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i nvEOt\ on is concerned with a novel liquid crystalline mxture or
el ectlrjo- optical devices, 5 which are pperated according-to the [
t wo~fT equency matri x addressi ng procedure, as well as its use in such

devices. The m xture in accordance wth the-invention consists of three
components A, B and C, each of which contains one or nore conpounds,
conponent A having a 10 viscosity (bulk viscosity,) of at nost 40
cp, a clearing point of at |east [ERR] and a dielectric anisotropy

bet ween -2 and +1, conponent B having a dielectric anisotropy
bel ow -2, and conponent C having a dielectric anisotropy above

+10, a clearing 15 point "YIGUID CGRYSTAL MIX[I‘EEE]‘éNRaQSEw@-wWPﬂm'_’
frequency in the total m Xtu?gvggsabgmz;ﬁt—rwo-meauéﬁckmmiw REREISINCNEPROLEDURE
conpounds, which are especially suitable as conponents in this m xture,
their manufacture and their use in liquid crystalline mxtures for

t wo- frequency addr esTheg pressoit ddoyentibndisi concermend sl th sa i neeel These
20 conpounds are the subject of Divisional Application No: 8301476

(Serial No: 21ig8¢8Arrystalline mixture for electro-optical devices,

5 which are operated according to the two-frequenéy matrix

addressing procedure, as well as ité use in such devices.

The mixture in accordance with the invention
consists of three components A, B ané C, each of which

contains one or more compounds, component A having a

10 viscosity (bulk viscosity,) of at most 40 cp, a
- clearing point of at least | 40°C and a dielectric
anisotropy between -Z'and ' +l; compoﬁent B
having a dielectric anisbtiopy below._ -2, ahd coméonent
C having a dielectric anisotropy above +10;, a clearing
15 . point of at least 100°C and a cross-over frequency
"in the total mixture of at most 15 kHz at 20°C,

. Nerl compounds, which are especially suitable as .
~ ' components in this mixture, their manufacture and their ﬁse
in liquid crystalline mixtures for two-frequency addressing,
electro-optical devices are also disclosed. These

. 20 compounds are the subject of Divisional Application
" ‘No: 8301476 (Serial No: 2115808A).




has i'n the past been replaced to an i ncreasing extent by the so-called
mul tiplex control. In'thHis case there is mainly used. an

ampl- t ude- sel ective 5 mul tipl ex protedure, whereby, however, by the
procedures ‘usial |y used in nmost cases maxi mum nul tipl ex ratlos of. 1:8 to
1: 10 can be attained.. In order to achieve hi gher multiplex rates in the
control of liquid Crymmalcﬂéﬁﬁhsry, gtavicl bparatiynier Il qdd RaSistal
procedure has therefore 10 been proposed (e.g. Gernman

O f enl egungssdndid¢=ztiRg 8&évicds ahds 2iA0¥h84Pas t| beehe repiaceid tdo |an

t wo- frequency procedure there is made use of the fact that the dielectric
ani sotropy of imcreasihgoextestybyatbe sbrchliedemujsdpden icomtirol .of 15
a lowfrequency voltage a positive anisotropy of the dielectric constants
([err] signifyimgthin casecthere ésnvrinlyansed ancamplditudessilestivef
the nol ecule.and [err]signifying the dielectric constant rpendlcular
thereto), 1s rRyEiREex PrPeeduse, ovharghyz2ohoweveguchyi &ae PFFPi°§

has been ascribed o the hlnderln of the roéatlon f the lon of the

mol ecul e round ¥Rt EhorEed (iR EPS hEafes uPaximyey aulidples & SSGH%dt
Nbl'_CrySt'_Llﬂfac%gsiilg &9 328831339 IR 88 365 achieve higher

multiplex rates in the control of liquid crystal.displays,5'

-2- The customary, static operation of liquid crystal indicating devices (Ei
|

- _ a two-frequency matrix addressing procedure has therefore
& 10 Dbeen proposed (e.g. German Offenlegungsschriften 2 856 134
and 2 907 940). | |

In the case of this two-frequency procedure there
is made use of the fact that the dielect:ic anisotropy of
nematic liquid crysﬁals, which have upon application of

15 a low-frequency voltagé a positive anisotropy of the
dielectric constants (4ec = g, - e;>0, €, signifying the
dielectric constant along the longitudinal axis of the
molecule and gL signifying the dielectric constant
perpendicular thereto); is negative in-the case of high

s 20 frequenqies. This effect has been ascribed to the hindering

v .of the roiation.of the long axis of the molecule round the

short axis of the liquid crystaL molecule.(M. Schadt,

Mol. Cryst. Liqg. Cryst. 66 (1981) 319-336}. In contrast

to €,, in the case of £, disperSLOn effects only appear

25 in the microwave range because of the barely hindered



err] in the case of [err] dispersion effects only appeéar 25 in the
romave range because of the barely hi ndered -3- rotation of the
lecul e around its longitudinal axis. In the frequency range which is of
¥nterest here [err] is therefore constant, while [err] and consequently _‘J
‘al so [err]are frequency- dependent . Th aielectric rel axation 5 '
frequency at which [err]= 1is denoted in the technical term nol ogy as the
‘cross-over frequency" (f The nost comon nenatic liquid crystals
general l'y ha¥§t£r:§eaﬁ B¥CRLEr RBIeRUaR @frouRid!t th)O dr afh D Vs . r oom.
tenperature. For the operation .of an indicating device according 10 to
t he two-frequaneliepEfeeqdsheyt rangeawhiched s W dlitwreait gereirg £nt sources,
whereby the frequency of one of these sources nust |ie above the cross-over
frequency anitist hhetreéqrencensitanity ohlide squmndrnnﬂséqueﬁtﬂxwal$m

cross-over frequency. Moreover, the voltage ratio 15 of -the signals for
t he on- condrAFoﬁranérEH§30#Y'dG®9mﬂﬁmt-nu@hq|d§3ﬂ§§k¥i§(ﬂ§léﬂ¢#&qnue The
greater this voltage ratio the nore |lines can be portrayed, i.e. the ’

greaterSis tﬁEeﬁBPFFﬁIreﬁtrHi’é | §nadtligicods GRNALRA f fbdﬁ%c‘?‘?}?‘b’e‘e@hre

offers
terminology-as the “cross-over frequency” (f ). The most _ -

common nematic ligquid crystals generally have cross-over

frequences of about 100 kHz and above at room temperature. -

Ty

For the:operation of'an indioating device according

10 to the two-frequency procedure there are used two

alternating current sources, whereby'the frequency of

one of these'sources must lie above the cross-over ' \;

frequency and the frequency of the other sotrce mﬁst lie

below the cross-over frequency. Moreover, the voltage ratio
15 of the signals for the on-condition and the off-condition

must lie above a certain value. . The greater this voltage

ratio is, the more lines can be portrayed, i. e. the

greater is the multiplex rate.

~ Im additioh, the tﬁo-freQﬁehoy procedure offers .
' 20 | the advahtage that not only the switching-on procees,
but also the switching-off process can be infiuehced -
directly by the appiication of a oorrespondiﬁg voltage,
whereby an'acceleration of the switching-off process is

achieved. For example, in the case of a liquid crystal




20 ~ the advantage that not only the sw tching-on process, but also the

swi t chi ng-of f process can be, influenced directly by the application of a

' Gorrespondlng vol t age, mhereby an acceliratlon of the swi tching-off proces
i s echi-eved:~For exanple, in the case of a liquid crystal -4- indicating

element with a twisted nematic structure (rotation cell) the honpgeneously

orientated liquid crystal can be aligned in the field direction by the

appl i cati on ofindicating elementiwiticachwistefl nematis staysitmriee

converted into the tw sted honngeneous orientati‘on by the application of a

vol tage of hi giFg%adHemSe L} ¢ hopegeraspelywerieptated digyds cells

whi ch are based on quest - host effects SAgg E P yS|cs Lette%§ 1

(1968) 91; D. ISTY¥AH#A %ﬁfa ke N lhgyedrt elghairegkiong oy ?18 i nter

lia), th h th f I
gigﬁéctﬁigrgdé§é¥§ﬁ%) %652T§+ §?§°Fh£ gﬁ ept Sé%LtcP %%ég
clements a0 2 SALANSS DANOONRT, o8l neRe 151 52L8Y " hBRoA8neuRE! BUGSR A

by the application of a voltage of high frequency
(f?fc)-

. Furthermore, with liquid crystal cells, which are

based on guest-host effects (Applied Physics Letters 13

b,

10  (1968) 91; D.L. White and G.N. Taylor, J. Appl. Phys. 45
(1974) 4718 inter alia), there is possible with the
use of liquid crystals with positive dielectfic aniso-
tropy in general dnly the reading of co;oufless image
elements on a coloured background, since the colouring
15 substances which are usable mainly exhibit positive
| dichroism. By homeotropic wall orientation and control
-according to the two-frequency procedure there can now
be produced with such liquid crystals colourgd image
elements (homogeneously orientated by the appl;catioh
e 20 of a voltage of high.frequency)_on a colourless back=-

ground.

The two-f:equency_procedure has, however, the
disadvantage that the energy consumption is high, since

not only_the amplitude of the applied alternating voltage,



0- frequency procedure there can now be produced,with such liquid crystals
bl oured i mage el ements (honogeneously orientated by the application 20 W,
6f a voltage of high frequency) on & ldurl ess back- ground. The
t wo- frequency -procedure has, however, the disadvantage that the energy
consunption is high, since not only the anplitude of the applied
alternating yolta

e byt also the frequenc re_ high.,  In qrder to
reduce the eh@Fg?g58n§Hﬁb%%ﬁﬁy%ani§ufh§ﬁ5? Tg f#ﬁ%?%gﬁtt?hﬁ?gPﬁﬁ operating
vol t age can Lnt.ag.n I JHe Gr N0\ : 1QU or the
sane reason arrvery ow (t'’héreby the capacrtTv Ss€s are small).

9 Pﬁs”gggkgy %ﬁnsg‘ﬁﬁpti TEIE EHETd é%?%&ﬁé&#giﬁg kgai:
It has now supgr bakoalY PSR dditind hfaied e 18yacCEhdaREBaULIN he
i nventi on make po§3|gle _Ieag1y I g er'nultléﬁem:raées and gﬁorter response
ti.mes conparedvlt BrbBeRlcs ishitina KWkl X Aihé Sre £0n SXBEPEE1 akl vAy 10
- been establishegkthat Wth m xtures in accordance with the invention ?he

mul tipleg ralgs Qkhe@bhlyi dheCdpaciiwe Iewslid Yaracsfaseyl by around the
factor 30, and that on the basis of the |ow threshold voltages by reversing

Es'ghroisn1 By honeotropic wall orientation and control according to the

It has now surprisingly been found that the mixtures
in accordance with the invention make possible clearly
| higher ﬁultipiex rates and shorter response tiﬁes compared
'Wiﬁh:the.previouéiy known:mixﬁures. For exahple, it has
ld beeh establishéd tﬁat with.mixtures in acc@rdanéefwith
the invention’fhe multiplex rateé of rotation cells can
be readily'incfeASed by around the factor 30, and that
on the basis of the lcﬁ'threshdld voltagés by reversing
the frequencf even ig the case of relétively'lqw control
15 potentials.vefy_shbrt.turn-bff times of about 10 ms can
be achieved. Further, ﬁhe m#xtures in accordance with
'the ihvéntioh have 1owérlcross-over frequencies and
viscosities and at the same time higher absolute dielectric
éniéotrépies  than:the.pté§iously knowh.mixtures. More- :
20 over, in accordance with the §r6POSed mixture concept,
by the choice of suitable compounds or by alterihg their
concentrations the 1ow-frequent_(“static“) dielectric

1

anisotropy Ae~ (measured at frequencies which lie clearly

below the cross-over frequency) and the high-frequent

h

25 dielectric anisotropy- Ac" (measured at frequencies which

lie clearly above the cross-over freguency) can be varied



the frequency even in the case of relatively low control 15 potentials H‘
very short turn-off times of about 10 ns can be achieved. Further; the M
m xtures in-accordance with the invention have | ower cross- over frequenC|es
anHJV|sc03|t+es and at the sane tine ki gher absolute dielectric

ani sotropies than the previously known m xtures. More- 20 over, in
accordance with the proposed nixture concept, by the choice of suitable
conmpounds or biaalter|ng t hei:r_ concentrations the Iomffre uent ( static")

di el ectric ani $BERBERASpELY] of npRELAB RO e FhdSc mak 83sded earl y
bel th th h- f | ect
ot S0t ropy- | [ BPPPOLALIE G ChELARSg che BLRHeR or Bahé*a AT 1 ho

cross-over fre be vari ed - 6- |ndependently of one anot her.
"This makes it g§§E§¥LE§§gglally to optimse the mxtures for the dlfferent

applications. Conpounds and m xtures with the above properties 5 required
for the conponents A, B and C are basically known to the person skilled in

the art. The total m gbipsulat aBaVﬁni&%ﬁb%Cw%hCWee%‘b‘iﬁec PP s
5 _ required for the components A, B and C are basically
known to the person skilled in the art. . The total
_ mixture mhst have nemétic or cholesteric prbperties.“
i ' Component A cai be hematic or cholesteric and component
s C can be nematic,chalesteric or, as long as the total
10 mixture is not smectic, also smectic. The components
A and C must have at least monotropic liguid crystalline
properties. However, those mixtures in which at least
component C is enantiotropic liquid crystalline are
preferred and those mixtures in which components A and B
15 are enantiotropic liquid crystalline are especially
preferred. Individual compounds in the mixtures in
accordance with the invention and component B can, however,
be liquid crystalline of non-ligquid crystalline, whereby
- in the latter case care shbuld be taken that the meso-
o 20 phase range of the total mixture is not restricted too

severely.

Compounds and mixtures which are suitable as
component A are to a large exﬁent known and many of them

are also commercially obtainable. The following éompounds



onent A can be nematic or cholesteric and conponent C can be nemati c,
Testeric or, as long as the total 10 mixture. s not snectic, also
ctic. The conponents A and C nust have at |east nonotropic |iquid o
crystalline properties. However, those m xtures in which at |east corrponen‘i"“‘|
Cis enantiotropic liquid crystallinge @re preferred and those nixtures in
whi ch conmponents A and B 15 are enantiotropic liquid crystalline are
especial'ly preferred. Individual conmpounds in the mixtures in accordance
with the inventio nd conponent B can, howeyer, be ljquid crystalline or
non- 1 i qui d cﬁV%ﬁﬁg?g S WHRFEDT iﬁr?h%é?%?*g;§¥a§ggﬁépge§hould be taken
that the nmeso- 20 phase range of the total m xture is not restricted too.
severely. Conpounds and m xtures which are suitable as conponent A are to a
. large extent known and many e hem are al so~eauqerci ally obtai nable. The
fol |l owi ng conpounds /- tures thergb e especially suitable:
[err] [err] [err] R=.

VII 3

VIII

L7

R _ H==N

XTI




[err] wherein [err] and Rsignify straight- -chain alkyl groups containing
to 8 carbon atons, R5 denotes a straight-chain alkyl. or alkoxy group -
confaining 1 to 8 'carbon atons and nis 1 or 2; 6 R represents
trans-4-al kytcycl o- hexyl, 4'-alkyl-4-tifhenyl yl,

= p-(trans-4-al kyl cycl ohexyl ) phenyl, 2-(trans-4-al kyl cycl ohexyl)ethyl or
p-[2-(trans-4-al kyl cycl ohexyl )- ethyl] phenyl and R represents trans-
-4- al kyl cycl ohexyl, or [err] represents trans-4-al kyl cycl ohexyl and R rep-
resents p-(trans-4-gytxycl ohexyl)- phenyl
p-[ 2- (trans-4-akkyl exyl)- ethyl | plte
hexyl ) - 4- bi pheRyI¥ CHoenChis

(tr;né-4-alky|cyclo-
R XII

0 .
' 3
o} : |
5 .
R coo—-.—-coo-—@— r4 XXT
g3 L,
| 00 R XXTT

: : 6
. R CHoCHo—R’ XXIII

3 4

wherein R” and R™ signify straight-

-chain alkyl groups containing 1 to
8 carbon atoms, R5 denotes a straight-chain

alkyl or alkoxy group containing 1 to



7- al\kyl phenyl and R7represents p-[2- Co

: qgfrans-4:alkyIcyclohexyl)ethyl]phenyl,-and the alkyl groups in the
~Sypbétituents R6 and R are straight-chain groups containing 1to 7 carbon
atons. Especially preferred are the cogpounds of formulae VII, 1IX XX, A
XXI'l and XXI11 and particularlly the conmpounds of fornmula VI. - 10 -
Conmpounds which are suitable for or _as conponent B are, for exanple,
pyridazi ne derivatives such as, for exanple, the phenyl pyridazi nes and

di phenyl pyri dazi nes gresd+Kuiehtdme- apdCRl €517, 0838;(1977), J. prakt. Chenme
5 151, 221 (1938), Z. Cheme 6, 467 (1966) and M. Cryst. Liq. Cryst.

25, 299 (1974), and PESprésentd ereanPosrdskwbepgblore descri bedi n Ger man
O f enl egungsschriften 2 933 563 and 2 937 700 and which have two | ateral
cyano groups on a bedreserike, r4 healisbedtladlphepydfdired conpounds 10 are the
di cyanophenyl esters of the general fornmula R 00

OR4 XXI'V CN CN p~(trans—4-alkylcyclohexyl)phenyl,

2- (trans—-4-alkylcyclohexyl)ethyl

or p—[2—(trans-4—alkylcyclohexyl)-:'

=

ethyl]lphenyl and R’ represents trans-

6

-4-alkyicyclohexyl, or R° represents

' trans~4~-alkylcyclohexyl and R’ rep-.

resents p—(trans-4-a1ky1cyclohexyl)-
phenyl, p—~[2-(trans—-4-alkylcyclohexyl)-

ethyl]phenyl or 4'—(trans-4-élkylcyclo-

6

hexyl)=4-biphenylyl, or R° represents o

-p—alkylphenyl and'R7

represents p-[2-
- (trans-4-alkylcyclohexyl)ethyl]phenyl,
and the alkyl groups in the substituents

6 7 are straight-chain groups

R™ and R
containing 1 to 7 carbon atoms.

Especially preferred are the compounds of formulae VII,

IX, XXI, XXII and XXIII and particu;érly the compounds

of formula VI. B - .



wherein [err] and R signify straight- -chain alkyl groups containing 1 to 8
carbon atonms and ring B denotes 15 . p- phenyl ene or a trans-1,

4-di substituted cycl ohexane ring, and especially the cycl ohexyl pyri dazi nes
of “the general formula wherein R si @@ & esa straight- -chain al kyl
group contai-ning 1 to 12 carbon atons, R represents an 5 al kyl ,

al koxy, p-al kyl phenyl, p- -al koxyphenyl or trans-4-al kyl- cycl ohexyl group
and the al kyl and al koxy groups in [err] are straight- -chain groups
containing 1 to 10 10Compounds whdlchn axeossiitabder fiore caf @semomponent
"dielectric anisotropy” of conponent B there is to be understood in the
case of non- -Bi g&rd @pyssesangﬁg.c-méﬁmget ferdvatdiyesamawwh #e f00 om
liquid crystalline mxtures which contain these 15 conponents) of the

di el.ectric ani 5aMBA¢. khe;Phepydpyrddazimesh ande dipbenydqvaidazines

extrapol at ed (%ggkggh dck%a%tn%hemie 17, 333 (1977), J. prakt. Chemie

-

5 151, 221 (1938), Z. Chemie 6, 467 (1966) and Mol. Cryst..
Lig. Cryst. 25, 299 (1974), and especially the compounds
which are described in German Offenlegungsschriften

| 2 933 563 and 2 937 700 and which have two lateral cyano

groups on a benzene ring. Especially preferred compounds

n,

« ' 10 are the dicyanophenyl esters of the general formula.

