycl ohexyl )ethyl]-4- 25 _ S

-(trans-4-pentyl cycl ohexyl ) benzene, 8.55 wei ght % of 4-[2- (trans-

?e?ﬁ;ly;ﬁ@%a&%i;%@e gl s s

i

L (1rans-4- propyl cycl ohexyl ). -1- (p- et hoxy- phenyl ) et hane, 7.98 wei ght % ofd.

TSP MO (el A clona a2

Exa”p'e' 5 C bl@h 9¢, ai.84 Beight,% of
f%'-hexyl 4- cyéﬁ%%lphenf%ﬂﬁé%hfh}w&ﬁﬁéﬁyﬁ- it so3¢t, 41.8 ohe, %

nematic; n = 24.0 cp; 4 = 6.10; A4n = 0.143; _toni= 26 ms,

2,94 V; N___ = 78;

. = 43 ms; v max

= 2,63V,

10 V50 =

10

Mixture Example_Q

.14.62 weight % of 4'-pentyl-4-cyanobiphenyl,
12.35 weight %-of 4-hexyl¥4-cyanobiphenyl, - L
15 = 14.48 weight % of 2F(trans-47propylcyclohexyk)—l-(p-éthoxy-l
phenyl)ethane, _ _ _ |
7,98.weight %‘6f:24t:ans-4-§ropylbyclohéxyl)-l-(p—butyloxy- --
phenyl)ethane, o o | | | '
~ 15.96 weight % of 2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy=-
20 phenjl)ethane; T
4.77 weight % of 4“-pentYl-4-cyano-p-terphenyl,
4.85 weight % of 4'-(trans-4-pentylcyclohexyl)-4-cyano-
biphenyl, | | ' |
.10.46 weight % of 1-[2-(trans-4-buty1cYclohexyl)ethyl]-4-
25 | -(trans-4-pentylcyclohexyl)benzene, -
8.55 weight % of_4-[2-(frans!4fbutylcyclohéxyl)ethyll-4'-

, -(trans-4-pentylcyclohéxyl)-l,l}-ethYlenedibenzene;

5.98 weight % of 4—(trans-4-pentylcyclohexyl)e4'-[2-(trans- _ -

-4-butylcyclohexyi)ethyl]biphenyl; cl.p. 86.1°C, nematic.



13. 89. wei ght % pf 2-(trans-4-propyl cycl ohexyl)-1-(p-ethoxy- phenyl)ethaneg;
7.66 wei ght % of 2-(trans-4-propy|cyclohexyl)-l-(p-butyloxy- 10

thenyl ) et hane, 15. 30, -wei ght % of 2-(trans-4-pentyl cycl ohexyl)-1-(p-etho
phenyl ) ethane, '4.57 wei ght % of 4"-penLy5 4- cyano- p-terphenyl, 4.66 wei
.% of 4'-(trans-4-penty|cyclohexyl)-4-cyano%|phe- 15 nyl, 10. 03 wei ght %
of 1-[2-(trans-4-butylcycl ohexyl)ethyl] -4- '

(5§ans 4- pentyl cycl ohexyl ) benzene, 9.83 wei ght % of
4-[2- (trans-4-butyl cycl ohexyl)ethyl]-4'-

-(trans-4-pentyl cycl ohexyl)-1, 1- et hyl enedi benzene, 20 - 8.20 wei ght % of
4-[ 2- (trans-4- Mixytuye | B L§e1®y|] 4' -

-(trans-4- propylcyclohexyry 1,1" - et hyl enedi benzene; nematic. M xture
Exanpl e 11 25 4.29 weight % of 4'-ethyl-4-cyanobi phenyl, 3.27 weight %
of 4' -propy¥-4-c anoblpheng 16. 21 wei ght % of 4'-pentyl - 4- cyanobi phenyl ,
15. 41 wei ght @6b¥ 22 (we ight 4%p@%p&ltE%@@hbx&+9Y$thiBhamx¥, phenyl ) et hane,

- 31-
E ' 11.84 weight % of 4'-hexyl-4 -cyanobiphenyl,.

13.89 weight % of 2—(trans-4-propylgyclohekyl)41-(p-éthoxy—
phenyl)éthane, | | _ | |
7.66 weight % of 2-(transe4;propy1cyclohexy1j-i-(p-butyloxy-'
10 phenyl)ethane,
15.30 weight % of 2-(trans-44pentylcyclohékyl)#i-(é-ethoxy-
phenyl)ethane, |
4.57 weight % of 4f-pentyl-4—cyéno-p-terphenyl,
_ 4.66 weighﬁ % of 4'-(trans-4-péntylcycloheXyl)-4-cyanobiphe-
15 nyl, o | | -
10.03 weight % of 1-([2-(trans-4-butylcyclohexyl)ethyl]-4-
- (trans-4-pentylcyclohexyl)benzene,
9.83 weight % of 4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-
-(trans-4-pentylcyclohexyl)-1,1?-ethyleﬂedibenzene,
20 8f20 weight %.df;4-[2—(trans-4-bﬁtyl¢yclohexyl)ethyl]-4'—

-(trgns—4-propy1cyclohexyl)—l,l'-ethylenedibenzene; nematic.

