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2102000 -1- PRODUCTI ON OF 4-L2-.

CY, EXYL) ETHYL] CYCLO- HEXANECARBONI TRI LES AND LI QUI D CRYST&IV/)D L,@EG 0 0
NING THEM The present -invention is,concemed with the manufacture of .

tr -4- [2-(trans-4- aIkyIcyclohexyF}et%lecyclohexanecarbo 5 nitriles fﬁ\.

of t general formula [err] wherein Rlerr] signifies a straicht-chain

al kyl group containing 1 to 12 carbon atons. The invention is al so _

concerned with liquid crystalline nmixtures containing these conpounds as =

well as their use it electro-optical devices. The representation of the Ry

cycl ohexane ring used in 15 Lornula | signifies in the scope of the present

i nvention tr HEASL DRI HYL] CYZLO-HEXANECARBONITRIL
: I%it J‘ﬁn CRYSTAL MIX %gss CONTAINING THEM. £S

The present invention is‘concerned with the manufacture of trans-
~4=-[2-(trans-4-alkylcyclohexyl)ethyl]lcyclohexanecarbo- P

5 nitriles of the general formule

0
Z
"4

wherein Rl'signifies 2 straicht-chain
alkyl groﬁp containinec 1 to 12 carbon

atoms.

1C
The invention is also concerned with liquid crystalline w
.m;xtures contair.anc these compounds as well as their use ar
. . . \d
éie:tro—optzcal gevicer.
Thé_representation of the cyclohexane ring used in
15 formula I signifies in the scope of the present inventior

trans-1l,4~disubstituted cyclohexane.



The conpounds i'n accordance with the invention are especi al |y val uabl e-as
conponents of nematic and cholesteric liquid crystal mxtures with positive

anj sot ropy of ‘the dielectric constants [err] signifying the diele c 5.
constapt along’the longitudinal nolecwar2axs and [err] signifyi e -

- di.el ectg{c constant perpendicular thereto). Liquid crystals with I ve
~diel ectiric ani sotropy orientate thenselves in an electrlc field w t he
: di ngftion of the largest dielectric constants (i.e. with the long- 10 |

- i tudi nal. nol ecul ar )eqrpQunds in aderdasice mmmrm,tnmmm is

;used, inter alia, in the interaction between enbedded nol ecul es and the

:liquid cryst al 99BRFIAN ot adnabla As (remponentis of (S\@}aa('!iégc|aﬂll§ed:llly;,l.e\\ai\htlar:j.c15
hnd G N Tay oiud medd Sllveires vt posdtivenankecn p%&nggkwp. g
apoLi oot on Clad A Uil oY S 1Syt tf%ﬁe%?tt%fsﬁ’i?f Seprisy).
PR oo s il Y S SR RIS U e
menmatic crystadidiifying the dielectric constant perpendicular thereto).

. Liquid crystals with positive dielectric anisoﬁropy
orientate themselves in an electric field with the direction
of the largest dielectric constants (i;e. with the long-

10 itudinal molecular axes) parallel to the field direction.
This effect is used, inter alia, in the interaction between
smbedded molecules and the liquid crystalline molecules
(guest-host interaction) described by J.H. Heilmeier and
L.A. Zanoni [Appl. Phys. Lett. 13 (1968) 91] or D.L. White

15 and G.N. Taylor [J. Appl. Phys. 45 (1974) 4718]. A further
interesting application of the dielectric field device lies
in the rotation cell discovered by M. Schadt and W. Helfrich -
[Appl. Phys. Lett. 18 (1971) 127].

<)

These electro-optical rotation cells comprise
20 essentially a condenser with transparent electrodes, the
dielectric of which is formed from a nematié crystal with
€4>€y. The longitudinal molecular axes of the liquid
cfystals-are arranged in ?wisted form in the fieldless stats,
the twisting structure beinq.determined_by the given wall
25 orienpatiOn of the molecules. After the applicatidn of an
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[err]. The |ongitudinal nolecular axes of the liquid crystdls are arranged

' Msted formin the fieldless state, the twi sting structure being.

ned by the given wall 25 orientation of the nolecules. After the

tion of an -3- electric potentizal £ 0 the condenser plates, the

: es adjust thenselves with their |ongitudinal axes in the field

~directlon (i.e. perpendicular to the surface of the plates), whereby |inear

pol arized light is no longer.rotated in the 5 dielectric (the liquid %4

crystal is unicbéctric potentialite the i(dondangern: plateshe hieamaleculls s

_ effect is reversible and can be used to electrically control the optical

- trans- mi ssi viaddusgt tehemssiwas st ihedar longitudinad, axes imdheifiiqlsh
of cholesteric,10 subst.ances (or neral ly saoluble, optically active sub-

stances as | oftEechinn (-8 rﬁe%Rﬁ‘gﬁr‘E’rﬁﬁ§q e (?"Erf?ﬁealq% @jafges),

oomatrix of nemple it ey Yl itdd AYHY 16° R R Aaddd in the
dielectric cofSI8hiy | o (? :

S dielectric (the.liquid crystal is uniaxially perpendicular

to the'suzﬁaceﬁof;the:plateS);. This éffectuisrreVersible~
and can be used to electrically control the optical trans-

-missivity-of:the"condenser-

Further, it is known that the adéition of cholesteric
10 substances (or generally soluble, optically active sub- |
stances as long as the total mixture remains liquid |
crystalline) to a matrix of hematic liquid crystals with
positive anisotropy of the dielecﬁric constants leads to a -
cholesteric mixture which undefgoeSPA cholesteric;nematici
15 phase transition upon application of an electric field _
(phase—change:effect). By suitable choice of the choles%'
teric additives such mixtures can also be used to imprcvé :

the electro—bptical properties of rotation cell indicators.