XXIV

CN CN

3

-_' wherein R™ and R4 signify straiéht-
-chain alkyl groups containing 1 to-
8 carbon atoms and ring B denotes

15 p—phenylene- or a trans-1l,4~disubstituted
cyclohexane ring,

and especially the cgclohexylpyridazines of the general

.formula



Nnt. For exanple, the aforenentioned pyridazines have dielectric
apijsotropies of about -9. For or as conponent C there are suitable, for
exanpl e, 20 conpounds- containing 3 or 4 p-phenylene or trans-I, 4-

ycl ohexyl ene groups,a polar termnal,group (e.g. cyano -12- or

2, 2-dicyandvinyl) and optionally a | ateral hal ogen or cyano substituent.
Such conpounds are partly known and are described, for exanple, in Ml.
Cryst. Lig. Cryst. 63, 129 (1981) and in the German O f enl egungsschriften 5
2736 772, 2 752 975 and 3 046 872. Further; conpounds of the general
formila V wherein[err]signifies a straight- -chain altkyl group containing 1
to 10 ' 12 .carbon ‘at ons, can al so be used.- However, the conpounds of
the general formula R2

o

XXv

wherein A signifies ,a straight-
-chain alkyl group containing 1 to
12 carbon atoms, R9 represents an
5 alkyl, alkoxy, p—-alkylphenyl, p-
-alkoxyphenyl 6r trans-4-alkyl-
cyclohexyl group and the alkyl and ' U

alkoxy groups in R9

_are'straight-
-chain groups containing 1 té 10
10 carbon atoms. : .
Under the aforementioned "dielectric anisotropy" cof
component B there is to be underétood in the case of non-
=liquid crystalline components the extrapolated value
(fErom liquid crjstalline mixtures which contain these
15 components) of the dielectric anisotropy at a temperaturei .
which lies 10°C below the extrapolated (virtual) clearing
point. For example, the aforementioned pyridazines have
dielectric anisotropies; of about -9,
‘_
For or as component C there are suitable, for example,

20 compounds containing 3 or 4 p-phenylene or trans-l,4-

-cyclohexylene groups,a polar terminal group (e.g. cyano



13- wherein R denotes hydrogen, fluorine, chlorine, bromne or the cyano
.group, Y represents 2,2-dicyanovinyl, 2,2- -dicyano-I|-nethylvinyl or cyano, -
5~ and E together signify p-R - Eenyl, trans-4-R -cycl ohexyl, 4'-R

-4%%i - phenyTyl, p-(trans-4-R -cyc|oh€x$ )= phenyl, p-(5-R
-2-pyrimdinyl)phenyl, p-[2-(p'-R -phenyl)ethyl]phenyl, p- 10
-[2-(trans-4-R -cycl ohexyl ) et hyl ] phenyl, trans-4- (2- (p-R
-phenyl ) et hyl ] cycl o- hexyl or trans-4-[2-(trans-4-R -cycl o-

hexyl ) et hyl 3cyef oBeRydicuanoRringtdiot asdaoptianghiychailaterrll hglogen
contai ning 15 1 to 12 carbon atons or on _a benzene ring also a

st rai ght - chai noH| R¥ape gsBaptisuertni ngueht sompoundgoarst BAFELNakaoWaen
found to be especially_suitabl cgngounds &gr conponent. C. . These conpounds
have a large n t?EQZGEScﬁﬁéﬁgha QT eXGEPhLr n1Ri YAlel EZ¥BLy HdfAnt STASE-

Camperatur e tniser bed. LVEPL) Tatfiche: 88 FoFha BizepleRrdERRefiracten cn
Contai n 3 1 ngcoupoyn 9 768" Gh2aha! hoolh 8994 #rERL-O cBRLBURART N
- ~of the general formula |

i: Rl—{fi;;:§>-"III"F-4"30“-<<::::>>-crn:#q:i::

\'Z

wherein'Rl

signifies a straight-
-chain alkyl group containing 1 to
10 12 carbon atoms,

can also be used.

. . However, the compounds of the general formula

‘0

R2

R E =00 co y— ¥ I



of liquid crystal m xtures which contain 4-ring conpounds of formula I
at about 1. kHz.: The conpounds of ‘14 formula | have in the case of

fTequenci es bel ow the cross- -over frequency a |arge positive dielectric )
ani sotropy and in the case of frequengkhes above the cross-over frequency -a
| arge negative dielectric anisotropy. These properties 5 make possi bl e
especially high nmultiplex rates and a | ow energy consunption in the
operation of indicating devices according to the two-frequency procedure.

O the conpounds of fornula.® gbove there_are preferred those wherein [err]
si gni fi es cyano orWﬁﬁ%é%%ZF 1 eﬂ?ggéi§V%§°@ﬁpvr%#¥°ﬁiq%fpreferably al kyl
Y preferably denoteg g£vano or, 2, 2:di cyanQsl - nethyl vi " Further, there
are preferred the 4§f %%hp%ﬁﬂé%nnggor I?%ﬁﬁéxgéQQgﬂly t hose wherein R
and E together signjf Lo aalkyb- 4-hiph %l -

p-EtZr?tns-4- al4ky: Ey?o%ze&;ﬁéﬁesﬁf?ﬁgggr zg_ggslg%kf)iny? 2'6;1 | kyl d alk
p-[2-(trans-4-al kyl g r al kyl and al koxy
‘groups R are those é%ﬁt I'ning 2 to&%o ?g?bgﬁ a oﬁgLand especially those

containighg 4 to 8 GO fbEBheFNSiGAlEY PSR 'n.p;ﬁ_q.gfﬁ'ance with the
invention preferably contain at |east twd or three conpounds of
trans-4-R ~-cyclohexyl, 4'-R ~4-bi-
phenylyl, p-(trans-4%R -cyclohexyl) -
phenyl, p-(5-R ~2-pyrimidinyl)phenyl,
| p~[2-(p'~-R -phenyl)ethyl]phenyl, p-
10 -[2~-(trans-4-R -cyclohexyl)ethyllphenyl,
| t;ans-4—[2-(p-R -phenyl)ethyl]lcyclo-
hexyl or trans~4-{2-(trans-4-R -cyclo-
hexyl)ethyl]cyclohexyl, and R denotes
a straight—chain alkyl group'containing
is | 1 to 12 carbon atoms or on a beniéne
ring also a straight—chain alkoxy group
containing 1 to 12 carbon.atoms,
have been found to be especially suitable compounds for
component C. Thése gompounds have a large nematic
20 'ﬁéﬁééhase=range with high clearing points and especially
large absoluté dielectric anisotropies. In general,
at room temperature the cross-over frequencies of liquid
_crystal mixtures which contain.3-ring compounds of formula
I lie at about 10 kHz or below and the cross-over frequencies
25 of liquid crystal mixtures which contain 4-ring compounds

of formula I lie at about 1 kHz. The compounds of



20 formula | above.. Mxtures in accordance wth the invention in which
component C has: cross-over frequencies in the mxture of at nbst 10 kHz at
-200C are preferred and those m xtures in which conponent C has cross-over
25~ frequencies in the mxture of-at4mest about 5 kHz are especially

-15- preferred. The anount of the individual conponents in the total

m xture conveniently anounts to at |east 30 wt.% for conponent A,

3-40 wt. % for conponent B and 5-40 wt. % for conponent C. Preferred 5
concent r at i ofarmyles irhawboin e ggase . of f Srequapciestbelow the cZogg-wt . %
for conponent B and about 10-30 wt.% for conponent C. The m xtures in

accor dance wnavah<£TeAReneH R chAre® seeebhi¥en ddepensrig 8ALEPEROPY es as
constituents of_10 co onent;@ﬁ, B and C) optically active conmpounds, for
exanpl e opti @49 y‘-’hc"t!?rgecﬁﬁ?) yFeequemRyr tes fhavs FhecGFo8FrRyeSubELINEBSY

for exanple azq, .azoxy or, anthra-. qujnpne_colouring subgiances. The_ anount
of such conpSunf¥9s %ﬁﬁ% é%ﬁﬁyg?hﬁfgo?ﬂg??gf9?gthe ?FFeErBPFEﬁ?eS
' S make possible especially high multiplex rates and a low
energy consumption in £he operation of indicating devices

according to the . two-fregquency procedure.

Of the compounds of formula I above there are
2

“’.

- _ preferred those wherein R signifieé_cyano or chlorine,

10 especially chlorine. R 1is preferably alkyl. Y preferably
denotes cyano or 2;Z-dicyano-l-methylvinyl. Further,
there are preferred the 4-ring compounds of formula I,
especially those wherein R and E together signify 4'-
-alkyl-4-biphenylyl, p-(trans-4-alkylcyclohexyl)phenyl or

15 p-[2-(trans-4~-alkylcyclohexyl)ethyl]phenyl. Preferred
alkyl and alkoxy groups R are those containing 2 to 10
carbon atoms and especially those containing 4 to 8 carbon
atoms. The mixtures in accordance with the invention

preferably contain at least two or three compounds of

20 formula I above.

Mixtures in accordance with the invention in

which component C has cross-over frequencies in the
mixture of at most 10 kHz at 20°C are preferred and
those mixtures in which component C has cross-over

25 frequencies in the mixture of at most about 5 kHz are
especially



5 Qol our, extinction and the like. The anount of optically active

C unds preferably amounts to about 4 w.% and t.he anount of dichroic
\C uring substance preferably amounts to about 10 wt.% these percentages‘J
Tng based on the total mxture. 26 15 = The liquid crystalline

m xtures in accordance with the invention can be manufacture in a nmanner
known per se; for exanple, by heating a mxture of the constituents to a
- tenperature barely ahove _t he cleaﬂzgirxﬂnt and sub- sequentléﬁcooling sai d

m xture. P{6f9¥ﬁﬁdprp$b@tﬁmﬁqﬂt _é#ﬁ%t#%ﬂ%ﬁﬁ¢%§} gevpeae ﬁt&Pning a
manner knownthSr COBAL it eburk AR YRR A PRIRES O abFe EBRE and

i nt roduci t ' ' h - | . f
formia | abd9ewEn SuaBe, cguBontat a° TLACUE oy £F SOMRARAER O ¢

-R -ph I - 4- Re- , s of k
Compounds.  The*PEmi ni no S5 aupaiide T (rSRe g5 pAgRoelRs 0 LT

conmpounds. . _ e conpounds
in whichsR2 denabRsri¥dbaisdndds!¥rd'@bout 40~87 wt.% for component
a, . 3-30 wt.% for compdnent‘B_and about 10-30 wt.%

for component C.

The mixtures in accordance with the invention éan
also contain (depending on properties as cdnstituents of
10 components A, B and C) optically active coméounds, for
example optically active biphenyls, End/or dichroic.
colouring Substances, for_example'azo, azoxy or anthra- ;}
quinone colouring substances. The amount of such compounds
is deté:mined by the solubility, the desired pitch,
15 : colour, extinction and the like. The amount of optically
active compounds preferably amounts to about 4 wt.%.and
the amount of dichroic colouring substance preferably

amounts to about 10 wt.%, these percentages being based

on the total mixture. _ : .

20 The liquid crystalline mixﬁures in accordance with
the invention can be manufacture in a manner known per se;
for example, by heating a mixture of the constituents to
a temperatﬁre ba;ely above the cieéring point aﬁd sub-

sequently.cooling said mixture.



cHIorine, brom ne or the cyano group; Y represents 2, 2-dicyanovinyl or 2,2-<9R

-di cyano-I -nmethyl vinyl and [err]and E 15 t oget her signify p-
R—gﬁenyl or ‘trans- -4-R -cycl ohexyl; or_ Y represents 2,2- -dicyanovinyl,

2, 2<di cyano- 1 -met hyl vinyl or cyano arfdl ¥ and E together signify 4 -R

- 4-bi phenylyl, p-(trans-4-R -cyclo- 20 hexyl ) phenyl, p-(5-R
-2-pyrimdinyl)phenyl, p-[2-(p'-R -phenyl)ethyl]phenyl, p-[2- -(trans-4-R
-cycl ohexyl ) et hyl ] phenyl, trans- -4-[2-(p-R -phenyl)ethyl]cycl ohexyl or
trans-4-[ 2-(trans-4- Rhec \pdoihmtdoretdy | dn €bectro-opticayclebesygl ; and R
denotes a straight- -chain alkyl group containing 1 to 12 - 17 - carbon
atons or on acoatadmdng g ndlsuxe sin aAaotwrdiance i loxtther bnpendabdni ning 1
to 12 carbon atons, are novel and are the subject of Divisional Application
Nc:- 8301476 (&&n @lsobe2 CEga0SYY oulfhisy armapner cknewnoper séae Eadbwn.

conpounds of fonula | above and, inter alia, _
example, by evacuating a suitable cell and introducing

5 the mixture into the evacuated cell.

The.compounds of formula I above in which Y
- signifies cyano and R! and E together signify p-R -phenyl
or trans-4-R =-cyclohexyl are known or are analogues of
known cﬁmpounds. The remaining compounds of formula.I,
10 i.e. the compounds

. in which R2

denotes hydrogen, fluorine,
“ chlorine, bromine or the cyano group;:
Y represents 2,2-dicyanovinyl or 2,2-
-dicyano=-l-methylvinyl and Rl and E
15 together signify p- R-phenyl or trans-
-4-R -cyclohexyl; or Y represents 2,2-
-dicyanovinylf 2,2=dicyano~-l-methylvinyl
e or cyano and R and E together signify

4'-R =-4-biphenylyl, p~(trans-4-R =-cyclo-

1;

. 20 hexyl)phenyl, p~(5-R =2-pyrimidinyl)phenyl,
p-[2-(p'=-R -phenyl)ethyl]phenyl, p-[2- 
-(trans-4-R -cyclohexyi)ethyl]phenyl, trans-
-4-[2~-(p~R =-phenyl)ethyl]cyclohexyl or
trans=-4-[2-(trans-4-R =-cyclohexyl)ethyl]l-

25 cyclohexyl; and R denotes a straight-

-chain alkyl group containing 1 to 12

]



rally have i nproved cross-over frequencies. Especially preferred are
conpounds which are referred to above as being preferred in-connection
¢/h-conmponent C. Exanpl es of preferred conpounds are the conpounds of v
ornula | naned in the synthetic Exampies hereinafter. 10 Anong the
~conpounds of formula | there also falT, for exanple, the conmpounds of the
general forrmula 15 R2 IV . 18 wherein R denotes a straight-chain al kyl
group containing 1 to 12 carbon atonms and R denotes fluorine, chlorine,
brom ne or the cyano group and [err] and 5 ther signify

p-al kyl phenyl, trager mgm%m mmbeaze%kﬁmﬂ 856 enyI yl,
p-(trans-4- alkylcyclohexyl)phen -2 nyl ) phenyl . The
noveI conpounds of & GtRAlE TEK% ﬁﬁhﬁ*ﬁc?ﬁ?& fan%¥ gierifying an

acid of the general forq& tarbon atoms
,

are novel and are the subgect of Divisional Application
No: 8301476 (Serial No: 2115808A). They are preferred
over the known compounds of formula I ebove and, inter alia,
génerally'hawe improved cross-over frequencies. Especially
preferred are the compounds which are referred to above
as being preferred in.connection with component c.
Examples of preferred compounds are the compounds of
formula I named in the synthetic Examples hereinafter.

10 '
Among the compounds of formula I there also fall,

for example, the compounds of the general formula

15

Iv




[err] RL-E-COO COOH X1l or a reactive

derivative thereof wth a.coupound of the general fornmula 15

HO_ ;. - Y _ XV - 19 - wherein R denotes
hydroger, fluorine, chlorine or bronmme8 Y- represents 2,2- -dicyanovinyl or
2, 2-di cyano- 1-nethyl - vinyl and R and E together signify 5 p- R

- phenyl or trans-4-R -cycl ohexyl; or Y represents 2, 2-dicyanovinyl, 2,2-
-di cyano-| -methyl vinyl or cyano and [err] and E together signify 4'-R -4-
- bi phenyl yl, p-(trangnérBinc¥t! desionles al&traight-chdeny!, p-(5-R
-2-pyrimdinyl)phenyl, p-[2-(p'-R -phenyl)ethyl]|phenyl, p-[2- -(trans-4-R
-cycl ohexyl) et hyl ] phatkkl graup edrtdinihg mhewy|)2tdeanencl o- hexyl or
trans-4-[2-(trans-4-R -cyclo-.ﬁ} hexyl ) et hyl ] cycl ohexyl, and R
denotes a strai ght - cazomsalaing ‘denotes dilvowine, chlorine,

bromine or the cyano group and R1 and

5 - E together signify p-alkylphenyl, trans-
| -4-alkylcyclohexyl, 4'-alkyl-4=biphenylyl,
p- (trans-4-alkylcyclohexyl)phenyl or p-

» . -=(5-alkyl-2-pyrimidinyl)phenyl.

The novel compounds of formula I can be manufactured

10 by esterifying an acid of the general formula

: RJ;_E — 00 COOH XIII

or a reactive derivative thereof with a compound of the

general formula

15 " Ho v XTIV

N

bes



» 12 carbon atons or on a benzene ring also a straight-chain al koxy

{yp containing 1 to 12 carbon atons, 20 and, if.desired, reacting a

| ti ng compound of formula I in which R_ signifies bromne wth copper
cyani de, sodi um Cyani de or potassigm.cyani de. The esterification of an
acid of formula XIIl or of a reactive derivative thereof (e.g. acid
chloride or acid 25 anhydride) with a phenol of fornmula XIV can be
carried - 20- out in a magner known per se. For exanple, a carboxylic

o/

-acid of formula Xl IwhereiherREstenolttesdhyidirbganofladrdmd, formula XV in

the presence of a catalytic amount of a strong acid such as sul phuric acid
or a hydrohalic 5 ahlbrinetor bremdmneg ¥r repzeseatsf 25/2-<.nert organic
solvent. However, a preferred nethod is the reaction of the acid chloride
(whi ch can be obt airédticyanavihylaord 20R-Bdcyane=L-me thiyd~ exanpl e, by
heating wwth thionyl chloride),wth the phenol of fornmula XIV. This
reaction 10 is coréeryknang Bar anddEofegefhenr sdandify gani ¢ sol vent, for
exanpl e an ether such as diethyl ether or tetrahydro- furan, or

di met hyf or mani de, BeRzepkenyd| 9En&rappcioRecsisiohexyl;

or Y represents 2,2-dicyanovinyl, 2,2-

-dicyano-l-methylvinyl or cyano and

rE

-and E together signify 4'-R =4-
- =biphenylyl, p-(trans-4~R -cyclohexyl)~-
10 phenyl, p-(5~-R -2-pyrimidinyl)phenyl,
p-[2-(p'-R -phenyl)ethyl)phenyl, p~[2-
—(trans-4-R'-cyclohexyl)ethyl]phenyl,
trans-4-[2-(p-R -phenyl)éthyl]cyclo- ' ” #J
hexyl or trans-4-[2-(trans-4-n'-cyclo- |
l15 | hexyl)ethyl]lcyclohexyl, and R denotes
a straight-chain alkyl group containing
1 to 12 carbon atoms or on a benzene
ring al#o a Straight—chain alkoxy group
containing 1 to 12 carbon atoms,
20 and, if des;red, reacting a resulting compound of formula
I in which g2 signifies bromine with copper (I) cyanide, ..

sodium ¢yanide or potassium cyanide.

The esterification of an acid of formula XIII or of
a reactive derivative thereof (e.g. acid chloride or acid

25 anhydride) with a phenol of formula XIV can be carried



carbon tetrachl ori de and the like. |In order to bind the hydrogen chloride
Ilberated in the reactiop, there is 15 conveniently used an acid-bindin

ent, for exanple tertiary amnes,gpyridines and the like. The

Md- bi ndi ng-.agent is preferably used.ijpa.l arge excess, so that it can
S|nultaneously serve as the solvent. Tenperature and pressure for these
esterification reactions are not 20 critical and in general atnospheric
pressure and a tenper- ature between roomtenperature and the boiling point
of the reacti @utit i ansxirferidatbwr pexs dd | NFEONgamtle} & ocarboxylio

which R signifies bromne can, if desired, be converted into the 25
corr espondi ng asizgh@f dmoumnka (XELL orgmo el edténified with ahcempsusdgnifies
cyano) in a nanner known per se with - 21 - copper (l) cyanide, sodium
cyani de or potafs fammwla #1e imHthe qresence softommtmwccmmu ofit in-
an inert organic solvent for exanple in ethylene egcoI tetra-
hydr of uran, N3@¥ARY AGHd b as rﬁ%#ﬁh%%ﬁ% oL, a RYRF ?Mljsﬁl phoxi de,
pyri di ne 8# aceto Itrl|€§ The reaction with co p* ani de
di net hyl f & BRAPEOTR, TR ARASAGR 5 det FRR o
grltlcal solvent. However, a preferred method is the reaction of
: the acid chloride (which can be obtalned from the acid
of formula XIII, for example, by heating with thionyl
chloride) with the phenol of formula XIV. This reaction
< 10 is conveniently carried out in an inert organic solvent,
for example an ether such as diethyl ether or tetrahydro-
furan, or dimethylformamide, benzene, toluene, cyclcohexane,
carbon tetrachloride and the like. In order to bind the
hydrogen chloride liberated in the reaction,_there-is
15 conbeniently used an acid-binding agent, for example
tertiary amines, pyridines and the like.  The acid-binding
agent is preferably used.in a large excess, so that it
can simultaneously serve as the solvent. Temperature and
pressure for these esterification reactions are not
o 20 critical and in general atmospheric pressure and a temper-
ature between room temperature and the boiling point of
the reaction mixture are used.
A resulting compound of formula I in which R?-
signifies bromine can, if desired, be converted into the

25 corresponding cyano compound ( a compound of formula I in

which R? signifies cyano) in a manner known per se with



s in‘this reaction. The reaction is conveniently carried out at
pheri c pressure and a tenperature 10 bet ween rqQom t enperature and
‘\t he boiling point of the reaction m xtureaglhe conmpounds of fornmula XIV ang)

e conpounds of formula X1l in whichjferr]:and E together represent p- -
-phenyl or trans-4-R -cycl ohexyl are known or are 15 anal ogues of known
conpounds. 'The remai ni ng conpounds of forrmula XliIl, i.e. those in which

[err] and E together represent 4“-R'747biphenylyl, p-(trans-4-R
-cyclohexyl)coﬁﬁ@fygx)pcyé518e72s@ﬂwumW$yaﬂﬂa&uanﬂpoﬁaéé&ﬁmfcfhnﬁaenyl)-
et hyl ] phenyl, p-[2-(trans-4-R -cycl ohexyl)ethyl]phenyl, 20
trans-4-[ 2- (th&k réactibnhelibyconvemientlly wadrmiad ot An -gn ramsrd- R
-cycl ohexyl ) et hyl ] cycl ohexyl are, on the other hand, novel. For the nost
part they |idegasitcpselivest!,i ford examplel |imethyiene igkycol, -tetraFhe
conmpounds of formula XIIl can be obtained on the basis of the follow ng
React i on ScHeydrofiunhnghNRme thy lpytr o lidone hadimeghyifermmanideven in
formula Xl Il above: ' _
5 dimethyl sulphoxide, pyridine or acetonitrile. The
reaction with copper (I) cyanide in dimethylformamide
is preferred. The temperature and pressure are not critical
| aspects in this reaction. The reaction is conveniently
carried out at atmospheric pressure and a temperature
10 between room temperature and the boiling point of the

reaction mixture.