Mixture Example 11

25 :4;29 weight % of 4'-ethyl-4-cyanobiphenyl,

3.27 weight-% of 4'-propyl-4-cyanobiphenyl,

lG.Zl'weight % of_4'-penty;-4-cyanobiphenyl,
15.41 weight % of 2~(trans-4-propylcyclohexyl)-1l-(p-ethoxy-

phenyl)ethane,



8, wei ght Wbof 2- (trans- 4- propyl cycl ohexyl ) - 1- (p- but yl oxy- 5,
| ) et hane, 17.88 wei ght % of 2-(trans-4-pentylcycl ohexyl)- i- (p- ethoxy-

“AA' - (trans-4-pentyl cycl ohexyl)-4-cyano- 10 bi phenyl, 11. 72 melght %

<1/[ 2- (tr ans- 4- but yl cycl ohexyt) 8thyl ] - 4-

-(trans-4-pentyl cycl ohexyl)benzene, 8.47 wei ght % of

. 4-[2-(trans-4-butyl cycl ohexyl)ethyl]- -4'- ' -

(trans 4- pentyl cycl ohexyl ) - 1, 1'-ethy|enedibenzene 15 6. 78 wei ght % of
4-[2-(trans-4-butyl cycl ohexyl)ethyl]-4"- ' _ e

-(trans-4- propylcyclohexyl) 1,1 -ethyl enedi benzene; nematic. 20 -32- The

Compounass o eair by (B P ekt Dt fpf Bl byS1onb R TR SRR 8L

den®@ es pheériprid€ha@se, N denotes a nematic phase and | denotes the
i sotropic phase. Exanple 1 10 2.20 g of

4- (transt?e aaemedgml %)hsexyi-) wrax{;e-u-gsamﬁylcyclohexyl) -1- (p-ethoxy—
" ' phenyl)ethane, |
4.81 weight % of 4?-bentyl-4—cyano-p—térphenyl,
4.90 weight % of 4?-(trans;4fpentylcyclbhexyi)-4-cyanof
10 biphenyl, o _ .
 11.72 weight % of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-
?(trans-4-pentjlcyclohéXyi)benzene, _ _
8.47 weight % of 4-[2-(trans-4-butylcyclohexyl)ethylj;
| -4'f(trans-4-péntylcy¢lohexyl)-l,l'fethylehedibenzéne,
15 6.78 weight % of 4-f2-(tﬁans+44butylcyclohexyl)ethyl]-4'-

-~ (trans-4-propylcyclohexyl)~l,1'-ethylenedibenzene; nematic.

20

)ethane, 4.81 wei ght % of 4"-pentyl -4-cyano-p-terphenyl, .4.90 melght~;2'



14-penty|cyc|oh§xyl)vinyI]biphenyI wer e suspended in a tol uene/ et hanol
m xture (3:2) in a sulphonation flask, treated with 200 ng of
ghylad|unfcarbon (10%9 and hydro- 15 genated at nornal pressure and
until the hydrogen uptake canme to a standszi4!l. Filtration of the )
and concentration of the filtrate gave a white, seni- -crystalline rgé
whi ch, after recrystallization from 100 m of hexane, yielded 1.55 g\of
4- (@jans 4-pentyl cycl o- 20 hexyl)-4'- : :
(2-Ctrans-4- pent yl cycl ohexyl ) et hyl ] bi phenyl as colourl ess needl es;
transition (presumably S-S) [err] transition S-N[err] cl.p. (N—I) [err].
Thi s sub stance showed itself to be very considerably super-coolable; it
did not crystallize upgie cOslideind Emﬁgléwpﬂmslﬁfatein mbr&adéteail
(hexane): 0.32. The 4-(trans-4-pentylcycl ohexyl)-4"-(2-(trans-4-
- pentyl cycl®hexsiie \manyh f et \ydf udesl compdundd gpronidexhtiey | the V\awqm'e.b@m ed
as fol | ows: -33-.(a) A solution of 10.0 g of

-(trans-4-per® ydexmmea(yd:f;ysﬁallima [Bipkeey | Aenotes |4 esectibo phass,
nethylene chloride was placed at [err] in a_sul phonation flast while
gassing wth arbgc#ﬁrem*aea rdRAGHE ehase mnditbsdepetesothe %ﬁoma%%mhase-

Example 1
10 | | |
| 2.20 g of 4-(trans-44penty;cyclohexyl)-4{-[2-(trans- |
-4-pentylcyclohexyl) vinyl]biphenyl were suspended in a |
' toluene/ethanol mixture (3:2) in a sulphonation flask,
treated with 200 mg of palladium/carbon (10%) and hydro-
15 genatedlat normal pressure and 50°C until the hydrogen
.uptéke came to a standstili} Filtration of the mixtufe
and concentration of the filtrate gave a white,'semi-
—crystalline_residue which, after recrystallization from
100 ml of hexane, yielded 1.55 g of 4-(transe4-penty1cyélo-'
20  hexyl)-4'-[2-(trans-4-pentylcyclohexyl)ethyl]biphenyl as
colourless needles; t:ansiﬁion (presumably s-S§) 219.5°C,
transition S-N 243.2°C, cl.p. (N-I) 256.1°C.  This sub=
stance showed.itself to be very considerably super-coolable;
it did not crystallize upon codling to room.temperaturé:

25 Rf value (hexane): 0.32.

The 4-(trans-4-pentyléYclohexyl)-4'-[2-(trans-4-
-pentylcyclohexyl)vinyl]lbiphenyl used as the starting

material was prepared as follows:



-

ol ution of diisobutylalum niumhydride in toluene. After conpletion
addition, the mixture was stirred 10 for 2 hours at [err] and then
rther 1.5 hours with gradual warming to [err], before it was &J’
d cautiously with 100 ml of | N sul phuric acid and extracted three '
ith 150 ml of diethyl ether3dath time. - The organic phases were
washed with 100 m of | N sul phuric acid, twce wﬁth 15 100 mM of water
each tinme and once with 100 ml of saturated sodium chloride solution, drigge
over nmagnesi um sul phate and concentr at ed. There were obtained 9.5 g (95%
of 4'-(trans- -4-pentylcycl ohexyl)-4- blphenylcarboxaldehyde as a col our-

| ess, crystalline nmass (mp. 115-[err]) which was used in 20 the
foIIomﬂngabtex)AMs¢¢m¢iémroﬁe10p0rgfbfa&?entran5$4vpén6leybmehekyﬂhyl

- acetate (19:1)]: educt 0.65, product 0.52. (b) - A mxture of "930 ng of
I|trﬁLun?ﬁthﬁPhQnN¥SQWanit¥n in 1590 mloefabethyleneechibyididef waan was
placed at_[err] |n a ? honatlon flask and_treated within 20 m nutes with

a sol ut iRkAARd 2 n(?r%HEPQ95%F¥9Pcﬁ%ﬁ%ﬁe%?#}e493531ng with

-blphenylcarboxa m , of ab ol ut etrah dro- furan. After
conpl et i ¥ ‘%9&%? %n n“?x‘l‘jcﬁ“é es Wf%h 16°m1 62" an"2B0ut |

1.5N solution of dilsobutylaluminium hydride in toluene.

