2092146 ".1- CYCLOHEXYL- 2- PHENYL- ETHANE DERI VATI VES FOR The present invention(éa
i.s cancerined with novel (trans-4-alkylcyclohexyl)ethanes -of the general '
formul a whérein [ERR] represents one of the groups [err] or ?6qaimﬂ

si gni-f< strai ght-chain al kyl groups cQuw—10 : taining 1 to 12 carbon
tonms and n stands for one of the nunbers 1 or 2. The invention is also
cerned wwth the manufacture of the conpounds of fornmule |, liquid «

crystalline mxtures which contain these conpounds. as well as their use in
15 Eﬁectro-optical devices. The term "strai ght-chain al kyl group” used
herei n enbraces the groups nethyl, ethyl, propyl butyl, pentyl, hexyl,

heptyl, ogtyl,_ nopyl, decyl e e cqﬁggunds I n
accor dance WGV €hPWE¥IN Tofi - n&% é?ﬁ'ém al l y val ua%Fng‘ conmponent's of

liquid crystalline m xtures and nost of then1thense|veﬁ have liquid
crystalline vsg€ I8 LRVDID c.avs-rm, MATERIALS

The present invention is concerned with novel

(trans-4-alkylcyclohexyl)ethanes of the general formula

— Al Hg—CHg -R2 .
5 n

wherein Rz represents one of the

groups -R>, -OR>, -CO-R>, =-CO-OR>

‘or -O-CO-R3, Rl and R3 signify
straight-chain alkyl groups con-
10 ~ taining .1 to 12 carbon atems and

P n stands for one'of the numbers 1 or 2.

The invention is also concerned with the manufacture
of the compounds of formula I, liquid crystalline mixtures
which contain these compounds as well as their use in

15 electro-optical devices.

The term “straight-chéin alkyl group” used herein
embraces the groups methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl.
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matip and/ or snectic) properties. 5 The conpounds i n accordance
Elt
4

lh the invention are mscible wwth all known liquid crystals and can be

¢d in all customary el ectro-optical_devices, the choice of the nixture
sOnponents general |y dependi ng on tTm?Sbecial pur pose of use. However ,
the conpounds in accordance with 10 the invention are preferably used foQ;
the manufacture of nematic and chol esteric m xtures wi.th positive
ani sotropy of the dielectric constants ([err] signifying the dielectrhg;_
constant along the nol ecular- axis and [err] signifying the dielectric
constant perpendicul ar thereto). 15 Such m xtures orjentate
thensel ves in an cTheteompoprds ipt3cerrdanse iy Hhe (inventign Axe

T E AT T T N
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dielectric field orientation exists in the rotation cell 25 di scovered by
M Schadt and WHelfrich (Applied Physics

S The compounds in accordance with the inventiop are

miscible with all known liquid crystals and can be used in
all custcmary.electro-optical_devices, the choice of the
mixture éomponents genérélly dependihg on the special
purpose of use. lHowever, the compounds in accordance with
10 the invention are preferably used for the manufacture of
nematic and cholesteric mixtures with positive anisotropy
of the dielectric constants (g 5:;, £y signifying the |
dielectric constaht along the molecular axis and g,

- signifying the dielectric constant perpendicular thereto).

15 Such mixtures.orientate themselves in an electric
£ield with the direction of théir larQeét dielectric \—/
constants (i.e. with their longitudingl axes) parallel to
the field directioﬁ. This effect is.uéed, inter alia,
in the intéraction between embedded molecules ahd the ligquid
20 crystalline molecules (éuest-host interaction) described by
J.H.Heilmeier and L.A.Zanoni [Applied Physics Letters 13,
91 (1968)] or by D.L.White and G.N.Taylor [J. Appl. Phys.
45, 4718 (1974)1. Alfurther interesting application of
the dielectric field orientation exists in the rotation cell

25 discovered by M.Schadt and W.Helfrich (Applied Physics
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- 3 - Letters 18, 127 (1971)] as well as in the Kerr cell des- cribed in
lecul ar CGrystals and Liquid Crystals 17, 355 (1972). These

el'ectro; qptical rotation cells conprise 5 essentially a condenser with
transparent el ectrodes, the dielectric &f =which is formed froma nematic
cystal with [err]. The | ongi tudi nal nol ecul ar axes of the liquid crystals
are arranged in tw sted form between the condenser plates in the fieldless
condi{ion, the twisting structure 10 bei ng determ ned by the given wall
orientation of the nole- cules. After the application of an electric
potential to the condenser plates, the nolecul es adjust thenselves wth

their longitudifaleereyy nﬂz*te (f1'9@l'1(i 1dig rsewl(in:ﬁ | 48 £RE RS%? Guhar g F%—t he
I'S Nno

surface of the pIates)"mhe I'1 near arize onger
rotated in the chidledtin Mo(ltel&ﬂazq'cﬁs@a\t%t &hd‘ X1 'iaXb%'ryE Ii@)“db%' ar
to the surface of the plates). This effect is rgeér5|b e an tam beé used
to electricall y(le®2)yr.ol the optical transmssivity of the condenser. 20
Further, it is known that the addition of chol esteric substances (or,
general ly, of soluble, optically active subst ances as | ong as the total

ntxture remains liquid
) These electro-optical rotation cells comprise

S essentially a condenser with transparent electrodes, the
dielectric of which is fcrmed from a nematic crystel with
~ €y > c;I. The longitudinal molecular axes of the liquid
crystals are arranged in twisted form between the condenser
plates in the fieldless ccnditicn, the tﬁisting etructure
10 beipg determihed bj the given wall orientation cf the mole-
| cules. After the application of an electric potential
 to the condenser plates, the molecules adjust themselves
with their longitudinal axes in the fie;d direction (i.e.
perpendicular to the surface of the plates), whereby
15 linear polarized light is no longer rotated in the dielectric
(the 1iquid crystal is uniaxially perpendicular to the surface
of the plates). This effect is reversible and can be used

to electfically control the optical transmissivity of the

condenser.

20 Further, it is known that the addition of cholesteric
substances'(cr, generally, cf solﬁble, opticaliy active
substances as long as the total mixture remains liquid
crystalline) to a matrix of nematic liquid crystals with
positive anisotropy of the dielectric constants leads to

25 a cholesteric mixture which undergoes a cholesteric-neﬁatic
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crystal’line) to a matrix of nematic liquid crystals with positive
anksotropy- of the dielectric constants leads to 25 a cholesteric nlxture
Ni gh undergoes a chol esteric-nematic -4 - phase transition upon _ |
lji cation of an electric field (phase-change effect). By suitable
ce of the concentration of cholesteric additives, such mxtures can W
al so be used for inproving the electro-optical proper- 5 ties of
rotation cell indicators. It has now surprisingly been found that the -«
conmpounds in accordance with the invention are liquid crystalline conpounds
with | ow viscositjes. The conpound

have espema‘*‘?‘ﬁelwyé{)??t?% TP ’o"a“‘{‘?‘ig{%ﬁfﬁ%}#& fjr%fgg?nzgr .
Compounds af BnEe FhEngS SEReBLE, O 8P seiffiYe RRESORERMS || T00C 1 s
and the ”E'EébHS?R?%Q& Rfof'%ﬁé&é/ﬂé" aa&&mééurﬁﬁchma&@é her hand,

t he conpounds in which n 15 stands for 2 exhibit | ar ge.

nesophase raggesiso EéeﬁseﬁomumrwméUtﬁabéﬁe@bﬁd-eo%dciprptmﬁasl ng
the clearing point of |low viscosity m xtures, whereby t viscosity is not
I n- 5 ties of rotation cell indicators. :

_ It has now suiprisingly been found that the compounds
in éccordance with the invention are ligquid crystalline
éompounds with low viscosities. The_compounds of formﬁla I
in which n stands for 1 have especially low viscositieé and

10 relatively.low meltinéipoints, Moreover, the melting
points are often largely supercoolable. These~compéunds
are accordingly suitable above ail for lowefing.the visco-
sities and the melting points.of liguid crystalline mixtures.
On the other hand, the compounds of formula I in which n _
15 stands for 2 exhibit large mesophase ranges. .'These compounds
are suitable above all for increasing the clearing point of
low viscosity.mixtures, whereby thelviscosiﬁy is ﬁot in- | k)

creased or is increased only insignificantly.

The compounds in accordance with the invention are
20_ further distinguished by having a good chemical stability,
by being colourless and by having a high UV-stability.

0f the compounds of formula I there are preferred |
those in which R? represents the éroup -R3, -or> of

3 _
~CO-OR™.  Those compounds of formula I in which R? re-

25 presents an alkyl group -R3 or an alkoxy group -0R3 are



8 .
creased of is increased only insignificantly. The conpounds in accordance
wth+the invention are 20 further distinguished by having a good

chem cal  st’ability, by being colourless and by having a high UV-stability.
Of tHe compounds of fornula I there-arg preferred those in which R

represents the group [err] or [err]. Those conpounds of formula.l in
¢hﬁch R re- 3 3 25 presents an al kyl group [err]
or an_al koxy group [err] are . -5- especially preferred. Furt her nore,
those\ﬁonpounds of formula | in which n stands for 1 are preferred. The 3

g e S
are proforred St BhiRHoH 4D SR 4F 5l el shstardels comi, " O
Dheroined of S S A, AR At WYY bkl
containing 1 to 10 carbon atoms and especially straight-
5 =chain alkyl groupé containing 1 to 7 carbon atoms. Fur-
ther, the groups R; with 2 to 10 carbon atoms are preferred

and those containing 3 to 7 carbon atoms are especially

preferred.

The following can be némed as examples of preferred

10 compounds of formula I:

'2-(Trans-@-propylcyclohexyl)-l-(p—propylphenyliethane,
2-(transf4#propylcyclohexyl)-l-(p—pentylphenyl)ethane,
2-(trané-4-propy1cy¢lohexyl)-l-(phhexylphenyl)ethane;
2-ttrans-é-butyl;yclohexyl)-l-(p-propylphenyl)ethane,

15 2—(trans-4-buty;¢yclohexyl)41—(p-pentylphenyl)ethane,
(J ' 2= (trans-4-pentylcyclohexyl)-1-(p~propylphenyl)ethane,
2= (trans-4-pentylcyclohexyl) -1-(p~pentylphenyl)ethane,

2-(trans-4épentYIcyclohexyl)-l-(p—héxylphenyl)ethane,
2-(trans-4-heptylcyclohexyl)-l-(p-pfopylphenyl)ethane,

20 2-(trans-4-heptylcyclohexyl)-1-(p-butylphenyl)ethane,
2-(trans-4-heptylcyclohexyl)-1—(p-pentylphényl)ethane,

2-(trans-4-ethylcyclohele)-l;(p-ethoxyphenyl)ethane,
2-(transé4-ethylcyc10hexyl)-l-(p—butyloxyphenyl)ethane,
2-(trans-4-ethylcyclohexyl)-l-(p-hexyloxyphényl)ethane,
25 2-(trans-4-propylcycléhexyl)-i-(p-methoxyphenyl)ethane;

2-(trans-4-propylcyclohexyi)—l-(p-ethoxyphenyl)ethane,



-\ Tr ans- 4- propyl cycl ohexyl ) -
t} trans-4- propyl cycl ohexyl) -
)

(trans-4-propyl cycl ohexyl
2:- (trans-4-butyl cycl ohexyl)

1- (p- propyl phenyl ) et hane,
1- (p- pengyLphenyl) et hane,
-1 p

- hexyl phenyl ) et hane,
1-(

(
E
p- propyl phenyl ) et hane, 15

2- (trans-4-butyl cycl ohexyl)-1-(p-pentyl phenyl) et hane,

2. (11 ans- 4 pont Y1 GrSSABRISL" ;1:_ R el R opyionyphenyD) -

(trans-4-peqﬁ¥{ Iohexyl) 1- ( p- hexyl phenyl ) et hane,

~

2-(trans-4-hepty cyclohexyl) 1- (p- propyl phenyl ) et hane, 20

2-(trans-4-heptyl MWWMW ))d=Hp+dutyloxyphenyl) -
2- (trans-4-heptyl cycl ohexyl)-1-(p-pentyl phenyl) et hane, -

2
2
2
2.
2
2
tr
2-

-(trans- 4- eddndma/cl ohexyl ) - 1- ( p- et hoxyphenyl ) et hane,

trans-4- ethylcyclohexyl) 1- (p- butyl oxyphenyl ) et hane,

:Etrani 4- et hy| cyat Cizand4-butyleyaichepHomi-) @-methoxyphenyl) ethane,
(

?ﬁﬁuﬁﬁ?oxYPhenyl)ethane,

trans-4-propyl c cIohexyW% 1-(p- nethoxthenyI ) et hane

-(trans-4-propyl

-(trans-4-propyl cyc ohex J.éihékéiaﬁégyf ‘fDQﬁWBﬁ%§Ya¥§phenyl)ethane;

ans- 4- propyl cyclh
(trans-4-butyl cygl phe eé&/;_)‘; Jpé&ﬁéM}g}]}’)Ulet{EQ&thoxyphenyl)ethane,

10

15

20

25

30

2-(trans-4-pentylcyclohexyl)-l-(p-ethoxyphenyl)ethane,

2-(trans-4-pentylcyclohexy1)-l-(p-propyloxyphenyl)ethaneg;

2~ (trans-4-pentylcyclohexyl)-l-(p~butyloxyphenyl)ethane,
2-(trans-44hepty1¢yclohexyl)-1-(pémethoxyphenyl)ethane,
2-(trans-4-heptylcyclohexyl) -1-(p-ethoxyphenyl)ethane,
2-(trans-4-heptylcyclohexyl)-l-(p-butyloxyphenyl)ethane,
p—[2;(tran§-4-propylcy¢lohexyl)-l-ethyl]phen?lacetate,
p-[2- (trans-4-propylcyclohexyl) -I-ethyl] phenylbutyrate,

p—[2-(trans-4-butylcyclohexyl)4l-ethyl]phenylacetate,
p—[z-(trans-44butylcyclohexyl)-l-ethyl]phenylbutyrate,

p-[2- (trans-4-pentylcyclohexyl) -l-ethyl]phenylacetate,
p-[2-(trans-4-pentylcyclohexyl) -l-ethyl]phenylbutyrate,
p—[2-(trans-4-heptylcyclohexyl)-leethyl]phenylacetaﬁe,
p-[2- trans-4-ethylcyclohexyl)—l—ethyl]benzoic acid

methyl ester,
’ p-[2-(trans-4-ethylcyclohexyl) - 1l-ethyl]benzoic ac1d

ethyl ester,

' p—[Z-(trans-4-propy1cyclohexyl) l-ethyl]benzo1c acid
methyl ester, ‘
p-[2-(trans-4-propylcyclohexyl)~1l-ethyl]benzoic acid