The compounds of formula XIV and the compounds \)
of formula XIII in which Rl and.Ebtoéether represent p-
<R ~phenyl or trans-4-R -cyclohexyl are known or are
15 analogues of known compounds. The remaining compounds of

lana E together

formula XIII, i.e. those in which R
represent 4'~R -4-biphenylyl, p~(trans-4-3 -cyc;ohexyl)-
phenyl, p-(5-R =-2-pyrimidinyl)phenyl, p-[Zf(p'-R -phenyl) -
ethyllphenyl, p-[2-(trans-4-R -cyclohexyl)ethyllphenyl,
20 'tfans-4-[2-(p-R -phenyl)ethYl]cyclohexYl or trans-4-[2- -f
| - (trans-4-R -cyclohekyl)éthyl]cyclohexyi are, on the other

hand, novel. For the most part they likewise
possess ‘liquid crystalline properties.



- - \)
- 23 Schenme .1 [err] xv . . _ XVI . : )
4- (D net hyl am no) pyridine, N, N -Di cycl'ohexyl carbodiimde [err] [err] [er

Jones' oxidation [err] - 24 -. Thg-eenmpounds of fornul.ae XV and XVI ar
known or can be prepared in a manner «r22wnm=per se. The conmpounds of
formulae V, "XII, XXiIl and XXV above are novel. 5 The conpounds of fornula
V can be obtained in an anal ogous. manner to the conpounds of forrmula I. A

preferred nmethod is the reaction of the corresponding
The: compounds of formula XIII can be obtained

on the basis of the following Reaction Scheme in which

Rl,.R2 and E have the significances given in formula

XIITI above:



Wi th p-(2,2-di cyanovi nyl )phenol in the presence_of 10

i met hyl am no) pyri dine and N, N -di cycl ohexyl carbodi - imde. The acids
ired for this nethod can be prepared i4ge a manner known per se by ‘)
jecting the known, liquid crystallqu ' =
p- (5-al kyl -:2- pyr|nldlnyl)benzonltrlles %'Eaponification (e.g. by heating
W t h potassi um hydr oxi de 15 in ethylene glycol and subsequent addition of

a mneral acid). The conpounds of forrmula XIl can be obtained by reducing a
conpound of the general fornula Scheme lwherein [err] and n have the
above significances, in a manner known per se; for exanple, by O emmensen
reduction or using hydrazine according to the Huang- 5 -M nl.on process. The

conpounds of fornula XVII1 can be prepared by Friedel-Crafts acylation of
an al kyl - or al koxybenzene or of a 4-alkyl- or 4-al koxybi phenyl with the
- acid chloride of a (trans-4-alkylcyclohexyl)acetic acid.,g:0 The
conpounds of formula XXI1Il can be obtained on the bg of the follow ng
Reacti on Schenes ZJ?nd 3in
RemE e COOH “+ HO CHO
XV . xvr
4~ (Dimethylamino)pyridine,
N,N'=-picyclohexylcarbodiimide
v
RZ
NS
RA—E =00 CHO XVII
328'04, HZC;O4 |
Jones’ oxidation
v

XIII




which [err]represents trans-4-al kyl cycl ohexyl, 4'-al kyl- -4-biphenylyl,
p- (trans-4-al kyl cycl-ohexyl ) phenyl -or 2-(trans-4-al kyl cycl ohexyl)ethyl and
represents 15 trans-4-al kyl cycl ohexyls or J[err] represents trans-4-
-al'kyl cycl ohexyl and R represents p-g4rans-4-al kyl - cycl ohexyl ) phenyl
p-[ 2- (trans-4-al kyl cycl ohexyl)ethyl |- phenyl or
4' - (trans-4-al'kyl cycl ohexyl ) -4-bi phenylyl, 11 or [err] represents
p- al kyl phenyl and [err]represents p-[2- [err] 20
- (trans-4-al kyl cycl @sexyeompdyndphehyformulad XvaandRXWE aekl kaswhhe al kyl
groups in the-substituents [err]and [err]are straight-chain alkyl groups
contai ning lorocarciréb@reparad in a BEnneSchkeownZpéersé.ferr] XXV |
[err] P(C6H5) 3 - [err] XXX

The compounds of formulae V, XII, XXIII and XXV

above are novel.

4 The compounds of formula V caﬁ be obtained in an
analogous manner to the compounds of formula I. A
preferred method is the reaction of the corré5ponding
acid with p-(2,2-dicyanovinyl)phenol in the presence of

10 4~ (dimethylamino)pyridine and N,N'~dicyclohexylcarbodi-~

1 imide. The acids required for this method can be
prepared in a manner known per se by subjecting the known,
liquid crystalline p-(5-alky1-2-pyrimidinyl)benzonitriles

. to saponification (e.g. by heating with potassium hydroxidé
15 in ethylene glycol and subsequent addition of a mineral

acid).

The compounds of formula XII can be obtained by

-t | reducing a compound of the general formula

XVIII

23 - MO, \// A\

n



| uene/ et hanol -27 Schene 3 CH300C [err] XXXIII [err]

bV 12 [err] [err] XXXV R13 2 4 XXIrl B- - 28 - The conpounds of the
mula [err]-CHO in Schene 2 can be prepared in a si-nple manner fiom knowgy
npounds; for exanple, the trans-4- aI5¥Icyclohexanecarboxaldehydes can be
prepared by Rosennund reduction of the orrespondlng

wherein R3,'R5 and n have the aboven

significances,
in a manner known per se; for example, by Clemmensen
reduction-qr using hydrazine according to the Huang-

5 -Minlon process. The compounds of formula XVIII can be
prepared by Friedel~Crafts acylation of an alkyl- or
alkoxybenzene or of a 4-alky1- or 4-a1koxybiphenyl with _
the acid c¢hloride of a (trans-4-alkylcyclohexyl)acetic ' s

acid.

10 _ Tbé.compoundS'of formula XXIII can be obtained on

the basis of the following Reaction Schemes 2 and 3 in

10

which R represents trans-4-alkylcyclohexyl, 4'-alkyl- -

~4~pbiphenylyl, p—-(trans-—-4-alkylcyclohexyl)phenyl or

2= (trans—-4-alkylcyclohexyl)ethyl anc'i-_R'.-"-l represents.

15 'trans—4-alkylcyclohexy1,.or Rlo

11

represents trans-4-
~alkylcyclohexyl and R™~ represents p-(trans—-4-alkyl-

cyclohexyl)phenyl, p~[2=(trans-4-alkylcyclohexyl)ethyl]~

phenyl or 4'-(trans~4-alkylcyclohexyl)=-4~biphenylyl, oo

or Rlo represents p—alkylphenyl and Rl; represents p-[2~ )
20 - (trans-4-alkylcyclohexyl)ethyl]phenyl, and RY? and %3 .
’ 10

as well as the alkyl groups in the substituents R and

Rll are straight-chain alkyl groups containing 1l to 7

carbon atoms:



5 acid chlorides and the renmai ni ng conpounds can be prepared by reduction
of _the correspondi ng cyano conpounds. By reacting the conpound of formula
XN with 10 Giignard reagents in accordance with Schenme 3 there can be
obt ai ned conpounds of fornmula XXXV or dipgctly conpounds of fornmula XX I11B
in which R12 and R13 have the sane significance. Wen at |east about 2 nol
of Gignard reagent are used per nol of the conmpound of 15 formula XXXI'V
there is in general mainly forned directly a conpound of formula XXIIIB.
The conpounds of fornula XXV can be $themeec2 by a) for the preparation
of the conmpounds of formula XXV in which R represents an al kyl,

p- al kyl phenyl, 20 p-al koxyphenyl or trans-4-al kyl cycl ohexyl group,
oxi di zing a conpound of the general formula XXXVI NN - 29 wherein R
represents an al kyl ¢ al kyl phenyl., p-al koxyphenyl or trans- _
-4-a|ky|cyclﬂh©x thNaIkyI and al koxy groups in Rl4 are straight-

KH3)£JK32L£UH

: XXVT
| | . S | R0
o | | © Liam, .
XXVII
10
R Ho OH
W . |
Rlo CHo Br
P(Cglg) 4 .
AT _ XXTIX
10 _
R CHg e P®(csus)3 e
T XXX - 1) '(ca3.)3'co@1<@, (c,) ;00cH,
2) R M -co '
- - . | 10 .
_ | - H,y,Pa/ _
' Toluene/ethanol
r1O 11
CHoCHo—R .

XXIII A



a2 -chain groups containing 1 to 10 carbon atons, and R has the
bz- significance, or a tautoneric dihydropyridazine, or b) for the
. f/acture of the conpounds of fornula XXV, in which RO represents an
aNcexy group, reacting a 10 conmpound f _the general formula [err] XXXVII
wherein X denotes chlorine or bronine § and R has the above significance,
with an alkali metal al coholate. 15 - The oxidation of a conpound of
formula XXXVI can be carried out in a manner known per se; for exanple,
with 2, 3-dichloro-5,6-di cyano- p- bEERE®EI Bone in dioxan, with sodi um
nitrite in gl acial acetic acid and ethanol, with isopentyl -nitrite in
gl aci al acetic acid and the Iike.. 30 Tenperature and pressure are not
criti.cal aspects in this reactfon. nospheric pressure and a

t enper at ure bet ween ! Q Abperature, erably
abou_t room terrper atﬁ?%%rg?‘e ) 666% : Xﬂﬁ

“

XXXIII

685) 3

Li CuCl

R

12 | |
R CHo CH"HZ CHop Rl3

XXIII B



5. The conpounds of fornula XXXVI are, however, pfeferably oxidized to
conpounds of XXV by -.catal ytic dehydrogéen- ation in a manner known per se.
The ;dehydrogenation can be carried,out with any catalyst which is usually
used i n-dehydrogenation reactions, ezagglgs of such catal ysts 10 bei ng
pal |l adium platiniumand the |ike (optfonally on an inert carrier materi al
such as carbon). Palladiumis the preferred catalyst. As the solvent there
can be used any inert organic solvent such as alcoggls, et hers, esters,
carboxylic acids an 5*55¥P I ;X I o] leun 960 t
acetate or gl acial ggé?ﬁ% acl .éQE?ﬁaﬁ%? ?g tﬁggp?efegﬁgdq?oéggﬁgg 4
Temperature ah MePigaris 1R'aChihptal naAAEE! #xbR kb BdfbboRds)

t enper ature between roomtenperature and the re uxtmmmauueoftﬁe

reaction ”iXEM&Céﬁ!hﬁlépsﬂwer£§aﬂ§385812¥@é?cZBhexﬁﬁEéQ&bB&hhﬁeﬁgeés The
o] y

conpounds of formula XXXVI can rearrange aut oneri ¢ conpounds

m gration of ddre ko tepded sby "RéSensiuid deedictioni 8¢ thedcodteBponding
rearrangenents can be brought about, for exanple,by the presence of a trace
25 of &cidawidatrlorides candotire cremabnihpgutompounddi badr be pyepdazidies
can al so be oxidized under the above conditions

by reduction of the corresponding cyano compounds.

By reacting the compound of formula XXXIV with
10 Grignard reagents in accordance with Scheme 3 there can
-~ be obtained compounds of formula XXXV or directly

12 and R13 have

compounds of formula XXIIIB in which R
the same significance. When at least about 2 mol of
Grignard'reagent are used per mocl of the compound of

15 formula XXXIV there is in genefal mainly formed directly

a compound of formula XXIIIB.
The compounds of formula XXV can be obtained by

. a) for the preparation of the compounds of formula

XXV in which R’

represents an alkyl, p-alkylphenyl,
20 p-alkoxyphenyl or trans-4-alkylcyclohexyl group, oxidizing

a compound of the generai'formula

XXXVI
14

N—N



0 give compounds of fornula XXV, not only.a-conpound of formula

but also a tautoneric di hydropyricdazine or. a m xture of such

nds can be used in process variamt a), 5 The reacti on of a
und of formula XXXVII with an alkali netal al coholate can be carried
out in a manner known per se. Sodiumis the preferred alkali netal. As the
sol vent there can be -used any inert organic solvent such as ethers,
~ saturated or aronatic hydrocaﬁ ons and 10 the li ke, for exanple benzene,
t ol uene, hexane, di ejhgkethhRr orepresentsPasl alkiylly, growever, there is
used as the solvent the al cohol corresponding to the al coholate (optionally
in conbination wi th eabkidphengill, predkioxyphlenylt or ltrdns-s case, the
al coholic solution of the 15. alcoholate is conveniently prepared by :
reacting an excess of4tadkyleyrdbhaxyil groupn thedialkylydride, potassium
hydride and the |like. Tenperature and presgyre are not critical aspects in
the reaction of the 2BfipBdke¥YogrPyPRuEa RXXvEArenstFadiehdi«al i netal

al cohol ate. Atnospheric 20 ressure and . a tenperature hetween room
tenperat ufe and the F@FF%? QEEHBPaF8P$§MWW%k%TéﬁbiQN?QH- Qure, preferably
about 40 to about [er are_gonegeni_en used. The starting materials of
formul ae XXXVl and ,aﬁgangveﬂgs_ghg-aiove S gﬂifﬁcané%, '

or a tautomeric dihydropyridazine, or

b) for the manufacture of the compounds of formula
XXv in-whi_ch'R9 represents an alkoxy group, reacting a

10 compound of the general formula

XXXVII
wherein X denotes chlorine or bromine
and R® has the above significance,
with an alkali metal alcoholate.
15 The oxidation of a compound of formula XXXVI can

beICa:ried out in é mannér_kn¢wn per se; for example,
with 2,3-dichloro~5,6-~dicyano~-p~benzoquinone in dioxan,
with sodium nitrite in glacial acetic acid and ethanol,

with isopentyl nitrite in glacial acetic acid and the like.



-‘32 - They can be prepared on.the basis of the follow ng Reaction Schene

A-D in which R8, R14 and X have the above significances and [err] :3
represents a straight- -chain al kyl,or alkoxy group containing 1 to 10 -
carbon 5 . atons: - 33 - Schene A-8388- . XXXVI'| 8.
R ' COCH XL [ERR] 14 XXXVI - 34 - Schene

B .

Temperature and pressure are not criﬁiéal'aspects in this
reaction. However,.atmosphgric pressure and a temperature
between room temperature and the reflux temperature,
preferably about room temperature, are conveniently used.
S The compounds of formula XXXVI are, however, preferably
- o oxidized to compounds of XXV by catalytic dehydrogen- - .'
ation in a manner known per se. The dehydrogenation can
be carried out with any catalyst which is usually used in
dehydrogenation reactions, examples of such catalysts
10 being palladium, platinium and the like (optionally on
an inert carrier material such as caﬁbon). Palladium is
the preferred catalyst. As the solvent there can be used
. any inert organic solvent such as alcohols, ethers, esters,
carboxylic acids ;nd the 1like, for example ethanol,
15 dioxan, ethyl acetate or glacial acetic acid. Ethanol
is the preferred solvent. Temperature and pressure are
not critical aspects in this reaction. A temperature
between room temperature and the reflux temperature of
. the reaction mixture and atmospheric pressure are

20 conveniently used.

The compounds of formula XXXVI can rearrange to
tautomeric compounds by migration of the double bonds in
the dihydropyridazine ring. Such rearrangements can
be brought about, for example,by the presence of a trace

25 of acid or base. Since, however, the tautomeric dihydro-

pyridazines can also be oxidized under the above conditions



_ XLI'TI R8 : COCH2CH2 COH XLIV Br /glacial acetic acid
XL -35.- Scheme' C R15 [ ERR] * XLVI ' .
- XL C2H5)3 L 1) Na2CG3 LI XLII a -« 36 ; Scheme D LIl COCH2CH2CO- R14 o
LIl - 3] - )

10

15

20

to give compounds of formula XXV, not only a compound
of formula XXXVI, but alsc a tautomeric dihydropyridazine
or a mixture of such compounds can be used in process

variant a).

The reaction of a cdﬁpound of formula XXXVII with
an alkali metal alcoholate can be carried out ih;a manner
known per se. Sodium is the preferred alkali metal.

As the solvent there can be used any inerttorganic-solvent
such as ethers, saturated or aromatic hydrocarbons and
the like, for example benzene, toluene, hexane, diethyl
ether or dioxan. Preferably, however, there is used as

the solvent the alcohol corresponding to the alcoholate : Q)

. (optionally in combination with another inert organic

solvent). In this case, the alcoholic solution of the

- alcoholate is conveniently prepared by reacting an excess

of the alcohel with sodium, sodium hydride, potassium

" hydride and the like. Temperature and pressure are not

critical aspects in the reaction of the compounds of -
formula XXXVII with an alkali metal alcoholate. Atmospheric
pressure and a température between rooﬁ temperature and .

the reflux temperature oé the iéaction mixture, preferably

about 40 to about 60°C, are conveniently used.

The starting materials of formulae XXXVI and

XXXVII are novel.

[ U ——.



are known or are anal ogues of known corpounds and can be prepared in a
knewn. manner. For exanple, the al dehydes of formula LI can be prepared by 5
Rosennund reduction of the acid chl o= &2 -of forrmula XXXVII1. The addition
of an al dehyde to a conpound of - formula XL, XLVIII or. L can be carried out
according to the nethod of Stetter [Chem Ber. 114 (1981) 581] in the 10
presence of a 1,3-thiazoliumsalt catal yst. 3-Benzyl -

-5-(2- hydr oxyet hyl ) - 4- ret Bhey| cap be prepared wrorthe hasishoHreherred

catal yst for the_addition of an al dehyde of formula LI _g@r ofgan al dehyde of
formul a XLI ifPhkPehngERRRCEigh frbemaskW-Dodn wideh By kR cycdrfiekyl ~ and
3,4- 15 -di net hyl - 5- (2- hydroxyethyl) -1,3-thigmoliumiodide is the
preferred catB®Vetther g‘%ﬂgéaﬂgﬂg‘#§ﬁ°€1"°§ﬁ Ane iR de TEPESHSRES A FtTaighERn
R14. signifies p-al kyl phenyl or _p-al koxyphenyl .. The coupl, ng of a _conmpound
of Tormia LIAaeth atBgl oxonsBomy GeR mamsateiad 1L i 8 SeRn ou
accordirmgto t@gmggthod describedby T. Sato et al in Bull. Chem Soc. Japan
54 (1981)> 5053 : |

- 37 - The starting materials of fornmulae XXXVII11, XLI, XLVIl, LI and LII 6



eady nentioned above,the conpounds of fornula XXXVl can al so be

sefit in'tautomeric formor as m xtures - 38 - of tautoneric forns. 5

e followng C denotes a crystallinre phase, S denotes a snectic phase,
defiotes a nematic phase and | denotes an isotropic phase. The followng

m xtures are~exanples of preferred con@dnents A B and C and of preferred
total m xtures. 10 The relationship of the individual constituents of the
total m xtures to the conponents A, B and C follows fromthe details given
earlier. Mxture Exanples for conpgnent -A._ Basic mxture Al 15 38.0 wt.%
of p-nethoxybenzylidene-p'-butylanﬁﬁféﬁﬁiih.6 "
trans-4-butyl cycl ohexanecar boxylic acid p- -ethoxyphenyl ester, 17.5

trans- 4- pentyl cycl ohexanecar boxylic acid p- -methoxyphenyl ester, 20 25.9
trans- 4- pentyl cycl ohexanecarboxylic acid p- -propyl oxyphenyl ester, mp. <
[ERRlcl.p. (N-I) [ERR].