It has now surprisingly been found that the compounds®
20+ inaaccbrdance¢with;thefinvénﬁion are low-viscous' liquid
crystals with positive anisotropy of the dielectric constants
and very small optical anisotropy.  Further, the compounds
in accordance with the invention have an excellent chemical

and photochemical stability and'small electrical conductivity.

~
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chol esteric m Xturé€ which undergoes -a chol esteric-nematic 15
transition upon application of an electric field (phase-chang
sui tabl e - chorce of the choles- teric addifives such mxtureg ;
- used to0 inprové the electro-optical properties of rotation &el
It has_now surprisingly been found that the conpounds 20 in accordance

with the invention are | owviscous liquid crystals with positive anisotropy

of Whe~di el ectg;peRePMbRAL,S thed Wie) nEEIibRPvLEh &1 Skhcwnyclisskbeof the

"’ compounds in accordance with the invention have an excel |l ent chemnical and

- phot ocheni cal p1ghili tyystadlsmand Saercd amed dnlunixviteys in Eighheonere,
.they are mscible with all known classes of liquid crystals and can be used
“in mxtures inc8hgbathonscentrations. The fol | owi ng conpounds can be

manuf actured by nmeans of 5 the present invention:

s Trans-4-[2-(trans-4-net hyl cycl ohexyl ) et hyl ] cycl o- hexanecarbonitrile,

The following'compounds can be manufactured by means of

5. the present invention:

Trans-4-[2-(trans-4-methylcyclohexyl)ethyllcyclo-
hexanecarbonitrile, |
_ trans-4-[2-(trans-4-ethylcyclohexyl)ethyl]cyclo-
hexanecarbonitrile, | |
10 trans-4f[2-(tréns—4-propylcyclohexy1)ethyl]cyclo-
| hexanecarbonitrile, |
trans—4-[2-(trans-4-butylcycloheky1)ethyl]cyclo—
hexanecarbonitrile,
trans-4-~[2-(trans-4-pentylcyclohexyl)ethyl]cyclo-
15 = hexanecarbonitrile, '
trans-4-[2-(trans-44hexylcyclohexyl)ethfllcyclo-
hexanecarbonitrile, |

trans-4-IZ-(trans—44hepty1cyclohexy1)éthyl]cyclo-

ry

hexanecarbonitrile,
20 trans-4-[2-(trans-4-octylcyclohexyl)ethyl]cyclo-
hexanecarbonitrile,; |
trans—@-[z-(trans-4-nony1c9ciohexy1)ethyl]cyclo-
hexanecarbonitrile,
trans-4-[2—(trans-ﬂ—decylcyclohexyl)ethyl]cyclo-

25 hexanecarbonitrile,



2 (trans-4-ethy|cyc|ohexyl)eihyl]cyclo- hexanecarbonifrile, 10

2- (trans-4-propyl cycl ohexyl ) et hyl]cycl o- hexanecarbonitrile, =~ . -
2- (trans-4-butyl cycl ohexyl)et hyl ] cycl o- hexanecarbonitrile, o’
2-(

2-(

trans-4-|
[

trans- 4- pent’yl cycl ohexyl )=t /1 J=ycl o- 15 hexanecarbonitrile,

' trans- 4- hexyl cycl ohexyl) ethyl]cycl o- hexanecarbonitrile,

‘ 2- (trans-4-heptyl cycl ohexyl)ethyl]cycl o- hexanecarbonitrile, e
s . trans-4-[2- (trans 4- octylcyclohexyl)ethyl]cycl S

hexanecar boni tril e  txangrdzl 3o pransrd-Nndacy kus nhexyl Wﬁﬂﬂkﬁﬁﬁk?’ |

"hexanecarbonitrile, trans- 4-1% (trans-4-decyl cycl ohexyl)ethyl]cycl o- 25

hexanecar boni#§%3necarbonitrile,

trans-4-[2-(trans-4-dodecylcyclohexyl)ethyl]l cyclo-

hexanecarbonitrile.

5 | Preferred~compoundS“of.formhlé-I'afe*thoée'in.which:f ¥

the straight-chain alkyl group-Rl“cantains 2 to 9,

especially 3 to 7, carbon atoms. The compounds of formula

I in which R' signifies propyl or pentyl are especially
preferred.
10 The compounds of formula I can be manufactured in

accordance with the invention by

(a) reacting a compound of the general formula

11
RL CHoMgY

wherein Y represents chlorine, bromine,

1 has the significance--

15 : or iodine and R
given earlier,

and a compound of the general formula

EREI--F - PO PR SRR SRR M - s~ e



-5- trans- 4- 2-(trans-4-undecyl cycl ohexyl)ethyl]cycl o- hexanecarbonitrile,

. trans-4-[2-(trans-4-dodecyl cycl ohexyl)ethyl]cycl o- hexanecarbonitrile. 5
Preferred conmpounds of formula | are those in which the straight-chain
\a{kyj)group Rl-err]  contains 2 to 9, &spgcially 3 to 7, carbon atons,_ The
compoupds of formula | in which Rlerr] signifies propyl or pentyl agfe
especi‘al.ly preferred. 10 The conpounds of fornmula | can be
mapuf actured in accordance with the invention by (a) reacting a
of The general fornmula [err] wherein Y represents chlorine, brom ne
or iodine and has the significance given earlier, and a conpound of the
general . fornul a

ZCH— N III

whérein 2 signifies brominé, iodine,
an alkflsulphbnyloxy groué or an
arylsulphonyloxy group,
S in the presence of éilithium tetrachlorocuprate or dilithium
tetrabromocuprate, - |

or

(b) catalytically hydrogenéting a.cdmpound of the geﬁeral

formula.