ethyl ester,

p-[2-(trans-4-propylcyclohexy1) l-ethyl]ben201c acid

- propyl ester,



2- (trans 4-but yl cycl ohexyl ) - 1- (p et hoxyphenyl ) et hane, <:E§;z/
2-(trans-4-butyl cycl ohexyl)-1-(p-butyl oxyphenyl ) et hane,
2*(trans-4-pentyl cycl ohexyl) - 1-(p nmet hoxyphenyl ) et hane,
2- (trans-4-pentyl cycl ohexyl)-1- (p- et hoxyphenyl ) et hane, 10
2: (ttans-4-pentyl cycl ohexyl)-1-(p-propyl oxyphenyl) et hane
Z\fﬁrans 4- pentyl cycl ohexyl ) -1-(p- but yl oxyphenyl ) et hane,
2- (trans-4-heptyl cycl ohexyl ) - 1-(p- nmet hoxyphenyl ) et hane,
2- (trars-4-heptyl cycl ohexyl)-1-(p- ethoxyphenyl)ethane
2- (trans-4- heptyl cyclopex = gyﬁ// e_ti]agt_q, a1k a
p-[2-(trans-4-pro ylé C? K%i? -ﬁ%et % eny acetate ¥ f%enzozc aci
p-[2-(trans- 4-P¢ c?%?%hexyl) 1- et hyl ] phenyl but yrat e,
p-[2-(trans-4-butyl cysf phexydnst 4 i@{]ﬂbﬂm)aipwethynbenzoic acid
p-[ 2- (trans-4-bg%¥§c% %ohexyl)-l-etmw* ] phenyl butyr at e,
p-[2- (trans-4-3 I ?Bhexyl) 1- et hyl ] phenyl acetate, 20
p-[ 2- (tran354-pentyIpbeﬂhqums-Qrpﬁmﬁy}qﬂn&gﬂ&xx%M1ﬁ1§thyl]benzoic acid
p-[ 2- (trans-4-§§E§¥ic¥ pexyl)-l-ethyl]phenylacetate
p-[2-(trans-4-et T exyI% 1-et benzoic acjd neth est er
p-[2- (trans-4- ethylc Tl onkksR 51.eE?%#J¥E¥E*ﬁQF%X§kT¥EF #ﬁneﬁiﬂkﬁ acid.
p-[2-(trans-4-ethp)yl egeéphexyl)-1-ethyl ] benzoic acid nethyl ester,
p-[2- (trans- 4- propyl gYph opexyhd &AW dEDaRlfy L L SV 18818 1c acia
10 methyl ester,
;M: p-(2—(trans-4-hexylcyclohexyl)-1-ethy1]benzozc acid
ethyl ester,
p-[2-(trans-4-heptylcyclohexy1) 1-ethy1]benzoxc acid
methyl ester,
15 p—[2—(trans-4-heptylcyclohexyl) l-ethyllbenzoic acid
ethyl ester,
p-[2-(trans-4-pr0pylcyclohexyl)—l-gthyl]propiophenone,
p-[2-(trans-4-pr0pylcyclohexy1)-lsethyl]V§ler0phen°né,
p=[2=(trans-4-pentylcyclohexyl)-l-ethyl] propiophenone,
.20 - p~[2-(trans-4-pentylcyclohexyl)-l-ethyl]valerophenone,
p-{2-(trans-4~pentylcyclohexyl)-l-ethyl]hexanophenone,
g: 2-(trans-4-ethylcyclohexyl) -1l-(4'-propyl-4-biphenylyl) -

ethane,
| 2-(trans—4-propylcyclohexyl)-1-(4'-ethyl-4-biphenglyl)-
25 ethane, .
2-(trans-4-propylcyclohexyl)-l—(4'-propyl-4-biphenylyl)-
ethane, - -
2~ trans—4;propylcy¢lohexyl)-l-(4'-pentyl-4-biphenylyl)-
ethane,
30 2-(t;ans-d-penﬁylcyclohexyl)-l-(4'-ethfl-4-biphenylyl)-

ethane,
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ran

-[2-(trans-4-propyl cycl ohexyl)-1-ethyl]benzoic acid propyl
p-[2-(trans-4-butyl cycl ohexyl)-I-ethyl]benzoic acid nethyl

p
7
[2- (trans-4-butyl cycl ohexyl)-1-ethyl]benzoic acid et hyl” ester,
S-

4- pentyl cycl ohexyl ) -1-et hy J&enzoic acid nethyl ester,

rans-4-pentyl cycl ohexyl )-1-ethyl ] benzoic acid. ethyl ester,
rans- 4- hexyl cycl ohexyl ) - 1- ethyl]ben20|c acid 10 nethyl ester,

rans- 4- hex¥lc cl ohexy
rans- 4- hep
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rans- 4 hegtylcyclohexyl) -I-ethyl]ben20|c acid ethyl ester,

rans- =

pyl cycl ohexyl ) - 1-et hyl ] pr opi ophenone,

rans- 4- pf°Blk%¥8h8hﬁX¥L£t§18§QiLLe¥§i?f99?@“OBSnty1—4-biphenylyl>-

10
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ethane,
2-(trans-4-ethylcyclohexyl) -1~ (4'-butyloxy-4-biphenylyl) -
ethane, | |
2-(trans-4-proﬁylcyclohexyl)-l-(4'-ethoxy-4-biphenylyl)-
ethane, .
2-(tfans-4-propy1cyclohexyl)-l-(4'—butYloxy-4-biphenylyl;_J
ethane,
2-(trans-4-pentylcyclohexyl)-1-(4'-ethoxy-4-biphenylyl)—
ethane,
2- (trans-4-penty1cyclohexyl)-1-(4'-butyloxy-4-biphenylyl)-
ethane, : : .
4‘e[2-(trens-4-propylcyclohexyl)«l-ethyl]-4-biphenylyl-
aceﬁate, _ |
4'=[2=-(trans-4-propylcyclohexyl) -l-ethyl] -4~biphenylyl-
butyrate, _
4'=[2-(trans-4-propylcyclohexyl)-l-ethyl] -4-biphenylyl- C;
earbexylic acid methyl-ester,

4'—[2-(trans-4-propylcyélohexyl) -l-ethyl]-4-biphenylyl-
carboxylic acid ethyl ester,

4'—[2-(trans-4-propylcyclohexyl)-1-ethyl] 4-b1pheny1y1-
carboxylic acid propyl ester,

4'-[2-(trans-4-pentylcyclohexyl)-l-ethyl]-4-biphenylyl-
carboxylic acid methyl ester,

4'—[2-(trans-4-penty1cyclohexyl)-1-ethyl]-4—biphenylyl-
carboxylic acid ethyl ester, and

2-(trans-4-propylcyc;ohexyl)-l-(4'-butyry1-4ebiphenylyl)-_

ethane.



p- [2 (trans-4-pentyl cycl ohexyl)-1-ethyl ] propi ophenone, 20 ( tf/
p-[ 2-(trans-4-pentyl cycl ohexyl)-1-ethyl]val erophenone,
p-T2-(trans-4- pentylcyclohexyl) 1- ethyl]hexanophenone
2-(trans-4-ethyl cycl ohexyl)-1-(4'-propyl - g phenyl yl)- ethane,.

2t (trans-4-propyl cycl ohexyl)-1-(4'-ethyl - phenylyl)- 25 et hane,
2-Ttrans-4-propyl cycl ohexyl)-1-(4'-propyl - 4 bi phenyl yl ) - ethane, 2-

( ran§h§ propyl cycl ohexyl ) - 1- (4 pentyl - 4- bi phenyl yl )- ethane, 30

2- (trals-4-pentyl cycl ohexyl)-1-(4"-ethyl -4-bi phenyl yl)- ethane, -8- 2-
(

2-
2-

2

4- I I h
E?pZns geggﬁtgrgygl exyFP$Pn§§ ng%¥4nggb?B eny%y|§ggﬁgﬁgﬁgred in
t 4- et hyl
{trane- 4. pr ossozaRaRey ik tier TSI Y RASTKIYS) 2 EBEna of
the general formula

t
t

enyl'y

II

5 . wherein R4 represents hydrogen, hydroxy,

halogen or the group -R3 or -OR3

Rl, R3 and n have the significance given

and

earlier,

and acylating the resulting compound of the general formula



/7 \ethane, 2-(trans-4-propylcyclohexyl)-1-(4'-butyl oxy-4-biphenylyl"' 10

[ﬁ et hane, 2-(trans-4-pentylcycl ohexyl)-1-(4'-ethoxy-4-bi phenylyl)- ethane,
2- (trans-4-pentyl cycl ohexyl)-1-(4'-butyl oxy-4-bi phenylyl)- ethane; 15 o
4' -[2-(trans-4-propyl cycl ohexyl)- 1- et hyl] - 4- bi phenyl yl - acetate, i
4' -[2-(trans-4-propyl cycl ohexyl)-1-et hyl ] - 4- bi phenyl yl - butyrate, 4'- E2- "
(trans-4-propyl cycl ohexyl)-1-ethyl]-4-biphenylyl- 20 carboxylic acid nethyl
ester, 4'-[2-(trans-4-propyl cycl ohexyl)-1-ethyl]-4-Dbiphenylyl- carboxyli,.c
acid ethyl ester, 4'-[2-(trans-4-propylcycl ohexyl)-I-ethyl]-4-biphenyl yT-
carboxylic acid propyl ester, 25
4' -[2-(trans-4-pentyl cycl ohexyl)-1-ethyl]-4-bi phenylyl- carboxylic acid
met hyl ester, 4'-[2-(trans-4-pentylcyclohexyl)-1-ethyl]-4-biphenylyl- -
carboxylic acid ethyl er, and
2-(trans-4-propy|$yv 1)-1-(4"-butyr

Ho—CH2

30. et hane.
III

oyl yl ) -.
yﬂ&)

wherein Rl, R4 and n have the

significance giﬁen earlier, o ' . N

. ~

when R4 signifies hydrogen, or, wheﬁ R 'signifies hydroxy,

S esterifying the resulting.compound of formula III with a

carboxylic acid of the formula R3cooa_or a reactive

derivative thereof or, when R4 signifies halogen, reacting
the resulting compound of formula III with magnesium and
subsequently with carbon dioxide, hydrolyzing the carboxylate
10 obtained and esterifying the resulting acid or a reactive
derivative thereof with an alcohol of the formula R3OH.
The reduction of a compound of formula II can be C)
carried out accbr&ing to methods known per se. Preferably,'
a compound of formula II is reacted with hydrazine in the
15 presence of a base (e.g. potaséiuh hydroxide, -sodium
ethylate, potassium t-Sutylate.and the like) in an inert
organic solvent such as dimethyl sulphoxide or an alcohol
(e.g.lethanol, diethyleneglyéol,ltriethyleneglycol and the
{ike) ana subsequehtly the hydrazone formed is decomposed.

20 In general, the hydrazone formed is only decomposed at an

elevated temperature (e.g. at about 200°C). If, however,



-9- The.eonpounds of fornmula | can be manufactured in accordance wth thé:;4,/)

Lnvention by reducing a conpound of the general fornula wherein R

epresent s'-hydrogen, hydroxy, hal ogen or the group [err] or [err] and [err]

and. n have the significance given ear4idk,-and acylating the resulting

g(npound of the general fornula -10- wherein [err] and n have the .
gnlflcance given earlier, when [err] signifies hydrogen, or, when [err]

S|gnk5|es hydr oxy, 5 esterlfylng the resulting conmpound of formula I1]

W th carboxylic acid of the fornmula [err] or a reactive derivative

thereof or, when [err] signifies hal ogen, reacting the resulting conpound

o oyl 2 11 b IRPS M B SbaERUE e AR SR DL B,
acid or a reaﬁecgﬁposition frequently occurs already at room temperature.
In a preferred embodiment,’' the reduction is carried ocut
according to the Huang-Minlon process, i.e. by heating
5 the ketone under reflux in a high-boiling solvent which is
miscible with water (e. g. diethyleneglycol or triethylene-
glycol) together with hydrazine hydrate and potassium
' hydroxide, subsequently distilling off the_water until the
hydrazone_decomposes_aud continuing the boiling undex
10 reflux until the reduction is complete.

~ A further preferred method for the reduction of a
compound of formula II is the Clemmensen reduction. In
accordance.with this method, the ketone .is warmed with
amalgamated zinc and hydrochloric acid. If desired, an

15 organic solvent such as ethanol, acetic acid, dioxan, toluene
and the like can be\added.
Furthermore, a compound of formula II in which R4
signifies hydrogen or an alkyl group can be reduced by
. catalytic hydrogenation. This hydrogenation can be
20 carried out with usual hydrogenation catalysts (e.g. palla-
dium, platinum, Raney-nickel and the like), if desired
supported on an-iuert-carrier_material (e.g. carbon).
Palladium and platinum are the preferred catalysts, The
solvent used_can be any inert organic solvent such as a

25 - saturated alcohol, an ether, an ester, a carboxylic



grijvative thereof with an alcohol of the fornula [err]. The reduction of a

C ound of fornmula Il can be carried out according to nethods known [err].
ferably, a conpound of formula I'l_hg reacted wi th hydrazine in the, 15

presence of a base (e.g. potassium hydroxide, sodium ethylate, potassium
t-butylate and the like) in an inert organic solvent such as dinethyl
sul phoxi de or an al cohol (e.g. ethanol, diethyleneglycol, triethyleneglycol
and the like) and subsequently the hydrazone forned is deconposed. 20 - In
- general, the hydrazone forned is only deconposed at an el evated tenperature
(e.g. at aboykiBeral hydrothrbbAveNnar the 1tkae(dyd. setidnsl fedioxawpd as the
sol vent, then the deconposition frequently occurs already at room
t enper at ur e. ekhyd pcetategdgiabdadlnecetitchaciddorthexane) carrThkel bem-
according to the Huang-M nlon process, i.e.- by heating 5 t he ket one under
reflux in a peghtioel ang poessureyarennet aritioal intbhiwdteatadygic
di et hyl enegl ycol or triethylene- glycol) together with hydrazi ne hydrate

and pot assi uRYAFEEBRARAONsUbsBotERPRTAERER| PRFNESR! FOPRtOEPRF A ERYE | 2nde
nydr deoneGegorpgses 2o cont B0, Bg, BOFL B '5hedfure’ SE ol 1| (1

1 to about 5 atmoSphefes are conveniently used.

[ 4

Te The reduction of a compound of:-formula II in which

R4 signifies hydrogen or an alkyl group can also be carried

N
out by reacting said compound w;tﬁ'an alkanethiol or

1o alkanedithiol (e.g. ethanethiol, 1,3-propanedithiol, ethane-
dithiol and the like) and subsequently cleaving thé thio~-

. ketal obtained by catalytic hydrogenation with Raney-nickel.
Preferred thiols are l,3-propanedit5101 and especially
ethanedithiol, which give cyclic thioketals. The formation

15 of the thioketal can be catalyzed, for example, with boron
trifluoride etherate. Conveniently, the preparation of.
the thioketal and the hydrogenation are carried out in an ;)
inert organic solvent such as, for example, diethyl ether,
diqxan, methylene chloride, chloroform and the like; however,

20 when the thiol used is a liguid, it can also simultaneously
serve as the solvent. The pfessure.and temperature are not
critical; atmospheric pressure and room température are

conveniently used.

The compounds of formula II in which r4 signifies

25 the group -R3 or -0R3 are converted directly by the fore-

going reduction into the corresponding compounds of formula I



T2
~

'A,further preferred nmethod for the reduction of a conpound of fornmula lk;g%;;y

the G emmensen reducti on. In accordance with this method, the ketone

War med wi t'h amal gamat ed zinc and hydrochloric acid. | f deS|red, an 15
organi ¢ sol vent such as ethanol, acet+cimctd, dioxan, toluene and the |ike
can be added. Furthernore, a conpound of formula Il in which Rsignifies

drogen or an al kyl group can be reduced by catal ytic hydrogenati on.
Thi s hydrogenati on can be 20 carried out with usual hydrogenation
cataFYsts (e.g. palla- dium platinun1 Raney-ni ckel and the like), if

bl 2t num ar o 1 ho-Br okBF sARpars o€ eOBhFLa Tyt ate LR HRN cb{saédhad% ﬁ;‘} and
o oxu To Ve by3HEEeat. o Zﬁhaﬁéié%éé@%%% §8uPorndls HLCIn JHLAR'RL: o
ethyl acetate, gg ﬁifi‘ésaﬁ afe 8k thParHL¥ a88) halodbR ﬁ@& RS Ane @ik

5 9 ? ﬁf

pressure are not critical Thi s catalytic hydrogenat i on’ A tenperature

bet ween room t geRay, abareeaaéeé futBRebOaftég e Ntedictien Nt ictmpRitis
pressure of about

5 of formula III.