RS -coc! . XXXVIII

®

alcl
cH

37

"1
m

2
R COCHZCHZCI XXXIX
N(CZHS)

3

CO.C_HF—"CH2 XL

:

R Y4-cro xuI

' 14 '
COCH2§H2COR XLIT

»

HZNNH"H o

(%)
[\§)

14 XXXVI

G/

N=——N

s
5“
o



- 39 Basic mxture A2 21.9 w.%of trans-4-butyl cycl ohexanecarboxylic aci
p- -ethoxyphenyl ester, 29.2 - trans-4-butyl cycl ohexanecar boxylic
acid p- 5 - _ - -pentyl oxyphemyl ester, 19.9 -
_tréﬁs-4fpentylcycrohexanecarboxylic acid p- -methoxyphenyl ester,, 29.0
trans- 4- pentyl cycl ohexanecar boxyl i c aei @4p- - propyl oxyphenyl ester, 10
mp. <0C cl.p. (N1) 69.0C. Basic mxture A3 20.2 wt. % of

trans- 4- butyl cycl ohexanecar boxylic acid p- -ethoxyphenyl ester, 27.2
trans-4-butyl cycl ohexanecar boxylic gehdma gl5

- pentyl oxyphenyl ester, 18.3 ==tTans- 4- pent yl cycl ohexanecar boxyl i c
acid p- -nethoxyphenyl ester, 25 .1 "

‘trans- 4- pentyl cycl ohexanecar boxylic acid p- -propyl oxyphenyl ester, 20

9.2 " 4-[ (trans-4-butyl cycl ohexyl ) car bonyl oxy]- benzoic acid
p- butyl phenyl” ester,
] N - g8 COCH,CH,C1 XXXIX

l KCN
- 8 COCH,,CH ,CN XLIII
1‘ 1) om®
2) HyO ®

o % _O_.coczizcrlzcooa XLIV

l HzNNHZ_'Hzo
R8 XLV
N—N
. " MH
. lBrzlglac;al acetic acid
XLVI
R8 / \ X XXXVII

N=—/N



< 0C, cl.p. (N—I) 78C. Basic mixture A4 14,2 w. % of

-4-butyl cycl ohexanecar boxylic acid p- 25 - et hoxyphenyl
-40 - 18.4 wt.%of trans-4- butylcyclohexanecarboxyl|c acid p- '\)
ntyloxyphenyl ester, 12.3 t rans- 4- pent yl cycl ohexanecar boxylic

acid p- -nethoxyphenyl ester, 5 17+635 =

trans-4- pentylcyclohexanecarboxyl|c acid p- -propyl oxyphenyl ester, 32.1
2-(trans-4-pentyl cycl ohexyl)-1-(p-ethoxy- phenyl)ethane, 5.4 :
4~ [ (trans-4-butyl cycl ohexyl ) car bongremid -c10 benzoic acid
p- but yl phenyl ester, mp. < -[EHﬂ?‘TﬂTﬁT‘(N—I) [ERR] Basic mxture A5 19.9
wt. % of trans-4-butyl cycl ohexanecarboxylic acid p- -ethoxyphenyl ester, 15

28. 1 : trans- 4- but yl cycl ohexanecarboxylic acid p- -pentyl oxyphenyl
ester,, 18.0 trans-4-pentyl cycl ohexanecarboxylic acid p-
Alcl
15 : 3 - 1
R — =  CICHaCHaCO R
ClC32CH2COC1 '
alcl, ,(C235)3 g
Y )
. 15 | |
HOOCCH=CHCO R CH,=CHCO r*S
XLVIII .
L .
1) Na2C03-
8
) R CHO
N(C,Hg) 4, cat. - N(C,,! LI
15
XLII a )

XXXVI a




aciid p- 20 . lpropyloXyphényI ester, 12.3 2-
(tranAs-4-pentyl cycl ohexyl)-1-(p-ethoxy- phenyl)ethane, mp. < 0C, cl.p.
(N-1) 64.9C. Basic mxture A6 25 9.9 w. % of

- met hoxyphenyl ester, 21.7 trans- 4- pentyl cycl ohexanecar boxylic _ (j:

trans- 4- but yl cycl ohexanecar boxyl i-c aci @ B6 =et hoxyphenyl ester, 41 9.9
wt. % of trans-4-pentyl cycl ohexanecarboxylic acid p- -nethoxyphenyl ester,
16. 3 trans-4-penty|cyc|ohex§ ecar boxylic acid p- -propyl oxyphenyl
ester, 5 23.3 " 2s (trans-A—&%%.Eymohexyn-l- ( p- et hoxy-
phenyl ) ethane, 27.6 2- (trans-4-pentyl cycl ohexyl) - 1- (p- et hoxy-
phenyl) ethane, 13.0 2- (trans-4-pentyl cycl ohexyl)-1-(4'-ethyl -4-
10 - -bigh@@yk%ﬁ)ethane, mp. < [ERR] Basic m xture A7
Alcl
LII 3
CHa=CH,
. . ‘ . - -14
1) HOCH,CH,OH X=CH,CH,~CO-R
2) Mg LIII
L] O
_ 14
. XMg=-CH,CH,, R
LIV
coci . XXXVIII
N\
) Rl4 LV

. ' /Hcl

: : - . - acetone/H,0

B r® COCH,CH,co-R 14 '

2CHCO-R XLII
HZNN_HZ'HZO
8
R Rl4 % T

N\ /

N—N

. e o o e et e



% of trans-4- butylcyclohexanecarboxyl|c acid-p- 15

phenyl ester, 8.7 . trans- 4- pentyl cycl ohexanecar boxylic aC|d )
t hoxyphenyl ester, 14.9 *trans- 4- pentylcyclohexanecarboxyl|CH,
- propyl oxyphenyl™ ester, 20 21.Q

2- (trans-4-propyl cycl ohexyl)-1- ( p- et moR3y- =phenyl )'et hane, 25.1 "

2- (trans-4-pentyl cycl ohexyl)-1-(p-ethoxy- phenyl)ethane, 12.7 '
2-(trans-4- pentylcyclohexyl) 1-(4' -ethyl-4- 25

- bi phenyl yl ) et hane,

trans- 4- (p pentylpheﬁb?)§§éF§ﬁ§gaﬁé6§FBé%?IP@ 5@F§w@ﬁﬁhﬁﬂqﬁﬁﬂabyﬁg§kiohexyl
ester, N-1) 65:. 2 22C) cp;
[ ERR] (220) %ﬂﬁ%Ir[E§R$%é2E§I a6265 PE ﬁF?t&ﬂ@S S7 Qft k%
trans-4- buty qgcloheégnec rboxy#lc aci g ﬁ _ oxyphenyl
ester, - af8%4%p8n §|8§8P8ﬁ ;axgcarﬁ&ﬂﬂﬁ<F%£ﬁ%f1> ox

-nethoxyphenyéxgﬁéfé; the aldehydes of formula LI can be prepared by

5 Rosenmund reduction of the acid chlorides of formula

XXXVIII.

The addition of an aldehyde to a'coﬁpound of .
formula XL, XLVIII or L can be carried out according to
the method of Stetter [Chem. Ber. 114 (1981) 581] in the )
10 presence of a 1,3-thiazolium salt catalyst. 3-Benzyl-
-5-(2-hydroxyethy1)-4-methyl-l,3-thiazolium.thoriae is
the preferred catalyst for the addition of an aldehyde
of formula LI or of an alﬁehyde of formula XLI in which
Rl4 signifies alkyl or txans-4~alkyl¢yclohexyl_and 3,4~
15 =-dimethyl-5~-(2-hydroxyethyl)-1,3~thiazolium iodide is
the preferred catalyst fbr.the addition of an aldehyde

14

of formula XLI in which R™“ signifies p-alkylphenyl or

p—~alkoxyphenyl.

The coupling of a cbmpound.of'fbrmula LIV with a "
20 compound of formula XXXVIII can be carried out according
to the method described by T. Sato et al in Bull. Chem.
- Soc. Japan 54 (1981) 505.

As already mentioned above, the compounds of formula

XXXVI can also be present in tautomeric form or as mixtures



0413, 7 - trans-4-pentyl cycl ohexanecarboxylic acid p- -propyloxyphenyl
ester, 10 27:9 = trans- 4--propyl cycl ohexanecar boxylic acid

‘t rans- 4- propyl cycl ohexyl ester, 23..0 .

2- (trans-4-pentyl cycl ohexyl)-1-(p- etbogF -phenyl) ethane,, 11.5
2-(trans-4-pentyl cycl ohexyl)-1-(4'-ethyl-4- 15 .

- bi phenyl yl ) et hane, 7.5

trans-4- (p-pentyl phenyl). cyclohexanecarboxylic acid

trans-4- propylc cl ohexyl ester, mp. < -10C cl.p. (N1) 62.3-62. [ ERR] (220
= 15.8 ¢p; ¥?ﬂxm2n58beERR]— -0.92. 20 Basic mixture A9 10.9

w . % of trans 4- but yl cycl ohexanecar boxylic acid p- -ethoxyphenyl ester, 9.9
t rans- 4- pentyl cycl ohexanecar boxylic acid p- -nethoxyphenyl ester, 25 17.3

trans-4-pentyl cycl ohexanecarboxylic acid p-. -43- -propyl oxyphenyl ester,
24.1 2- (tfans-4-propyl cycl ohexyl) -1-/p-ethoxy- phenyl) ethane,
5 In the following C denotes a crystalline phase,

S denotes a smectic phase, N denotes a nematic phase and

I denotes an .isotropic phase.

The following mixtures are examples of preferred

components A, B and C and'of-preferred'total mixtures.

\~ 10 The relationship of the individual constituents of the
total mixtures to the components A, B and C follows from

the details given earlier.
Mixture Examples for component A:

» Basic mixture Al

15 38.0 wt.% of p-methoxybenzylidene-p'-butylaniline,
P 18.6 " -trans-4-butylcyclohexanecarboxylic acid p-
.-ethoxypheﬁyl ester,
17.5 " trans-4-pentylcyclohexanecarboxylic acid p-
-methoxyphenyl ester,
20 25.9 " trans-4-penty1¢yclohexane¢arboXylic acid p-
-propyloxyphenyl ester,
m.p. < 0°C; cl.p. (N-I) 61.3°C.



2- (trans-4-pentyl cycl ohexyl)-1-(p-ethaxy- 5

| ) et hane, 10.3 trans-4-(p-pentyl phenyl ) cycl ohexanecar boxylic
g trans-4-propyl cycl ohexyl ester, mp. s -[ERR]; cl.p. (N1) [ERR]- 14. &
~[ERR] [ERR]. 10 Basic nixtyre A10 19.3 wt. % of '
t rans- 4- but’yl cycl ohexanecarboxylic aci d”p- -ethoxyphenyl ester, 26.2
trans-4-butyl cycl ohexanecar boxylic acid p- -pentyl oxyphenyl ester, 15
17.5 trans- 4- pentyl.cycl ohexanecar boxylic acid p-nethoxyphenyl
ester, 26.1 Bag&PosSmixe8BEYAGYCl ohexanecar boxylic acid p-
-propyloxyphenyl ester, 10.9
trans-4- (p- pezd y9 phepys ) 67 ctpansasebathlsybilohékanecarboxylic aciaigh
trans-4-propyl cycl ohexyl ester, mp. <[ERR. Mxture Exanples for
component B: Basic mxture -Betﬂdxﬁpheny% ekter,
3- phenyl - 6- (p pentylphenyl)pyrlda2|ne -44-
2 trans-4~-butylcyclohexanecarboxylic acid p-
5 - =pentyloxyphenyl ester,
19.9 " trans—-4-pentylcyclohexanecarboxylic acid P~
. =methoxyphenyl ester,
29.0 "o transw4ipéntylcyclohexanecarboxylic acid p-

-propyloxyphenyl.estér,
10 m.p. < 0°C; cl.p. (N-I) 69.0°C.

Basic mixture A3

20.2 wt.% of trans-4-butylcyclohexanecarboxylic acid p-
-ethoxyphenyl ester,

27,2 " trans-4-butylcyclohexanecarboxylic acid p-
15 -pentyloxyphenyl ester,
18.3 " trans~-4-pentylcyclohexanecarboxylic acid p-

-methoxyphenyl ester,
25.1 Com trans-4=-pentylcyclohexanecarboxylic acid p-
-propyloxyphenyl ester,
20 - 9.2 " . 4={(trans=4-butylcyclohexyl)carbonyloxy]~
benzoic acid p-butylphenyl ester,
m.p. < 0°C; cl.p. (N-I) 78°C.-

Basic mixture A4

14.2 wt.3% of trans-4-~butylcyclohexanecarboxylic acid p~
25 -ethoxyphenyl ester,



15.5 w. % of 3-pentyl oxy-6-(p-pentyl phenyl)pyridazine, 60.0

3-pentyl -6-(trans-4-pentyl cycl ohexyl)pyrida--zine, cl.p. (S1)

59 0-59.[ERR]. 5 Basic m xture*B2 24.3 w. % of

3- propyf-6-(trans-4- ethylcyclohexyI)er<€a2|ne 22.6

3-propyl - 6- (trans-4- pentyl cycl ohexyl) % ri dazi ne, 15.2 '
3-propyl - 6- (trans- 4- hept yl cycl ohexyl )- 10 pyri dazi ne, 30.4
3-pentyl -6-(trans-4-pentyl cycl ohexyl)- pyridazine, 7.5

3- (p-pentyl ph I (g T, e olV1| 150 -
L ureq% 4)10@41: %wc?f‘stfaﬂg Pl & *arWEAHSkPPic 48id p
3-propyl - 6-(trans-4-ethyl cycgditeyl dBHSRZL NEsted®, 5

3-propyl -6-(trans-4-pentyl cycl ohexyl)- pyridazine, 17.7

3- propyl - 6- (t N 4- heptylCyﬁﬂaﬁ§944pen€¥lcyclohexanecarboi&lidaitﬂ& ps3. 2
3-pentyl -6-(trans-4-pentyl cycl ohexyl)- pyridazine, 13.2 -

3 (p- pentylphenyl) 6- (tr ans-~wmeptupyphenyl dwkex) pyri dazi ne.
5 17.6 " trans-4-pentylcyc1ohexanecarboxy11c acid p~-

- _ ) . ‘=propyloxyphenyl” ester,

32.1 " 2-(trans-4-pentY1cyclohexyl)-l—(p—ethoxy-
. - . phenyl)ethane, |
“ . 5.4 " 4-[(trans-4-butylcyclohexyl)carbonyloxy]-
- 10 o benzoic acid p—butylphenyl ester,

m.p. < =-10°C; cl.p. (N-I) 64.4°C; ¢, = 3,08, Ac = =0.92.

W, : . Basic mixture A5

19.9 wt.% of trans—4-butylcyclohexénecarboxylic acid p-
| -ethoxyphenyl ester, | |
15 28.1 . " trans-4-butylcyclohexanecarbOxylig acid p-
-pentyléxyphényl.éster,

18.0 " trans-4-~-pentylcyclohexanecarboxylic acid p-
= ' -methoxyphenyl ester, -
) 21.7 " trans-4-penty19yclohexanecarboxylic acid p-
_:. 20 . . =propyloxyphenyl ester, .
| 12.3 . " °  2-(trans-4-pentylcyclohexyl)-1-(p-ethoxy-
- phenyl)ethane, |

m.p. < 0°C; cl.p. (N-I) 64.9°C.

Basic mixture A6

25 9.9 wt.% of trans-4-butylcyclohexanecarboxylic acid p-

-ethoxyphenyl ester,



¥
| —

Basic m xture B4 12.4 wt. % of
-6-(trans-4-ethyl cycl ohexyl)- pyridazine 30. 0
-6- (trans-4-pentyl cycl ohexyl ) pyri dazine, 5 19.2
- 6- (trans 4- hept yl cycl ohexyl .- 4pyLi dazi ne, 38.4 "
3- pentyl - 6<(t-r ans- 4- pent yl cycl ohexyl ) pyridazi ne. Basic m xture B5 10
21.6 w. % of 3-heptyl-6-(trans-4- propyl cycl ohexyl)- pyridazine, 28.0

30 AT R A e e bbbt i o

3-propyl -6-(trans-4-heptylcy, r leture Exanpl es for
conponents A and B toget her: Iﬁ%asm #%eng b%%ék 13.6 w. % of

trans-4- buty'fd%Ohexamecaréeéxgi-z-sahﬂymc%hzaﬁ&&aae&' :%%&ruc acid p-
'-propyloxyphenyl ester,

5 23.3 " 2-(trans-4-propy1cyclohexyl) l-(p-ethoxy-.
| | | 'phenyl)ethane,
27.6 " 2-(trans-4-pentylcyclohexyl)-1-(p—ethoxy-
| phenyl)ethang, o
13.0 » 2= (trans—~4-pentylcyclohexyl) -1~ (4'=-ethyl=-4-
lo | '..;biphenylyl)ethane,

m.p. < =10°C; cl.p. (N-I) 61.4-61.8°C;p (22°C) = 14.2 cp;

e, (22°C) = 2.88; Ac (22°C) = -0.60.
 Basic mixture A7 _
8.7 wt.% of trans-4-butylcyclohexanecarboxylic acid p~
15 _ -ethoxyphenyl ester, _
| 8.7 " transf4-p¢ntyléydlohexanecarboxylic acid p~-
_ -methoxyphenyl ester, |
14.9 " transf4§pentylcyclohexanecarboxylic acid p-
~pt¢pyloxyphenyl ester,

20 21.0 " 2—(trans-4-prppylcyclohexyl)-l-(p—ethoxy-
‘ phenyl)ethane, _-
25.1 "o 2- (trans-4-pentylcyclohexyl) -1-(p-ethoxy=-
phenyl)ethane,
12.7 " 2= (trans-4-pentylcyclohexyl)-1-(4'=-ethyl-4~-
25 o -blphenylyl)ethane,
8.9 " trans-4-(p—pentylphenyl)cyclohexanecarboxylic

acid trans-4-propylcyclohexyl ester,



18.5 . t rans- 4- but yl cycl ohexanecar boxylic acid p- -pentyl oxyphenyl

ester, - 46 - 12.3 wm. % of trans-4-pentylcycl ohexanecarboxylic acid p-
ngjhoxyphenyl ester,; 18.4 -, trans-4- pentylcyclohexanecarboxyl|c

acid p- -prqpyloxyphenyl ester, 5 - A2 -

trans-4-(p- pentylphenyl)cyclohexanecarboxyl|c acid trans-4- propylcyclohexyl

ester, 5.3 3- heptyl 6- (trans 4- propylcyclohexyl) pyrlda2|ne 6.9

SR (148 BRSNS B st rcitaand) el
3- propyl - 6- (tranis()ﬁ I&??%Iﬁg%? Ohex“%f dazj nse5 4. :

3-(p- pentylphéhy
hexyl ) pyri dazine, cl.p. (N-1) 61.4-[ERR]. Ba5|c m xture AB2 15.4 mﬁ % of
_transf4-butylcyclohexanecarboxylic acid p- -ethoxyphenyl ester,

Basic mixture A$§

8.7 wt.% of_trans-4-butylcyclohexahecarboxylic acid p-
5 - - -ethoxyphenyl ester, -
7.7 " trahs-4-pentylcyclohekanecarboxylic acid p~-
-methoxyéhenyl ester, |
13.7 " trans-4-pentylcyclohexanecarboxylic acid p-

-propyloxyphenyl ester,

10 27.9 ' v trans-4-propylcyclohexanecarboxylic acid
w trans-4—propylcyclohexyl ester,
23.0 " 2= (trans-4-pentylcyclohexyl)~-1- (p=ethoxy-
phenyl)ethane,
11.5 " 2-(trans—4-pentylcyclohexyl)-1-(4'-ethyl-4-~
15 _ -biphenylyl)ethane, .
7.5 "  trans-4-(p-pentylphenyl)cyclohexanecarboxylic

acid trans-4-propylcyclohexyl estef,
. m.p. < =10°C; cl.p. (N-I) 62.3-62.6°C;§ (22°C) = 15.8 cpj

- 20 : Basic mixture A9

10.9 wt.% of trans-4-butylcyclohexanecarboxylic acid p-
-ethoxyphenyl ester,
9.9 " trans-4—pentylcyclohexanecarboxylic acid p-
| -methoxyphenyl ester,

25 17.3 " trans-4-pentylcyclohexanecarboxylic acid p-




Y20.6 : trans- 4- butyl cycl ohexanecarboxylic acid p-
- g@&nl yl oxyphenyl ester, 14.0 trans-4-pentyl cycl ohexanecar boxylic
i.gd p- -nmethoxyphenyl ester, 20.5 . _— W

'ns-4-penLyIcyclohexanecarboxylic acyd p- 25
- propyl oxyphenyl ester, 5.3 3-heptyl -6-(trans-4-propyl cycl ohexyl) -
pyri dazi ne, 47 6.9 wt.%of 3-propyl-6-(trans-4-pentylcycl ohexyl)-
pyri dazine, 8.6 3-pentyl -6-(trans-4-pentyl cycl ohexyl) - pyrlda2|ne,
5 3.8 : 3- propyl -eptoprhbeoxyphepyll egteshexyl )-  pyridazine, 4.9
3- (p- pentyl phenyl ) - 6- (trans 4- propyl cycl o- hexyl)pyrlda2|n cl.p. (N1)
59. 1- 59. [ ERR]24 {110 3t ktuansE4appPeY Leye lobepanio ml -gl’p-sagimﬁ xture
Cl 58.7 w.%of 2-chloro-4- [(p fentglbenzoyl)oxy]ben20|c acid
p- (2, 2-di cyanovi nyl ) phenyl BRe
27.5 " 2-(trans-4-pentylcyclohe2yl)-1—(p—ethoxy-
5 phenyl)ethane,
~10.3 " trans-4-(p—pentylphenyl)cyclohexanecarboxylic

acid trans¥4-propylcYClohexyl ester,
M. p. < -10°c--c1 p. (N-I) 55. 1°c,7 (22°C) = 14.4 cps a”
(22°C) = 2.91; Ac (22°C) = =0.80.