After completion'of the addition, the mixture was stirred
10 for 2 hours at -35°C and then for a further 1.5 hours with
gfadual warming to 0°C, before it was treated cautiously
with 100 ml of 1N sulphuric acid and e#tracted three times
with 150 ml of:diethyl ether each time. The organic phases
were washed with 100 ml of 1N sulphu:ic.aéid, twice with
15 100 ml of water each time and once with 100 ml of saturated
sodium chloride solution, dried over.magnesium.sulphate and
| concentrated. There were obtained 9.5 g_(95%).of 4'-(trans-
_-4ep¢ntylcyclohexyl)-4-biphenylcarboxaldehyde as a.colour-
less, crystalline mass (m.p. 115-116°C)'which was used in
20 the:following step without further purification. '_Rf _
value_[toluene/ethyl acetate (19:1)]: educt 0.65, product
0.52; '

(b) - A mixture of 936 mg of lithium aluminium hydride in
25 100 ml of absolute tetfahydrofuran'was placed at 0°C in a
sulphonation flask and tre;ted within 20 minutes with a
solution of 8.2 g of 4'f(trans-4€pentyicyciohexyl)-4-
-biphenylcarboxaldehyde in 100 ml of absolute tetrahYdro-

furan. After completioh of the addition, the mixture



‘was stirred for, a further 2 hours while warmng to room5 t enper at ur g7
subsequent |y cautiously quenched with 100 mM of | N sul phuric acid and
Jgxtracted three times with 200 m of nethylene chloride each tine.
of gani ¢ phases were washed twice with 100, ml of water each tine, drie¥
magnesi um sul phate and concentrated. ~ ‘tre were obtained 10 7.90 ¢
(9699 of 4'-(trans-4-pentylcycl ohexyl)-4-biphenyl- nethanol as a
colgurless, crystalline mass (purity 99.4%in accordance with gas
chromat ogr aphy) whi ch was used in the follow ng step w thout further
purification. Mp. [err] Rf value [petroleumether/ethyl acetate (9:1)]:
educt - 0. 70, 15 product 0.30. (c) - A mxture of 3.5 g of

4' - (trans- 4- pejiy/ | SUCHEE X 2 -a -FrPiidie Yy | KRR el 1 B vty Ofo  room

tri phenyl phosphine in 150 m of absolute nethylene chloride was pl-aced at
[err] in & 20 tengpddtnnmd | dubdaplentiy acpassousiyidiemelgad with (IGR Y of
portionwise within 10 mnutes with 3.8 g of solid tetra- brononethane.
Partial |l y undiBbduipmhudictacikrad attracdd cthgdeoviimes wikh 20Q unk ofs
"stirred for-a further 2 hours while warm ng to room tenperature. The
mxture 25  veethylens @nosids magh rtinel. on The REF3NET AR IVErRl t he
crystal l'i ne resi due_ was, suspended in 300 m of warm hexane,_freed by
filtration frdfAghetipries ol th i AR MA -oH AR Radki g r F5E9 ATEH

hexane) and t@%&ﬂéé{&%EEQTﬁhate and concentrated. There were obtained

10 7.90 g (96%) of 4'-(trans-4-pentylcyclohexyl)-4-biphenyl-
methanol as a-colourless; crystalline mass (purity 99.4% in
accordance with gas chromatography) Whiéh'waS“uéed in the
following step without further purification. M.é. 180.4°C;
Rf value [petroleum ether/ethyl acetate (9;1)]: .educt 0.70,

15° product 0.30. '

(c) A mixture of 3.5 g of 4?-(trans-4—pentylcyclohexy1)f:
-4-biphenylmethanol and 2.9 g of triphenylphosphine in 150
ml of absolute methylehe chloride was placed at -20°C in a
20 sulphonation flaék while gassing with argon and treated
portionwise within 10 minutes with 3.8 g of solid tetra-
bromomethane. Partially'undissolved educt thereby dis-
.solved slowly. The mixture was stirred for a further 2
hours.whilé warming to room temperature. The.mixture -
25 was subsequently concentrated.on a rotary evapbrator'and
the crystalline residue was suspended in 300 ml of warm
hexane, freed.by filtration from précipitated triphenyl-

phosphine oxide (rinsing with hexane) and the filtrate was



concentrated. - Low pressure chromatography (0.7 bar) of the 5

r ¢ on silica gel with toluene as the eluant gave 3.39 g (82% of O
4 prret hyl ) -4' - (trans- 4-pentyl cycl ohexyl ) bi phe- nyl as col ourl ess AW
CNY¢ This naterial was usegein the followi ng step withdut further

put ation. Rf value of the product (petroleun1ether/ethy| acetate
(97:3)]: 0.47. 10 (d) A mxture of 2.63 g of ' .