1 .
10 H=C N v

ey

o

wherein R1 has the significance given *

earlier.
The reaction of a compound of formula II with a

compound of formula III can be carried out in a manner known



-6- [err]. wherein Z signifies brom ne, iodine, an al kyl sul phonyt oxy group
ryl sul phonyl oxy group, 5 in the presence of dilithium
t et fach\orocuprate or dilithiumtetrabrogocuprate, or (D) ,catalytlcally ;J

hyd en@ting a conpound of "the general formula 10
[ern{\wherein R has the significance given earlier. The reaction of a
conp®Tgy of fornmula Il with a conpound of fornmula Il can be carried out in

a manner knowger- sel- P& tie catalyetcthetgsistheed di~used dl lithium %
.tetrachlorocuprate or dilithiumtetrabronocuprate,
- 1ithium tetrachlorocuprate or dilithium tetrabromocuprate,
preferably dilithium tetrachlorocuprate. As alkylsulphonyloxy
and arylsulphonyloxy groups Z there come into consideration

5 all suiphonyloxy groups which are usually used as leaving

groups in such reactions such as, for example, methane-

. [t

sulphonyloxy, benzenesulphonyloxy, tosyloxy, naphthalene—
sulphonyloxy and the like. Y in formula II preferably stands *
for bromine and Z in formula III preferably stands for '

10 bromine or tosyloxy. The reaogion is conueniently carried
out in an ether such as dimethoxyethane, diethylene glycol
dimethyl ether, tetrahydrofuran, dioxan, diethyl ether and
the like. The preferred solvent is tetrahydtofuran or a
mixture of tetrahydrofuran and diethyl ether. Temperaturef

15 and pressure can be held in wide limits. However, theu |
reaction is generally carried out at atmospheric pressure
and a temperature between about -80°C and room temperature.
A reaction temperature of below about o°C and especially

about -15°C is preferred.

20 The catalytic-hydrogenation of the compounds of formulai
IV can be carried out in a- manner ‘known.. per se-using any *
usual hydrogenation catalyst’ such as: palladium, platinum,
Raney-nickel and the like (optionally on an inert carrier
material such as carbon). Palladiun and platinum are the

25 preferred catalyets. As solvents there can be used any .

inert organ;c,501vent suchhasfsaturated'alcohols, ethers,



‘preferably diIfthiuh]tetrachlorocuprate. As - al kyl sul phonyl oxy and
aryl sul phonyl exy groups Z there cone into consideration 5, al
sul phenyl oxy groups which are .usual.ly used”as |eaving gréups in su
reactions such’as, for exanple, methane- sul phonyl oxy, benzenesul p
tosqux%, napht hal ene- sul phonyl oxy and the like. Y in fornula Il
preferably sta b \ ' or angs—30 .
Bromne of tosyloRy TRATPERYALS, Al ini ¢ RYALBLAVLO WHEERY fhke;
such as di neth@gietéyaﬂgp i e g ol | nged te f
di oxan, diethyl ether ancjzl'ét'hgilh! ke. %r%i%ae!?'e%@jéoﬁégﬁtétleé Hﬁr&qu abétic
tetrahydrof ur a i@ dand Xtoltedl .| CTanpedAurea i bAL850¥e 8FRehot critical
Tenperature 15 and pressure can be held in wide I'imts. However, f%e
reaction i s geagpidts CAr tRisOdh tallyHi HySYdden €SN € Rd 2alk@IRAsd ure
- between about -80C and roomtenperature. A reaction tenperature of Dbel ow
about O[erb] C hydrerpasatioy abouhowkver,s domiciietk1yYOcarried ot at a-
catal yti c hydrogenati on of the conmpounds of fornula IV can be carried out
i n a manner kné&empearatsereisbagweey weoal temgheagtinid andatheybbilicly gdint
pal | adium plati num Raney-nickel and the |ike (optionally on an inert
carrier of the mixture and under a pressure of about 1 to about 5

u atmospheres.

1o _ _
The liquid crystalline tfans-1,2-dicyclohexy1~
ethenes of the generai formula
v
wherein R1 has the significance given .
earlier, are novel and.aISO_form objeéts of the
€ 15 . present invention.

The compounds of formulae II to IV can be prepared as
illustrated in the following Schemes A-C in which R, Y and
Z have the significances given earlier and Ts denotes a

20 tosyl group. -



material such as éarbon).' Pal | adi um and pl ati num are the 25 preferred

cat al . As solvents there can be used any inert organic solvent such as
satu "al cohol's, ethers, -3- esters, carboxylic acids, aromatic )
hydr ons an te like; for exanple, ethanol, dioxan, ethyl acetate,

gl aci at2-qcetic acid and toluene. Tenperature and pressure are .not critical
aspects in this catalytic hydrogenation.- §he catalytic 5 hydrogenati on
# }is, however, conveniently carried out at a tenperature between room et
- ftemperature and the boiling point of the m xture and under a pressure of
about 1 to about 5 atnospheres. 10 The liquid crystalline

trans-1, 2-di cycl ohexyl - et henes of Schemgydneral forrmula V wherein R has the

- tsignificance given earlier, are novel and al so form objects of the

Rosenmund - 1

COCH . R. CHO .
reduction .
vl . _ _ _ VII
. . .
_1)-F1A1H4 : _ |
2) H30-e _ ~ pyridinium - B .
chlorochromate
1 TsCl .
CHZGH - e——— CHZO_Ts
: pyridine
VI1I IX
C'Cl4 or CBra,
, Nal
P(c5H5)3 . acetone
arT
1 P(C_H.)
R CH,Y ) 3i 1
2 xylene R
' X - refulux
- v ©
P (CGHS)BY
q Mg ' _ _ .XI
. tetrahydrofuran a
or diethyl ether :

Rl CH_MgY

1I



15

prepared, as i.llustrated in the follow ng Schemes A-C in which Rlerr], Y and
- {Z have the significances given earljeryqnd_Ts denotes a 20. tosyl

[ —— 3 PRSP T L

present "i nvention. The conpounds of fornulae Il to IV can be

Schere' A [err]’
el

OHC

XVII

III

-10- Scheme B Schene Schenme C [err] -

Scheme B

CHy

N : )
7 Y :
+ l' AT, peroxide +
2809 O O 7 XTIV b
XII XIII XIV a ' : B
Pd-C
_ _ o
- - N
; Xv
33069
- tetrahydrofuran
N l)!EBB4A:EpH Hoc
2) 8,09 o N
XVIII
Snlphonyl chloride,pvridine
or .
or -
l) TsCl, pyridine -~
2) NaI, acetone,AT L
Chramatograph. - ‘

Separation.