The ;cylation of a compound of formula III in which |
R4 siénifies hydrogen can be carried-out by reaction with
a carboxylic acid chloride, bromide or anhydride, préferably
the corresponding carboxylic acid chloride, in the presence
10 of a Lewis acid such as;'for example, aluminium trichloride,
. tin tetrachloridé, boron trifluoride and the like, preferably
‘aluminium trichloride, according to methods which are known
per se for tﬁe Friedel-Crafts acylation.' fhe reaction is
carried out in.an inert organic solvent, for example carbon
13 | "disulphide or a chlorinated hydrocarbon, preferably methylene
~chloride or chlorxoform. The reaction is conveniently
W : carried out at a temperature between about.0°c and the
reflux temperature of the reaction mixture. The pressure

is not critical and the reaction is advantageously carried

20 out at atmospheric'pressure and room temperature.

The esterifiéétion of.a compound of fdrmula III in
which R4 signifiés hydroxy with an alkanecarboxylic acid of
the formula R3C003 or a reactive derivative thereof (e.g. an
anhydride or acid halide)can be carried out in a manner known

25 per se. The esterification of an alcohol with a carboxylic



Yormula Il in which 4 R signifies hydrogen or an al kyl group can al so be
] ed out by reacting said conmpound with an al kanet hiol or 10 -
Kanedi thiol (e.g. ethanethiol, 1,3-pfopanedithiol, ethane- dithiol and
the |ike) and subsequently cIeaV|ng the thio- ketal obtained by catalytic
hydr ogenati on with Raney-nickel. Preferred thiols are 1, 3-propanedithiol

and especi ally ethanedithiol, which give cyclic t hi oket al s. The forma{jon
15 of the thioketal can be- c t al

talfLugrlde etRdfats. °°nEBH§SﬁF ¥t ¢ rrgﬁé Epﬁ?n£$5npﬁ?s??ﬁ9tﬂfdietaI and
t t f
ol o o o FRRALREF SHPURE-SL 8, ﬁ‘ﬁaﬂ'%n%ﬁ{‘%% 828" ConlpiifBic betally 107
i ke; homever? §gé§gh§§§?h5gfd h'@# !ﬁgdﬁrésantequdab§£nEé”oE|iﬂ inert

si nul t aneousl € SO ﬂen e pressure and tenperature are not
critical; r ReftsSUr erandahQOHLE ¥R, ahUE8 Becc&PPYEAi 6at! ¥n
used. The co Egggggéokg%ornu 'a IT in which R4 S|gn|f|es 25 the group -R3

or -CR3are C%\éebtz@éeelbee@t:l ¥, By -dheytaohexgtbaghoddintdenandt o~ (8~
correspondi ng conpounds of formul a |

methylamino)-pyridine. The preferred method is, however,

-

the esterification of the alcchol with an acid chloride.
This esterification is.cenveniently carried out in an
inert organie solvent, for exampie_an ether sueh as diethyl -
10 ether or tetrahydrofuran, dimethylformamide, benzene,
toluene; cyclohexane, carbon tetrachloride and'the'like,
In order to hind the hydrogen chloride which is liberated
during the esterification, an acidébinding agent (e.g.
tertiary amines, pyridines and the like) is conveniently
15 used. The acid-binding agent is preferably used in
| large excess, so that it can simultaneously sexve as the
solvent. The temperature and pressure are not critical
and this esterification is generally carried out at at-~
mospheric pressure and a temperature between room tempera-
20 ture and the boiling point of the mixture. The compounds
| ef formula III in which R4 signifies hydroxy can be ob-
tained, instead of from corresponding compounds of -
formula II, also from compounds of formula III in which
R4 signifies alkoxy according to ether cleavage methods

25 which are known per se.



13 (i.e. the conpounds of fornula Il are in this case end products). <:E§EZF

‘Those-.conpounds of formula Il in which R signifies hydrogen, hydroxy or
Hal.ogen nust, on the other hand, be reacted further after the reduction to
conpounds 5 of formula Ill1. The acylEion of a conpound of fornula II

in which [err] signifies hydrogen can be carried out by reaction with a
arboxylic acid chloride, bromde or anhydride, preferably the
correspondi ng carboxylic acid chloride, in the presence 10 of a Lew s
aci d $tch as, for exanple, alumniumtrichloride, tin tetrachloride, boron

trifluoride and the ﬁg%ﬁ%@éﬁ%%ﬁ#ﬁﬁ%ﬁgﬁmﬂ&ge‘“ Wfﬂf%t 0

net hods whi ch are known per ts. acyl ation.

reaction is carphhegglnt chl B8 EORTérLEdaik Ca SRANSEEE  kAdWin P e& waEpon 15
di sul phide or a chlorinated hydrocarbon, preferably nethyl'ene chloride or

chloroform  TRgghe8LtmOints €R&EVESELEspIndRiG i@ﬂitﬁ\ﬁr&tc&@&m At Ur'fhe
bet ween about [err] and the reflux tenperature of the reaction m xture.
The pressure i ssobventi tsedl| isnconveniently omn i stinaiy anprePeratly chietheedl 20
out at atnospheric pressure and roomtenperature. The esterification of a
conpound of foreathear| or tetzahydrofuran. The pressure and temperature
at which this reaction is carried out are not critical.
This reaction is generally carried out at atmospheric
pressure and a temperature between about 0°C and the reflux
- temperature of the reaction mixture, preferably at approxi-
10 mately room temperature. | The term "halogen” used herein

signifies chlorine, bromine or iodine, pspecially bromine.

The Grignard compounds obtained can be converted with
'carbon dioxide into corresponding carboxylates and' these
can be subsequently hydfplyzed to carboxylic acids. The
15 reaction with carbon dioxide is conveniently carried out by
conducting carbon dioxide gas into the solution of the
U Grignard compﬁund obtained as described earlier at about
| 0°C or by pouring said solution on to dry-ice. The
hydrolysis of the c#rboxylate can bé carried out using a
20  strong acid, preﬁgrably a_d;lute inérganic acid such as as

hydrohalic acid, sulphuric acid and the like.

The esterification of the resulting acids or the
corresponding acid halides or anhydrides with an alkanol
of the formula R3OH can be carried out in an analogous

25 manner to the esterification described earlier. The acid



i R signifies hydroxy with an al kanecarboxylic acid of the fornula R
Eg%gﬁor a reactive derivative thereof (e.g. an anhydride or acid halide)can
Carried out in a manner known 25_ g PET se. The esterificatioh of an

al cohol with a carboxylic acid is conveniently carried out in the °
presence of a catalytic anbunt of a strong acid (e.g. sulphuric acid or a ;J
hydrohalic acid), in the presence or absence of an inert organic solvent.

NN o oyl oREisA8E Bad afRka  Ede8bah nd prephilaPifoSiitnils ko,
preferred mepbodshs, NeueveLampig eabeal thiakigds Ohed "onehLALR! i Hiadl

acid chlorid § esterificationh s conveniently carri out ITh an I nert

organi ¢ sol vgihg tRe 8%28PWetANpRbSShofusNtRSscHLEEES, 1Qhos%h€i't|£ﬂ§r or
t et rahydrof uran, di nethyl formam de, benzene, tol uene, cycl ohexane, carbon

tetrachl ori dpeftéchherike. thioayllechLorbdedahdethy dligenand! anhpdridésh is
|l i berated during the esterification, an acid-binding agent (e.g. tertiary
am nes, pyri dreesb&adneiebyri keacktingohhenachd| yith acetiseagnhydifide,
acid-binding agent is preferably used in | arge excess, so that it can
sinultaneousBye§¥ivsh&9r#ﬁs:setézhtFth#ﬁ§°F@ﬁ§9réﬁérﬁhenhib$essu¥%thYb.not
critical -

-

esters can also be obtained by reacting the corresponding
carboxylic acid with diazomethane in an inert organic

solvent, preferably diethyl ether.

The compounds of formula II used as the starting ma-
terials can be prepared by acylating a compouhd of the
general formula
Iv
o/

wherein R4 and n have the significance

given earlier,
with the acid chloride derived from a compound of the

general formula




and this esterification is generally carried out at at- nospheric pre
and a.tenperature between roomtenpera- 20 ture and the boiling point: '
dgf the mixture. The conpounds of fornmula Il in which R signifies hydroxy
can be ob- tained, instead of from cardd&spondi ng conpounds of fornula-ll
_QL§0 from conpounds of fornula I'll in which R4 signifies al koxy according
to’et her cl eavage net hods 25 whi ch are known per se. 4 The conpounds
of farmula Il in which R signifies halogen can be converted in a manner
knomh\ﬁer se with magnesiuminto the corresponding Gignard conmpounds.

The sol vent used is conveniently an ether, preferably diethyl 5 et her or

t et rahydr of ur an. The pressqre and tenperature at which this reaction is
carried out are not whensiggR™ eiss theasliond fiisagsgeral |y carried out at

at nospheric pressure and a tenperature between about [err] and the refl ux
tenperature of the rE¥&Y &*%4L®Ture, preferably at approxi- 10 mat el y

. h " hal " d _h ' i.gni fi h i_ne,
br o ne or 1 odi M-S EARRIER o G RRTEHAE G REPEYAITo SRS BPA oY can

be converted wiifuen per se for the Friedel-Crafts acylation (and es-
5 pecially'in an analogous manner to the Friedel-Crafts acy-
lation described earlier). The acid chlorides can be
prepared, for example, by heating the éorrespbnding acids

~ of formula V with thionyl chloride.

The compounds of formulae IV and V are known or are

10 analogues of known compounds.

The compounds of formuia_I can be used in the form
of their mixtures with other liquid crystalline or non-
liquid cryétalline'substances such as, for example, with
substances from the classes of Schiff's bases, azobenzenes,
15 'azoxybenzenes,-phenyl benzoaﬁes, éyclohexanecarbokylic
acid phenyl esters, biphenYls,lterphenyls, phenylcyclo-
hexanes, cinnamic acid aerivativeé, phenylpyrimidines,
dipnenylpyrimidines, phenyldioxanes, c&clohéxYlphenyl-
pyrimidines, cyclohexylethanes and the like. Such
20 compounds are familiar and known to the person-skilled
in the art; for example, from German Offenlegungsschriften
2 306 738, 2-306 739, 2 429 093, 2 356 085, 2 636 684,
2 459 374, 2 547 737, 2 641 724, 2 708 276, 2 811 ool,
2 922 236, from East German Patent Specifications 139 852,

25 139 867 and from the European Patent Application published



C on di oxide into correspondi ng carboxyl ates and these can be

equently hydrol yzed to carboxylic acids. The 15 reaction with

on dioxide is conveniently carried_out by conducting carbon dioxide gas”

o the solution of the Gignard ccnﬁﬁund obt ai ned as described earlier at

about [err] or by pouring said solution on to dry-ice. The hydral ysis of
the carboxylate can be carried out using a 20  strong acid, preferably a
dilute inorganic acid such as as hydrohalic acid, sulphuric acid and tlg
| i ke. The esterification of the resulting acids or the corresponding acid

hal i des nhydrides, wi t kano| 3 of .the fornula R OH can be carried
out i an andfds.SusRes 8oldals 10 haBvoor FRrho aEPaRanges  Fo8a BarePERE.
The acid ' i 4@n ides can be prepared in a nmanner known per
se; for exan%?gggggggiéﬁlgy?ggéggﬁé obt ai ned Ey Peac- ting the acid with

phosphorus trichloride, phosphorus pentachloride, thionyl .chloride and the
| i ke and anhydrides are obtained by reacting the acid with acetic

anhydride, acetyl ral sikéGrest Ayl acbbeagheenaienatdet Davbhkeon ciit hyl
contain, in addition, hydrogenated naphthalenes of the

S general formula

wherein ring B is saturated or
aromatic and a saturated ring B
which m;y be presenﬁ is tr;ns-

10 =linked with the second ring; ' k)
R13 denctes a straight-chain |
alkyl or alkoxy gfoup containing

1l to 1l carbon atoms; R]-'4
signifies cyano, a straight-chain

15 alkyl group containing 1 to 1l

carbon atoms, an ester group of -

the general formula



esters can al so be obtained by reacting the correspondi ng carboxylic aci

Wi th di azonmethane in an inert organic solvent, preferably diethyl ether.
The conpounds of fornmula Il used as the éq;ting ma- terials can be
prepared by acyl ating a conmpound of t he 3 neral fornula wherein [err] and n
ave the significance given earlier, with the acid chloride derived froma
Bbﬁpound of the general fornula - 17 - wherein [err] has the

si gnificance given earlier. This reaction can be carried out according to
met hoe< known per se for the Friedel-Crafts acylation (and es- 5

.pecially in an anal ogous manner to the Friedel-Crafts acy- |ation described

earlier). The acid chlorides can be prepared, for exanple, by heating the

correspondi ng acids of fornula_V with thionyl chloride. The conmpounds of

formul ae 1V and V are known orjare 10 \al ogues of known conpounds.

- 3 XXII

or, when ring B is saturated,
additionally a straight-chain
~ ' aikoxy group conta;nihg 1l to 11
S ' carbon atoms;  in the ester
group of formula XXII ring A is
. either arcmatic.and X represents
oxygen or sulphur anq Rls re-
. presehts.cyano oi a straight-
1o .=chain alkyl or.alkox§ group.
"containing 1 to 10 carbon atoms,
or ring A signif{es a trans-l,4- -
-disubstituted cyclohexane ring
R _ o and X signifies o#yéen and Rls-
15 signifies éyano'or a straight-
~chain alkyl group containing .
1 to 10 carbon atoms; and the
total number of carbon atoms
in the alkyl and/or alkoxy groups

20 present amounts to at most 12,

and/or benzodioxanes of the general formula



er liquid crystalline or non- liquid crystalline substances such as, for
>xanpl e, with substances fromthe clLasges of Schiff's bases, azobenzenes, *
15 azoxybenzenes, phenyl benzoates, cycl ohexanecarboxylic acid phenyl
esters, biphenyls, terphenyls, phenylcyclo- hexanes, cinnamc acid <
derivatives, phenyl pyrim dines, diphenyl pyrim dines, phenyl di oxanes,-
cycl ohexyl phenyl - pyrim dines, cyclohexyl ethanes and the |ike. Such;;D
conmpounds are famliar and known to the person skilled in the art; for
exanple, from German O f enl egungsschriften 2 306 738, 2 306 739, 2 429 093,
2 356 085, 2 636 684, 2 459 374, 2 547 737, 2 641 724, 2 708 276, 2.811

Cﬁé_conpounds_of fornula | can be used in the formof their mxtures with

001, 2 922 236, from East Gernan Patent Specifications 139 852, 25 139
867 and fromthe European Patent Application published - 18 - under
Nunber 0014885 Many of such | Dr eover, ngg ﬁlally
avai | able. The m xtures in ac&drdancy ™~he |nvent|on can®é&htai n
addi tion, hydrogenated naphth ] general formula
RlG
16

wherein R™° denotes a straight-
-chain alkyl group containing -
1 to 11 carbon atoms; Rl7 repre-
5 sents cyano, a straight;chain'alkyl
| group containing i £o 11 carbon
atoms or an ester group of formula
XXII heréinbefore in which X, A and
R15 have the significance given .
1o ‘ earlier; -and the total number of
carbon atoﬁs in the alkyl and
alkoxy groups present amounts to .
at most 12, o - _ - W/
and/or trans-(4"alkylcyclohexyl)pyrimi&inés of the general