10 Basic mixtﬁre AlO

19.3 wt.% of trans-4-butylcyclohexanecarboxylic acid p-
' -ethoxyphenyl ester, : o
-26.2 " trans-4-~butylcyclohexanecarboxylic acid p-
-pentyloxyphenyl ester,
15 17.5 " transé4-pentylcYclohexanecarbokyliC'acid
p;methoxyphen&l ester,
26.1 " trans-4-pentylcYCIOhexanecarboxy1ic acid p-
-pﬁopyloxyphenYl ester,
10.9 n trans-4-(pfpentylphenfl)cycloheganecarboxylic_
20 | acid trans-4-propylcyclohexyl ester,. .
m.p. < 0°C; cl.p. (N-I) 72.1°C.

Mixture Examples for component'B:

-Basic’miXture Bl

24.5 wt.% of 3-phenyl-6-(p-pentylphenyl)pyridazine,



41. 3, 2-chl or o- 4 [ (p- heptylbenzoyl)oxy]ben20|c 15 .
acid p-(2, 2-dicyanovinyl)phenyl ester; mp. 87.8-90.[ERR]; cl.p. (N-1)
167.1-167.[ERR]. Basic m xture C2 32.7 « W . % of
~2-chl or e- 4/ [p-(p' - pentylphenyl)benzoyl]gfy/- benzoic acid p-(2,

2-di cyanovinyl ) phenyl 20 ester, 34.3 "
2-chloro-4-/[p-(p'- heptylphenyl)benzoyl]oxy/- ben20|c acid p-(2,
2- dlcyanOV|nyI)phenyI ester, 48- 33.0 wt. % of

2-chloro-4-/[p tyl ﬁaﬁ4 daz
p- (2, 2-di cyano- Vi n;}ﬁ Afp%y es Mé W}H& Aﬁ%ﬁf%
Mxture Exanplggs,dor total @Jﬁéﬁ%l%n@éréﬂsaﬂﬁexﬂyﬁ@y&‘ior{éﬁlpﬁ?ifda-
m xture AS, 27 " basic ‘m xture
2-chl oro-4-/[p-(4- heptylphemﬂﬁépnzoyl]oxy/- 15 . benzoic
acid p-(2, 2-dicyano-|-nethyl vinyl)- phenyl ester,

Cl.pc (S-I) 59 00-59 .6°CQ :

E

5 _ Basic mixture B2

24.3 wt.% of 3-propyl-6-(trans-4-ethylcyclohexyl)pyridazine,
. 22,6 "  3-propyl-6~(trans-4-pentylcyclohexyl)-
pyridazine,
’ 15.2 " 3-propyl=-6-(trans~4-heptylcyclohexyl)-
10 . ' -pyridazine, _
30.4 " 3-pentyl-6-(trans-4-pentylcyclohexyl)-
o ' pyridazine, -
7.5 " _ 3=(p-pentylphenyl)-6-(trans-4-propylcyclo-
hexyl)pyridazine.

15 Basic mixture B3

_ . 10.4 wt.% of 3-propyl-6~(trans~4-ethylcyclohexyl)pyridazine,
s 25.5 " 3-propyl-6-(trans-4-pentylcyclohexyl) -

. pyridazine, .
. 17.7 v 3—propyl-6—(trans-4-heptylcyclohexy15-
20 pyridazine,
- 33.2 " 3-pentyl=-6-(trans~-4-pentylcyclohexyl)-
pyridazine, |
13.2 " 3= (p~-pentylphenyl)-6-(trans-4-propylcyclo-

hexyl)pyridazine.



5 2-chl or o- 4--/[p (2-(trans-4-heptyl cycl ohexyl) -

et benzoyl]oxy/ben20|c acid p-(2, 2-di- cyano- I-nethyIV|nyI)phenyI

es 20 4 2-chl or o- 4- A[ p- (,4- hept yl phenyl ) benzoyl ] oxy/ - \;
benZoi ¢ acid p-cyanophenyl ester, 4 45 -

2-chl oro-4<T[ p-(2-(trans-4- heptylcyclohexyl) et hyl ) benzoyl ] oxy/ benzoi c

aci d p-cyano- phenyl ester, 25 mp. (GN <[ERR; cl.p. (N-1) Total

m xture T2 46.5 wt. % of basic m xture AS, 8.8

trans- 4- pentyl-l-(p paspyl piseukecpal ohexane, . . -49- 3.5 . wt:. % of

4- (trans-4-pentyl cycTonexyr)-2Z -1 2-(trans-4- -butylcycl ohexyl) ethy

bi phenyl, 23.¥2.4 wt.% bfsBepropyl~6-B4ramst4~ethylcyclohexyl)=-
2-ch|oro-4-/[p-(4fheptylphenyl)benzoyl]oxy/- 5 benzoic acid

p- (2, 2-di cyano- 1- net hyl vi nypyridaedne ,ester, 4,4 -
2-chloro-4-/[p-(2-(trans-4-heptyl cycl ohexyl)- ethyl)benzoyl ] oxy/ benzoic

~acid p-(2,2- 3@@yano-f- netﬁyPVPpyﬂr6pﬁ¢mym8e§r@entylcyclohexyl)pyridazine.

5 19.2 " 3-propy1-6-(trans-4-hepty1cyclohexyl)-
pyridazine, _ .
38.4 " 3-pentyl-6-(trans-4-penty1cyclohexy1)-
| pyridazine.

- Basic mixture BS -

10 21.6 wt.% of 3-heptyl—6-(transQ449ro§ylcyclohexyl)-
_pyridazine,

28.0 " 3=propyl-6-({trans-~4-pentylcyclohexyl)-
pyridazine,

35.0 " '3-pentylé6-(trans-4-pentylcyclohexyl)-
15 '~ pyridazine,

-15‘4. " 3-propyl~6-(trans~4-heptylcyclohexyl)~

pyvridazine. '

Mixture Examples for components A and B together:

Basic mixture ABl

20 13.6 wt.% of trans-4-butylcyclohexanecarboxylic acid
' p~ethoxyphenyl ester,
18.5 " trans-4-butylcyclohexanecarboxylic acid p-

-pentyloxyphenyl ester,



10 . 3.5 2-chl oro-4-/ p- (4- heptylphenyl)benzoyl]oxy/- benzoi c
aci d p-cyanophenyl ester, 3. 5 f
2-¢hl oro-4-/[p-(2-(trans-4-heptyl cycl ohexyl)- ethyl)benzoyl]oxy/benzoic-
aci d p-cyanophenyl ester, 15 mp. (&8 s[ERRIcl.p. (N1) [ERRl 2.0 and
h= -4.2 at '{TERR]. For this nmixture there was measured in a rotation cel
with 10 Unplate distance in the case of two-frequency control a turn-off
time of 9 ns, conmpared with about 200 20 nms in the case of conventional
control. The B2idi eble ofictrans-4rpéhtybexcloheranbearbbxylliti pbddapke
lines in the case of two-frequency control is dependent on the ratio of the
vol tage strengths of the hi gtméthoxyplaenydbl ester¢\Vh) and of the |ow
frequency voltage (V). Wth a 25 10 kHz hi gh frequency voltage and a 30 .
Hz Iom1frequehk§ 40l t ag® the¢%5Q%S4EP¢§FﬁbGY¢g@h?E?F&Ga{ oxgliciagdddp- -
50 - nd for = 1.5a 15.4-fold and for [ERR= 2.0 a 39-
-fold increase in the nultlpTE§9P¥&%FYPP%Em$a??§Bﬁ'to conventional control

with al ng f reqye;lcy voj tag trg %2 -nﬁl%g{xgyfphenyl)cyclohexanecarboxylic

. _ - acid trans-4-propylcyclohexyl ester,

5.3 . " 3=heptyl=-6-~(trans-4-propylcyclohexyl)-
. - | pyridazine,
f 6.9 " 3-propyl-6~(trans-4-pentylcyclohexyl)-
- _ 10 pyridazine,
| 8.6 " 3-pentyl=-6-(trans~4-pentylcyclohexyl) -
pyridazine, | , |
Y, 3.8 " 3—propylf6-(trans¥4-hepty1cyclohexyi)Pyridazine,
| 4.9 " 3= (p-pentylphenyl)~6-(trans-4-propylcyclo~
15 N héxyl)pyridazine,

cl.p. (N-I) 61.4-61.8°C.

Basic mixture AB2

a 7 15.4 wt.% 6f trans-4-butylcyclohexanecarboxylic acid p-
“ -ethoxyphenyl ester,
20 20.6 . trans~-4-butylcyclohexanecarboxylic acid p-

-pentyloxyphenyl ester,
- 14,0 " trans-4~-pentylcyclohexanecarboxylic acid p-
-methoxyphenyl ester,

. 20.5 " trans-4~-pentylcyclohexanecarboxylic acid p-

25 - =propyloxyphenyl ester,
5.3 " . 3-heptyl-6~(trans-4-propylcyclohexyl)-

pyridazine,



69.1 W .%of basic mixture A5 9 .1

s-4-pentyl -1-(p- propylphenyl)cyclohexane 3.6 basic mixture B4
2-chl oro-4-/[p-(4-heptyl pjpenyl) benzoyl ] oxy/- benzoic acid p- (&
, 2<di cyano--1- met hyl vinyl)- 10 phenyl ester, 4.6

2-chl oro-4-/ p-(2-(trans-4-heptyl cycl ohexyl) - ethyl)benzoyl]oxy/benzoic
acid p-(2,2-di- cyano-|-nethylvinyl)phenyl ester, 3.6

2- chl or o- 4- /[;ﬁ-(94 Hﬂbﬁ/l%é}?ﬂ’ﬁm T{ekyns- 15pentylcyclohexyl)b-en20, c

aci d p-cyanophenyl. ester,
2-chl oro-4-/p-(2- (trans-4- %ﬁ%ﬁ%?%hexyl) et hyl ) benzoyl ] oxy/ benzoic acid

T xlore Ta 455 % o6 ot hasT PRI I fbrBngtibdntyithciblenyr)- TN

trans-4-pentyl-1-(p- propqu?ﬁgy%%_% gbohexane, 20.9 basic m xture
B4 9.1 2-chl oro-4 epfylphenyl)benzoyl]oxy/- 25 -

benzoi c agid p3,(a? 2- dl'Cyanos-lpf@lsghylwWﬁnspheﬂxbtﬁb?&lohexyl)—
. pyridazine, _
4.9 " 3-(p-pentylphenyl)-6-(trans-4-PfopylcYC1°f
'hexyl)ﬁyridazine, |
cl.p. (N-I) 59.1-59.6°C.

10 Mixture Examples for component C:

Basic mixture Cl

58.7 wt.% of 2—¢hloro—4-[(éipentylbenzoyl)oxy]benzoic
acid p-(2,Z—dicyanovinyl)phenyl ester,
41.3 " z-chlord-4-[(p—heptylbenzoyl)oxY]benzoic
15 acid p—(Z,Zfdicyénovinyl)phenyl eéter,
m.p. 87.8-90.3°C; cl.p. (N=I) 167,14167.6°C.

Basic mixture C2
32 7 wt.% of 2-chloro—4/[p-(p -pentylphenyl)benzoyl]oxy/-
benzoic acid p-(2 2-dicyanovinyl)phenyl
20 _ ester,
3.3 " 2-chloro-4-/[p-(p'-heptylphenyl)benzoyl]oxy/-
benzoic acid p~(2,2~dicyanovinyl)phenyl

ester,



6.4 “w.%of 2-chloro-4-/[p-(2-(trans-4-heptyl cycl ohexyl)-

et hyl ) benzoyl ] oxy/ benzoi c aci d p- (-2, 2-di cyano- 1-nethyl vinyl)phenyl ester,

4.5 2-chl oro-4-/[p-(4-heptyl phgnyl ) benzoyl | oxy/- 5

béhﬁ0|c aci d p-cyanophenyl ester, 4.5, 48 - 2-chl oro-4-/[p- '

(2-(trans-4-heptyl cycl ohexyl) - ethyl)benzoyl\oxy/ben20|c aci d p-cyanophenyl

ester, mp. (GN < [ERR = 10 4.4 and = -4.2 at [Eﬂﬂ. Total m xture TS

40.0. W . % of basic mxture A6 8.0

4-[2-(trans-4- i&w@yﬂm@c%oﬂﬁxa+¢hi¢m¢+44/£p-(trans-4-pentylcyclohexyl)-
-(trans-4-butyl cycl ohexyl)-1,1"-ethyl enedi - 15 benzene,

4- 2-(trans-4- propylcyclohexq¢qzmm@]¢xm/benzoic acid p~(2,2-dicyano-
-(trans-4- butylcyclohexyl) 1,1 -ethyl enedi - benzene, 24.0 " basi c

8.0

m xture B4 20

ViEY%}PQ#QVM-¢§Pe¥A heptyl phenyl ) benzoyl ] oxy/ -

benzoic acid (2 2- ano- | -methyl vinyl ) -_phenyl ‘ester, 5.6
2-chl oro- 4-/ [dn'(fk' (%ga?é G2 HebtB c{‘% Bhe?(*y??pcet hyl ) benzoy! ] oxy/ benzoi ¢
" aC|d p- (2, 2- -dicyano-I|-nethylvinyl)phenyl ester,

35 ' Mixture Examples for total mixture:

Total mixture Tl

53 wt.$ of basic mixture AS,
} 27 0" basic mixture B4,
7 " Z-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/-
15 benzoic acid p-(2,2-dicyano-l-methylvinyl)-
, phenyl ester,

5 " 2-chloro-4-/[p-(2-(trans~4-heptylcyclohexyl)~
ethyl)benzoyl]loxy/benzoic acid p-(2,2—di-.
cyano-l-methylvinyl) phenyl ester,

20 s v 2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxY/-
benzoic acid-p—cyanpphenyl ester,
i 4 " 2-chloro-4-/[p~(2-(trans~4-heptylcyclohexyl)-
: | ethyl)benzoyl]oxy/benzoic acid p-cyano-
v phenyl ester, |
) 25~ m.p. (C-N) < 0°C; cl.p. (N=-I) 74.5°C
) Total mixture éz
46.5 wt.% of basic mixture AS,
8.8 " trans-4-pentyl-l-(p-prOpylphenyl)cyclohexane,



3.2
ic acid

eg%

"ac

2-chl oro-4-/[p-(4-heptyl phenyl ) benzoyl ] oxy/ - -52-
p- cyanophenyl ester, 3.2 wt. % of

oro-4-/[p-(2-(trans-4- heptylcyclohexyl) et hyl ) benzoyl ] oxy/ benzoi c

p-cyano- phenyl ester, 5 mp.=( €3Ny [err] Total m xture T6 60.6
W . % of basic mixture A10 18 2 basic m xture B5 21.2
basic m xture C2 10 Total m xture T4 is especially preferred.
-53- The follop

formula | in

R e e

formula V: Exanple 1 5 -butyBeycloRéxyl) ethyl] biphenyl,
2-chl oro-4-[ (p- heptyl benzoyl ) oxy] benzoic acid are- heated to boiling for 3

hours with 8.

10

15

20

25

HBg of thho- basic mixture B4,
6.1 " 2-chloro—4-/[p—(4—hepty1phenyl)benzoy1]oxy/~
benzeic.aeid p-(2,2~dicyano-l-methylvinyl)-
.phenyl este:[ _ |
4.4 " 2-chloro—4-/[p-(z-(t:ans-@-heptylcyclohexyl)-
ethyl)benzoyl] oxy/benzoic acid p-(2,2~-
—dicyano-l—methyl&inyl)phenyl esfer,
3.5 " 2-chloro-4;/[p-(4-heptylphenyl)benzoyl]oxy/-
benzoic acid p—cyanpphenyl ester,
3.5 " 2-chloro=-4~/[p~ (2= (trans—4~heptylcyclohexyl)-

ethyl)benzoyl}oxy/benzoic acid p-cyanophenyl

ester,
m.p. (C-N) <0°C; cl.p. (N-I) 74.5°C; £, = 1.2 kHz, acl =
2.0 and Ash

= -4,2 at 22°C,

lFo;-this mixture there was measured in a rotation
cell with 10 um plate distance in the case of two-frequency
control a turn-off time of 9 ms, compared with about 200
ms in the case of conventional control. The attainable
increase in the maximum number of multiplexable lines in
the case of two-frequency control is dependent on the ratio
of the voltage strengths of the high frequency voltage
(Vh) and of the low frequency wvoltage (Vl). With a
10 kHz high f:equency voltage and a .30 Hz low frequency

voltage there was attained for Vh/Vl = 1.0 a 8.1-folg,

»

+



di lute hydroc
i's washed sev

nyl chloride jn 100 m of benzene. The sol vent and excess thionyl chlorid
are distilled off and the residue‘is taken up twice in 50 m of toluene
each time and concentrated. 10 . *The resulting, crude

{5

2-¢chl oro- 4-[ (p- heptyl benzoyl )- oxy] benggyk. chloride is dissolved in 150 n
of benzene-and the solution is then added dropwi se to a solution of 5.7 g
of . p- (2, 2-di cyanovi nyl ) phenol in 125 m of pyridine. The mixture is stirr
overni ght at a bat.h tenperature of [err], 15 t hen poured into ice-cold,

wat er, dried

(p- heptyl benz

i s chromat ogr

£9580 1A PubTRH 51 Blen YR Tl CcERETIn £2 1 este

il

£flofhLi E8nlieblViriin' 6 H8He/cRetdiRy Yoieaghle fraction

are al nost pure accor

ng to thin-1ayer chromndtography are

recrystallized a further twice from ethanol/acetone (9:1); .54 - 54 -
'mp. (GN)[err] The 2-chl oro-4-[(p-heptyl benzoyl)oxy] benzoic acid used as
the starting materi afotad hexpuaeparsd as fol |l ows:

-5

10

15

20

25

69.1 wt.$ of basic mixture A5

9.1
3.6
6.4

3.6

3.6

45.5
9.1
20.9
9.1

transé4-pentyl-l—(P-propylphenyl)cyclohexane,
basic mixture B4 ’
2=-chloro=-4~/[p—~(4-heptylphenyl)benzoyl]oxy/-
benzoic acid p-(2,Z;dicyano-l-methyl§inyl)-
phenyl ester,
2-chloro-4-/[p=(2~(trans-4-heptylcyclohexyl) -
ethyl)benzoyl]oxy/benzoic acid p-(2,2-di-
cyano-l-methylvinyl)phenyl ester,

~ 2=chloro—-4~/[p-(4-heptylphenyl)benzoyl]oxy/-

benzoic acid p-cyanophenyl ester,
2—chloro-4-/p-(2-(trans-4-hepﬁylcyclohexyl)-
ethyl)benzoyl]pxy/benzoic acid p—-cyanophenyl

ester,

(C-N) < 0°C; cl.p.f(NfI)_82.2°C.