Ix

QUP..-
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- 12 - The conpounds of formulae XVII-XI X in Schene B are general |y

obtained as cis/trans m xtures which can sub- sequently be separated by’ -
‘chy -tography Starting fromtrans-4- cyanocyclohexanecarbaxyl|c aci d of o
& XX (known 5 from Chem Absfr.y$85:_.123431 d) there can, however,

%3’ in Scheme C for sone exanpl es, al so be obt ai ned dlrectly t he
“qtﬁ/bndlng trans conpounds. The Wttig reactions for-the preparation of~
the com pounds of fornmula IV can be carried out in a nmanner known 10 p

- se in the presence of a base, for $ghemeeCbutyl |ithium phenyl 7Tithium

sodi um hydri de, potassium hydride, sodium am de, potassiumt-butylate,

sodi um et hyl ate, sodi um hexa- methyldisilazide, |ithiumdiisopropylam de
and the like, in go.ipert organlc sol vent such as an al kang chlorlnated
15 or aromatic, an ether, an al cohol, an ap

sol vent. agﬂ? nethylene chlorfde;s, .CNi et hyl
et her, ' .
X III a $
o ' S Nal -
BZEGj ' ' TsCl, ace#one- T
_ o pyridine AT
| | or . \ .
HOCH N e OF BT yew N
WIIT a | XX |
Pyridinium _
chlorochromate ' | P(CeHg)3,
B Xylene,

- reflux




. ethanol, t-butanol,’ dinethyl sulphOX|de and hexanethyl phosphorigasi d
trlan1de are exanples of preferred solyvents. 20 I f sodium am dg'i
‘as, the base, |iquid ammonia can al so be used as the solvent. Te tjure-

gand pressure are not critical. The reaction is conveniently carri outat -

yat nospRiexic pressure and a tenperature bétdween about -40[err]C and about 2.

1+65[err]C. The reaction in t-butyl methyl ether in 25 the presence of

'pota§siun1t butyl ate at about C{err]C is especially preferred. Y in the
¢ conmpounds of fornul ag Xl and* XXII}ﬁrefer Ly siagnifies

'brom ne. The corrpoun'%i%e &mmmﬂsa qﬁ/m% it B&Pes of
t he correspondin 1 2- d| et h

i subsequent |y b ‘g%ﬂ%‘g¥ ?:bdﬁ#ré% I%ﬁ §is gﬁﬂé‘ﬁl fgwh\l\%ﬁ?‘as@by
‘catal ytic hydr 0URAS: ¥¥3 g0 Vv

___can al so be ob &%Q&&l{& %{‘?geaorm réﬂf ez?gnm u ?or exan‘%OeﬂJl:d)’;}/na
~chromat Ograph'&éﬁ@i%&%é&@l&féﬁéﬁ%@éﬂﬁ&%‘u@-ui& of formula XX (known

5  from Chem. Abstr. 85: 123431 d) there can, however, as

shown in Scheme C for some examples, also be obtained

D F C directly the corresponding trans compounds.

The Wittig reactions for the preparation of the com-
pounds of formula IV can be carried out in a manner known

10 per se in the presence of a base, for example butyl lithium,

[ DU P PP S

phehyl lithium, sodium hydride, potassium hydride,.sodium

amide, potassium t-butylate, sodium'ethylate, sodium hexa-

R - - methyldisilazide, lithium diisopropylémide and the like,

| in an inert organic solvent such as an alkane, a chlorinated

15 or aromatic hydrocarbon, an ether, an alcohol, an aprotic
polar solvent and the like. Hexane, methylene chloride,
benzene, qoluene; diethyl ether,‘t—butyl methyl ether,
ethanol, t;butanol}'dimethyllsulphoxide“and“hexamethyl-

phosphoric acid triamide are examples of preferred solvents.

N w .
U Ay

20 If sodium amide is used as the base, liquid ammonia can also

be used as the solvent. Temperature and pressure are not

critical. The reaction is conveniently carried out at
atmospheric pressure and a temperature between about -40°C

and about +65°C. The reaction in t-butyl methyl ether in

— e e he Vi S

25 the presence of potéssium t-butylate at about 0°C is

especially preferred. Y in the compounds of formulae XI,
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The conpounds of formula | can be used in the formof 10 = 'm xtures
con ing only of compounds of formula | or in the formof m xtures wi t'h

| e,
nes,

; pheny :esters

! terphenyls, p
. phenyl pyrimd
> phenyl di oxane

tskilled in th

e

[REp

BrA bt G ber e b mm ey At § s E 1 s b ey

" available. Th

ot Wer I \qui d "

crystalline or non- -liquid crystalline substances such as,
wi th substances fromthe cl asses of Schiff's bases;

azoxybenzenes, phenyl behzokd esT cycl ohexanecar boxylic acid 15
, cycl ohexanecarboxylic acid cycl ohexyl esters, biphenyls,
henyl cycl ohexanes, cinnam c acid derivatives, o

D i SOFFY, el SpalCefee IRRORIETY DY D OR

e art and 20 many of themare, noreover comercially
e m xtures in accordance with the invention can contain, in

addi tion, equatori aldye Seibiipbiats bt I EAEMEES AV Nere g Mer NP bt Died £

- 14 - [err] whereinring Ais aromatic or represents

mixtures of the corresponding cis- and trans-1l,2-dicyclo-

_hexylethenes which can subsequently be converted directly

10

15

into compounds of formula I by catalytic hydrogenation.
However, if desired, the compounds of formula .V can also be
obtained in pure form from these mixtures, for example by

chromatographic separation and recrystallization.