15 formula

N2

XXIV
'Y_



wherein ring Bis saturated or aromatic and a saturated ring B which may B
present is trans- 10 -linked-with the second ring; R13 denotes a
strai ght-chain al kyl or al koxy group c_orgfli_ni ng 1 to 11 carbon atons; Rl4
signifies cyano, a straight-chain 15 al kyl group containing 1 to 11
cqrpon atons, an ester group of the general fornula - 19- or, when ring
‘B I's saturated, additionally a straight-chain al koxy group containing 1 to
11 5 carbon atons; in the ester group of forrmula XXII ring Ais
either aromatic and X represents oxygen or sul phur and R15 re- presents
cyano or a straight- 10 ' -chain al kyl or al koxy group :

wherein the symbols Y stand for
nitrogen and the symbgls Z stand
for =CH- or the symbols Z stand
for nitrogen and the symbols ¥

5 stand for =CH-, Rla represents

19 repfesents cyano,

alkyl and R
] alkyl, p-alkylphenyl or trans-4-
A -alkylecyclohexyl, the term alkyl
signifies'stiaight-chain alkyl
10 - containing 1 to 12 carbon atoms
or in one of the residues Rlsor
ngalso signifies a branched alkyl
‘group czas-cﬁ(CH3)-(CH2)m-, m is
an integer of 1 to 3 and the sum.
15 of the carbon atoms in the alkyl
groups present amounts to at most
14,
and/or equatorially substiﬁuted trans-decalins of the

general formula

20 XXXVIII




ay ing 1 to 10 carbon atons, or ring A signifies a trans-1, 4-
J'. stituted cycl ohexane ring 15 and X signifies oxygen and R 15

/1 es cyano or a straight- -chain alkyl group containing. 1 t6 10
arbon atons; and the total nunber of carbon atons in the al kyl and/ or’
alkoxy_groups 20 present anotunté To at nost 12, and/or .
benzodi oxanes of the general formula - - 20 - XXIII wherein [err] denotes

- - - * ~
repres &M Somdegthortad o L crrdeatt Sridrf S8 Sont ai ning o
11 carbon atons orf ag tpars-Y|4udishbstltuted *cydohéeane nbef ore in which
X, A and ring; .R-24 denotes methyl or one cf the
groups —CH,R', -OR', -co-R!,'-CN,zgcoou,
5 -CO-OR', -CO-SR' or -0-CO-R'; R
signifies hydrogen, methyl or one of the
groups -CHZR, -0OR, -CH20R or, when R24
denotes methyl or one of the groups
- ... -CH,R', -OR' or -CO-R', Rz? also signi-
.10 fies -CN, -COOH, -CO-OR, -CO-SR or
| -0-CO-R; R and R' stand for straight-
chain or branched-chain alkyl groups; ' \2
and the number of carbcn atoms in R23 .
or R24 ' 23
24

15 and R

amounts to up to 12 and in R
together amounts to at most 14.

The compcunds of formula XXIII are novel. Those
of formulae XXI, XXIV and XXXVIII aré described in
GB. 2082179A, 2085877A and 2090593A respectively, and
attention is directed to those Specifications. Those
20 compounds of formula XXI in which R14
straight-chain alkyl or straight-chain'alkoxy and the
compounds of formula XXIII in which R17 signifies
cyano or straight-chain alkyl are above all suitable

signifies cyano,

as doping agents in liquid crystal mixtures and in W/
25 general are not liquid crystalline



[érr] have the significance given 10 - earlier; and the total
9

nunber of carbon atons in the al kyl and al koxy groups present anounts

nbst 12, ard/or trans-(4-al kylcyclohexyl)pyrimdines of the general 15
formul a - 21 - wherein the synbol s-¢3stand for nitrogen and the synbols
- stand for =CH or the synbols Z stand for nitrogen and the synbols Y 18 5
st?and for =CH, R represents alkyl and R represents cyano, alkyl,

p- al kyl phenyl or trans-4- -alkylcyclohexyl, the termal kyl signifies

strai gtit - chai n al kyl 10 containing 1 to 12 carbon atons or in one

of the residues R or 19

theﬁselves. In the case.of mixﬁures which contain such
. doping agents, éare must accordingly be taken thét they
contain in addition at least one compound with liquid
crystalline properties in sufficient amount so that the
5 total mixture also has ligquid crystalline properties.' The
remaining compounds of formulae XXI and XXIII as well as
the compounds of formulae XXIV and XXXVIII are, on the other

hand, to a large extent themselves liquid crystalline.



| so signifies a branched al kyl group [err], mis an integer of 1:to 3

the sum 15 of the carbon atons in the al kyl groups present
unts to at nost 14, and/or equatorially substituted trans-decaling of =~ *
~general fornmula 20 - 22 - whereinring Ais aromatic or represents a

trans-1, 4-di substituted cyclohexane r%Hg; [err] denotes nethyl or. one of

t.he groups [err],-OR_, -COR , -CN < 5 3 OR,-CO SR or

-OCOR; [ERR si gﬁ[i‘hfq é’so"fﬁpd‘}r’éjgf‘er?f %l%rxx&&el (ﬁantk?g%4 gr oups Cg?
- -OR, -CH2OR ommantteie thugendyes net hyl or one of the groups 23 [err], - :
or -COR, R also signi- _

-

(a) for the manufacture.'of the compounds of
formula XXIII in which rt?
5 of formula XXII, esterifying a cqmpound of phe_general

signifies an ester group

formula

D ©.9.4

wherein R1® has the significance given
earlier

with a compound of the general formula -t

wherein X, A and Rls have the
significance given earlier, W/

10 (b) for the manufacture »f the compounds

of formula XXIII in which R17 signifies cyano,

dehydrating a compound of the general formula




. 10 fies -CN, -COOH, -COOR, -COSRor -OCOR R and R stand '
for straight- chain or branched-chain al kyl groups; and the nunber of 4&9
carbon atont in R or R24 anmpunts t0|u)ﬁ- 12 and in R23 15 and

t oget her anmounts to at nost 14. The conpounds of fornmula XXIII are novel.
Those of fornulae XXI, XXIV and XXXVII1 are described in GB. 2082179A,
2085877A and 2090593A respectively, and attention is directed to those
SpeciKLfations. Those 14 20 conmpounds of formula XXI in which [err]

si gni fTes cyano, straight-chain alkyl or straight-chain al koxy and the ,
conmpounds of formula XXIII1 in which [err] signifies cyano or straight-chain
al kyl are above all suitable doping agents in liquid crystal mxtures
and in 25 general afagen | qtﬁmﬁscm dilgni€icance3 - thensel ves. I n
the case of m xtures which contain such doping agents, care nust

accordi ngly be taken gilven tdamlieantain in addi tion at | east one conpound
with liquid '

(c) for the manufacture of the compounds of formula

XXIII in which R17 signifies a straight—chain alkyl group
S containing 2 to 1l carbon atoms, catalytically hydrogena-
ting a compound of the general formula
EY
CHﬂH—(CHz)rﬁH
XXXII
Rls
wherein n, denotes an integer
of O to 9 and R16 has the

\f/ 10 significance given earlier,

(d} for the manhfacture of the compounds of formula

17

XXIITI in which R signifies methyl, reacting a compound

6f the general formula_

XXXIII




ystal line properties in sufficient anount so that the 5 total -m xture

so has liquid crystalline properties. The remai ni ng conpounds of -

rmul ae XXI and XXIII as well as thg conpounds of fornulae XXIV and. «
XXXVI1l are, on the other hand, to alge extent thenselves |iquid ‘
-crystalline. The conpounds of fornmula XXIIl can be manufactured by (a) '
. for the manufacture of the conpounds of formula XXIII in which [err] hnd
signifies an ester group 5 of formula XXII, esterifying a conpound of,
th¢ general ‘fornmula wherein R has the significance given earlier witMa
conpound of the general fogrgula wherein X, A and [err] have the
si gni fi cance gi veWhezeilneR 1bas the signifjcange the manufacture of the

conmpounds of formula XXI1I _in which R17 signifies cyano, dehydrating a
conpound of the g8A¥PR eAZLifra

with hydrazine in the presencé of a base.

The compounds of formula XXX-XXXIII used as the

S starting materials can be prepared according to the

6

following Scheme D in which ’'® and n, have the signifi-

cance given earlier.



wherein R has the significance given earlier, (c) for the manufacture of -
t he conpounds of forrmula XXII1 in which RL7 signifies a straight-chain d;i:gy

a?kyl.grouﬁ“S containing 2 to 11_cg&20n atonms, catalytically hydrogena-
ting. & conpound of the general fornula wnerein [err] denotes an integer o
Qto 9 and [err] has the 10 - significance given earlier, (d) for
tWé manufacture of the conmpounds of formula XXIIl in which R signifies
met hy{ ,- reacting .a conpound of th rBI formula XXXI'lI'l R wher ei n
[err] ™has the significance given g&ﬁé&%rr w th hydrazine in the presence of
a base. The compounds of farmula XXX-XXXIIl used as the starting materials
can be prepared according to the followi ng Schenme D in which and n3
have the signifi-  HOCH . COOH

) ClCOO.CZHS, )
2) NH, /

CONH,

&XXT

. toluene
\‘/




ce given earlier. Scheme D 1) [err] 2) The liquid crystal m xtures
3 accordance with the invention contain, in addition to-one or nore

pgounds of fornula |, preferably e or. nore of the follow ng com,10 -
pounds: 4- Cyanobi phenyls of the gé% ral formula wherein [err] signifies a_
straight- -chain alkyl or al koxy group con- 15 taining 2 t.o 7 -
carbon atoms, trans-p-(4-alkylcyclohexyl)benzonitriles of the general
formul.a N VL ,;}

The liquid crystal mixtures in accordance with the

invention contain, in addiﬁion to .one or more compounds of ~
formula I, preferably one or more of the following com=-
10 pounds:
4-Cyanobiphenyls of the general formula
r22 N
XXXXIV .
v/
29

wherein R“” signifies a straight-

-chain alkyl or alkoxy group con-
15 taining 2 to 7 carbon atoms,

trans-p-(4-alkylcyclohexyl)benzonitriles of the general

- formula

VL



29 wherein [err] signifies a straight- -chain alkyl group containing 3 Ké@%ﬁ

carbon atons, p-(S-al kyl-2-pyrimdinyl)benzonitriles of the general 5 _

fornula mhereln R30 has the S|gn|f|can095P|ven earlier,

p- (trans-5-al kyl - m di oxan- 2-yl Ybenzonitfiles of the 10 general formula

VkLJ 30 wherein R has the significance given earlier, p-alkylbenzoic acid
-cyanophenyl esters of the general 15 formul a wherein R31

S|gn|f es a straight- -chain alkyl group containing 2 to 7 carbon atons,

trans-Z- al kyl cycl ohexanecar boxylic acid phenyl esters of

wherein R3°

signifies a ;traight-

-chain §lky1 group containing 3 to

7 carbon atoms, | '
p-(5~alkyl-2-pyrimidinyl)benzonitriles of the general

5 formula

R_:; 7 N\ N

39-has the significance

wherein R
given earlier,
p—(tians-s-alkyl-m—dioxan-z-yl)benzonitriles of the

10 general formula

CN
VLII

wherein R3° has the significance

given earlier,

p-alkylbenzoic acid p'~-cyanophenyl esters of the general

15 formula



th eneral formula wherein [err] has the significance given earlier and
[Ar signifies cyano or a straight-chain al koxy group containing 1 to 3

. é@% n atons, trans-p-[5-(4-alkyIcycLﬁpryl)-Z-pyrinidinyl]benzonrtrLIps of *
t\l eneral formula ~ wherein [err] HRas the significance given earlier, )
-and 2- (trans-4-al kyl cycl ohexyl)-1-(p-cyanophenyl)-ethanes of the general QJ
forrmul a wherein [err] has the significance given earlier. The weight ratio
of .t he conponents of the mi xture preferably corresponds to the eutectig
conposition. The 10 amount of the conpounds of forrmula | in the liquid
crystal m xtures in accordance with the invention is, however, generally
about 1 to ahout 90 nol percent, preferably about 10 to about 85 nol

percent. The m xtures LA Quwever, conts -l east one liquid crystal
conmpound in suffici ﬁau. 00 cN VLIII _
wherein R3l signifies a straight-
-chain alkyl group containing 2 to
‘7 carbon atoms,
trans-4-alkylcyclohexanecarboxylic acid phenyl esters of Qaf
the general formula
.30 :
co 32
' IL

30 has the significance

32

wherein R
given earlier and R signifies:
cyano or a straight-chain alkoxy
group containing 1 to 3 carbon
atoms,

trans-p-[5-(4-alkylcyclohexyl)-2-pyrimidinyl]lbenzonitriles

of the general formula

p3l / \ | CN



15 anount so that the total m xture also has liquid crystal- |ine <EEE;D
properties. Further, the m xtures in accordance with the invention can { t¢7
cdntain optically active conpounds, for Qgﬁnple optically active biphenyts;
and/ or dichroic col ouring substances, 20 for exanple azo, azoxy and

aQ%hraquinone col ouring sub- stances. The anpbunt of such conpounds is
deTerm ned by the desired pitch, colour, extinction, solubility and the
| i ke. yThe manufacture of the liquid crystalline m xtures 5 i n accordance

with tTe invention can be carried out in a manner known per se; for
exanple, by heating a mxture of the conponents to a tenperature barely

above the clearing pojmérend g¥bopmuenid ys£ppléfaglayn. The manufacture of
an el ectro-optical device containing 10 one or nore conpounds of formula

| can al so be carriedgbwéni®@agii@pper known per se; for exanpl e, by
evacuating a suitable cell and introducing the correspondi ng conpound or

m xture into theanda2uéteansed+aliyboyclandtyl) +5- (p-soyanopaamel) @ tHamid

novel com 15 ounds, m xtures, processes, uses and devices as herein
of the general formula

: © . =30 : :
VL 5 R—-<:::::>>—-CH2——CH2——<<:::::>——Chl LI

30

wherein R has the significance

given earlier.

The weight ratio of the components of the mixture
preferably corresponds to the eutectic composition. The
10 améunt of the compounds of formula I in the liquid crystal
mixtures in accordance with the invention is, however,
generally about 1 to about 90 mol percent, preferably ébout
10 to about_85 mol percent. The mixtures must, however,
contain at least one liquid crystal compound in sufficient
15 amount so that the total mixture also has liquid crystal-

line properties.

Further, the mixtures in accordance with the invention
can contain optically active compounds, for example optically
active biphenyls, and/or dichroic cdlouring substances,

20 for examplg'azo, azoxy and anthraquinone colouring sub-



eshribed. Exanples of preferred mixtures are the following Mxture -
les 1 - 12 in which n denotes the viscosity (bulk viscosity) and [err]

denbtes the dielectric anisotropy. 20 "The conpounds of fornulaée” XXI and *°
1l were in each case used as th acemate of the two equatorial

2;6-di- substituted isomers. M xt u¥e Exanple 1 5 nol % of - QJ

“p-(5-pentyl -2-pyri mdinyl)benzonitrile, 9 nmol % of ,

p- (5- heptyl - 2- pyri m di nyl ) benzonitrile, 16 nol % of .;}

trans- 4- pentyl cycl ohexanecarboxylic acid p- 5 : - met hoxyphenyl

ester, .25 nmol % of trans-4-pentyl cycl ohexanecar boxylic acid p-
- pr 0py| Oxyph@w%.er The@morndy of such compounds is determined by

o b EE[Z‘P?] g AP R S e L

of p-
p-[([err]- dro-[err]-pentyl - 2a naphthyl]- benzonitrile, 25 nol % of
2- [trans-4-p tycl ohexyl ) - 1- ( p- et hoxyphenyl) -

The manufacﬁure of the liquid crystalline mixtures
5 in accordance with the invention can be carried out in a
manner known per se; for exémple, by heating a mixture of
the components to a temperature.barely above the clearing ;;i
point and subsequently cooling down. . '
The manufacture of an electro-optical device containing
10 one or more compounds of formula I can.also be carried out
in a manner known per se; for example, by evacuating a
suitable cell and introducing the corresponding compound

or mixture into the evacuated cell._

The invention is also concerned with all novel com-

15 pounds, mixtures, processes, uses and devices as herein v/

described.