4- (bronnnethyl) 4' - (trans-4- -pentyl cycl ohexyl)bi phenyl and 2.2 g of =

tri-phenyl phosphine in 150 ml of o-xylene was heated to reflux (bath
tenperature [err] for 15 hours in a sul phonation flask while gassing 15
w th argon. After cooling, the white precipitate fornmed was filtered off,

washed sestssentiatas. Wi thowepressuradciiromdtographygliovacbar) (6£1theHg) at
~[err] for 1 hour. There were obtained 3.48 g (80% of

[[4'5 (t reessidugem y$Llidahgad | yith itblpémayas| thet ajuanti gaveprBesghoni um
brom de as a 20 white powder (mp. 263-[err]) which was used in the -
foIIow—ﬁ&%ﬁhNQi|ﬁrfhﬁﬂmﬂﬁﬂhmhhﬂﬂn(tn@@%eﬁ'Bﬁﬁ#YléﬁFlQhexYé)blphﬁfnlxture
of  3.31 g of [[4 -(trans-4-penty]|cycl ohe

xyl ) - 4- m:pheafﬁmm}m%ﬁﬁﬁtmpﬁwﬁphosﬁ%ﬁ.%’Fﬁrbﬁ%d@aﬁnuzsd i50the of

bl y! el ot her uas, B acedeat Lorr L, L0e Rkl snPPongE 00 fhagh whi e
| the product [petroleum ether/ethyl acetate (97:3)]: 0.47. |
10 | | |
l(d) A mixture of 2.63 g of 4-(bromomethyl)-4'-(trans-4-
-pentchyclqhexyl)biphenyl aﬁd 2.2 g of triphenYlphoSphine
in 150 ml of o-xylene was'heéted to reflux (bath temperature
160°C) for 15 hours in a sulphonation flask while gassing
15 with argon. After cooling, the white precipitate formed
was filtered off, waéhed sevéral times with benzene and
Qried in a high.vacuum (0.1 mmHg) at 80°C for 1 hour. There
were obtained 3.48 g (80%) of [[4'- (trans-4-pentylcyclohexyl)-
_ -4-biphény1yl]methyl]triphenylphosphonium bromide as a
20 white powder (m.p. 263-265°C) which was used in the follow-

ing Wittig-reaction without further purification.

(e) A mixture of 3.31 g of t[4';(trans-4—pentylcyclohe-
xyl)-4-biphenylyl]methyl]triphenylphdsphonium.bromide-in
25 50 ml of t-butyl methyl ether was placed at 0°C in a sul-
phonation flaskIWhile'géssing with argoh and treatéd with
617 mg of solid potassium 5-bﬁtylate. After completion

~of the addition, the mixture was stirred at 0°C for a



%17 mg of. solid, potassi um 5-butyl ate. After conpletion of the addition,

the m xture was stirred at [err] for a - 36 - further 15 mnutes (a deep

nge coluration resulting) 5 and then treated within 10 m nutes at _r]
mnth a solution of 912 ng of trans-4- penéylcyclohexanecarboxaldehyde | -
m of t-butyl nethyl ether. The i xt Or 888S subse- quently stirred
[err]for a further 30 mnutes and at roomtenperature for 90 m nutes
t hep, the yel l.ow m x- 10 ture was poured into 150 nl of water and
extTacted three tinmes with 150 nl of di et hyl ether each tine. The organic
phases were washed twice with 100 ml of water each tine, dried over

magnesi um sul plgatenagd 1@0&&%&@@ Q& dee'powr e$H e o *1ro "?t%[l y(0.7

bar) of the residue on silica 15 gel with toluene as t gave 2.43
g (100% ofs 4- Ghaaksed Reehredy Gieheny 1l fhinh%e@t RdNY°¢ %f&:y laC%el1@tion
hexyI)V|nyI]b|phenyI as a colourless, crystalline mass. This material was
used wi t hout f oftBaeR pgroﬁlt&hnen4hpehhglhydaoge&ahb&arGQ&QQHEQQdenihhe
first paragraph of this 20 Exanple. . Rf values of the product (hexane):

0.20 and 0. 32 @@lmﬂtp&n@-buxydrmpthyﬂeetheromnngheomuaande was habse-

nanufactured in an
_ quently stirred at 0°C for a further 30 minutes and at

room temperature for 90 minutes and then the yellow mix-

10 ture was poured into 150 ml of water and extracted three
times with 150 ml1 of diethyl ether each time. The oqanic
phases were washed twice with 100 ml of water each time,
dried over magnesium sulphate and concentrated Low-
-pressure chromatography (0.7 bar) of the residue on silica

15 gel with toluene as the eluant gave 2 43 g (100%) of
4-(trans-4-pentylcyclohexyl)-4'-[2-(trans-4-pentylcyclo-
.hexyl)vinyl]biphenyl as a colourless, crystalline mass.
This material was used without further purification in the
hydrogenation described in the first paragraph of this

20 Example. Rf:values of the product (hexane): 0.20 and

0.32 (cis/trans'mixture).

The follow1ng compounds can be manufactured in an
analogous manner: |
25
4- (Trans-4-pentylcyclohexyl) 4'-[2-(trans-4-propyl-
cyclohexyl)ethyl]biphenyl, trans;tion S-S 208.1° C,-tran-
sition S-N 234.0° C, cl.p. (N-I) 263.55C; |
4-(trans-4-pehtylcYclohexyl)-4'4[2-(trans-4—butyl-

30 cyclohexyl)ethyllbiphenyl; transition s-8 215.9°C,



o

anal ogous manner: 25 4-(Trans-4-pentyl cycl ohexyl)-4"-[2-(trans-4-propyl -
cycl ohexyl ) et hyl ] bi phenyl; transition S-S 208.10C, tran- sition S-N o

4.0C, cl.p. (N-1) [err] .  Nda
ans-4-pentyl cycl ohexyl )-4'-[2-(trans-4-butyl- 30 ‘ K
phexyl ) et hyl ] bi phenyl; trans3?ien S-S [err] -37- transition S-N

.p. (N-1) [err] 5 - = .