‘The compounds of formula i can be used in the form of
mixtures consisting only of ccmpounds.of‘formula I or in the
form of mixtures with other liquid crystalline or non-
~liquid crystalline substances such as, for example, with
substances fram,the classes-of Schiff's bases,fazobenzeneSf

azoxybenzenes, phenyl benzoates, cyclohexanecarboxylic acid

phenyl esters, cyclohexanecarboxylic acid cyclohexyl esters,

biphenyls, terphenyls, phénylcyclohexanes, cinnamic acid
derivatives, phenylpyrimidines, diphenylpyrimidines, cyclo-
hexylphenylpyrimidines,iphenyldioxanes~and-the like. Such-
éubstances;;reianWn.to the;persgn.skilled{inathefartaand

many~ofithemia&e; moreover commercially available.

The mixtures in accordance with the invention can
contain, in addition, equatorially substituted trans-decalins

of the general formula

N,

L]

»~



a trans-1, 4-di-substituted cycl ohexane ring; R denotes: nethyl or one of the
i 5 . ~graups [err], -OR, -COR, -CN, -COOH, -COOR, -CO SR~or .
-OCOR; Rerr] sig- nifies hydrogen, nmethyl .or one of the gro é?ﬁk'nrlr

+
B R e e a2 TR IR

“OR,\[grr] or, when R denotes nethyl_or, one of the groups 10 err],
-OR or~[err], [err] also sig- nifiés “CN, -COOH, -CO-OR, -CO SR or -
-OCOR- Rand R stand for straight- -chain or branched-chain al kyl
groups; Rerr] and R err] have the sanme significance 15 or
di Ff er ent significances; and R and R5 indi y+s all*%anajn up to 12 carbon

i 5, and/ or
.+ (trans-4-al kyl cycl ohexyl et.hanes of the geper@ .pO formul a

XXTIT

wherein ring A is arcmatic or represents
a trans-1l,4-disubstituted cyclohexane
ring; R2 denotes methyl or one of the

5 groups -CKzR', -0R', -CO-R', -CN, -COOH,

-CO-OR', -CO-SR' or -0-CO-R'; R° sig-

nifies hydrogen, methyl or one of the

2

groups -CHZR, -OR, -CH,OR or, when R

2
denotes methyl or one of the groups

10 - -CH,R', -OR' or =-CO-R', R° also sig-

nifies -CN, -COOH, -CO-OR, =-CO-SR or .
-0-CO-R; R and R' stand for straight-
-chain or branched-chain alkyl grﬁﬁps;
2 and RS

R ‘have the same significance

1s or different significances; and Rz'and

R5 individually contain up to 12 carbon
atoms and together contain at most 14
-carbon atoms, . )
and/or (trans-4-alkylcyclohe§z;)ethanes of the general

. .20 formula



B - e

[err] mhereln Rlerr] represents one of the grdups -Rerr], --OR err]
r] , -COOR[err] or -OCORe®err], Rerr] and Rerr] signify :
ht\chai n al kyl 5 groups containing 1 to 12 carbon atons and

for one of the nunbers 1 or 2. Ibe preparation of conpeunds of ~/
eYXXl I'l and XXV are disclosed in published GB Applications
_ X 593 and 2092146 respectively. - 16 - The liquid crystal mxtureg
. in actdrdance with the invention contain, in addition to one or nore oo
- conpounds of formula I, preferably one or nore of the follow ng conpounds:
10 . 4- Cyanobi pheny, t he general for erg] wherein R err]
signifies astraight-sch' _ l 2 .
_ ~ R
R Hz—CHa XXIV
whetein'R7 represents one of the groups
. C . . . <
-Rs,'-ORs, -Co—RB. -CO-OR8 or -O—CO—RS, _
.Rs_and R8 signify straight-chain alkyl-

5 | groups containing 1 to 12 carbon atoms
and n stands for one of the numbers 1 or

2.

The preparation of compoundg of formulae XXIII and
_ . = _
XXIV are disclosed in publishedLApplications Nos:2090593

and 2092146 respectively.



falkyl or alkoxy group containing 2 to 7 carbon atons, 15

{ p-(trans-4-al kyl cycl ohexyl )benzonitriles of the general formula [err] . -
4Z - wherein R signifies a straight-chain alkyl group containing 2 to 7 -

| carbon atoms, p-(5-alkyl-2-pyrimnidinyl)benzonitriles of the general 5 ..

i formula.[err] wherein R has the significance given earlier, '

"p-L5<(q?hns-4-alkyIcycIohexyI)-Z-pyrinidinyl]benzonitriles 10 of '~§5
j geratal "fornula [err] wherein Rerr] has the significance givgn_eavl)i er

- 16 -

The liquid crystal mixtures in accordance with the

invention contain, in addition to one or more compounds of

» formula I, preferably one or more of the following compounds:
10 - . 4-Cyanobiphenyls of the general formula
p13 CN .
VLIII
13

wherein R signifies a“straight—chain

alkyl or alkoxy group containing 2 to 7

carbon atoms, . g

15 p-(trans-4-alkylcyclohexyl)benzonitrileés of the general =~ =

formula

CN

IL



Téchiffrs'baées of the general formula 18 - [err] wherein h - denotes
ithe cyano. group or a straight-chain alkyl or alkoxy group con- taining 1 to

i5 ca atoms and [err] has 5 the significance given earlier,
1p-al yip
1 :