- Examples of preferred mixtures are the following
Mixture Examples 1 - 12 in which n denotgs the wviscosity
(bulk viscosity) and Ac denotes the dielectric anisotropy.
_20 The compounds of formulae XXI and XXXVIII were in each
case used as the racemate of the two equatorial 2,6-di-

substituted isomers.



15 ethane mp. <OC, cl.p. 69C, n (22C) = 28.2 cp, nemati
leture Exanple 2 6 nol % of p-(5-pentyl-2-pyrimdinyl)benzonitrile, 12

%.of - p- (5- heptyl - 2-pyrim dinyl)benzoni&siil e, 20 20 nol % of

t rans- 4- pentyl cycl ohexanecar boxyli c aci p- - met hoxyphenyl ester, 26 nol -%
.of trans-4-pentyl cycl ohexanecarboxylic acid p- -propyl oxyphenyl ester, 8
nmet % of p-[([err])-decahydro-[err]-ethyl-2a-naphthyl]- 25

benzopitrile, 8 mol % of p-[([err])-decahydro-[err]-propyl-2a-naphthyl]
- bendenitrile, 8 nol %.of p- [([err]) decahydr o- [err} pentyl - 2a- napht hyl ] -

benzonitrile, Bixtude IEAMPLOfL
2-(trans-4-heﬁTVTEyETﬁﬁexyi% - (p- et hoxyphenyl)- ethane; mp. [err], cl.p.

[err], [err]= 32.5 cp, nematic. Mxture Exanple 3 7 nol % of
p- (5- pentyl - 2- p§rmod di ngf ) pretFepentylwl~prinidnyblbenzgnitrile,
P—(5 hept yl - 2- pgr|n1d|nyl)benzon|trlle
ol § of p-{S5-heptyl-3-pyrimidinyl)benzonitrile,
16 mol % of trans-4-pentylcyclohexanecarboxylic acid p-
5 o -methoxyphenyl ester,
.25 mol % of trans-4-pentylcyclohexanecarboxylic acid p-

-propyloxyphenyl ester,

L 6 mol & of p~([5-(trans~4~pentylcyclohexyl)-2-pyrimidinyl]-
' benzonitrile, h
10 8 mol & of p-[(4aaH,8aBH)-decahydro-GB-propyl42a-napththyl]-
benzonitrile, _
6 mol % of p-[(4acH,8aBH-decahydro-68-pentyl-2a-naphthyl]-
benzonitrile, _
25 mol % of 2~[trans-4-pentylcyclohexyl)-1-(p-ethoxyphenyl)-
15 ethane;
m.p. <0°C, cl.p. 69°C, na (22°C) = 28.2 cp, nematic.
N~ Mixture Example 2

6 mol % of pf(S-pentyl-z;pyrimidinyl)benzonitrile,
12 mol % of p-(S-beptyl-z-pyrimidinyi)benzonitrile,
20 20 mol % of trans-4-pentylcyclohexanecarboxylic acid #-
-méthoxyphenyl ester, |
26 mol % of trans¥4-pentylcyclohexanecarboxylic acid p-
. =propyloxyphenyl ester,

8 mol % of p-[(4acH, 8asH) -decahydro-63-ethyl- 2a-naphthy1]-
25 : benzonitrile,



% of trans-4-pentyl cycl ohexanecarboxylic acid p- -nethoxyphenyl
27 mol % of trans-4-pentyl cycl ohexanecarboxylic acid p- :
opyloxyphenyl ester, 15 11 nmol % of < .

5-(trans-4- ethylcyclohexyl) 2-pyrimdinyl)-- benzonitrile, 8 nmol % of
5-(trans-4-pentyl cycl ohexyl)-2-pyridgdtnyl |- benzonitrile, 13 nol % of
trans- 4- heptyi cycl ohexyl) - 1- ( p- et hoxyphenyl )- 20 et hane;
. [err] cl. p. [err], nematic. Mxture Exanple 4 5 nol % of -
S-pentyl -2-pyrimdinyl)benzonitrile, 8 nol % of ' ~
5-theptyl - 2- pyri m di nyl ) benzonitrile, 14 nmol % of
ns- 4- pent y8 d@@ldhex&nytbftzmwi8aﬁ&&ndﬁq&hy&nﬂ*ﬁbqgﬁupgm 2§Hnabhtﬁ&1]mol %
of trans-4-pentyl cycl ohexanecar box c acid p- -propyl oxyphenyl ester, 5
9 mol % of p-[5- (trans Aenzpnk ﬁﬁtéﬁexyl) 2-pyrimdinyll- benzonitrile, 6

nmol % of 5-(trans- en cl ohexyl)-2-pyri m di nyl
- ° P-1 (mofl of pp-“q 3/8 8Oaﬂl-%()y ciecal-P dzlo-GBI-pyer!tyl-ZG-naphthvl]-

benzonitrile,

p%
o .
2- ( ~
m p
p- (
p- (
tra

5 12 mol % of 2—(trans-4-héptylcyclohexyl)-1-(p-ethoxyphenyl)—
ethane; c

m.p. <0°C, cl.p. 63.5°C, n (22°C) = 32.5 cp, nematic.

Mixture Example 3

7 mol ¥ of p~(S-pentyl-2-pyrimidinyl)benzonitrile,
1o 13 mol % of p-(S-ﬁepﬁyl-z-pyrimidinyl)benzonitrile,
21 mol & of trans-4-pentylcyclohexanecarboxyl%c acid p-
-methoxyphenyl ester,
27 mol % of trans-4-pentylcyclohexanecarboxylic acid p-
=-propyloxyphenyl -ester,
15 1l mol % of p-[S-(trans-4#ethylcyclohexyl)-2-pyrimidiny1]- .
benzonitrile, e
8 mol % of p-[5-(trans-4-pentylcyclohexyl) ~2-pyrimidinyl] -
' ~ benzonitrile,
13 mol % of 2-(trans-4-heptyicyclohexyl)-l-(p-ethoxyphenyl)-
20 ' - ethane; |

m.p. <0°C, cl. p. 80°C, nematic.

Mixture Example 4

5 mol % of p-(S-pentyl-z-pyrimidinyl)benzonitrile,
8 mol % of p-(S-heptyl-z-pyrimidinyi)benzonitrile,



benzonitri-le, 37 nmol % of 2-(trans-4-pentylcycl ohexyl)-1-(p-ethoxyphenyl )
10 i ethane; mp. [err], cl.p. [err], [err] = 26.3 cp, nenat
M*xture Exafmple 5 17 nmol % of trans-4-bqg$49yclohexanecarboxylic acid

p- et.hoxy- phenyl ester, 15 19 nmol % of “Trans-4-butyl cycl ohexanecar boxylic
a&%p p- pentyl - oxyphenyl ester, 16 nol % of

t rens- 4- pent yl cycl ohexanecar boxylic acid p-ne- thoxyphenyl ester, 22 nol %
of trans-4-pentyl cycl ohexanecarboxylic acid p-pro- 20

pylox$ﬁhenyl eshchol2® 6Bl tfané-4~-pentylcyclohexanecarboxylic acid p=-

2- (trans-4-pentyl cycl ohexyl)-1-(p-ethoxyphenyl)- ethane; mp. [err], cl.p.
[err] (22C) = 21.0 cp, [errhethotypfBenyknester,. M xture Exanple 6 6 nol %
of p-(5-pentyl-2-pyrimdinyl)benzonitrile, 12 nol % of :

p- (5- hept yl - 2- BrmaldRn9f) beansnirpertylaychohexgrgcarboxylic acid p-
trans-4-penty|cyc|ohexanecarboxglic aci d .

-prop loxyphenyf_ester,
5 9 mol § of p-tS-(trans-@-ethylcyclohexyl)-2-pyrimidinyl]-
benzonitrilé,-:.

6 mol %'of p-[5-(trans-4-pentylcyclohexyl)-2-pyrimidinyl]j

" benzonitrile,
‘L 37 mol § of 2-(trans-4-pentylcyclohexyl)-1l-(p-ethoxyphenyl)-
10 ethane; | |
m.p. <0°C, cl.p. 70°C, n (22°C) = 26.3 cp, nematic.
Mixture Example 5
17 mol % of trans-4-butylcyclohexanecarboxylic acid p-ethoxy-
phenyl ester,
15 19 mol % of trans-4-butylcyclohexanecarhoxylic acid p-pentyl-
oxyphenyl e;ter,
o 16 mol-%-of trans-4-pentylcyclohexanecarboxylic acid p-me-

thoxyphenyl ester,
22 mol % of trans-4-pentylcyclohékanecarboxylic acid p-pro-
20 : pyloxyphenyl eéter, | |
26 mol % of 2-(trans-4épentylcy¢lohexyl)-l-(p—ethdxyphenyl)-
' ethane;
m.p. <o°c, cl.p. 62.2°C, n.(22°C) = 21.0 cp,.Ae =.-l.09,

nematic.



_ - -nmet hoxyphenyl ester, 12 nol % of ;
5-(trans-4-ethyl cycl ohexyl)-2-pyrimdinyl]- benzonitrile, 7 nmol % of
5-(trans-4-pentyl cycl ohexyl)-2-pyrimdinyl]- benzonitrile, 10 12 nol % -
p_ B -

t

[ 2- (trans-4-heptyl cycl ohexyl ) etfayl Jbenzonitrile, 32 nmol % of

rans-4- propyl cycl ohexyl) - 1- (p- butyl oxyphenyl)- ethane; mp. [err], -
.p. [err] = 28.5 cp, nematic. Mxture Exanple 7 15 5 nol % of hd

(
-(5-pentyl -2-pyrimdinyl)benzonitrile, 9 nol % of -
p- (5- heptyl - 2-pyri m di nyl ) benzonitrile, 16 nol %of i
t r ans- 4- butMilxtinde Exampdea®boxyl i ¢ acid p- -ethoxyphenyl ester, 15 nol % of
trans-4-pentyl cycl ohexanecar boxylic acid p-nethoxy- 20 phenyl
ester, 11 nol % of p-[5-(trans-4-ethylcyclohexyl)-2-pyrimdinyl]-

benzonitril 7 | 9% of p-[5-(trans-4-pentyl cycl ohexyl)-2-pyrimdinyll -
benzoni tri |2‘, ’“2%"%3? '(&)'%Pn(tyl-z-pyr@-miﬁny )benzo%i)trilg)f Y

2-(t rans-"4-l&; %il 336? %*ler’sl'k?eb%y&ﬁ'z?-%@%ﬁgﬁ‘i?&'ﬂ benzonitrile '
19 mol % of tréns-4-pentyléyclohexanecarbcxylic aéid P~
5 . -methdxyphenyl ester;
12 mol & of.p—[5-(trans-4?ethylcyclohexyl)-2-pyrimidinyl]-
benzonitrile, | .
7 mol & of p—[54(trans—4-pentchyclohexyl)-2-pyrimidiny1]- el
benzonitrile, _ |
10 12 mol % of p-[2_—(trans-4-hepty1cyclohexyl)ethyl]bénzonitrile, .
32 mol % of 2-(trans-4-propylcyclohexy1)-l-(p-butyloxyphényl)¥
ethane;

m.p. <0°C, cl.p. 69°C, n (22°C) = 28.5 cp, nematic.

Mixture Example 7

15 S5 mol % of p-(5-pgntyl-2-pyr;midinyl)benzonitrile,
9 mol % of p-(5-heptyl-2-pyriﬁidinyl)benzonitrilé,
16 mol % of trans-4-butylcyciohexaﬁecarboxylic acid p-
-ethoxyphenyl estér,
15 mol % of trans-4-pentylc?clohexanecérboxylic_acid p-methoxy-
20 phenyl ester; | | |
_ll mol % of p-[S-(trans—4-ethyicyclchexyl)-2-pyrimidiﬁyl]-'
benzonitrile, |
7 mol % of p—[5-(trans-4-pentyl§yclohexyl)-2-pyrimiﬁinyl]-
benzonitrile,

25 37 mol % of 2-(trans-4-propylcyclohexyl)-l-(p-ethoxyphenyl)-



et hane; m-p. [err], cl.p. 71C, [err] (22C) = 28.2 cp, nematic. Mxture (@Qﬁ?
Exanple 8 5 nol % of p-butyl benzoic acid p'-cyanophenyl ester, 5 5 nol

%*of p-(5-pentyl-2-pyrimdinyl)benzonitrile, 9 nol % of

p- (5- heptyl - 2-pyri m di nyl)benzonitrile, I¥ndl % of

p: [5- (trans-4-et hyl cycl ohexyl)-2-pyrimdinyl]- benzonitrile, 34 nol % of

p*f? trans-4-pentyl cycl ohexyl ) et hyl ] benzonitrile, 10 37 nol % of

2-(tr§E$ 4- propyl cycl ohexyl ) -1- ( p- et hoxyphenyl )- ethane; mp. [err], cl.p.

54C, r] (22C) = 27.0 cp, nematic. Mxture Exanple 9 4 nol % of

p- ( 5- pentyl 2- pyrinidinyl)b%#hinﬁirile 15 7 mol % of

p- (5- heptyl - 2- pyr|n1d|ﬁil)benzon| Jile, % of

trans- 4- butyl cyBtBhes@Hec Fhbdky| 1% Gcin @2 ho%k?erﬂﬂ' é’@tm@rti‘:l'l mol % of
trans-4-pentyl cycl ohexanecar boxylic acid p-nme- thoxyphenyl ester, 20 9
mol 9% of p-[5-(trans-4-ethylcycl ohexyl)-2-pyrimdinyll- benzonitrile, 5 nol
% of 6- pentyl-tgﬁgg%gggéhﬁﬂgé%gfrboxyl|c acid p- -ethyl phenyl ester, 7 nol

% of 6-butyl-tr boxyliic acid trans-

S mol % of p-buﬁylbenzoic acid p'-cyanophenyl ester,
5 5 mol % of p~(5-pentyl-2-pyrimidinyl)benzonitrile,
9 mol & of p—(S-heptyl-z-pyrimidinyl)benzonitrile,
~ 10 mol % of p—[5-(trgns-4-ethylcyclohexyl)-2-pyrimidinyl]-
beﬁzonitrile,
34 mol § of p-[2-trans—-4-pentylcyclohexyl)ethyl]benzonitrile,
10 37 mol % of 2-(trans—-4-propylcyclohexyl)-l-(p-ethoxyphenyl) -
ethane;

m.p. <=-10°C, cl.p. 54°C, n (22°C) = 27.0 cp, nematic.