(trans-4-butyl cycl ohexyl)ethyl]-4"-(trans-4- - -t
-propyl cycl ohexyl)-1, 1" - et hyl enedi benzene; mp. (CGS) 68.9C, transition
S-S [err], transition S-N 171.5C, cI.p. (N-1) [err]
4-[2-(trans-4- butylcyclohexyl)ethyl] -(trans-4- 10

- pentyl cycl d b C-S) 48.0C, cl.p. (S
188, 0C, % °iarré&%é%t%ﬁ¥% xéxfﬁief&z%’%" trans 4-butyi- 0 5
l.ohexyl ) ph | $3416C rans-4- |

S b %%%P?‘*@Xﬁfbg%&?*?é’%l%tﬂ% PofiPterans-s
tyl | ﬂgﬁgy iy L #wgwg - -
4¥(f¥gns-4- éQ ty c;%%ohexyl IP tra.]r'l?sﬁ(jm|:";l?%|{1)§é%%}clor-n -p. (C=8)
hexyl )-Issl.'sﬁhyim%hmesws _1mps°¢£ €raddbton $+RNL71.5°C,

cl.p. (N-I) 187.3°C;

4-[2-(trans—4-butylcyclohéxyl)ethyl]-4'-(transe4-
10 —pentylcyclohéxyl)?l,l'-ethylenedibenzene; m.p. (c-8)
. 48.0°, cl.p. (S-I) 188.0°C; | | .
4-(trans-4-pentylcyclohexyl)-4‘—[2—(p-(trans' 4-butyl-
cyclohexyl)phenyl)ethyl]biphenyl, ‘m.p. 65°C, cl.p. 331.6°C;
4-(trans-4—pentylcyclohexyl)-4'-[2-(p—(trans—4—pen-
15 ylcyclohexyl)phenyl)ethyl}biphenyl, cl p. 323.5°C; |
4~ (trans-4-pentylcyclohexyl)-4'-(trans-4-prcpylcyclo-
hexyl)-1l,l'-ethylenedibenzene; m.p. (C-S) 116.8°C, tran-
sition S-N 198.5°C, cl.p. (N-I) 221.9°C;
4-pentyl-4"-[2-(trans-4-buty1cyclohexy1)ethyl]-p-
20 -terphenyl; m;p. (C-s) 149.8°C, transition S-S 215.5°C,
transition S-N 263°C, cl.p. (N=-I) 267°C; |
_4-[2-(trans-4ibqulcyclohexyl)ethyl]-4'-(p—pen£yl;
phényl)-l,1'4ethylenedibenzene; m.p. (C=s) o°c, transition
lS-S 76.5°C, cl.p. (S-I) 1l94°cC; | | _
25 l-[2-(trans-4-butylcyclohexyl)ethyl]-4-(trans-4- _
-pentylcyclohexyl)benzene; m.p. (C—S).28.l°c, cl.p. (s-I)
.138.4°C;



Sition SN [err], cl.p. (N-1) [err] |
4 pentyl 4" -1 2-(trans-4-butyl cycl ohexyl)ethyl]-p- 20 -terphenyl m p.

S) 149.8C, transition S-S 215.5C, transition S-N 263C, cI p. (N—I) 267G,
4‘*{2 (trans-4-butyl cycl ohexyl ) et hyl ] - 4' 8pentyr
phenyl )-1,1"-ethyl enedi benzene; m p. (C—S? transition S-S [err],
(S-1) 194C 25 1-[2-(trans-4- butylcyclohexyl)ethyl] 4- (trans 1
-peviylcyclohexyl)benzene mp. (CGYS) [err] cl.p. (S1) [err]; -
1-[2-(trans-4-pentyl cycl ohexyl)ethyl]- (trans 4- 5 _
- propyl cycl ohexyl ) benzene; mp. (CS). 40.2C, transition S-N [err], cl.p.
(N-I) [err]; and 1- [2-(trans-4-butylcycl ohexyl)ethyl]-4-[2-(trans-4-
-penty.Icyclohexyl)ethy#lbenﬁfiﬁs -4rpent¥lSycléhexyl) éetiyl] £~ (trans-4-
nodi fications), cl. (S-1) [err] 10 Exanple 2 (a) A suspension of 2.14
g of 4,4 - bSs(Ww@@b@ylkﬁm@némwwed(@ﬁ)e@&?@, dexaméition

bi phenyl -4, 4" -dicar- 15 - boxylate with I|th|unralunrnrunlhydrrde) and 5.5
g of S=-N 126°C, cl.p. (N-I) 132.7°C; and _

l-[z-(trans-4-butylcyclohexyl)ethyij-4-[2-(trans-4-
-pehtylcyclohexyl)ethyl]benzene; m.p. (C-S) 10.4 or
21.6°C (2 modifications), c¢l.p. (S-I) 125.8°C.

10

Example 2

(a) ‘A suspension of 2.14 g of 4,4'-bis(hydroxymethy;)bi-
phényl (prépared by reducing dimethy; biphenyl-4,4'-dicar-
15 boxylate with iithium aiuminium hydride) and S.SIq of |
triphenylphosphine in 60 ml of methylene_chloride was
placed at -10°C in a sulphonation flask whi;g gassing with
argon and treated within 3 minutes with 7.3 g of tetra-
bromoethane. After completion of the addition, the mixture
20 = was stirred for a fﬁfther_le'hours with gradual warming“to
+10°C and then, after concentration on a rotary evaporator,
triturated with hot benzene. Filtration and conéentration
gave 12.67 g of crude product which, after low-pressure
éh:omatograﬁhy_(o.s bar) with'toluehelon silica gel, yielded
25 2.60 g (76%) of 4,4'-bis(bromométhyl)biphenyl. _A.recrys-
tallization from 50 ml of aéetcne gave 1.78 g of the di-~
bromide as colourléss'crystals of melting point 172.8°C.

Rf value [hexane/toluene (2:1)]: 0.41.



o

Lphenyl phosphine in 60 ml of nethylene chloride was placed at -10Cin a
'Sul pRonation flask while gassing with argon and treated within 3 m nutes -
W Y. 3 g of tetra- bronoet hane. After conpletion of the addition, the ;ng
gfe 20 was stirred for a further 16 hours with gradual warm ng to o

" and then, after concentrati®h on a rotary evaporator, triturated with

hot benzene.. " Filtration and concentration gave 12.67 g of crude product _
which, after |ow pressure chronmatography (0.5 bar) with toluene on silica. gz
gel, yielded 25 2.60 g (7699 of 4,4 -bis(brononethyl)bi phenyl . A '

recrys- tallization from50 nml of acetone gave 1.78 g of the di- bromide as
colourless crystals of nelting point [err] Rf value [hexane/toluene (2:1)]:

0L 0 ALl oA LT et BerdEeE AT sl T
aroan a0 Al bd SO AL AL L e plnselLicn BagkegIAn 2

of absolgdgsiimy alelrHigemiand, At esr coi! £4400164 bheadddybian be 10

m'xture was heated to reflux for a further 30 m nutes and Then the m xture,

cool ed timdime,] toestdd adfi il & nsGhUtEdweof 1.24 g of trans-l-
-(bromométhyl)?4—pentylcYclohexane in 7 ml of absolute
tetrahydrofurah;“ After completion of the addition the

10  mixture was heated to reflux for a further 30 minutes and
then the mixture, cooled to -78°C, was treated.ih sequence
with 0.7 ml of a 0.1N solution of dilithium tetrachloro-
cuprate in'tetrahjdrofﬁran and with a solution of-é70 mg
of 4,4'-bis(bfomomethyl)biphen?l in 10 ml of absolute

15 tetrahydrofurah. The yellow colouration which initialiy'
appéared disappeared again'after a few minutes. The
mixture, warmed to -15°C, was sﬁbsequently stirred for a
further 17 hours, then treated with 25 ml of 2N'hydr6chlo-'

- ric acid and extracted three times with 50 ml of diethyl
.20 ether each time. The organic phases were washed with 50
ml of saturated spdium chloride solution, dried over mag-
 nesium'sulphate"and concentrated.  Low-pressure Chrqma—
togfaphy (0.5 bar) of the residue (1.06 g) on silica gel

with hexane and subsequently hexane/diethyl ether (l9£l)

25 as the eluant gave_in suc;ession l,l'-ethylene-bis(tfans-
-4?penty1cyclohexané); 228 mg (22%) of 4,4'-bis[2-(trans-
-4?pehtylcyclchexyl)ethyl]biphehYl, 78 mg (9%) of 4-(bromo-
methyl)-4'—[2-(trans-4—pentylcyclohexy1)ethjl]biphegyl and
4,4'-bis(bromomethyl)biphenyl. A single crystallization

| 30 Qf the 228 mg of 4;4'—bis[Z-(trans-4-pentylcyclohexyl)ethyl]-



L4

with 0.7 m of a 0.1N solution of dilithiumtetrachloro- cuprate in .
tetrahydrofuran and with a solution of 670 ng of o
A4 -bi s(bronmonet hyl) bi phenyl in 10 Ml of absolute 15 t et rahydrofu .
The-yel | ow col ourat’ion which initially_appeared di sappeared again af{er|-
few m nut es. The m xture, warnmed to [efT], was subsequently stirre
_further 17 hours, then treated with 25 m of 2N hydrochlo- ric acid and
-extgacted three times with 50 nl of diethyl 20 et her each tine. The
organi ¢ phases were washed.with 50 m of saturated sodi um chloride
solution, dried over nmag- nesium sul phate and concentr at ed. Low pressure
chroma-- tography (0.5 bar) of the residue (1.06 g) on silica gel wth
hexane and subdeiphmnyly fremanmdxind e Rideridd Jid o Tolasr1dys aldategave
in succession 1,1'-ethylene-bis(trans- -4-pentylcycl ohexane), 228 ng (22%
of 4,4'-bid 2- @f alearihgguintydadfeylfutthed phawnrand) tiprH%t @8°c,
4- (brono- net hyl4% -4'-[2-(trans-4- pentyl cycl ohexyl ) et hyl ] bi phenyl and 4, 4

- bi s(br ononet hB49 K pRERIC, 208°G,2RA1E G rand R24°Cit on RD valuss t (helidte )ny
of 4,4'-bis[2-(transn4fpentylcyclohexyl)ethy%}- ~ -. 40 - bi phenyl from
hexane yi el ded %rds T} HPrFiansihydd higheanyd ©. 1451 dubhmamemeshnl)>q'err]

further phase transitions at [err _
( P -{2=(trans-4-pe leyclohexyl)ethyl]biphenyl 0.24; 4,4'-

_-bis[2-(trans-4-pentquyclohéxyl)ethyl]biphenyl 0.40.



[err] and [errIJ-

4- ( progonet h - 2 (trans-4- pentylcyclohexyl)ethyl]blphenyl 0. 24, o
4,4 bi s Hiuiwﬂ ulmmﬂnnt cycl ohexyl) et hyl ] bi phenyl 0. 4Q. CLAIMB: 5 1.\s
ConmpRungs nulﬁ FrL] 10 wherein R signifies . _

trans™ -aIkyIcycIo hexy -al kyT - 4- bi phenyl yl, .p-(trans-4- |

_-alkylcyclohexyl)phenyl 2 (trans 4- al kyl - cyclohexyl)ethyl or

p-[2- (trans-4-al kyl - 15

cycl ohexyl) et hyl | phenyl

trans-4-a|ky|cyc|ohexy|,'of [err] signifies trans-4-alkylcycl ohexyl

signifies p-(trans-4-al kyl cycl ohexyl)phenyl, p-[2-
-(trans-4-al kyl cycl ohexyl ) et hyl ] phenyl 20 or :
- (tr LZIRIMSS kyl cycl ohexyl )- 4-bi phe- nylyl, or [err] signifies

—vatues (hexane): 4,4, -bis(brononet hyl)bi.phenyl 0. t4;

and R . S|gn|f|e5és*
and R

«f

b-% kyl-phenyl and [err] signifies p-[2-(tfans-4-alkylcyclo-

10

15

20

25

1.

cOmpouhds of the general formula

wherein RY signifies trans-é-alkquyclo-
hexyi, 4*-alkyl-4-biphenylyl, p-(tians—4-
-alkylcyclohexyl) phenyl, 2-(trans-4-alkyl-
cyclohexylfethyl or p-[éf(trans-4-élkyl-
cyclohexyl)ethyl]phenyl and Rz signifies
trans-4-alkylcyclohexyl, or Rl signifies
trans-4-alkylcyclohexyl and R2 signifies
p-(trans—4-alkyicyclohexyl)phenyl, p-[2-
-(trans-4-alky1cyclohexyi)ethyl]phenyl
or'4'-(trans-@-alkleyclohexyl)-4-biphe-'
nylyl, or R signifies p-alkylphenyl and
R? signifies p-[2-(trans-4-alkylcyclo-

hexyl)ethyl]lphenyl, and the élkyl groups
2

in the substituents Rl and R” are straight4 :