-/

enzoi ¢ aci d phenyl esters of the q;neral fornula [err] wherein R
/t"he cyano group or a straight?chéin al koxy group containing 10

- to 6 carbon atoms and R14 has the significance given earlier, ) -
{trans-4-al kyl cycl ohexanecarboxylic acid phenyl esters of the general !

i
wherein Rl4 signifies a straight-chain

yfornmula [err]

alkyl group containing 2 to 7 carbon

IV RS ¥ T .

atoms, -

p-(S-alkyl-z-pyrimidinyl)benzonitriles of the genefal

5 formula

1l

wherein R 4 has_the significance given
i _ earlier,
p-[5-(trans-4~alkylcyclohexyl})=-2-pyrimidinyllbenzonitriles

10 of the general formula

LI N

14

wherein R~  has the significance given earlier,

e ] Schiff's bases of the general formula




T wWherein [err] ~and [err]

-

2 o . Y LI SR Y RTRL.

Yo ow = s F

have the sig- nificances given earlier,

jtrans-4-al kyl cycl ohexanecar boxylic acid cycl ohexyl esters of the general

iformula 5

[err] wherein RL7 denotes the cyano group or a

1§T7ajght-chain alkyi group containing 1 to 6 carbon atons and R has the

'p-[2-(trans-4-al kyl cycl ohexyl ) et hyl ] benzonitriles of the genera

isig- npficance given earlier, 10 - 18 =

oL a
Jerek wherein R14 has the significance given earlier, 15 equa
isubstituted trans-decalins, of fornula XXiIt - 20

vee o orremimedi e s

vt s s e

- <t T e ek

3 v Bk p s ¢ 1 Bt B - e

LII

R@—-CH:N -

wherein R15 denotes the cyano group or a

straight-chain alkyl or alkoxy group con-

14

taining 1 to 5 carbon atoms and R™" has

5 the significance given earlier,

p-alkylbenzoic acid phenyl esters of the general formula

16 denotes the cyano group or

LIII

wherein R

a straight-chain alkoxy group containing

10 - 1l to 6 carbon atoms and]Rl4

has the
significance given earlier, |
trans—~4-alkylcyclohexanecarboxylic acid phenyl esters of

the general formula

- e

14‘ C o

LIV
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nify straight-chain alkyl: 5 groups and,

herei mefore 1n which Rand R si

pr ef Iy, R denotes nethyl or one of the 2 groups -CH2R or -OR and R
den nmet hyl or one of the groups [err], -OR, -COR, -CN, -COOR or
-O , 5 and (trans-4-a|kylcyclohe§§l)ethanes of formula XXIV herein-
bef ore-bn which n stands for the nunffer I and R err] preferably represents

one of..the groups -Rlerr] or -OR[err]. The amobunt of the conpounds of

<

formula | present in the mxtures in accordance with the invention can iy

generally 10 be c t il I_: .f qdbe I Lxtures which consist of
two or nore conpoun%%gggi oPhulghF gan §?§§ ggegéég. How ever, there are
preferred m xtures Wjiegl aggg%a%avggpggriig&.@6.to about 80 wt . % of

nd there

conpounds of formula | a are especl ally preferred those ni xtures

whi ch cont ai n t3aaet-41a1%9 1% ciohe xaheehrB8xyt 1% akigospeysaexgl £otavsa |.

Further, the m xtures in accordance with theé invention can contain suitable

optical ly actiofe thengenegal foimaianpl e optically active bi phenyls, and/or
di chroic colouring sub- stances, for exanple azo, azoxy and anthraqui none
col ouring

v

17

wherein R denotes the cyano group or

a straight-chain alkyl group containing

1l to 6 carbon atoms and Rl4

has the sig-
nificance given earlier,
10 p-[2—(trans-4?alkylcyclohexyl)ethyl]benzonitriles of the

general formula

LVI

14

wherein R has_the significance given
earlief,

15 equatorially substituted trans-decalins of formula XXIII



i

f‘ﬁ

20 substances. ‘The anmount of such conpounds present is deternined by the
solubility, the desired pitch, colour, extinction and the |ike. Mié\anount
of optically active conpounds preferably anounts to at nost abopt ’

er- cent and-‘the anount of dichroiceca@gur+ng substance pref-/2 ; .
anount-syt o at nost about 10 wei ght percent. - 21 - The mahuf aqt yre of

" the liquid crystalline mxtures in accordance with the inventi&n cay be

_i con-- tai ning GXOUPS ABAe PERFSTABLY of RT odeRPEeF BeRb¥] X
. k . f l e, .by2 ti i t abl | d
' Introducing t FEOHRE FEH2R00F SORLBA R or SRRREES e FhEt (9% PR QB RE cel |

caryied out in a manner known per se; for exanple,. by heating a Txture of

i theé conponent bereinbeSoper AnuvbighrB| andbRY esignify catraighttehatn abiyil

subsequent|ly cooling down. The manufacgure of an electro-gggical devi ce
e 0¥ i

Pout in

The fol | oW ng gL egnake, CxaaP! eScoLaP] CL&! *doo-or" or -o-co-g',

S and (trans—4-alky1cyclohexyl)éthanes of formula XXIV herein-

o before in which n stands for the number 1 and R’ preferably

8 or -ORS-

represents one of the groués =R
" The amount of the compounds of formula I present in
the mixtures in accordance with the invention can generally
10 be choéen at will; for example, mixtures which consist of
two or more édmpounds of formula I can also be used. How-
ever, there are preferred mixtures which contain about 1
wt.$. to about 80 wt.$ Of compounds df formula I and there
are especially preferred those mixtures which contain about

15 10 wt.$ to about 60 wt.% of compounds of fp:mula I.