Mixture Example 9

4 mol % of p-(5-pentyl-2-pyrimidiny1)benzonitrilé,
15 | 7 mol % of p~(S~heptyl-2-pyrimidinyl)benzonitrile,
12 mol % of trans-4-butylcyclohexanecarboxylic acid p-
-ethoxyphenyl ester, |
1l mol % of trans-4-pentylcyclohexanecarboxylic acid p-me-
thoxyphenyl éster,
20 9 ﬁol $ of pf[5-(trans-4—ethylcyclohekyl)-Z-pyrimidinyll-
benzonitrile,
-5 mol % of 6-pentyl-trans-decalin-2-carboxylic acid p-
-ethylphenyl ester,

7 mol % of 6-butyl-trans-decalin-2-carboxylic acid trans-



APent yl - 1- cycl ohexyl ester, 27 nol % of
_P- trans-4-pentyl cycl ohexyl ) et hyl ] benzo- nitrile, 18 nol % of
- 2- ans- 4- propyl cycl ohexyl ) - 1- (p- hutykpxy- 5 phenyl ).et hane; *
mp. <-10C, cl.p. [err], [err] = 27.0%p, nematic. Mxture Exanple 10 3 nol
- % of p-(5-penty|-2-pyrinidinyl)benzonitrile, 8 mol % of i -\)

p- (5-heptyl -2-pyri m di nyl ) benzonitrile, 10 10 nol % of

trans- 4- but yl cycl ohexanecarboxylic -acid p- -ethoxyphenyl ester, 9 nnla%ﬁof
trans- 4- pentyl cycl ohexanecar boxylic acid p- -nethoxyphenyl ester, 15 %
of trans-4-pentyl cycl ohexémpentpbxl+cycloheyl dster,

- propyl oxyphenyl ester 7 nol % of

p- [ 5- ( trans- a7 eme¥| $yef chekdt | toangrénpentyleycinhemt kethyl]l braga= o of

p- [ 5- (trans 4- heptylcyclohex -2-pyrimdinyll- benzonitrile, 20 24 nol
% of 2-(trans-4- propylcy% t)-1-(p-ethoxyphenyl)- ethane;

18 mol % of 2-~(trans-4-propylcyclohexyl)-l-(p-butyloxy-
5 phenyl) ethane;

m.p. <=10°C, cl.p. 63°C, n (22°C)-='27.0 cp, nematic.

Mixﬁure Example lb:

3 mol % of p—(5-§entyl-2-pyrimidinyl)benzonitrile,
'8 mol % of p-(S-heptyl—z-pyrimidihyl)benzonitrile,
10 10 mol % of trans-4-butylcyclohexanecarboxylic acid p-
. -ethoxyphenyl ester, '
9 mol % of.trans-4-pentylcyclohexaﬁecgrboxylic acid p-
-methoxyphenyl ester,.
15 mol % of trans-4-pentylcyclohexanecarboxylic acid p-
15 -propyloxyphenyl ester
7 mol § of p~-[5-(trans-4-ethylcyclohexyl)~2-pyrimidinyl]- \)
“benzonitrile,
9 mol % of p—[S-(trans-4-heptyléyclohexyl)-2-pyrimidinyl]—
| benzonitrile, |
20 24 mol % of 2-(trans-4-propylcyclohexyl)-1l-(p-ethoxyphenyl)-
ethane;
15 mol % of 2-(Erans-4-propylcyclohexyl)-l-(p—butyloxyphéayl)-
ethane;

m.p. <=10°C, cl.p. 69°C, n (22°C) = 25.8 cp, nematic.



15 mol % of 2-(trans-4-propyl cycl ohexyl)-1-(p-butyl oxyphenyl)- ethane, nldﬁﬂ"
<-10C; . cl.p. 69C, [err] (220 = 25.8 cp, nenatic. M xture Exanple 11 {

mel % of p-(-5-pentyl -2- pyrlnldlnyl)benzonltrlle 6 nmol % of

p- (5- hept'yl - 2- pyri mi di nyl ) benzoni tril e, >33 ol % of

trans-4-butyl cycl ohexanecarboxylic acid p- 5 - et hoxyphenyl
eS¥er, 12 nol % of trans-4- pentylcyclohexanecarboxyl|c acid p-

- met hoxyphenyl ester, 8 nol % of

p-[5-( ¥ans-4-ethy|cyc|ohexy|) 2-pyrimdinyl]- benzonitrile, 10 10 mol %
of p-[5- (trans-Misiuuie EXanpedd ) 2 pyrimdinyl |- benzonitrile, 29 nol %
of p-[2-(trans-4-pentylcycl ohexyl)ethyl]-benzo- nitrile, 18 nol- % of
2-(trans-4-propy|cycloheXyI) 1 (p but yl oxy- 15 '

phenyl) - et hane; [ r igzqu %“ﬁg ti.C. M xture
‘Exampl e 12 8nol {2@?133 éa'rlm |nyi) eznltrlrﬁﬁ:l}q']'e

6 mol % of p-(5-heptyl-2-pyrimidinyl)benzonitrile,
13 mol % of trans-4—butylcyclohexanecarboxylic acid P-
5. ' | -ethoxyphenyl ester, .
12 mol % of trans-4-pentylcyclohexanecarboxylic acid p-
| -methoxyphenyl ester,
N 8 mol § of p-[5-(trans-4-ethylcyclohexyl)-2-pyrimidinyl]-
' benzonitrile; .
10 10 mol % of p-[5-(trans-4-heptylcyclohexyl)~-2-pyrimidinyl]-
benzonitrile, |
29 mol % of p-[2-(trans-4-pentylcyclohéxyl)ethyl]-benzo-
| nitrile, |
18 mol % of 2-(trans-4-propylcyclohexyiY—l-(p-butyloxy-
15 phenyl)-ethane; |
m.p. <=10°C, cl.p. 74°C, n (22°C) = 28.3 cp, nematic.

Mixture Example 12

8mol % of p-(5-penty1-2-pyrimidinyl)benzénitrile,
14 mol % of p~-(5-~heptyl-2-pyrimidinyl)benzonitrile,
20 23 mol % of trans-4-pentylcyclohexanecérboxylic acid p-
-methoxyphenyl ester,
29 mol.% of trans-4-pentylcyclohexanecarboxylic acid p-pro-
pyloxyphenyl ester,
11l mol % of tians-4-(p-pentylphepyl)cyclohexanecarboxylic

25 acid trans-4-propylcyciohexyl ester,



| % of p-(5-heptyl-2-pyrimdinyl)benzonitrile, 20 23 ol % of

- 4-pentyl cycl ohexahecar boxylic acid p- -methoxyphenyl est er, 29 nol %
'ans- 4- pent yl cycl ohexanecar boxyH®@ aci d p-pro- pyl oxyphenyl ester 11
% of trans-4-(p-pentyl phenyl)cycl ohexanecar boxylic 25 '

" acid trans-4-propyl cycl ohexyl ester, 15 nmol % of L
2- (trans-4- heptyl cycl ohexyl)-1-(p- et hoxyphenyl )- ethane; mp. [err], cl.p.
60.3C, [err] (22C). 30.0 cp, nematic. The manuf acture of the conpqQlpds
of fornmula | _in accordance with the invention is jllustrated on the baSis

of the fol | 4% BYLEX PP &3 (transmi-heptelfurtfrrskol T (P-ehaerrhenit it ons

have the follow ng signifjcances: C5 stands for crystalline, [err]
stands for snectic A [% T‘nitands for smectic B, N.stands for nematic and

| stands fop [sog 05& PsE. Rhags. aecordtﬁ;&é() ;oioegagg)l Semst{d denotes a

phase transitfon Snektr¢* B nend



cycl ohexyl ) acet ophenone, 125 nl :of diethyl eneglycol, 50 mM of ethanol,

Exanpl e 1.10 A mixture of 9.7 g of 4-ethoxy-a-(trans-4-pentyl - dé§§i>
g-of hydrazi-ne hydrate and 8.2 g of potassium hydroxide is heated to '

boiling for 4 hours at a bath tenpe- r&dre of [err]. Thereafter, the
bath tenperature is 15 increased to [err] and the ethanol and the excess
hydrazine hydrate are allowed to distil off. Subsequently, the mxture is

- heated to an internal tenperature of [err] for a further 4.5 hours, left to

stand™swernight, the mxture is poured into ice-water and the product is

taken up in 20 three 150 nl_ portions of ether. The _conbi ned organic
phase i s washed neut The WRpHiagture SfiEBeOGSFPQBB§§n?§ugﬁﬁ%¥§? £Vg5orated

of 2 (L1 ans. 4- AEFOHEPERONIEp! Fhe: EVRASERD. §AnEhYRFEFRERE ThuFRE,Paftd °
08, S a0 TE G sneS SR G oB1O™ | AU SRRl BRI OBy
modi - ficati ongha gl 223hnE1@30hs" hhve™AR! ESRLEVInG! sBgnibitintesi] - c
S stands for crystalline, SA stands for smectic A, SB stands
for smectic B, ‘N stands for nematic and I stands for iso-
- tropic phase (accordingly, for example, SB-N dénotes a

phase transition smectic B-nematic).
Example 1

10 A mixture of 9.7 g of 4-ethoxy-a-(trans-4-pentyl-
cyclohexyl) acetophenone, 125 ml of diethyleneglycol, 50 ml
of ethanol, 6.2 g of hydrazine hydrate and 8.2 g of potassium
hydroxide is heated to boiling for 4 hours at a bath tempe-
rature of 11l0°C. Theréafter, the bath temperature is’

15 increased to 220°C and the ethanol and the excess hydrazine

Qg‘ : hydrate are allowed to dis£11 off. Subsequéntly, the
. mixture is heated to an internal temperature.of 180°C for

a further 4.5 hours, left to stand overnight, the mixture
is poured into ice-water and the product is taken up in

20 three 150 ml portions of ether. The combined organic phase
is washed neutral with water, dried over sodium sulphate,
evaporated and distilled in a bulb-tube at 180°C/about
1 Torr. The resulting 7.4 g of 2-(trans-4-pentylcyclohexyl)-
-l-(p-ethoxyphenyl)ethane (purity ébout 98.5%) are.re-

25 crystallized once from isopropanol and once from diisopropyl



The. 4- et hoxy-a- (trans-4-pentyl cycl ohexyl ) acet ophenone 5 used as :the

‘ rying material can be prepared as follows: A mxture of 8.7 g of

~ {Ans- 4- pentyl cycl ohexyl acetic acid chloride (prepared by boiling 8,0 g of *
t\ aifs- 4- pentyl - cycl ohexyl acetic acidgw.th 4.1 m of thionyl chloride in 75

. m of benzene for 2 hours and subseéﬁ tly evaporating the 10 Eproduct);;
and 4.6 g of phenetole in 120 m of dichloronmethane is treated portionw se

in an inert gas atnosphere with 5.5 g of alunminiumchloride. The miXture

is stirred at roomtenperature for 5 hours and then poured into ice-water

whi ch cont ai 0 onsgRkkat gdpshydeagh! eape ggi 87°% Thealgegi-Organic
phase is seS%%g eaggﬁggP%é'ggugéus p asg isyback- -extracted?mﬁtﬁ 300 m of

di chl or onet kaRationE)e ¢2aERisAedonr 82RNC 8PRAIAChELYBBREY , | BLSEYUENSE) W t h

wat er, 3N sodi um hydroxi de, wat er aRd sat urated sodium chloride sol ution

dried over qgdigym sul phate, filtered and evaporat ed. There 20 are

obtained 9.7 g of crude, oily 4-ethoxy-a-(trans-4-pentyl -

cycl ohexyl ) acet ophenone. The foll owi ng conpounds can be manufactured.in an

anal ogous nmanner: 2-(Trans-4-ethy|cyc|ohexyl)-l-(ﬁ-ethoxyphen | ) et hane;
The 4-ethoxy=-a-(trans-4-pentylcyclohexyl)acetophenone

5 used as the starting material can be prepared as follows:

A mixture of 8.7 g cf.trané-4-pentylcyclohexylacetic -
acid chloride (prepared by boiling 8.0 g of trans-4-pentyl- ~
cyclohexylacetic acid with 4.1 ml of thionyl chloride in 75
ml of benzene for 2 hours agd subsequently evaporating'the

10 - product) and 4.6 g of phenetole in 120 ml of dichloromethane

* is treated portionwise in an inert gas atmosphere with 5.5 ¢
of aluminium chloride. The mixture is stirred at room
temperature for S hours and then poured into ice-water which
contains 50 ml of concentrated hydrochloric acid. _The

15 organic phase is separated and the aqueous phase is back-
-extracted with 300 ml of dichloromethane. The combined N
organic phase is washed in'sequénce with water, 3N sodium
hydroxide, water and saturated sodium chloride solution,
dried over sodium sulphate, filtered and evaporated. There

20 are obtained 9.7 g of crude, oily 4-ethoxy-a-(trans-4-pentyl-

cyclohéﬁyl)aeetophenone.

The following compounds can be manufactured in an

analogous manner: .



-

mp. (C1) [err], cl.p. [err] 3C (nonotropic);
2- (trans-4-ethyl cycl ohexyl)-1-(p-butyl oxyphenyl)- ethane; mp. (CN)
[err], transition [err] OC (nmonotropic), 5 cl.p. (N1) 6.5C _
2-(trans-h-ethylcyclohexyl)-l-(p-hexylOXyﬁiényl)- ethane; mp. (GN 10C, .
transition SB-N [err] (nonotropic), cl.p. (N1) 13C

ZS%ﬁrans 4-propyl cycl ohexyl ) - 1- (p- et hoxyphenyl ) et hane; 10 mp. (CGN

21C, iL p. (N-1) 34C;, 2-(trans-4-propylcycl ohexyl)-1-(p- propyloxyphenyl)

ethanes mp. (C1) 20.5C, transition [err] (mono- tropic), cl. &NJ)
19. 5C (nonot r opi.c) ; ZP(&nnan§nﬁqQHMMﬂGMFébb96W9Drlrippeﬂbpyyﬁk§pmé g¢khaney
ethane; mp. (CGN 20.5C transition [err] 20C annotroplc cl.p. (N-1) -

33C:. 2- (trans- AdRx VGV @810 Bl pRSGy | mﬁﬁepiﬁ?p (C1)
[err], cl.p. (N-1) [er

- (trans-4- butyIcycl6%&&?%;Pn0trggﬂﬁ6§§ﬂﬁ@ﬁ?W?8Fﬁéﬁ?'bﬁﬁyloxxpﬁenyéPr] 10C,

transition [err N-I) -

2- (trans-4-but >?§/ (?gvgbutcyl oxﬁé‘ﬁﬁofl 8t ﬁla Q% é}monof.ropf.c) f
11C,cl . p. ferr] Aty Jpentyl cycl ohexyl)-1-(p- nethoxyphenyl)
et hane; m% Cf%)gp e‘?‘r ]It) ﬁq%db(l\l- ) 33C 25

2-(trans-4- pent yl cyclaheeodns-lg<dtny 1upd 10neXyaNH1- (p~hexy loxyphenyl) -

ethane; m,p. (C-N) 10°C, transition S_-N 1°C (monotropic),

B
cl.p. (N-I) 13°Cc;

~— 2-(trans-4-propyl§¥clohexyl)-l-(p—ethoxyphenyl)ethane;

10 m.p. (C-N) 21°C, cl.p. (N-I) 34°C;
| | 2-(trans-4-propylcyclohexyl) -1~ (p-propyloxyphenyl) -
ethane; m.p. (C-I) 20.5°C, transition Sy-N 13.5°C (mono- |
tropic), cl.p. (N-I) 19,550 (monotropic) ; _
2-(trans-4-propylcyclohexyl)-1-(9-butyloxyphenyl)-

15 ethane; m.p. (C-N) 20.5°C, transition S_~-N 20°C (monotropic),

B
cl.p. (N=-I) 33°C;
.2-(trans-i-butylcyélohexyli-l-(p-methoxyphenyl)ethane;
m.p. (C-I) zsfc, cl.p. (N-I) l6.5°C (monotrbpic);
2-(trans-4-butylcyclohexyl)-l-(p-ethoxyphenyl)ethane;
B
2-(trans-4~-butylcyclohexyl)~1l-(p-butyloxyphenyl) -

20 m.p. (C-S,) 10°C, tramsition Sy-¥ 11°C, cl.p. (N-I) 32°C;
ethane; m.p. (C-Sg) 11°C,cl.p. (Sg-I) 37°C;
2—(trans-4-pentylcyc;ohexyl)—1-(p-methoxyphenyl)-
ethane; m.p. (C-N) 31°C, cl.p. (N-I) 33°C;
25 2-(trans~-4-pentylcyclohexyl) -1~ (p~propyloxyphenyl) -

ethane; m.p. (C-SB) 24.5°C, transition S -N 32.5°C, cl.p.