Total mixture T4

wt.% of basic mixtﬁre A5

trans-4-pentyl-l-(p-propylpﬁenyl)cyclohexane,
basic mixture B4 |
2-chloro-4~/[p-(4-heptylphenyl)benzoyl] oxy/~
benzqic acid p-(2,2-dicyano-l-methylvinyl)-

phenyl ester,

ed

gigﬁm‘;‘sgwi‘?% INtRoAr Somtor PR ERE TR e el w th
£G1&
oy }o

obt ai ned whi c

r
S



of N, N -dicycl ohexyl carbodiimde are added 5 wthin 5 mnutes to a
fre of 7.0 g of 2-chloro-4-hydroxy-" benZal dehyde, 9.9 g of -~
heptyl benzoic acid-and 0.5 g of 4-(denethyl am no)pyridine in 200 M of o
. nethylene chloride. The mixture is Qlig%eg at roomtenperature for a
further 2 hours, the precipitated N, N =di cycl ohexylurea is filtered 10 off
under suction and the filtrate is evaporated. The resulting, crude
2-chl oro-4-[ (p-heptyl benzoyl )- oxy] benzal dehyde is dissotved in 350 m of
acetone, Wthin 40 mnutes there are added dropwi se thereto 30 m of Jones
reagent, the rfiod urtfared i-chlopet4-/ e (Arktyrasré-hepdwiloysd chaxyl) -
further 1 hour, precipitated inorganic naterial is then filtered off under
suction, the filtrate is ditthet) BeRrEcgbboxy/Bengailer acire pyv(dnindicyano-
precipitating), con- centrajed on f rotgié evaporator to about 300 m and
t he suspension obtained i's ST YHRY & RRenFhee8E8Tiron filter 20 material

[ hed th di ith f 9 _ '
rocryatal i zed 1 om about 60 LR TAn, Lie (IThEpE rBRGy Rt lowy /o
2-chl oro-4-[ (p- heptyl - ben§9¥A25¥¥ngg&g%gcgggﬁgvgggasg§%£i4nenatic). The

follomdng conpounds can be "préepare nner
4.5 " 2-chloro=~4-/({p= (2= (trans~4-heptylcyclohexyl)-

ethyl)benzoyl]oxy/benzoic acid p-cyanophenyl

_ ester, ) ;_
m.p. (C-N) < 0°C; cl.p. (N-I) 78.7°C; £, = 1.4 kHz, pet = :

10 4.4 and acl = -4.2 at 22°C.

- Potal mixture TS S ~

40.0 wt.% of basic mixture A6 |
8.0 " 4~[2=-(trans-4-pentylcyclohexyl)ethyl]-4'-
- ={trans-4~butylcyclohexyl)~1l,1'-ethylenedi~
15 " benzene, o
8.0 " 4~ (2= (trans—-4-propylcyclohexyl)ethyl]=-4"'-
- (trans-4-butylcyclohexyl)-1,1l'-ethylenedi~
benzene, )
24.0 " basic mixture B4 - - -
20 8.0 "  2-chloro-4-/[p-(4-heptylphenyl)benzoyl]oxy/- ’

benzoic acid p-(2,Zédicyano-l-methylvinyl)*
phenyl ester,
5.6 " 2-chldro-4-/[p-(2-(trans;4-heptylcyclohexyl)-
ethyl)bénzoyi]oxy/bénzoic acid p=(2,2-
- ~dicyano-l-methylvinyl)phenyl ester,

25 3.2 " 2-thoroi4-/[p-(4-heptylphenyl)benzoyl]oxy/-



2-ChlLoro-4-[(p-propyl benzoyl ) oxy benzoic acid p-(2,2- -dicyanovinyl)pheny €6i

ester; mp. (GN 163C, cl.p. (NI) [err] 5 ,
| oro- 4-[ (p-butyl benzoyl) oxyl benzoic acid p- (2, 2-

-di cyanovi nyl ) phenyl ester; mp. (GN) 534Q0C cl.p. (N1) 176C

2-Ch|oro<4i[(p pentylbenzoyl)oxy]ben20|c acid p-(2, 2- - di cyanovi nyl ) phenyl

ester; mp. (GN J[err] (2 10 nodi fications); cl. (N-1) [err].

2-

Chl or 0- 4- [ (p- hexyl benzoyl ) oxy] benzoic acid p- (2, 2- - di cyanovi nyl ) phenyl

ter; e 94. 5C, (2 fi cat | N- | .
55 Chl or o/ . ??réﬁérll e ORENLE AR PrERengPRBRYE eBeElben o ¢ aci d

p
2
p
2
p_
"2
p
2

-(2, 2-di h 5.
i oror & T Y RS N BB ar e o ko 2PaBE aChaBry Syl oRfSAh -
-(2, 2-di | ) ph I 289 5C. 20
i or o Zy?”‘;v'(Zyp)eﬁt§P%hen§#?%>e%§*a9?yi§ Phybedagts Spib pliyaho?®S
2,2-d | ) ph I (C 140C, cl.p. (N1) 305.5C
-éhlorolZy?ngkzyhéBtsrgheny+ enzoy?foxy?%enzoic ;cig ( )
(2,2- dlsyarmypny@dmpnyloeefeél PLP(NeS) \bs1g2g, 25 cl.p. (N1) 288C
-Chlo )benzoyl]oxy/ben20|c S |

ro-4-/[p- (4 pentylpheny

Total mixture T6

60.6 wt.3 of basic mixture AlO

18.2 " basic mixture BS
21.2 . " basic mixture C2 _
10 Total mixture T4 is especially preferred.

/
\
\"-.



!I‘

er;

p- cyanophenyl ester; mp. (CGN) 137.5C, cl.p. (N1) [err]. . - 56 -
oro-4-/ p-(4-hexyl phenyl ) benzoyl ] oxy/ benzoi ¢ acid p-cyanophenyl ester;..
(CGN 139.5C cl.p. (N1) [err]. =

220 Ioro-4;L[p-(4fheptyIphenyl)benzoyl%gxy/ben20|c 5 acid p-cyanophenyl
. est

mp. (GN 127.5C, cl.p. (N1)

2-.Chl or o- 4- /[p-(trans-4-penty|cyclohexyl)benzoyl]oxy/- benzoic acid

p- cyanophenyl ester; mp. (CN[err]; (N-1) 306C. 10

2- Chl or o- 4- /[p (t fﬂﬂ%ﬂﬂ%ﬂ aﬂR%Qﬁ b yFbe peroprEakiry of .
p- cyanophenyl ester (G 114C,_cl.p.

4- /] p-(4-Pe afryﬂ Yerk Gt %&é%#"c%ﬂigﬁshﬁhﬁi%g?ﬁﬁ% p.
(CGN [err] 50C. 15

4-/ [ p- (4- Heﬁf’% %er'f%‘ﬁ E)@Y IOFRIRAE, % EF IR Viyanophenyl ester: m p.
(CGN) 147.5C, cl.p. (N-1) >350C. Exanple 2 (Conpounds of fornula V) 1, 03 g
of N, N -di cycl ohexyl carbodi i m de are added portionwi se while stirring

wi t hi :

in 10 mnutes to a suspension Example 1

5 13.1 g of 2—chloro-4—[(p—heptylbenzoyl)oxy]benzcic
acid are heated to boiling for 3 hours with 8.3 g of thio-
nyl chloride in 100 ml of benzene. The solvent and excess
thionyl chloride are distilled off and the residue is

taken up twice in 50 ml of toluene each time and concentrated.

10 The resulting, crude Zécnioref4-[(p-heptylbenzoyl)- o
oxylbenzoyl chloride is dissoived in 150 ml of benzene and
the solution is then added'dnopwise to a solution of 5.7 g
of p—“(-2,2-dicyanovinyl)phe'nol in 125 ml of pYridine:- The
.mixture is stirred overnight at a bath temperature of 65°C,

15 then ponred into iee—cqld,-dilute hydrochloric acid and
extracted with methylene chloride. The extract is washed
several times with 3N hydrochloric acid, then washed neutral
with water, dried and evaporated. The resulting, crude'
2-chloro—4—[(p-heptylbenzoyl)oxy]benzoic acid p=-(2,2-di~

20 cyanqvinyl)phenyl eéfer is chromatographed on silica gel
with toluene/acetone (9:1). The fractions obtained which
are almost pure according to thin-layer chromatography are

recrystallized a further twice from ethanol/acetone (9:1);



20 of 1.2 g of 4-(5-heptyl-2-pyrimdinyl)benzoic acid, 0.68 g of

p- (2, 2-di cyanovi nyl ) phenol and 0.05 g 'of 4-(di nethylam no)- pyridine in 2
nm of methylene chloride. The m xture is subsequently stirred for a
further 3 hours, then the precipitat®ed4,N -dicycl ohexylurea is filtered
off and the 25 filtrate is evaporated. The resulting, crude 4-(5-heptyl-
57 -2-pyri np,dihnyl FRRNZ GG oG « 2, 11C Mg 9By LE egter is :
recrystall rglég'tv(\nbcgryf ?&% gg'e%&ﬁé’ %2%&)143. | \es}r e . p. [lge(raf]? yield 1.0 g.
The 4-(5-heptyl-2-pyrimdinyl)benzoic acid used as 5 the starting :
materi al can be prepared as follows: 10.2 g of

4-(5- hept yl - 2- pyr irRed2ryvhllotozam [H{p-hepdyd Beandefll foxd Az e Hcbaurs in a
solution of 7.3 g of potassium hydroxide in 200 m of ethylenhe glycol.

After cool i ngedt s thet staritind matedial camtbe mreparedids efolDowswi th 3N
hydrochl oric acid. The precipitated product is taken up in nethylene
chloride. The extract is washed with water, dried over sodi um sul phate and
<evapor at ed. The crude 4-(5-heptyl-2-pyrimndinyl)benzoic acid is gurified by
boi i ng i n hexaneAétBeg; of N.,N2divyriphasstlcashadifimide; are jadded The

follomﬁng.co ound _can be prepared in an anal ogous
_ within 5 minutes to a mixture of 7.0 g of 2-chloro-4-hydroxy-

benzaldehyde, 2.9 g of'p—heptylbenzo%c acid and 0.5 g of
4-(dimethylamino)pyridine in 200 ml of methylene chloride.
The mixture is stirred at room temperature for a further 2
hours, the precipitated N,N'-dicyclohexylurea is filtered

10 off under suction and the filtrate is evaporated.

2 The resulting, crude 2-chloro-4-[(p-heptylbenzoyl)- '
oxylbenzaldehyde is dissolved in 350 ml of acetone: Within
40 minutes there are added dropwise thereto 30 ml of Jones'
reagent, the mixture warming slightly. The mixture is
15 stirred for a further 1 hour, precipitated inorgahic‘material
is then filtered off_under'suction) the filtrate is diluted
. with 300 ml of water (the product precipitating), con-
‘centrated on a rotary evaporator to about 300 ml and the
Suspension obtained is suctidn filtered. The suctién-filter
20 material is washed three times with 50 ml of 10% agueous
- acetone, dried and récrystallized-from about 60 ml of
benzene. There are obtained 13.8 g of 2-chloro-4-~[(p~heptyl-

benzoyl)oxylbenzoic acid, m.p. 108°C (nematic).

The following compounds can be prepared in an



v

Ner: 4-(S-Pentyl-2-pyrim-dinyl)benzoic acid p-(2,2-dicyano- vinyl)phenyl

q%l‘r; mp. 170.[err]; cl.p. [err]. Exafple 3 20 - The conpounds of .
o/mula | in which Y signifies the 2,2#dicyano-I|-nethylvinyl group can be
prepared in_ an-anal ogous nmanner to Exanple 1. -58- The

p- (2, 2- di cyano- I-nethylvinyl)phenol usB8 as the starting material can be
prepared as follows: A .mxture of 92.0 g of p-hydroxyacetophenone, 44.6 ¢

of nalonomtﬁqqk? QfQﬂeﬁmnDnlun1acetate 8.1 g of acetic 5 acid and 500
m of toluene was boiled on a water separator for 2 hours while stirring.
After cooling, the two- phase n1xture was diluted with 700 m of dlethyl

ether. The -dark r f umat ed
sodi um chl ori de sgﬁﬁ??%n drie 'o er g%%ﬁﬁé gﬁilﬁghE°§glgké?é 2 2
evapor at ed. Ry d a?iﬁgifoipﬁ é&g;iﬁ'éstéﬁﬁtmgﬁ f(@nmil 1699(:9%& Bt hqn-txbere

wer e obtained 95.7 di cyano- | - net hyl vi nyl ) phenol, m p.
120.5-121.[qm@chhe follomﬁng conpounds can be obtained in this manner:

5 2-Chloro~4~-[ (p-butylbenzoyl)oxylbenzoic acid p~(2,2-
-dicyanovinyl)phenyl-esﬁer; m.p. (C-N) 140°C; cl.p. (N=-I)
176°C. | .

2-Chloro—4-[(p—pentylbénzoyl)oxy}benzoic acid p—(z,;-
- =dicyanovinyl)phenyl ester; m.p. (C-N) 87°C or 104°C (2

10 .~ modifications); cl.p. (N=-I) 174°C.

2-Chloro-4-[ (p~hexylbenzoyl)oxylbenzoic acid p-(2,2-
-dicyanovinyl)phenyl ester; m.p. (C-N) 86°C or 94.5°C
(2 modifications); cl.p. (N-I) 162.5°C. . - s
- 2=Chloro=-4~/[p-(trans—~4-pentylcyclochexyl) benzojri] oxy/ -
15 benzoic acid p—(Z;Z-dicyanovinyl)phenyl ester; m.p. (C-N)
135.5°C; cl.p. (N-I) >300°C. | -
2—Chloro—4-/[p-(trans—4—heptylcyclohexy1)benzoyljoxy/4
benzoic acid p—(2,2-dicyanovinyl)phenylTester; m.p. (C-N)
120.5°C;.c1;p; (N=-I) 289.5°C.

20 _ Z—Chlorof47/[pr(4fpenty1phenyl)b§nz§yl]qu/benzoic

~acid p—(2,2-dicyého?inyl)phenyl ester; m.p. (C-N) 140°C;
cl.p. (N-I) 305.5°C. ) '
f2-Chloro-4-/[p-(4-heptylph¢nyl)benzoyl]oxy/benzoic
acid p~(2,2-dicyanovinyl)phenyl ester; m.p. (C-N) 121°C;

25 cl.p. (N-I) 288°C. | |

2-Chloro—4-/[p—(4-pentylphenyl)benzoyl]oxy/benéoic
acid p-cyanophenyl ester; m.p. (C-N) 137.5°C; cl.p. (N-I)
308.5°C. |



15 = 2- Chloro 4-/ [ p- (4- pentyl phenyl ) benzoyl | oxy/ benzoi c acid (éf)
p (2 2- di cyano- | - met hyl vi nyl ) phenyl ester mp. (GN [err]; transition SN

rr] (nmonotropic); cl.p. (N1) [enr]. _ :
2 | oro-4-/][ p-(4- hexylphenyl)benzoyu]g%yLbenzoic acid
p-(2, 2- dlcyano | - met hyl vi nyl ) phenyl ester; mp. (GS) 20 [err] transition
SNferr]; cl.p. (N1) [err]. :

2- Chloro-4-/[p-(4-heptKIphenyl)benzogl]oxy/ben20|c aci d
p- (2, 2-di cyano |-n§1-ﬁ§z orayhrjipnyk-bekyiphenyl) bengpyiloxydbenzaicansi ti on
S-N[err] [err]
2-chl oro- 4/[@cgérBn§Y§nﬁﬁhF9Yéy§§§ﬁ€xyP)BeniGVNPo . 55 &tz Gl Paci (& -T)
p- (2, 2- dlcyag$ I-gethyIV|nyI)phenyI ester; mp. (GN [err]; cl.p. (N1)
[err]. 2-Chl B3¢ fp (trans-4 heptylcyclohexyl)benzoyl]oxy/- 5 benzoic
ac |d p- (2, 2-di cyan hyl,vi aﬁégr] cl.
(N-T) P54 [err]. QT&BT?:% nf @%p%ﬂg §F¥%¥§§§§W&%%H§%§&W@XX@
- |cyano | - Cgo N g rr]
SRR %ﬁé@?ﬁ% Fogers BB,y Folh, 422 3Ry %.1 Xl
-dlcyano I-nggﬂbe|nyl)phenyl ester mp. (GN [err]; cl. (N—I) :
302. [err].
-Chloro-4-/[p—(trans-4-penty1cyclohexyl)benzoyl]oxy/-
benzoic acid p-cyanophenyl ester, m.p. (C-N)-116°C, cl.p.
) (N—I) 306°C.
10 Z—Chloro-4-/[p—(trans-4~heptylcyclohexyl)benzoyl]oxy/‘
benzoic acid p-cyanophenyl ester; m.p. (C-N) 114°C; cl.p.
(N~-I) 292.5°C.
Lj: 4~/ [p~(4-Pentylphenyl)benzoyl]oxy/benzoic acid p~
_ _—cYanophenyl ester; m.p. (C~-N) 158°C, c1.p. (N-I) >350°C.
15 ' 4-/ {p=-( 4—Heptylphenyl)benzoyl]oxy/benzoic acid p-
-cyanophenyl ester; m.p. (C-N) 147.5°C; cl.p. (N-I) >350°C.
Example 2 (Compounds of formula V)
e _ 1.03 g of N,N'~dicyclohexylcarbodiimide are added

__portionwiée while stirring within 10 minutes to a suspension
200 of 1.2 g of 4*(5—heptyl—2-pyiimidinyl)benzoic acid, 0.68 g
of p—(2,2—dicyanovinyl)phenolland 0.05 g of 4—(dimethylamino)-
pyridine in 25 ml of methylene chloride. The mixture is
subsequently-stirfed for a further 3 hours, then the-
precipitated N,N'~dicyclohexylurea is filtered off and the

25 filtrate is evaporated. The resulting, crude 4-(5-heptyl-



xgnpl e 4 Thdse conmpounds of formula | in which-[err] and E-to- 15 get her
’g'ify p-[ 2- (trans-4-al kyl cycl ohexyl ) et hyl I'phenyl can be prepared in an -
pal ogous nmanner to Exanples 1 and 3. Yhe ' -

p-[2- (trans-4-al kyl cycl ohexyl ) et hyl ] benzoi c acids used as the starting
naterlals’cén be prepared as illu- sTrafetd hereinafter for the heptyl
conpound: 20 A solution of 21.3 g of
p-[2-(trans hept yl cycl ohexyl)) - ethyl benzonltrlle and 14,0
potaSS|unhyd?UENGémééﬁth) S&Eﬂ°%k§¥%bﬂgﬁﬂwloeﬁﬁﬁrlng

for 8 hours (bath tenp ture After coolln fure . -60
was poured it tGeﬁﬁﬂé &%ﬁqgj RRgo TEW|£4%C§dc'Tﬁ§ P

precipitateglgohg O_e tylcyclohexyl)ethyl] benzoi ¢ acid was
filtered of &r ' shed on the suction filter with water and
then taken up in diethyl ether. 5 .The solution was dried over sodi um
sul phat e and evaporated. There were obtained 22.9 g of product which was

pure according tomphfi Rl P
220-[err]. The fo oqug%%onf%'ds @% 1g@'pr areﬁi‘%ﬁaéi ﬁsé’d Aher :

5  the starting material can be prepared as follows:

;0;2 g of 4—{S-heptylfz-py:im;dinyl)bénzonitrile are
heated to 180°C for 6 hours in a solution of 7.3 ¢ of
potassium hydroxide in 200 ml .of ethyleﬁe-glycbl. After
cooling, the mixture is diluted with water and acidified

10 with 3N hydrochloric acid. The precipitated product is |
taken up in methylene ch;oride.- The extract is washed with \; _
. water, dried over sodium sulphate and evaporated. The crude
4-(S—hegtYl-Z—pyrimidinyl)benzoic acid is purified by '
boiling in héxane/ether; m.p;.220;5—221.5°c; yield 10.4 g.

15 - The following compound can be prepared in an analogous

manner:

4~ (5-Pentyl=-2-pyrimidinyl)benzoic acid p-(2,2-dicyano-
- vinyl)phenyl ester; m.p. 170.5°C; cl.p. 232°C.

Examgle 3

20 The compounds of formula I in which Y signifies the
2,2-dicyano-l-methylvinyl group can be prepared in an

analogous manner to Example 1.