-chain grbups containing 1 to 7 carbon

atoms.



hexyl)ethyl]phenyl and the alkyl groups in the substituents [err] and
[err] are stralght- 25 -chai n groups con :
abors. 42 2. Conpounds according to claim1, 25 wherein the sun1of

t he carbon atons 'in the al kyl groups of 1 2 thel and
is 5 to 10. 3. '1-[ 2- (Trans-4- but yl cycl ohexyl) et hy 'm,ﬁml’ "um‘mmn

- pent yl cycl ohexyl ) benzene. 4.. :

4- [¥=( Trans- 4-butyl cycl ohexyl ) et hyl ] - 4' 4étrans 4- 5 -pentylcyclohexyl)
-1,1" - et hyl enedi benzene. 5. -

4- (Trans 4- pentyl cycl ohexyl )-4."-[2-(trans-4- butyI :

cycl ohexyl ) et hyl | bi phenyl. 10 6. Aliquid crystalllne m xture
contai ni ng one or nore conpounds of forrmula | defined in claim1 and one or
more other suitable liquid crystalline and/or non-liquid crys- talline
subst ances. ' ' '

2. ‘Compounds acéprding to claim 1,
25- wherein thé sum of the carbon atoms in the alkyl groups of

1 2

the substituents R™ and R° is 5 to 1O.

3. 1-[24(Trans-4-buty1cycloﬁexyl)ethyl]-4-(t:ans—4—

-pentylcyclohexyl)benzene.



'y

A |lqn|d crystalline-mxture according to-claim@ containing
nore conpounds of-formula | and one or nore conpounds of the general

b ﬁ? llllﬂlﬁ U = k[yfrgl Aoy g oo o el oy STl A
gni ties as styaight- -chain alkyl group containing 2 to 7 9

_carbon atonB ‘[err] signifies the cyano group or a straight-chain alkoxy.
group 10 containing 1 to 6 carbon atonms, R signifies a S~
straight-chain al kyl group containing 3'to 7 carbon atons, R signifies the

. cyano group or a straight- -chain alkyl or al koxy group containing

10

15

20

25

4, 4-[2-(Trans-4fbutylcyclohexyl)ethyl]-4'-(trahs—4- T

-pentylcyclohexyl)=~1l,1'-ethylenedibenzene. T

5. 4—(Trans-4-pentyl¢yclohexyl)-4’-[2#(trgns-4—butyl— | .
cyclohexyl)ethyl]biphenyl. -o-

6. -~ A liquid crystalline~mixture,cbntaining'one or more

| cbﬁéounds of formula I defined in claim 1 and one or more

other suitable liquid crystalline and/or non-liquid crys-

talline substances.

7. A liguid c¢rystalline mixture according to-claim 6
containing one or more compounds of -formula I and_one or

more compounds of the general formulae
XII

XIII

] // \>_...—CN X
— |




12 15 1.to 7 carbon atonms and R signifies the cyanao group nL_a

strai ght-chain al kyl group containing 1 to 7 carbon atons. 20 8.
ﬁLquiq crystalline mixture accordi ng to claim®6 or L
4' - propyl - 4- cyanobi phenyl, 4'-pentyl -4~ -4gyanobi Phe“ymﬂmmm“fr“m“‘“l @
cycl ohexyl)-1, 1' - et hyd@pedi S

cycl ohexyl )-4'-[2-(trans-X - 46 - 9XV. A

2-(trans-4- propylcyclohexyl) 1-(p- ethoxy pheny
2- (trans-4-pentyl cycl ohexyl)-1- (p et hoxy- 25 phenyl)ethane

4" 59enty| 4- cyano- p-t er phenyl , -(trans-4-

- pentyl cycl ohexyl) - 4- cyanoblphenyl 1-[2-(trans- 4 but yl -

process for -t he manufacturd ) A\ S ornula . defined in
claim1, which process conprises (a) for the manufacture of the
conmpounds of forrmula | in which R signifies trans-4-alkyl cycl ohexyl,
4' -al kyl -4- -Dbi phenylyl, p-(trans-4-alkyl cycl ohexyl)phenyl or 2-(trans-
_ o _

cycl ohexyl )ethyl]-4-(trans-4.Q o-g%yl)be
4-[2-(trans-4-butyl cycl ohexyl ) ethyl ] A - (t\\ans- 4

XVI
10
XVII
15
XVIIT
20
. - XIX
XXI
25 _

XXI1




~ -4-al kyl cycl ohexyl )ethyl and R signifies trans-4-alkyl- ¢ycl ohexyl
r ri—stgnt-Hes—trans-4-al kyl cycl ohexyl and 2 R signifies e
ans-4-al kyl cycl ohexyl ) phenyl, p-[2- e N

thyl]phqayh or.4'-(trans-4-alkyl - g
@ exml,mmmmmmﬂ/uﬂ or R signifies p-al kyl phenyl 15 and R2

si gmi-fies*p-f2-{trfang- 4*al kyl cycl ohexyl )ethyl]- phenyl, catalytically
“hydrogenating a conpound of the general fornula [err] wher ei n° R3 S|gn|f|ess&
trans-4-al kyl- 25 cycl ohexyl, 4'-alkyl - 4-bi phenyl yl,

p- (trans-4-al kyl cycl ohexyl ) phenyl or 2- (trans 4- aIkyIcycIohexyI)ethyI and
4signifies trans-4- alky}cylohexyl or %tlfles trans-4-al kyl cyclo- 4 30
hexyl and R whemefineR p- $igan§1¢s a stpaighf{rceadRyl ) phenyl, p-[2- (trans-
5 - 4-al kyl cycl ohexyl ) et hyl ] phenyl or