Further,'thé ﬁixtures-in accordance with the invention
can contain suitable optically active compounds, fof example
optically active biphenyls, and/or dichroic colouring sub-

stances, for example azo, azoxy and anthragquinone colouring

G 20 substances. The amount of such compounds present is

deterniined by the solubility, the desired pitch, colour,
extinction and the like. The amount of optically active
compounds preferably amounts to at most about 4 weight per-
cent and the amount of dichroic colouring.substance pref-

25 erably amounts to at most about 10 weight percent.



15 mi xtures in accordance with the invention. denot es 't he Vviscosity

59. ‘% of trans-4-[2-(trans-4- pentyl cycl ohexyl )ethyl] - 20

cyc anecarbonitrile, mp. -10[erf] @1 c] "p. 56.5C, nematic. = 22

M xt ~Exanple 2 34.5 wt. % of 4'-pentyl-4-cyanobi phenyl, 10. 6 wt . % of

p-[5- (trans 4- ethylcyclohexyl) 2-pyrimdinyl]- benzonltrlle 54.9 wt. 9&»

of trans-4-[2-(tra
n1p -10[err]C cl.

- pentyl -
p [5 (trans-

10

15

20

viscosity Mxture Exanple 1 40.4 wt.% of 4'-pentyl-4-cyanobipheny, -

exyl pyrimdinyl]
known per se; for example, by heating a mixture of the

components to a temperature barely above the clearing point

~ and subsequently cooling down.

The manufacture of_an'eléctro—qptical device con-
taining_oﬁe or more compounds of formula I can also be
carried out in a manner known per se; for example, by
evacuating a suitable-cell-and_ihtroducing.the dgéired

compound or mixture into the evacuated cell.

The following mixtures are examples of preferred
mixtures in accordance with the invention. '7 denotes +he

viscosity (bulk viscosity)..

MixturepExamnieﬁl'

40.4:wt.% of. 4'-pentyl=-4-cyanobipheny.,

59.6 wt.% of. trans~4-[2—(trans-4—pentylcyclohexy1)ethyll-
' cyclohexanecarbonitrile, '

m.p. -10°C, cl.p. 56.5°C, nematic.

BFEpEpBLGra GE) 1hE\ ol a YRS @%{%ﬁs £
%¥§$ﬁ2$cyc ﬁitﬁofhs Qn%e géhOEan be carried out in a ménner

-



» benzonitrile, 16.6 mx Wbof 2 (trans 4 propylcyclohexyl)-l-(p ethoxyphenyl)
i ethane, 19.3 w.% of 2-(trans-4-pentylcycl ohexyl)-1-(p-ethoxyphenyl)- 15
gthane, 41.1 wt.%of trans-4-[2-(trans-4-pentylcyclohexyl)ethyl]- '
i cycl ohexanecarbonitrile, mp. <-10C cl.p. 58[err]C, - nematic; [err 7.2
=§cp " 23 - The manufacture of the céﬁbounds of formula |l in aqgég:ince
Swith the invention is illustrated on the basis of the follow ng Ex es

+ Exagple 1 5 121 ng of magnesi um shavi ngs were covered with 3 m of

5:absolute tetraﬁyﬁfa}urnﬂg%ﬁléezga53|ng with argon, treated with a crystal
: of iodine and reated al reflux tenperature with a solution of 989 ng
jof trans-|-(br34uBewhys)of- 4! spehyylyd+cpancbiphenyl i of absol ute

-.'tetrahydrofuran
: 10. 6 wt.% of p—[5-(trans—4-ethylcyclohexy1)-2-pyrimidiny1]-

benzonitrile,
5 54.9 wt.% of trans-4-[2-(trans-4-pentylcyclohexyl)ethyl]-
cyclohexanecarbonitrile,

m.p. =-10°C, cl.p. 70°C, nematic.

0y

i | Mixture Example 3

é : - 16.8 wt.% of 4'-penty1—4-cjanobiphenyl,'

10 6.2 wt.% of p~[5-(trans-4-ethylcyclohexyl)=-2-pyrimidinyl]-

benzonitrile,
E : 16.6 wt.% of 2-(trans-4-propylcyclohexyl)-1-(p-ethoxyphenyl)-
ethane, _ |

19.3 wt.% of 2-(trans-4-penty1cyclohexyl)—1-(p—ethoxypheﬁyl)-

15 ' . ethane,

b a0 pasdsran s ok et A = 8

41.1 wt.% of trans-4-[2-(trans-4-pentylcyclohexyl)ethyl]-
cyclohexanecarbonitrile,

m.p. <-10°c,-cl.p. 58’c,.nematic;‘7 = 27.2 cp.

Lo b .t e S ethe 20 bkt 8
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G i) asan. k. el . B
RS,

10 " ""After conpletion of the addition, the nixture was heated to reflux for
a further 45 .m nutes. Subsequently, the m xture, cooled to -78[err]C, was

r d with 0.7 mM. of a O 1N solution of dilithiumtetra- chlorocuprate
(gf?%%red i n-accordance with M Tanura ?t al, 15 Synthesis 1971, 303) in
t o of 587 ny of

ygdrof uran and treated with a solu

" trans-4-(tosyl oxynet hyl ) cycl ohexane- carbonitrile in 9 m of absolute = -+~

tetrahydrofuran. The mxture, warmed to -15[err]C, was stirred for a 4

. further 21 hours, r}nél{rf’f’é i t aﬁ?é’tc&ﬁ:dﬂn teH alh AR UM
" chloride 20 sol ut#ﬁdwr} an exﬁ%%%e#t ree tirmes évgtcﬁéS%g m of diethyl

ether each ti%g;c%%ﬁ% g@%:? RS SESveRE forasd o0 Wi trDted o f tisd tndsi £d

"sodi um chl ori i ed over nagnesium sul phate and concentr at ed.