2-Chloro-4-/[p-(2-(trans-4-heptyl cycl ohexyl)ethyl)- benzoyl]oxy/benzoic
aci d p-cyanophenyl ester; mp. (CGN) [err]: cl.p. (N—I) 247.[err].
Zléyloro 4-1[p-(2-(trans-4- heptylcyplohexyl)ethyl)

benzoyl ] oxy/benzoi c acid p-(2, 2-di cyanasg -<1et hyl vi nyI ) phenyl ester; mp.
(GN 122C. cl.p. (N-1) 216C. Exanmple 5 Those conpounds of formula | in
which [err]Jand E to- gether signify

silsoos roher | BRER Rl ladie Tenlimip WIS W
cgn_ bg prepgﬁé%gg‘gg %&2 %%i li F% %Fa%gg%ﬁéﬁgdﬁ}f tftgrlzﬁf(’g}rﬁat he gentyl

conmpound: a) A m xture of 2.51 g of (p-pentyl phenyl)nmethyl-tri-
phenyl phosphoni um brom de and 615 ng of 4-cyanocycl ohexane- carboxal dehyde

(cis/trans m xtureaap@uutelbel 8230 § oFf prhydrdiviade tiHitlond h%: 0y

placed at [err] in a sulphonation flask i1 & gasSing wth argon

m xture. wasofr faledonitikines si. auge&fwamo&l?mm&défta%é | @ AotpoH l&aeuc

t-butylate and the mxture was subsequently stirred at [err] for a further

1 5 hours abedr addbsoonmlheffetojaerneuwas boiled on a water separator
for 2 hours while stirring. After cooling, the two—phase_
mixture was diluted with 700 ml of diethyl ether. The

- : dark red solution was washed four times with 50 ml of

T, _ saturéted sodium chloride solution, dried over sodium

| 10 sulphate, filtered and evaporated. By fractional crystall-

_ization~from diisopropyl ether there were obtained 95.7 ¢

of p-(2,2-dicyano-l-methylvinyl)phenol, m.p. 120.5-121.5°C.

- The following compounds can be obtained in this

manner :

15 ~ 2=Chloro-4-/[p- (4-pentylphenyl)benzoyl] oxy/benzoic
acid p-(2,2-dicyano~l-methylvinyl)phenyl ester; m.p. (C-N)
129°C; transition S-N 122°C (monotropic); cl.p. (N=I) 279°C.

Z-Chloro—4-/[p-(4—hexYlphenyl)benzoyl]oxy/benzoic
acid p—(2,Z-dicyano—lemethylvinyl)phenYl ester§ m}p. (C-8s)

20 118.5°C; transition S-N 130°C; cl.p. (N-I) 264°C.

2-Chloro¥4-/[p-(4—heptylphenyl)benzoy1]oxy/benzoic
-acid p-(2,2-dicyano-l-methylvinyl)phenyl ester; m.p. (C-S)
'115.5°C; transition_S-N 129°C; cl.p. (N=I) 258°C.



f géf-mas'then'poured into 100 mM of water and extracted three tines with
100/m of diethyl ether each tinme. The ‘organi c phases were washed twi ce
-with 50 mM of water each tinme and oncee with 50 mM of saturated sodium .

chloride solution, dried over nmagnes sul phate and concentrated. The

resi due was 15 suspended in 150 ml of hexane, freed from precipitated

tri- phenyl phosphi ne oxide by filtration (back-washing wth hexane) and the

filtrate was concgathibee-4)p~neeans-d-poneyaicyeiabiexyl) beiwsyl ldxy he

resulting oil (1.36 g) on-silica gel with 3% ethyl acetate/petrol eum et her

as the 20 behmebt geid p-02,3-dRtyanoflémethiiviayth)phenyl )exteany| | -

cycl ohexanecarbonitrile as a colourless oil; Rf values of this isoner '
m xture (108%®@thyC-Hieldl@CpeclopeurNether)5.8.°2% and 0.36. b) 956 ny -of
the 4-[2-(p-pentyl phenyl)ethenyl]cycl ohexane- 25 carbonitril e obtained

were di ssol ved i n256hkeraririlpaisraps—4-heprylcoycdohenyidihenzayldaxyfte
solution was treated w th 150 ngaofagalIadiunicarbogtE&O%&'and the m xture
was hyd? ogeh@ReRL Gt aghenBr (fr 8584FE2ART LrBS Y Tid¥A) PRe Ty 9S%8%# hydr ogen
upt ake cane_to a,gtapdstil about 30 miautes),. RiJtration 5 of the
m xture (bdBt®na ﬁTﬁg-;%éhgférug &P égkggnggérﬁg_?of o
4~/ [p- (4-Pentylphenyl)benzoyl]oxy/benzoic acid p~(2,2~
~dicyano-l-methylvinyl)phenyl ester;  m.p. (C=N). 179°C;
~ cl.p. (N-I) 319°C. | I |
10. . 4-/ [p~(4-Heptylphenyl)benzoyl]oxy/benzoic acid p-(2,2-
~dicyano~l-methylvinyl)phenyl ester; m.p. (C-N) 144?c;

cl.p. (N-I) 302.5°C.

Example 4

_ Those compounds of formula I in which Rl and E to-
15 gether signify p=-[2-(trans-4-alkylcyclohexyl)ethyllphenyl

can be prepared in an analogous manner to Examples 1 and 3.

The p~[2-(trans-4-alkylcyclohexyl)ethyllbenzoic acids
used as the sta:ting-materials can be prepared as illu-

strated hereinafter for the heptyl compound:

20 A solution of 21.3 g of p-[2-(trans-4-heptylcyclohexyl)- -
éthyl]benzonitrile and 14.0 g of potassium hydroxide (85%)
in 500 ml of ethylene glycol was heated to boiling for 8

hours (bath temperature 210°C). After cooling, the mixture



the filtrate and | ow pressure chromatography (0.4 bar) of the residue (890 '(Eéa
mg) on silica gel wth 5%ethyl acetate/ petrol eumether gave 788 ng (82%

of 4.[2 (p- pentyl phenyl)- ethyl]cyc| oheranecarbonit:rile as a viscous,

colourless oil. 10 Athough in the t ééllayer chr omat ogr am usi ng

di fferent Sol vent systens as the el uant®Yhere appeared only a single spot,

W t h gas-chromat ographi ¢ anal ysis and NVR spectr o- SCOpIC anal ysi s showed

this material to be a cis/trans isoner nixture<£about 1:3). Two-fold
crystal li zat was gow®d infic wahes iand faeiditiad i th 3#e#¥4r¢¢hb¢ryc acid.

yi el ded trans- -4-[2-(p- pen&glphenyl)ethyl cycl ohexanecarbonjtril e of
sufficient pFhe pPresd-pdds Qﬁﬁ%lﬁﬂfl’&?ﬂi’ﬁylzmx%*°w3&)cﬁm%ﬁ‘

M Terr] 20b4Rz0LE SRS Y B A e ionddi S i o wARRSA 9 s
Pydl oxi e 22%%%%%&%“ S e %r?zé%r%#t ”éﬁ’r*f’f afptirh S Ehet.
e i | uped JHR sGvisy MeR dtidh Budk S al EDand g e R
diethyl et heipngdeh Werd® obti P AL G R GPREIRR S IES was plre -
according to thin-layer chromatography, m.p. 184~ 187°C,

cl.p. 220-223°C. "

- The following ccmpcunds can be prepared in this

10 manner:

2-Chlor044-/[p-(2—(trans—4-heptylcyclohexyl)ethyl)-
benzoylloxy/benzoic acid p-cyahophenyl ester; m.p. (C-N)
108°C; cl.p. (N-I) 247.5°C.
2-Chloro—4-/tp—(z-(trans-4-heptylcjclohexyl)ethyl)—.
. 15 'benZoyl]oxy/benzoic'acid p-(2;Z-dicyanc-l-methYlvinyl)-
| 'phenyl ester; m.p. (C-N) 122°C; cl.p. (N-I) 216°C.

. - ' ' ~ 'Example 5
Those compounds of formula I in which'Rl and E to- ’

gether signify trans-4-[2—(p-Rl-phenyl)ethy1]cyclohexyl

20 can be prepared in an analogous manner to Examples 1 and 3.

" The trans-4-[2-(p~Rl-phenYl}éthyl]cyclohexanecarboxylic

acids used as the starting materials can be prepared as



dified wi th about 20 ml - of 2N sul phuric acid and.extracted three tines
h So m of di ethyl ether each tine. ‘“The organi c phases were washed twse
JSwith 50 m of saturated sodium chlori@e solution each tine, dried over i

%

_ magnesium 5 sul phate and concentrate%. There were obtained 490 ng (81%
of trans-4-[2-(p-pentyl phenyl)ethyl]c 316hexanecarboxyllc acid as
col ourl ess crystals whi ch were purified further by recrystallization from

o get hotkiREreyed hexetndBORF EOEPEHR BeREyA ERROmRA:Y T “Cycl onenyl

can be prepared in an anal ogous manner to Exanples_l and 3. The
trans-4-[ 2-(trans-4-al kyl cycl ohexyl)ethyl|l cyclo- 15 hexanecarboxylic acids

used as theptarta rmmfélafszcam eeoﬂr Fapeﬁtyaphbhﬁomat&élh&fzqmafter
for the pentyl conpound: a) 9 g of Tithiumalum nium hydride were

placed in lfKenylghosblicohine bmmaedanausas myi b€ dagyangcyclohexgore-20
and treated within 30 mnutes with a solution of 19.83 g of

t r ans- 4- pendaaingxca biehyde c iobsiyransanigtiunel@bont df labdal 3Ceml of
tetrahydrofuran. After conpletion of the addition, the m xture was heated
to ref|5»<ftnbutytnmgthmbnethgx|Ugg|placed at 0°C in a sulphonation
flask while gassing_with argon, the mixture was treated
withih~2 minutes with 673 mg of solid potassium t-butylate
and the mixture Was'subsequently stirred at 0°C for a
further'l.s hours. The red-brown, heterogeneocus mixture
10 was then poured into 100 ml of water and extracted three
| times with 100 ml of diethyl ether each time. The organic
phases were washed twice with 50 ml of water each time and
once ﬁith 50 ml of saturated sodiuﬁ chloride solution, dried
over magnesium sulphate and concentrated. The-residue-was
15 suspended in 150 ml of hexane, freed from precipitated tri-
phenylphosphine'oxide by filtration (back-washing with
hexane) and the filtrate was concentrated. Low-pressure
chromatography (0.4 bar) of the resulting oil (1.36 g) on
silica gel with 3% ethyl acetate/petroleum ether as the
20 eluant gave 1.02 g (81%) of 4-[2~(p-pentylphenyl)ethenyl]-~
cyclohexanecarbonitrile as a colourless oil; Rf values of
this isomex_ﬁixture (10% ethyl acetate/petroleum ether):
0.27 and 0.36.

b) 956 mg of the 4-[2-(p-pentylphenyl)ethenyl]cyclohexane-

25 carbonitrile obtained were dissolved in 50 ml of toluene in



-64- -added to 200 m of 2N hydrochloric acid and extracted three tines with
100. M of diethyl ether each tine.- The‘organi c phases were washed with 100
m, of saturated sodi um carbonate soj uti @n, dried over potassium carbonate
aﬁﬁ“boncentrated. 5 Distillation ofotde Lesidue (19.2 g) gave in the nmain
run 17.7 g (96% of (trans-4-pentylcyclohexyl)nethanol as a col ourless oi
(purity 99.9%); b.p. [err]/0.2 mHHg. b) A solution of 3.69 g of
(trans-4-pentyl cycl ohexyl)- nethanol and 5.51 g of triphenyl phosphine in 70
M of 10 mat lsylphonation dlayk, [t Jsolftcivmont Unsedted 0PEIPat50 mg
ification and treated portionwise wthin 15 mnutes with 7.30 g of solid

t et r abr onone oifapa liledduty ca nbam ef1a¥atand echentmeionizire avge rkydrayehatadt
exceed -[err]. After conpletion of the addition, the cooling bath was
renoved and ke no3malypregsangaans inoan temperstunehamtiitl nthe shydrdgen
gradual warmng to roomtenperature. The m xture was then con- centrated on

a rotary eva came (5% & akandsidlls dakoute 3 minytRs ) s Bktraiion
trit ted wt 00 f . filt d dt - trated

11t r ot 6 Swas O B ML e JHARKME A4 M EOTHenel (FRRGAR GRS+ Ean RF
Th : [ 4. 79 q.(97% of tr -1 (b thyl)-4- - ;

T ver & Ol 13, QT S BRABIN) ¢ e
d'stfllatlonihg'Eesh%EE]QQQQﬁmﬁHH%m silica gel with 5% ethyl acetate/

' petroleum ether gave 788 mg (828%) of 4-[2-(p-Pen£ylphenyl)—

~
"

ethyl]l cyclohexanecarbonitrile as a viscous, colourless oil.
: 10 Although in the thin-layer'chromaﬁogram using different
solvent systems as the eluant there appeared-only'a single
spot, with gas-chromatographic analysis and NMR spectro-
o scopic analysis showed this material to be a cis/trans
isomer mixture (about 1:3). Tyo—fold crystallization of
.15 this'material from pentane at =-20°C finally yielded trans-
| -4—[2-(p—pentylphenyl)ethyl]cgclohexanecarbonitrile'6f |
sufficient‘pufity (98.8% of trans compound and 1.2% of cis
compound according to gas-chrométographic anale;s); m;p.

22.4°C; cl.p. (N-I) =-14.1°C.

ZOﬁ c) A mixture of 567 mg of trans-4-{[2-(p-pentylphenyl)-
ethyl]cyclohexanecarbonitrile and 20 ml of a 10:1 mixture
of 2N potassium hydroxide and ethanol was heatéd to reflux
for 2 hours while gasSing with argon in a'roﬁnd flask fitted
with a reflux condenser. The cooled mixture was diluted

25 with 20 ml of water and extracted twice with 30 ml of

‘'diethyl ether each time. The separated agueous phase was



A mxture of 18.9 g of 1-methoxy-3-(trinmethylsilyloxy)- 25
3-butadi ene [S. Danishefsky et al, J. Aner. Chem Soc. 96, (1974) 7807},
674 g of acrylonltrlle 100 ng of di- -. 65 - benzoyl peroxide and 50 n{_y
of benzene was heated to reflux for 23:Rours while gassing with argon.
After cooling, the liquid constituents (benzene and excess acrylonitrile)
were renoved on a rotary evaporator and the residue was heated 5 to boiling

cool ed i wiaed e, SRS 20rbL B8, 2 BEIBRRRY pEadf if%é?( fpegactla
100 M of m%ég%ﬂﬁéﬂ‘%ﬂgﬁ%%‘ﬁgi TR A R I

chioride sqlutdpfle shd&éls O¥eFe REBREEUEWELLPRELS sbquowe%hw%ea There
- wer e obtaine 10 3 g of-a yellow oil which consisted of 87.9% of

4- cyano- 3- gd Dk xSt dr i€, s®iudidfio 8hck- e¥ma)- drard obexemagnesduand of
2. 7% of trans- -4-cyano-3-net hoxycycl ohexanone (an internedi ately occuring
15  hysir ol sisipshaitecard ) conEethbratbé. di Thekrbawere ObRained 490. hg .81%)
mHg) of the resulting oil -gave 7.64 g of a mixture of
4- cyano- 3- ocyf:lttaamﬁ-ﬂbnépwehﬁybphenyz)eyhym cyeiehekamcazboanylamnge
crystallizing oil. This was
acid as colourless crystals which were purified further by

'recrystallization from hexane.

Example 6

10 Those compounds of formula I in Whlch Rl and E to-

—

gether signify trans-4-[2-(trans-4-alkylcyclohexyl)ethyl]- 2

cyclohexyl can be prepared in an analogous manner.to

Examples 1 and 3.

The trans—4-[2-(trans—4-alkylcyclohexyl)ethyl]cyclo—
15 = hexanecarboxylic acids used as the starting materials can
be prepared as 111ustrated_hereinafter for the pentyl

compound:

5) 3.79 g of lithium aluminium hydride were placed in

100 ml of absolute tetrahydrofuran while gassing with;afgon
20 and treated within 30 minuﬁss with a solution of 19.83 g of
| trans-4-§entylcyclohexanecarboxylic_acid in 100 ml of

absolute tetrahydrofuran. After completion of the addition,

the mixture was heated to reflux for 1 hour, thén cautiously



di ssolved in 70 m. of ethanol and hydrogenated in the 20 presence of 764

ng, -of 10% pal |l adi unf carbon at. normal pressure (hydrogen uptake 1425 m).

Afiter filtration of the catalyst, washlhg wi th net hyl ene chl ori de,

concentration of the filtrate and bulb tube distillation (130-[err]/0.11
%f f 4-cyanocycl ohexa- 25 none as a

mHg) ,

there were obtained 5.45 g (70

colourless oil; Rf value (toluene/ethyl acetate 3:1): 0.25. - 66 -

9.6 g of tri

&

20 o it AR PR ATy kP RpSBASRIFLE LR Sl S U Wi S0

at -[err] W iimds 391801060 dopohasshy M htne&yleabﬁ téhher %@%‘i@amcof S

the addition, the mxture was stirred at O to [err] for a further

m nut es and @Hssesheeﬂeewasnaagﬁltnamooahtyohehatgga&eauaoau&hu@%fuahate

treated dropwise'within 10 mnutes with a solution of 2.30 g of

4- cyanocycl obekatbosr, i dr2édnbvet pobaspiumethyboaniter andn conceatiatedie
I nt ernal
t he addi®i onpistilhatigel bbfwtheangsiduet (18 .2ag)wgrredino ther mpiandumt i rred
for a further 2 hours. 50 ml of a 2% sodi um hydrogen carbonate sol ution
were subsequbfit Tygalded) apf (trans-4-pentylcyclohexyl)methanol as a

10

15

20

25

tenp- 10 erature should not exceed [err]. After conpletion of

colourless oil (purity 99.9%); b.p. 89°C/0.2 mmHg.

b) A solution of 3.69 g of (trans-44pentylcyclohexyl)-
methanol and 5.51 g of triphenylphosphine in 70 ml of

methYléne chloride at -30°C was placed under argon gas-

. ification and treated portionwise within 15 minutes with

7.30 g of solid tgtrabromomethane in such a manner that the
internal temperature did not exceed -20°C. After completion
of the addition, the cooling bath was removed and the
mixture was stirred for a further 18 hours with gradual
warming to room temperature. The mixture was then con-
centrated on a rotary evaporator and the resulting, semi-
-~crystalline residue was triturated with 200 ml of warm
hexane, filtered and the concentrated filtrate was chroma-~
tographed with hexane on a column of silica gel. There

were obtained 4.79 g (97%) of trans~l-(bromomethyl)-4-

-pentylcyclohexane as a colourless liquid which was purified

_further by distillation; b.p. 82°C/0.08 mmHg.

-c) A mixture of 18.9 g of l—methoxy—3—(trimethyléilyloxy)-

- =1,3-butadiene [S. Danishefsky et al, J. Amer. Chem. Soc.

96, (1974) 78071, 6.4 g of acrylonitrile, 100 mg of di-



epar at ed, aqueous phase was extracted twice with 50 m .15 of di et hyl
ethgr each tine. The organi c phases were washed with 50 ml of saturated &
seotfl um chl ori de sol ution, dri.ed over p®tassium carbonate and concentrat ed.j/
"The residual, senmi-crystalline, orange oil was triturated with 400 ml of
hexane, cooled to -[err] and freed froggprecipitated tri- 20

phenyl phosphi ne oxide by filtration (rinsing with cold hexane).