4' s(trans-4- ahl#&dycubh%¥&¢¥Y4g§PBEeﬁﬂQﬂalﬂﬁn?e?rT°S|gnlfles p- aIkyIphenyI
and [err] sig-
nd | ! g7 carbon atoms, R8 signifies a straight-

. =chain alkyl group contain:.ng 2 to 7
carbon ai;oms,_R9 signlfles the cyano
group 6: a straight-chaln alkoxy group

10 | containing 1 to 6 carbon atoms, Rlo
signifies a straight-chain alkyl group
containing 3 to. 7 carbon atoms, gl |

.sigﬂifies the cyano group or a straight-
-chain alkyl or alkoxy group conﬁaining_
‘15" 1l to 7 carbon atoms and'R12 signifies
~the cyano group or a straight-chain |
alkyl.group'coﬁtaining 1 to 7 carbon
atoms. |
. 20
8. | A liquid ¢rystalline-mixture according to glaim 6
of. 7 containing 4'—pfopyl-4-cyanobiphenyl, 4'-pentyl-4-
-cyénobiphenyi,-2-(trans-4-propylcyclohexyl)-l—(p-ethoxy-
phenyl)ethane, 2-(tians—44pentylcyclohexyl)-14(p—ethoxy-
25 phenyl)ethane,_4hfpéntyl-4-cyano-pfterphenyl, 4'-(trans-4-
-pentylcyclohexyl)-4~-cyanobiphenyl, l1-[{2=-(trans-4-butyl-
cyclohexyl)efhyi]-4—(trans-4-pentchyclohekyl)benzehe,
4-[2-(trans-4;butflcyciohexyl)ethyli—4'—(trans-4-pentyl- :
cyclbhéxyl)—l,l‘Qethylenedibenzéne and 4-ftfans-4-pentyl-

30 cyclohexyl)-4'-[2-(trans-4-butylcyclohexyl)ethyl]biphen: :.



nifies p-[2- (trans-4-al kyl cycl ohexyl )ethyl]- phenyl, and the alkyl gro

in the substi- 10 tuents R3 and R4 are stygai ' ps
goptaining 1 to 7 carbon atons, or (b) for the WH!'immnmi“lﬂmHm
compdunds of formula | 15 in which4e46]= signifiesc L ®n s o
. p-[2-(trans-4-al kyl cycl ohexyl )ethyl]- phenyl and [err] signifies

trans-4-al kyl cycl ohexyl, reacting a conpound of the general formnula [err]

wherein [err] signifies a straight-chain 25 al kyl group containing
1t 7 carbon atons and X signifies a |leaving group, with a conmpound of the
general fornula [err] wherein [err] signifies a straight-chain alkyl

group containing 1 to 7 carbon atons and Y signifies chlorine or 10 :
brom ne, in tBe presknpeosksdi fioxhithe manytasbuseupfatde FEMPOURA®@Hids

of formula 1 according to any one of claims 1 to 5 when manufactured by
the procéss cieumgba I defined in claim 1, which process comprises

(a) fof'the manufacture of the compounds of formula I
in which R! signifies trans-4-alkylcyclohexyl, 4'-alkyl-4-
-biphénylyl,.p-?trans-4—alkylcyclohexyl)pheﬂyl or 2-(trans-
10 44-alkylcyclohe£yl)ethyl_and Rr? signifies trans-4-alkyl-

c;élohexyl, or Rl signifies trans-4-aikyicyclohexyl and
R2 signifies p-(trans-4-alkylcyclohexyl)phenyl, p-[2-
(trans-4-élkycyclohexji)ethyl]phenyl or 4'-(t:ans-4-alkyl-
.cyclohexyl)-4-biphenyly1, or Rl signifies p-alkylphenyl

.lS and Rz signifies p-{[2-(trans-4-alkylcyclohexyl)ethyl]l-
phenyl; catalytically hydrogenéting a compound of the

general formula

20
VII

3

wherein R siénifies trans-4-alkyl-

25 . cyclohexyl, 4'-alkyl-4-biphényly1; |
'p-(trans-4-alkyl¢yclohex§l)pbenfl or
2-(trans-4-alkylcyclohexyl)ethyl.and
R4 signifies trans-4-alkylcyclohexyl,

or R3 signifies trans-4-alkylcyclo-

30 hexyl and R4 signifies p-(trans-4-
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10

15

20

25

inclaim?9

[err] 11.  The use of the conpounds of formyla I

or

(b)

or R

‘tuents R

im71 for electro-optical purposes.

-alkyl¢yclbhexy1)phenyl,'p-[2-(trans*
-4—alkylcyciohe8yl)ethyl]phenyl or -
4'-(trans-4-alkylcyclohexyl)-4-biphenylyl,
3 5ignifie5'p-alkylphenyl and R4-sig-
nifies p-[2-(trahs-A-alkylcYclohexyl)ethyl]-
phenyl, and the alkyl groups in the substi-

3 4

> and R® are straight-chain groups

containing 1 to 7 carbon atoms,

for the manufacture of 'the compounds of formula I

.in which Rl signifies p—[2-(trans-4-alkylcyclohexyl)ethyl}-

phenyl and R2 signifies trans-4-alkylcyclohexyl, reacting

a compound of the general formula

CH2CHo CHoX XTI

wherein R5 signifies a straight-chain
alkyl group containing 1 to 7 carbon

atoms and X signifies a'leaving group,

with a compoﬁﬂd of the general formula

defined - ~

o 2



10

- 15

oy (57)

R CH_MgY - XX

wherein Rs'signifies a straight-chain
alkyl group containing 1 to 7 carbon
atoms and Y signifies chlorine or

bromine,

in the presence of dilithium tetrachlorocuprate.

Compounds of formula I according to any one of

claims 1 to 5 when manufactured by the procesé claimed

in claim 9 e!—by—aﬁ-ehuieue-eheméee&~e§u§wa§a=ﬁ=ﬂﬁa=haa§.-

The use of the compounds of formula I defined in .

claim 1 for electro-optical purposes.