B
(N=-I) 33.5°C;



ethane; mp. [err], transition [err] 32.5C, cl.p. (N-I) [err]; .44,
“t rans-4- pentyl cycl ohexyl) -1-(p-butyloxyphenyl)-: ethane; mp. [err]
5C, transition [err] 44C, cl.p. (N1) 45C A
rans-4- heptyl cycl ohexyl ) - 1- ( p- net hoxyphenyl ) et hane; 5 mp. (GN
8°5C, transition [err] 17C (monotrofftf€), cl.p. (N-1) 40C . -
2- (trans-4-heptyl cycl ohexyl) - 1- (p- et hoxyphenyl )ethane; mp. (CGN 36C, hd
" transition [err] 30C (nonotropic), cl.p. (NI) 51C, 10 i
2- (trans-4-propyl cycl ohexyl) - 1 (p- pentyl phenyl )ethane; mp. [err], cl. b? _
err] 6C 2- tra ent y] cycl.ohexyl r.opyl | he et hane; err
5 561 cl . Eerr] g@? )q ty o cfohefyijp py fié&yphenyl) P 1 ]
2-(trans- 4 C hexyld -\1- ty ) et : (C—S )
Cerr] ol é%ﬁ%ﬁ% 3ﬁ&§} ?ﬁ’é Y4 PR W ANEIN D @a % 4o, AR

2-(trans-4 gggiylgy@éphexyl) 1- (p- hexylphenyl)ethane mp. [err], cl.p.
[err] 34C; (t'rans- 4" hept yl cycl ohexyl ) -1-(p-butyl phenyl) et hane;

2-(trans-4-heptylcyclohexyl)-l-(p—methoxyphenyl)ethane;

5 m.p. (C-N) 28.5°c, transition Sg-N 17°c (monbtropic), cl.p.
(N-I) 40°C; | |
- 2-(trans-4~heptylcyclohexyl) -1~ (p-ethoxyphenyl)ethane;
m.p. (C-N) 36°C, transition Sg-N 30°cC (mongtiopic),lcl.p. -
(N-I) 51°C; . |
10 2-(trans-4-propylcyclohexyl)-i-(p-pentylphenyl)ethane;
m.p. (C-S5) 3°C, cl.p. (Sg-I) 6°C; |
2-(trans-4—penﬁylcyclohexyl)-l;(p-propylphenyl)ethane;
m.p. (C=Sg) 4.5°C, cl.p. (sg-I) 18°C;
| 2-(tran574-pentylcycloﬁexy1)-l-(prpentylphenyl)etﬁané;
15 m.p. (C-S5) 9.5°C, cl.p. (Sg-I) 30°C;
2-(tfans-4-pentylcyclohexyl)-l-(p-hexylphenyl)ethane;
m.p. (C-S5) 11°C, cl.p. (S;-I) 34°C; _
2-(trans-4-heptylcyclohexyl)-l-(p-butylphenyl)ethane; -\)
m.p. (C-S5) 3.5°C, cl.p. (sé-:) 30.5°C; crystallization

20 £rom the'SB-phase could not be achieved even upon cooling
to =24°cC. |
Example 2

- A mixture of 4.3 g of 4-(4'-pentylphenyl)-a-(trans-
-4-propylcyclohexyl)acetophénone, 75 ml of diethyléneglycol,
25 .25 ml of ethanol, 2.2 g of hydrazine hydrate and'7.o g of

potassium hydroxide is heated to boiling for 4 hours at



mp. [err]. 3.5C, cl.p. [err] 30.5C crystallization 20 fromthe
[err]-phase could not be achieved even upon cooling to -240C’ Exanple 2

- nmexture of 4.3 g of 4-(4'-pentylphenyl)-a.(trans-

- 4- propyl cycl ohexyl ) acet ophenone, 75 m" of di et hyl enegl ycol, 25 25 m of

ethanol, 2.2 g of hydrazine hydrate and 7.0 g of potassium hydroxide is

héaied-to boiling for 4 hours. at a bath tenperature of [err].

Thereigter, the bath tenperature is increased to [err] and the ethanol and

the exXeess hydr gzbg&hg%ﬁég?ﬁ%f'e abf oypged 0 difﬁéfeé’f%er,s%e sement 'y, the

m xture is heated to an | tenperature 5 of [err] for a further 5

hours, left to g¢emperdthrbcdsMhbragsed €602202¢C aRiE I LR yAnd®t ties .
The organi c phase 1Is washed neutral with water, dried over sodi um sul phate

and evapor at ed. excébs nefravifiealiydbaee narie (2lPowgdi o "distiLl ysdef ! | ZSub-
once fromisopropanol and once from ethanol. 10 There are obtained 2.7 ¢
of 2-(trans-4-pseguenpiyohtiigl pixture 4ispheaied st gmeinternal tempPows ture s
presumably smectic at room tenperature; phase_transitions at {err and
[err], trafsitief LBPPF fer. p. FpRERer| s kpurs, left to cool, diluted with

water and extracted with diethyl ether. The organic phase

is washed neutral with water, dried over sodium sulphate
and evapofated. " The yellow foam obtained (3.9 g) is "re-
crystallized" once from isopropanol and once from ethanol.
10 There are ébtained 2.7 g of 2-(trans-4-propylcyclohexyl) -
=l=(4'-pentyl-4-biphenylyl)ethane which is presumably
smectic at room temperature; phase transitions at 43.5°C

and 130°C, transition SAfN 132.5°C, cl.p. (N-I) l41.5°c.

The 4-(4'-pentylphenyl)-a-(trans-4-propylcyclohexyl)-
15 acetophenone used as the starting material can be prepared

as follows:

= _ A mixture of 3.5 g of trans-4-propylcyclohexylacetic
acid chloride and 4.0 g of 4-pentylbiphenyl in 125 ml of
dichloromethane is treated_portidﬁwise within 15 minutes

20 with 2.6_g of_aluminium;chloride. The mixture is stirred
at room température for 5 hours and then poured into 250 ml
of 2N hydrochloric acid. _The organic.phase is separated
and the aqueous §hase is back-extracted with two 150 ml

portions of dichioromethane. The combined organic phase



The 4-(4'-pentylphehyl)-a-(trans-4-propy|cyclohexyl)- 15 acet ophenone
d as the starting material can be prepared as follows: A mxture of 3.5
' f trans-4-propyl cycl ohexyl acetic d chloride and 4.0 g of *° . N
dg%ﬁe

entyl bi phenyl in 125 m of dichl thane is treated portionw se wi thin

15 mnutes 20 wth 2.6 g of alum niumchloride. The m xture is stlrreq_d
~at roomtenperature for 5 hours and then poured into 250 m of 2N
- hydrochloric acid. The organi ¢ phase is separated and the aqueous phgﬁe

is back--extracted,w

conbi ned ord§h| sﬁﬁgsg tmo 1 ﬂ&?hgggbt g&%ﬁ %ﬂ'%??ﬁ“&gﬁxagn§%P§oaPﬁnq
hydr oxi de aggssol Llaradd 4 < Soal9dl YiHaRAALAA"YaBUARRLA] O me TNE O1 UIE

product is b0| one~an tere € hot h a smal

anmount of ag ?&f re:t 1s4&(1ésa1‘i}ed in boiling acetone and filtered
- Pentyl phenyl') - a- (t rans- 4- propyl cycl ohexyl') acet 6phenone crystallizes out

upon cool i Nghil¥ ¢lct 4ithda Bmall( @Gmolht] OF hetivePcakbbhl 14%6(4The
fol |l owi ng conpounds can be manufactured in an anal ogous nmanner: 10

2- ( Tr arfs- 4- eifentpighenydy <o~ (trahs~d-prppyl cyicibbexyl) pcetophenone
crystallizes out upon cooling. Yield 4.3 g; m.p. (C-SA)
100°C, cl.p. (5,-I) l43°C. |

The following compounds can be manufactured in an -’

analogous manner:

10 . .2=(Trans-4-ethylcyclohexyl)-1l-(4'~propyl-4~biphenylyl)~-

- ethane; m.p. about 55°C, -transition S-S 51.5°C, transition

B

sg-N 98.5°C, cl.p. (N-I) 121.5°C; |
2-(trans-4épr09ylcyclohexyl)-l-(4'-butyloxy-4-biphenyl-

yl)ethane; m.p. (C-S) 84.5°C, transition S-S, 139.5°C,

15 transition S,-N 152.5°C, cl.p. (N-I) 172.5°C.
Example 3

a) In an analogous manner to Example llthére'is manu-
factured p-[2-(trans-4-butylcyclohexyl)ethyl]lphenol (sol-
vent in the Friedel-Crafts acylation of the phenol: nitro-

20 benzene or nitromethane); m.p. 101.5-102.5°C.



et hane; m-p. about 55C, .transition [err], transition [err], cl.p. (_
[err]: . 2-(trans-4-propyl cycl ohexyl)-1-(4' -butyl oxy-4-biphenyl- yl)ethane
m*p. (CGS) 84.5C, transition [err], 15 transition [err] cl.p. (N1)

[err]. Exanple 3 a) In an anal ogous MIn&r to Exanple 1 there is manu-
factured p-[2-(trans-4-butyl cycl ohexyl)ethyl]phenol (sol- vent in the
FMedel - Crafts acyl ation of the phenol: nitro- 20 benzene or
nitropethane); mp. [err]. b) A solution of 0.68 g of butyric acid

chlorie in 3 mM of benzene is added dropw se while stirring to a solution
of 1.6 g of p-[2-(trans-4-butylcyclohexyl)ethyl]phenol in 5 m of dry

pyri di ne. Thé)n xt & solatient ofoOs68ng ofebutyricnpaghd, chhernigeuiad into

i ce/,wat er and extracted With di et hyl_ et her. The organi ¢ phase is washed
several times i M B BeazeoR 4si addefydrapyAss WedieastiFEhngater2 GP;BBi°n

v ool TS e e e el Rl s 050
g%?oiétogrlgﬁyf(%ﬁg 9?%u§hb&Qi%&ﬁep“rewﬁgcﬁﬁﬁkﬂgetQstEb@t‘@Xeﬁtand over-

S night, then poured into ice/water and extracted with diethyl
ether. The organic phase 1s washed several times with 3N
hydrochloric acid, washed neutral with water, dried over
sodium sulphate and evaporated. The smectic crude product
(2.05 g) is purified by chromatography on silica gel-with

- 10 hexane/diethyl ether (19:1). The fractions which.are
pure according to thin-layer chromatography (1.9 g) are
recrystallized once from isopropanol and once from ethanol
.at -20°C. There is obtained 0.8 g of analyticaily'pure'
p-[2-(trans-4-butylcyclohexyl)-l-ethyl]phenylbutyrate, m.p.
15 -13°C or +4°C (2 modifications), cl.p. (S -I) 45° C.

p-[2-(Trans—4-butylcyclohe2yl)ethyl]phenol can also

(% be obtained in the following manner:

A solution of 4.7 g of 2-(trans-4-butylcyclohexyl)-1-
-(p—methoxyphenyl)ethane (manufactured according to Example
20 1) in 50 ml of dichloromethane is added dropwise to a solution
of 6.9 g of alumihium chloride in 100 ml of'dichloromethane
and 10 ml of ethyl mercaptan, the mixture is stirred aﬁ

room temperature for 4 hours, then poured into ice/water,



recrystallized once fromisopropanol and once from ethanol at [err]:
There is obtained 0.8 g of analytically pure
=[2-(trans-4-butyl cycl ohexyl)-I-ethyll.phenyl butyrate; mp. 15 .[err]

('Q r;[err] (2 nodifications), cl.p. [erFf54SC p-[2- (Trans-4-butyl cycl ohexyl )
e hyI]phenoI can also be obtained in the follow ng manner: A solution of
4.7 g._of 2-(trans-4-butylcycl ohexyl)-1- -(p-nethoxyphenyl)ethane
(manuf act ured according to Exanple 20 1) in50 mM of dICh|OrOﬁEthanq455
added dropmnse to a solution of 6.9 g of alumniumchloride in 100 m of
duchloronethaaeoagdnie phasé cibykeparatplaandt tite nagtevesi shaserisd at
roomtenperature for 4 hours, then poured into ice/water, the organic
phase is separabeddanwicbewaqheer phaot dtchlorqmehuananeecnntﬁmeoo m  of
di chl or onet hane each tine. The conbi ned organic phase is washed neutral
with saturaffbe §eabé#eéhpagﬁaéCsshésﬁoﬁs washedonertsal whth usabaratedd 5

Cvel ohexy| ) 8PAFFRORBRGFLAS. 204 FELeR, iF)eRaPTes o0t b REkEREES 2Mel d 3.0
o o ik Fitedo %egrggmyﬂgscgaaebs B0RLaShUL £l R0 anal ogous

manner :

=

cyclohexyl)ethyllphenol (4.4 g) is recrystallized from
hexane. Yield 3.8 g; m.p. 10l.5-102.5°C.

The following compounds can be manufactured in an

analogous manner:

10., p’[z-(Trans-4-butylcyciohexyl)-l-ethyl]phenylaéetate:
m.p. (C=I) 32.5°C, cl.p. (N-I) 23°C (monotropic);
p—[2-(trans-4-penty1cyclohexyl)-l-ethyl]phenylacetate,
m.p. (C-I) 41 5°C, cl.p. (N-I) 40.5°C (monotropic);
p-[2-(trans-4-pentylcyclohexyl)—l-ethyl]phenylbutyrate;
1S nm.p. (C-SB) 31°c, cl.p. (SB-I) 52°c.

‘Example 4

A mixture of 4.6 g of 2-(trans-4-propylcyclochexyl)-1-
-phenylethane (manufactured_analogoﬁsly to Example 1 by
Friedel-Crafts acylation of benzene and reducﬁion.of the

20 ketone obtained) and 1.94 g of propionic acid chloride in
100 ml of dichlorémethane is treated portionwise under an

inert gas atmosphere with 3.2 g of aluminium chloride. The



10 - p- [2-(Trans-4-butyl cycl ohexyl)-1-ethyl ] phenyl acetate: m p. /@i§>,
(Gl)-lerr], cl.p. (N-1) [err] (nonotropic); . U
p*[2-(trqnsn4-pentylcyclohexyl)-l-ethylL&Qenylacetate; mp. (C1) 41.5C

cl.p. (N-1) [err] (nonotropic); : - ' .

p-[2- (trans-4-pentyl cycl ohexyl)-1-ethyl]phenyl butyrate; 15 mp. [err],
chm.[mry Exanple 4 A m xture of 4.6 g of

2- (trans-4-propyl cycl ohexyl)-1- -phenyl et hane (manufactured anal ogously to
ExanpRe 1 by Friedel -Crafts acyl ation of benzene and reduction of the 20

ket one obtained) and 1.94 g of propionic acid chloride in 100 m of

di chl gronet hane is treated portionw se .under an inert gas atnosphere with

3.2 g of aluni miyhurel dsi sbirfed at ndeamutemperature cfiont S riowrsecapdrat ure
for 5 hours and poured into ice/water with which are_adm xed 25 m of

concentrat ed hpaksed| dhke ieefwater Wibanveighaate| adntyed atemhr@ft he -

cach tine. sRRCEBRERREY GrgaarbinnicceridoacBRe PraSIF BORER 18

nycr e, e RegREkhEthod e Bhdhend! 450 9 SERRLASHI BB O

5 with 100 ml of dichloromethane each time. The combined
organic phase is washed with 1N sodium hydroxide, washed
neutral with water, dried over sodium sulphate and evaporated.
The resulting p-[2-(trans-4-propylcyclohexyl)-l-ethyl]-
propiophenone (5.5 g) is recrystallized twice from ethanol;

10 m.p. (C-N) 40°C, cl.p. (N-I) 56°C.