Low pressure chromatography (0.4 bar) of the concentrated residue on silica
gel using 10% et hyl acetate/ petroleumether as the eluant gave 1.60 g

(56% of 4- mm@pamﬂﬁem)éﬁﬂ cnbm&gmmwasehagtadcbboneﬂgs oi |
(purity 25 979%. - 67 :

4- (nethoxynékﬁyl (ﬂhiiﬂﬁﬁﬁﬂ%ﬁ#ﬁtWit% FWTOR aj nBELGEscReALRE /t Sheef | ux
for 1.5 hours in 100 n1 of tetragégrofureuﬂém 2N h%grochli 5; acid (4:1)

. The cool ed AiE%ce SRRSHiTue DZRY® NG SXFeHR 1t RFFAMD %F#&eievese
three times with 50 ni of |ethyl et her, each %- . The anlc wer e
washed wi -t h *§89¥ed O, 4 RYIROLF L% I tgﬁesﬁﬁ? yﬁ?ﬁggﬁagﬁabonate

-iﬁl ai 'nZ§ 55 Pudige B%%;%é“%%“ 4o %Sﬁiéﬁ,”%@%%ﬁﬁ?ﬂaf%gé@we

hydrochloric acid (4:1) . The cooled mixturé was_subseqﬁqntly'

extracted three times with 100 ml of methylene. chloride -
| each_time.._The organic phases were washed twice with 100
ml'of water each time and once with 100 ml of saturated.
10 sodium chloride solution, dried over magnesium sulphate and

concentrated. There were obtained 10.3 g of a yellow oil

—~e

which consisted of 87.9% of 4-cyano-3-cyclohexen-l-one, of =~

4.1% of'4fcyano-2-cyclohexen-l-one and of 2.7% of trans-~ )
-4-cyano-3-methoxycyclohexanone (an intermediately 6ccuring

15 hydrolysis.prgduct). Bulb-tube distillation_(l3oél40°c/_

_ 0,27-0;15_mmHg) of_the_resulting_oil:gave 7.64 g of a
mixture of 4—¢yano;3—cyclohexen—l—one and 4-cyano-2-cyclo-
hexen-l-one as an orange, crystallizing oil. This was
‘dissolved in 7d ml of ethanol and hydrogenated iﬁ the

20 _p;_g_éenc.e:_of_ 764 mg. of 10%. palladium/carbon at normal
pressﬁre_(hydfogen-uptake 1425 ml). After filtration 6f
the catalyst,_washing with methylene chlqride, concentration
of the filtrate and bulb-tube distillation (130-150°C/0.11
mmHg) , there were obtained 5.45 g (70%) of 4-cyanocyclohexa-

25 none as a colourless oil; Rf value (toluene/ethyl -acetate

3:1): 0.25.



trans- 4- cyanocyclohexanecarboxaldehydes (in the ratio of about 1:1). This
nmaterial was used in the follow ng [edustion w thout additional

purt flcatlon Rf val ues (toluene/ethyl gcetate 3: I):

© ci s-4-cyanocycl ohexane- 15  carboxal d %yde 0 36

t rans-4- cyanocycl ohexanecar boxal dehyde 0. 32. A sol ution of 1.34 go

f
;‘nﬁffiﬂﬁfﬁf o6t é???f??#éﬁ"x ﬁrarévémﬁf@re%@%eem SHotthonids 1oy Wf 20
complet on oo 5 u?s%&%e“& ' S o, SRS e Yo L LE | uf\I her
ggtinaggtegsi hgge tl%s W|th é-rflf n%%;%?&%%ld&each%ne% e 25

organi ¢ phases 3tete gegedd Wik @-mtﬂaa@t era®esh ddmpletibedopVer

magnesi um sul phat.e and concentrated. Low - -pressure

chromat ogr apkhe @adirdion, oftﬁémmﬂﬁwa}aswétmal la€ a0 ged 5%¢ hfor a
chl orof ornf et hyl acetate (1 1) gave 1.22 g (90% of 4- (hydroxynethyl)
cycl ohexanec #ulrdhielrr i30e milnuéas smdthen dimitdder oratgs £ pﬁrtimllyvo '

epi ners) as a col ourl ess,
. heterogeneous mixture was treated dropWise within 10 minutes

10 chromat ographical analysis, contained 92% of a m xture of the cis- and(ij
13

‘with a solution of 2.30 g of 4-cyanocyclohexanone in 20 ml
- of t-butyl methyl ether. in so doing, the internal temp-
f_ 10 erature should not exceed 5°C. After completion of the
addition, the Inow yellow-orange mixture was warmed to 25°C
and stirred for a further 2 hoursf 50 ml of a 2% eodium
. hydrogen carbonate solution were subsequently added and
the seperated, agqueous phase was extracted twice with 50 ml
15 of diethyl ether each time. The organic phases were washed
with 50 ml of saturated sodium chloride solution, dried
over potassium carbonate and concentrated. The resrdual,
semi-crystalline, orange o0il was triturated with 400 ml of
-hexane, cooled to =20°C and freed from precipitated tri-
- 20 phenylphosphine oxide by filtration (rin51ng with cold
- ' hexane). Low-pressure chromatography (0.4 bar) of the
concentrated residuelon silica gel using 10% ethyl acetate/
petroleun ether as the eluant gave 1.60 g (56%) of 4-(methoxy-
methylene)cyclohexanecarbonitrile as a.colourless oil (purity

25  97%).



5 Yiscous oil. This material was used in the follow ng tosylatipn wi t hout
r-')Hu'ther purification. Rf value of 4- - : —~
ydr oxynet hyl ) cycl ohexanecarbonitrile (chl oroform ethyl acetate 1:1) 0-2@/

(1 ongish spot). g) A solution of 1,20 g of the 4-(hydroxymnethyl)cycl o-.
10 hexarecarbonitrile obtained in Snf7of pyridine was treated portionw se
Wth 2.46 g of tosyl. chloride at roomtenp- erature and while gassing with
argon. After stirring at roomtenperature for 3.5 hours (formation of a
white pre- cipitgte),, the mxture cooled tao [err]. \ regted with 1S
about 2 n1e§f ma&%ﬁ?%aéﬂﬁﬁgﬁﬁxféiﬂﬁ;%ﬁéif¥é4$P%ﬁéﬁﬁ¥g§a§n§$rggﬁcghtrated
hydr ochl ori_c .aci d tracted 1 1 s, wth 30, o} i et hyl ether
each time. t‘?ﬁré“"é?&’%% g%%ﬁggezg:%me%égl\?\‘g‘shfeéd?vs\%% ‘E‘b‘?’% ”](_)? :I/'\%ger- _a%g 50 m of
saturated q%ﬁ{% o Pl AP 2% ilﬁf&r 65 LV S c{ROPESE Y Seh@habg188d 20
concentr at %% t reo(rf(rarra_l i ngﬁ{)e. i ncjﬂ%%%g %ca sg_m' _--v-crystaﬁ')i ne oil .
Low- pr essUpg x¢ir@ a3 thehy dduredant®5c 80 bofwstdi Cangcbxtpabted0% -

et hyl acetate/petroleumethér as the eluant gave 1.06 g (42% of

trans- 4- (t gayveexHikiesy Wi-the\5d ale o alics tioyl tether asach ceimel | eBhe
crystallizing oil 25 (mp. 84-[err] and 1.03 g (41% of -

Ci S-4- (t osylraandet phalse sC wa reh evasstesdhi rvoiozh 150 el asf swabénuahd@sSQ milsobus
oil. K _ ' ' o

' saturated sodium hydrogen_carbonate,solution, dried over

maghesium sulphate aﬁd concehtrated, There were obtained
.1.3S.g (94%) of é colourless oil which, according to gas-

10 chromatographical anaiysis, contained 92% of a mixture of
the cis- and trans-4—dyanocyc1ohexaneca£boxaldehydes (in
the ratio of about 1:1). This material was uséd-in the —
féllowing reduction without additional purification. Rf A
values (tdluehe/eﬁhyl acetate 3:1): cis~4-cyanocyclohexane-

15 carboxaldehyde 0}36, trans-4-cyanocyciohexanecarboxaldehyde
0.32. o | |

£). A SOIuﬁioh of 1.34 g of.4-cyanocyclohexahecarbox-
aldehyde (cis/ﬁrans mixtﬁre) in 40 ml of Q;lN methanolic
potassium hydxpxide;solut;on was_t;eaﬁeq pqrtionwise.at‘o°c
20 while §a$sing with éfééﬁ with 378 mg of solid sodium boro= - -.
| hy&ride. After completion of the addition,uthe_mixtu:e was
stirred at 0°C fér a furthgf 20 minutes, 50 ml of water
were then added and the ﬁixture oBEEIEéa was égﬁracﬁed'three
times with 50 ml of methylene chloride each time. The
25 organic phases were washed twice with 50 ml of water each

time, dried over magnesium sulphate and concentrated. Low-



product 0.20. h) 121 ng of magnesi um shavi ngs were covered with 3 m of’
Qyolute t etrahydrofuran while gassingsith argon, 5 treated with a

stal of~iodine and then treated at -rggl ux tenperature with a sol ution of
989 ng of trans-I|-(brono- nethyl)-4-pentyl cycl ohexane [from paragraph b)]
in 7 m of absolute tetrahydrofuran. After conpletion of the addition, the
m xture was heated to reflux for a further 45 mnutes. 10 -
Subsequent | y ~piessuse (ghroratognrphy - (@4 | banhsofr the ctiesidnad. gild onf a
~ 0.1N solution of dilithiumtetra- chlorocuprate pr epar ed accordlnggto M

T Ty o1 g E g ASy] et Ry DEve L Aareet BB L LLL . 15 L o

o absoltn s B n e e felRaRRRA i ) et oo
chl oride soldfti®Bh ag?lgdls%ﬁ':i&% %e%y%agﬁ# g‘ﬁeﬁf) 8 % ?ﬁ§$m§?ﬁ§?'
Sodi um ol o Sl onphﬁffédm& £88 1oks Nitda ofh g e5Towillg U E Ty
Low- pr essur gy 1aml @&%ﬁ@ HaPdie Oéufrfiésfwﬂe Oﬂfsirél{i? Sf' 4i th 3%

et hyl acetate/ “petrol eum et gave, eS|des a |l arge anmount of coupling

Pr oduct of uwysﬂdﬁawﬂ&%%ﬁémﬁa&m&ﬁ%r@e(cﬁﬁéraﬁom/etnyl
acetate 1: l) 0. 29 {longish spot).

-69-."val ues (30% ethyl acetate/petrol eumether): trans product 0.25, cis (%%i

g) A solution of 1.20 g of the 4-(hydroxymethyl)cyclo-

10 hexanecarbonitrile obtained in'5 ml of pyridine was treated
portionwise with 2.46 g of tosyl chloride at room temp-

;“'; .e:ature and while gassing with argon. After stirring.at

room temperature for 3.5 hours (formation of a white pre-~
cipitate), the mixture, cooled to 0°C, was treated with

15 about Z.ml of water, cautiousiy made acid with about 7 ml
of concentrated hydrochloric acid and extracted three times
with 30 ml of diethyl ether each time. The organic phases

were washed with 50 ml of water and 50 ml of saturated.

7]

. . .sodium chloride soiution, dried over magnesium Sulphate and
20. concentrated, there remaining_behind 2.31 g of a semi~
~crystalline oil. Low-pressure chrcmatdgraphy (0.5 bar) on
480 g of silica gel using 30%_ethyl_acetate/petfoleum ether
as.the.eluant gave }.06 g (42%) of trans—4-(ﬁosyloxymethyl)-
.cyclohexanecarbonitrile as a colourleés, crystallizing oil
25 _(m.p._84-85°C) and i.03 g (41%) of cis—-4-~(tosyloxymethyl)-

cyclohexanecarbonitrile as a colourless, viscous oil. RE



. (28.5% of trans-4-[2-(trans-4-pentylcycl ohexyl.)ethyl]cyclo- -70 -
, ecarbonitrile [353 ng of trans-4-(tosyloxynethyl)cycl o- o
_hexdnecarbonitrile could be recovered #ith.30% et hyl acetate/ ‘petrol eum
ether]. Asingle recrystallization from5 m of nethanol yielded 96 ng of
trans-4- [2 (trans-4-pentylcyclo- 5 'h@?yf)ethyl]cyclohexanecarbonltrlIe as
colourless crystals (purity 99.98%; solid-solid transition 39.[err]; mp.
56.; cl.p. 72.[err] (nematic). i) The nitrile obtained can be saponified

to give ”a'?ﬁalue‘k[ﬁ%di Sy - m%a&syﬁé@f@xaﬁﬂneé%kwcteaaéaggaah@%xyI ic

10 acid in an anal ogous nmanner to Exanple 5 c) mnth 2N pot assi um

hydr oxi de any 28 hajid pﬁﬁhﬁcﬁéﬁlzu. cL 71 CLAIMS: 1. A

liquid crystalllne m xture for electro-optical devices, which are operated

according to the two-frequency matri x addressi ng procedure, said m xture

consisting of 5. three conponents A, B and C, each of which contains one or
h) 121 mg of magnesium shavzngs were covered with 3 ml

of absolute tetrahydrofuran while gassing with argon,

5 treated with a'érYstél of iédine and ﬁhen treated'at reflux
temperature with a solution of 989 mg of trans-l-(bromo- |
methyl)-4-pentylcyclohexane (from paragraph b)] in 7 ml of
absoiute tetrahydrofuran;. After completion of the additionm,

the mixture waS'heated-to reflux for a further 45 minutes.

10 | ' Subsequently, the.mixture, cooled to -78°c,:wés —
treated with 0.7 ml of a O.IN solution of dilithium tetra- ./
chlorocuprate [prepared according to M. Tamura et al,

Synthesis 1971, 303] in tetrahydrofuran and with a solution
of 587 mg o£ trans-4-(tosyloxyme£hyl)cyclohexanedarbonitrile

15 in 9 ml of absolute'tetrahydrofuran. The mixture, warmed
to -15°C,'was:étirred for a further 21 hours,.theh treated
with about 10 ml of saturated émmonium chloride solution
and extracted three times with 50 ml_of diethyl ether each
time. The'drgaﬁiC'phaSés were washed with 50 ml of sat-

20 urated sodium chloride solution, dried over magnesium sﬁl—
phate and concentrated. Low-pressure chromatogiaphy.(O,S
bar) of the residue on silica gel with 3% ethyl acetate/
-petroleum ether gave, besides a large amount of coupling
product of trans¥l—(brcmomethyl)-4-pentylcyclohexane, 164 mg

25 (28.5%) of trans-4-[2-(trans-4~pentylcyclohexyl)ethyl]lcyclo-



nmor e.conpounds, copponent A having a bul k V|5005|ty of at nost 40 cp, a
cl earing point of at |east ‘[err] and a dielectric¢ anisotropy

bet ween -2 and +1, com penent B having a dielectric
an?§6tropy’belom1 -2 and 10 ¢ onent C having a dielectric

ani sotropy above +10, a cleari poi nt of at | east [err]
and a cross-over frequency in the total m xture of at nost 15 kHz
at 20C. 2. Aliquid crystalllne m xture according to claim15 1, wherein
conponent C hexanesarbondiailier dadshaw iaf thranstéd (tasyloxyngthyl hepelo-
10 kHz at [err]. 3. A Ilggld crystalline mxture accord| to claim1l or 2

consi sting ohe¥anecagbonitrilesgopld ke rasawnrad A Wethnt acmpreRn

B and 5 40 wt . % o component C. 4. A li UId crystalline n1xture
accor di ng t oP&HF Qé%ﬁi ggngi ?ﬁ*ﬁﬁ%ﬁﬁﬁ é%ﬁﬂ

d f
s comboun et il i eaﬁw%raaf-[‘*e-rl}ﬁ-<trans-4-PentYl°Y°1°-

. 5 hexyl)ethyllcyclohexanecarbonitrile as colourless crystals
(purity 99.98%); solid-solid transition 39.3°C; m.p. 56.3°C;

cl.p. 72.3°C (nematic).

i) The nitrile obtained can be saponified to give trans-
-4-[2—(trans-4-pentylcyclohekyl)ethyl]cyclohekanecarboxylic
10 acid in an analogous manner to Example 5 c¢) with 2N

-potassium hydroxide and ethanol under reflux.

L



ein denot h, fluorine, chlorine, bromne or.the cyano
dup, Y““‘“H‘E“i cyanow nyl, 2,2- 5 -di cyano- | - met hyl v/nyl
. ®L“cyano r*5|gn|fy p- R yl, trans-4-R -cycl ohexyl, 4'- R\ﬂj

iﬁhen

-4~ bi - phenylyl p- (trans-4-R -cyclh - phenyl p-(5-R
-2-pyr|n1d|nyl)phenyl, 10 p-[ 2- (p R—-phenyl)ethyl]phenyl, p-
-[2-(trans-4-R -cycl ohexyl)ethyl]- phenyl, trans-4-[2-(p-R -phenyl)ethyl]-
cycl ohexy|CIAIM8ans-4-[2-(trans-4-R - -cycl ohexyl)ethyl]cycl ohexyl, and R

15 - denotes a straight-chain al kyl group containing 1 to 12 carbon
atons or on a benZene ring also a straight chai n al koxy group containing 1
to-12 carbon atons. ' A liquid crystalline mxture according to

claim2 4, mhereln RA lAQPéﬂnﬁFﬂﬁtQ%%%ﬂﬁxﬂ¥ﬁﬁﬂﬁﬁc#°€H?%?FF€°'°Pti€al L
M _ > devxces, which are operated according to the. two—frequency
matrix addressing procedure, sa;d mixture consisting of

5. thiee components A, B and C, each of;ﬁhich contains one or

more compounds, component A having a bulk viscosity of at most

. 40 cp, a qlearing point of at least 40°C and a
dielectric anisotropy between ':4- -2 and _ +1, com-
ponent B having a dielectric anisotropy below -2 and
10 cormponent C having a dielectric anisotropy above +10,
a clearing point of at least _loo°c.and a cross-over
frequency in the total mixture of at most 15 kHz at ™

20°C.

2. A liquid cfystalline mixture according to claim
15 1, wherein component C has a éross-over'frequency in the

total mixture of at most 10 kHz at 20°C.

3. A liquid crystalline mixture according to claim
1 or 2 consisting of at least 30 wt.% of component.A,
3-40 wt.% of component B and 5-40 wt.% of

20 component C.

4. A liquid crystalline mixture according to any
one of claims 1 to 3, wherein component C contains one or

' more compounds of the general formula



-73- 6. Aliquid crystalline mxture according to claim4 or 5, mhereinR

in fofnmula | signifies a straight-chain alkyl gro::ﬂum Nﬂu“lumﬂ”w

cafbgn atons. 5 7.- Aliquidq crywstalline to any
one of clains 4 to'6, wherein Y in for & represénts cdyafo or *

2, 2-di cyano-I -nmethylvinyl. 8 A liquid crystalline m xture according to any
one of clains 4 to 7, wherein in fornmula | [err] and E to- 10 get her
signify 4'-alkyl-4-biphenylyl, p-(trans-4-alkyl- cyclohexyl)phenyl or
p-[2-(trans-4-a|kylcyclohexyl)ethyl] phenyl. 9. Aliquid crystalline

m xture according to any one of clainmsR@ to 8, wherein conponent B contains
one or 15 nore conpounds of the geneyal formula wherein [err] signifies a
strai ght-chain al kyl group cont ai 1 to 12 carpy 74 - atonms, R9
represents an al kyl,, al koxy, p-al I

t rans- 4- aIkyIcycIdhe535'1ﬁ X
strai ght-chai n groups cont ai ni ng\1.t0 /10 carbon aN\GHE~

-

wherein R? denotes hydrogen, fluorine,
- chlorine, bromine or the cyano group,
| Y represents 2,2-dicyanovinyl, 2,2-
S -dicyano-~l-methylvinyl or cyano, Rl
| and E together signify p-R =-phenyl,
e _trans-4-R -cyclohexyl, 4'-R —4-bi-
< phenylyl, p-(trans-4-R -cyclohexyl)-
phenyl, p-(5~-R -2-pyrimidinyl)phenyl,
1o p~{2-(p'~-R ~-phenyl)ethyllphenyl, p-
- =[2=-(trans-4~R -cyclohexyl)ethyll-
phenyl, trans-4-[2-(p-R -phenyl)ethyl]-

cyclohexyl or trans-4-[2-(trans-4-R -~

&

—cyclohexyl)ethyl]cyclohexyl, and R

15 * denotes a straight-chain alkyl group

It /]

s : o containing 1 to 12 carbon atoms or on
a benzene ring also a straight-chain
alkoxy group containing 1 to 12 carbon

atoms.

20 5. A liquid crystalline mixture according to claim

4, wherein R2 in formula I denotes cyano or chlorine

: "_'m

N
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a liquid crystalline mxture as set forth in any
of CIJ, uﬂl Hnﬂﬂl Ielectro- optical *device which is operated —

rding teo. t requency mat r i Xxe-addr.,essi ng procedure.
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6. A llquid crystalline mixture according to claim
4 or 5, whereinR in formula I signifles a straight-chain

alkyl group containing 1 to 12 carbon atoms.

5 7. A liquid cryétalline mixture according to any
one of claims 4 to 6, wherein Y in formula I represents

cyano or 2,2-dicyano-l-methylvinyl.

8. A liquid crystalline mixture according to any

one of claims 4 to 7, wherein in formula I Rl and E to-

10 gether signify 4'-alkyl-4-~biphenylyl, p-(trans-4-alkyl-
cyclohexyl)phenyl or p-[2-(trans-4-alkylcyclohexyl)ethyl]-

phenyl.
9. A liquid crystalline mixture accdrding to any

one of claims 1 to 8, wherein compoénent B contains one or

15 more compounds of the general formula

XXV

wherein r® signifies a straight-chain

alkyl group containing 1 to 12 carbon

g

P
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atoms, RS represents an alkyl,alkoxy, p-alkylphenyl,
p-alkoxyphenyl or trans-4-alky1cycloh§xyl group and the

alkyl and alkoxy groups in R® are straight-chain groups .

containing 1 to 10 carbon atoms.

10. The use of a liquid crystalline mixture as
set forth in any one of Claims 1 to 8 in an electro-
optical device which is operated according to the two-
frequency matrix addressing procedure.

- Ly U

o