The following compounds can be manufactured in an

analogous manner:

p~{2=(Trans-4-propylcyclohexyl) -l-ethyl]valerophenone;
- m.p. (C-I) 47.5°C, transition Sg=N 30°C (monotropic), cl.p.
15 (N-I) 46°C (monotropic); '
p~{2-(trans-4-pentylcyclchexyl)~-l-ethyl]lvalerophenone;
m.p. (C-N) 48.5°C, transition S_~-S, 33°C (monotropic),

B A
transition SN 39°C (monotropic), e¢l.p. (N-I} 57°C.
Example S5
20 "~ a) A mixture of 182.3 g of trans-4-pentylcyclohexane-

carboxaldehyde, 2 1 of methylene chloride and 589.6 g of



-y

-pr\plophenone (5.5 9g) is recrystallized twice fromethanol; 10 m.p.

b [err], cl.p. (N-I1)) [err]. The foll ow ng conpounds can be _

actured in an anal ogous manner : _ o S
-(Trans-4-propyl cycl ohexyl)-1-et hyl ] val erophenone; mp. (CG1) 47.5C,
transition [err] 30C (nonotropic), <l g© 15 (N-1) [err] (nonotropic); g
p-[2- (trans- 4-pentyl cycl ohexyl)-1-ethyl]val erophenone; mp. (CGN) [err],
transition [err] (nmonotropic), transition [err] (monotropic), cl.p. (hhi?
[err]. Exanple 5 20 a) A m xture of 182.3 g of - e

t r ans- 4- pent ypecpetbbxyaarbonylpbsny tshs tay - ir iphemy Ipiesphaidwm i de and
589.6 g of. (p- met hoxycar bonyl phenyl ) net hyl -tri phenyl phosphoni um br om de

i s cool ed tobG°9®@§aﬁ§ copledte P53 %ea%%}dﬁhﬁﬁeafﬂ¢xwl¢hﬁt¢Qkﬁe§Pkﬂ [err]
withinca. 1 sodiumin 276 of met hanol

(1.2 nol'es oT‘QgBBi ﬁ” Breaﬁﬁ‘bﬁ%i:g&egic ‘ghg‘ht%#nejd IERW#?H & IR PN S

Teft to 11 seOFotlobrg cepilimrip 278 A EF Bhaddf (114 RO fHT4H Ao fLurt
tenperatgure ﬁQEthQQ&f. UPRD ORHAERed BPowh-red solution is stirred at

0-5°C for a further 15 minutes and, then, the temperature

is left to rise to room temperature. The solution is
stirred at room temperature for 1 hour, then poured into a
stirring vessel and washed with 1 litre of 5% sodium bi- e

10 carbonate solution. The_upper colourless phase is back- |
-extracted with 250 ml of methylene chloride. The combined
ﬁethylene chloride phases are dried over sodium sulph;te,
filtered and partly evapo;ated, while a total amount of 5 1 of
methanol is added continuously through a dropping funnel.

15 When a reaction volume of 4 1 and a ai;tillation temp-

erature of 63°C is reached, the reaction mixture is cooled
to =-20°C and treated,at this temperature with 400 ml of
water within 30 minutes while stirring. The p-[2-(trans-
-4-pentylcyclohexyl)ethenyl]lbenzoic acid methyl ester,

20  which crystalliées, is suction filtered, washed with 1
litre of 90% methanol at =-20°C and the solvent is pressed

well from the crystalline mass.

b) The obtained crystalline mass is dissolved in 1.5 1
of'methylene chloride and washed with 750 ml of water. The

25 aqueous phase is back-extracted with 250 ml methylene



stirring vessel and washed with 1 litre of 5% sodi um bi- 10 car bonat e 3 -g
solutiran. The upper col ourl ess phase is back- -extracted with 250 m of
mét hyl ene. chi ori de. The conbi ned nethyl ene chloride phases are dried over
sodlun1sulphate filtered and partly evagqrated, while a total anount of 5

met hanal is added continuously through a dropping funnel. 15 \hen a
réﬁbtlon volunme of 4 1 and a distillation tenp- erature of [err] is
reachgd, the reaction ntxture is cooled to [err] and treated at this
tenperature witghlaptde asd kieay the: sombined metbylane shépr#-denghasae are

- | | 1]1b d_methyl est
Wi ch crystal .dz‘ése'gy' %‘3 ek ERBRake g4 B ra: hné”?%p%sn%?a%éaﬁ to a
R f h stall
mass. B) . The vsth Z‘%?&th o, SHB Ul hecHh"S § 4L ety ene
chl ori de and ""%ﬁﬂ é%Jhﬁ@:oWh (gf%)“’%E:‘ér a ﬁorl %e aﬁﬁéqﬁﬂ’éﬁﬁghi‘ée s

back-extract ed*w ['ene € conbi ned
met hyl ene ghl oruy&d@mdarﬁtéw @qsamg tadi HWBFEHQEQonf Ei&@keéwi‘éé

concentrated to a volunme of 1.5 5 m of triethyf[am ne and 5 g of
paIIadlunicarbmﬂx@B%ydnbgeadd&ﬂiaedshhkiﬁthurQobﬁ temperature. After 2
hours the hydrogen uptake comes to a standstill and the
catalyst is filtered off and washed with 250 ml of methyl-
ene chloride. The filtrate is treated with 30 g of
10 activated cérbon, stirred and filtered. The filter residue
' is back-washed with 250 ml of methylene chloride and the
filtrate is evaporated on a rotary evaporator. The colour-
less oily residue is treated with 1 litre of methanol and
heated at reflux on a steam bath while stirring, whereby
15  the oil is dissolved almost completely. The mixture is
cooled while stirring and the product left to crystallize
at =25°C. The crystalline product is filtered off and
washed with 250 ml of methanol at -25°C and the solvent is
o pressed well from thélérystalline mass. After drying at
- 20 room temperature'in a stream-bf nitrogen under reduced
pressure, there are obtained 252 g of crystalline p-{2-
-(trans-4-penty1cyclohexy1)-l-ethyl]benzoic acid methyl
ester, which can be further purified by chromatography on
silica gel with tcluene and recrystallization from pentane;

. 25 m.p. (C-N) 36.7°C, cl.p. (N-I) 48.7°C.



5 hydr ogenat ed after gassing the hydrogenation flask twce wth hydrogen,
e shaking at roomtenperature. After 2 hours the hydrogen uptake cones
g.standstill and the catalyst is filtered off and washed with 250.m of
methyl - ene chloride. The filtrate is treated with 30 g of 10 activated
rbon, stirred and filtered. The {ilker residue is back-washed wth 250 QJ
m of methylene chloride and the filtrate is evaporated on a rotary -~
evaporator. The colour- less.oily residue is treated with 1 litre of -]

met hanol and heated at reflux on a steambath while stirring, whereby fg

the oil is dissolred s6IDSHin®nPdpelinds Jdre be ramefdactuna] ech v | e
stirring-and the product left to crystallize at [err]. The crystalline
product is fahatogousfhammelrnashed with 250 ml of nmethanol at [err] and the
solvent is pressed well fromthe crystalline mass. After drying at 20
roomtenperature in a stream of nitrogen under reduced pressure, there are
obt ai ned 252 g of cr%stalline p-

2- .
- (trans-4- pentyl cBef ﬁé§§?§§15Eﬁ£ﬂx}ﬁﬁﬁﬁﬁﬁ??¥ﬁﬁTﬂTﬁQQX&]Qﬁﬂ%ﬂ%c\ﬂﬁ%ﬂlcan be
further purifi y_chromat ogr a n,silégca gel wth toluene and _
recrystalliz‘&?ﬁ’g%ff?%ﬂ?ﬁterﬂ‘ e;PglslI)o 1°’ﬁ§pé ft:-N) [err], cl.p. (N-1) [err].
5 p-[2-(trans-4-propylcyclohexyl)-1-ethyllbenzoic acid

2

methyl ester; m.p. (C-I)_38.§°c, cl.p. (N-I) 37.7°C
,é-[2-(trans-4-butylcyclohéxyl)-l-ethyl]benzoic acid
methyl ester; m.p. (c-I);39.6°c, cl.p. (N—I)_32°c
Pf[2-(trans-4-heptylcyclohexyl)-l-ethyllbenzcic acid
10  methyl ester; m.p. (C-N) 33.5°C, cl.p. (N-I) 53°C



N
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The followrng conpounds can be nanufactured in an anal ogous nanner:

p-[2- (trans ethylcyclohexyl) 1- et hyl ] benzoic acrﬂ ﬂ
(C 1) [err]. p- [ 2- (trans- 4- propyl cycl ohe mnu“ﬁ “ﬂ orc a

nethyl ester; ﬁlp (CG1) [err], cl.p. ( [err]
[2-(trans- 4 butyIcyclohexyl)-l-ethyl] enzorc acid nethyl ester; m p.
I) [err], cl. .(N-1) 320C

p-[ 2- (Lrans-4- heptylcyclohexyl) 1- et hyl ] benzoic acid 10 nmet hyl ester;
nrp (CN [err cl.p. (N-1) [err] Conmpounds of t he general formula
wherein R2 reﬁ#gﬂﬂﬁ% one of the groups 5 Terr] or [err], [err]
and [err] signify straight-chain, alky] groups containing 1 to 12 carbon
atons and n stands for one of the numbers 1 or 2. 10 = 2. Compounds
according to aim represents one of the groups [err] or
[err]. 3. é)rrpoun aC rsd‘#stt}% eg‘i ag. %@,u; ‘represents one of

the groups [err] or [err]

l(D

wherein R2 represents one of the groups

5 -r%, -0r3, -co-r3, -co-or® or o-co-w3,

Rl and R3

signify straight-chain alkyl
groups containing 1 to 12 carbon atoms
and n stands for one of the numbers 1

or 2.

10 2. Compounds according to claim 1, wherein R2 represents
L _ T '
i one of the groups -33, -OR3 or -CO—OR?.

3. Coméounds according to claim 2, wherein Rz represents

one of the groups -R3 or--ORB.-

4, Compounds according to any one of claims 1 to 3,

15 wherein n stands for the number 1.

3. Compcunds according to any dne of claims 1 to 4,



s 4 Conpounds according to any one of claims 1 to 3, 15 wherein n

s affdd\ f or ttul cunds according to any one of clains 1 to 4
' ’.ﬁ' ei-n [ &M Iwmnﬂllﬂmjlmstrai'ght -chain alkyl group containing 1.to 10 *
b atoms. 6. “ cShpdundis according.$. claim5 wherein Rcontains 1 to
pon atons. 5 7. Compounds accardi rg to any one of clains 1 to 6,;j
wherein [err]_signifigd Q. kght —chal.ns y u talping 2 to 10_
car bon atonB.wé#ggiaanp§ﬁ§§g§gg§o?d?§ga%ghgIéP%$€ §%§$£iﬁf§%ﬁtains 310, 7
carbon atons.ceotainingodpé&ond® emrbennaktams.given in claim1l for use as -

liquid crystagline éamsbaﬂagsacéerdmg kbaui dim ¥ShRkLbR RAPxture with at
| east two conponents, Wherein at_ | east one conponent is a conpound of

formula | deffpBBainsclatm 7. cagbonpatomg. rgcess for the nmanufacture of
conpound$ of ¢he geoempbuhasmabaowiengi BoRahgpoREcOLSchatmsf1t be

6, wherein R1 signifies a straight-chain alkyl group

containing 2 to 10 carbon atoms.
8. Compounds according to claim 7 wherein_R1
_ contains 3 to 7 carbon atoms.
- 10" 9. ° compounds of formula I given in claim 1 for
‘use as liquid crystalline substances.
10. A liquid crystalline mixture with at least
two components, wherein at least one component is o’/
a compound of formula I defined in claim 1.
15 11, A prdcess for the manufacture of compounds

of the general formula

where:l.n'R-2 represents, one of the
3 3=co RS r3

groups -R™, -OR, ¢,-CO-OR~ or

-0-c0-R3, R! and R signifies

straight-chain alkyl groups

containing 1 to 12 carbon atoms

and n stands for one of the

20

numbers 1 or 2,
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L™

groups [err] or [err] and [err] signifies stralght chai n SN
containing 1 to 12 carbon atonms and n stands for jﬂ mi 1 or é{o
55 whi ch precess conprises reducing a‘cdﬁgbuﬁd of -

wherein [err] represents hydrogen, hydroxy, 5 halogen or one of the

roups -R3 or -OR3 and [err] and n have the significance given earlier in
thfs claim and acylating the resulting conmpound of the general fornula 10
wherein RL, R4 and n have the signi- ficance given earlier in this claim 4
4 mhéﬂ”[err] signifies hydrogen, or, when R signifies hydroxy,
esterifying the resulting conpound of formula I'll with a 3 carboxylic acid
of the fornul ghlBcRCpkocess comptisesdredueing a compound of the general

formula

N7
whergin R4 represents hydrogen, hydroxy,
5 halogen or one of the groups -Ra or —OR3
and Rl, Ra and n haée'the significange
given earlier in this claim, N
and acylating the resulting compound of the géﬁeial formula
] .
o/ IIT

10 wherein RY, R? and n have the signi-

ficance given earlier in this claim,
when R4 signifies hydroggn,.or, when R4 signifies aydroxy,
esterifying the résulting compound of formula III with a
carboxylic acid of the formula R3COOH or a reactive éeriva-
15 tive thereof or, when Ré signifies halogen, reacting the

resul ing compound of formula III with magnesium and



N

tive thereof or, when [err] signifies hal ogen, reacting the resulting
ound of fornmula Il with magnesi um and 56 subsequently with carbon }
xi de, hydrolyzing the carboxylate obtained and esterifying the-tTesulting?
€id or a reactive derivative thereof with n alcohol of the formula [err].

5 12. The use of the conpoundss-gf formula I defined in claiml for LJ
el ectro-optical purposes. .13.

2- (Trans- 4- propyl cycl ohexyl ) - 1- ( p- et hoxyphenyl ) ethane. 14. -w;;
2- (Trans- 4- pr appkeytkateyy with chrbohy devxraeny hyar81yaifgnene15. a
2- (Trans- 4-pentyl cycl ohexyl ) -1-(p-et hoxyphenyl) et hane.

carboxylate obtained and esterifying the resulting

7
L &

acid or a reactive derivative thereof with/aQ\alcohol

of the formula RSOH.

5 12. The use of the compounds of formula I defined

in claim 1 -for elect{o-optical pufboées.

13. 2-(Trans-4-propylcyclohexyl)-1-(p-ethoxyphenyl) o/

ethane.

14, 2-(Trans-4-propylcyclohexyl)-1-(p-butyloxyphenyl) -

- 10 . ethane.

15. 27(Trans-4-pénty1cyclohexy1)-1-(p-ethoxypheny1)-

ethane.

IR