Low pressur e gfren@t £41 Fiing Exafipléd: 5 bar) of the resi due on silica gel
with 3% ethyl acetate/petroleumether gave, besides a | arge anmount of
coupling product of trans-I|-(brononethyl)-4-pentylcyclo-

' Example 1

S ' 121 mg of magnesium shavings were covered~with 3ml ' 2
of absolute tetrahydrofuran while gassihgzwith-argon.
treated with a crystal of iodine and then treated at reflux
temperéture with a solution of'989-mg of trans-l-(bromomethyl)-.
—4—penty1cyclohexane in 7 ml of absolute tetrahydrofuran.

10 After completioh of the addition, the mixture was heated to.

" reflux for a further 45Imihutes.-

Subsequently, the mixture, cooled to -78°c; was
treated with 0.7 ml of a 0.1N solution of dilithium tetra-
chlorocuprate (prepared in accordance with M. Tamuga et al,
15 Synthesis 1971, 303) in tetrahydrofuran and treated with a
; solution of 587 mg of trans-4-(tosyloxymethyl)cyclohexane- |
; carbonitrile in 9 ml of absolute tetrahydrofuran. The: s
mixture, warmed to -15°C, was stirred for awfurther 21 hours, .
then treated with about 10 ml of saturated ammonium.chloride:
20 solution and extracted three times with 50 ml of diethyl
ether each timei’fghe oiganic phases were washed with 50 ml

of saturated sodium chloride solution, dried over magnesium

sulphate and concentrated. Low-pressure chromatography



L . LI - a —— s -

.hexane, 164 ny (28 59@ of trans 4- [ 2- (trans 4 pentylcyclo- 5
hexyl)ethylIcyclohexanecarbonltrlle [353 ng of trans-4- '
(tosyl oxymet hyl ) cycl ohexanecarbonitrile could be re- covered wit h
2

éthyl acetate/petroleun1ether] A singlge maarystallization fromb5

:met hang)_ yi el ded 96 ng of

trans-4([2 (trans-4- pentylcyclohexyl)ethy1Icyclohexane- 10 carbonitrile

-as cplourless crystals (purity 99.98%; solid- -solid transition 39.3C,

"'mp” 56.5C cl.po,.52pde) (6eTEheCYesidde on silica gel with 3% ethyl
‘trans-I1-(bronmonet hyl ) -4-pentyl cycl ohexane used as the starting material was
iprepared as fol aowsatédpetroléumOethet gave) Ubesides ra Uatgalrammnte s

iplaced in 15 100 m . of absol ute tetrahydrofuran whi | e gassing with argon

‘land treated wit konp3Ongi puoduchi ef hr%nﬁtéTﬁbFQﬂO J-4fpentylcyclo-
- trans-4- pentylcgclohexanecarboxgl|c acid in n} L absol ute
t et r ahydr of ur anhexgner 26ApRet (4% %$)t%§ EEEPQT%ﬁlzT ?F?Hiﬁ?ﬁﬂ?%ﬁ%QQKQ%QHj

Lo ar el e 19 Lnbout chet Coulleuel Xo20ro R0EErtd 0300 i of Bldoongs
et e The o8l oRaSR, L Fe BRhERh LA DL 01 coptanl st 00
_Jq stillgtion of LB rRASLUYR 609 Sefy198¥Eth e fhEcrFlduh Wher]. A single
- récryétallization from 5 ml of méthanol yielded 96 mg of

trans-4-[2-(trans-4-pentylcyclohexyl)ethyl]cyclohexane-
10 carbonitrile as colourless cr&staIS“(purity 99.98%); solid-
QSblid transition 39.3°C, m.p. 56.5°C, cl.p.-72.7°c_(nematic).

The trans~1l-(bromomethyl)-4-pentylcyclohexane used

as the starting material was prepared as follows:

(a) 3.79 g of lithium aluminium hydride were placed in
15  100 ml of absolute teﬁrahydrofuran while gassing with
argon'and treated within 30 minutes with a solution of 19.83
g of trans-4-penty1cyclohexahecarboxylic acid in 100 ml of
5%. absolute tetrahydrofuran. After completion of the addition,

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

20 . added to 200 ml of 2N hydrochloric acid and extracted three
times with 100 ml of diethyl ether each time. . The organic

phases were washed with 100 ml of saturated sodium carbonate

solution, dried over potassium carbonate and concentrated.

Distillation of the residue (19.2 g) gave in the main run




D - 17 . 7. (969@ of (trans 4- pentylcyclohexyl)nethanol as a col ourless

{o ur|ty 99 9% ; b.p. 89[err]C0.2 mHg. (hb) A solution of 3.69 g of
l(trans “4-pentyl cycl ohexyl)- methanol and 5.51 g of trlphenylphosphlne in 70 -
‘m of 5., methylene. chloride at -30C was2¥l aced under argon’gasifi-_ cation
_and treated portionwi se within 15 minutes with 7.30 g of solid

" tetrabrononet hane in such a manner that the internal tenperature did not

v

* “trans-1- (brono

-~

Yexceed -20[err]C. After conpletlon of the addition, the cooling bath was 4
‘renoved and thd7:3 9 {968)r 65 dsransrcRentylayeiehaxylinesbangl asnha
;gradual warmn en_concen- trated on

om t epperat ur e.
‘ia rotary eVapo%&hBPr RESt R séﬁPréFysggrpghé- egrggé Ggpa?nﬁﬂﬁﬂas
“triturated with 200 mM of warm hexane, filtered and the concentrat ed
- filtrate was chronmatographed 15 -w th hexane on a colum of silica. gel

e ok Obtz%?ﬁSI?i gpent%;cycgohexanegagfa(gg 83??589“F¥1°¥813ﬁ l)—s
purified furthgbtR¥nol and 5.51 g of triphenylphosphine in 70 ml of
5 méthyleneachloride-at ;30°c'was.placed under argdn gasifi-
cation and treated portionwise within 15 mi@utes with 7.30
g of solid tetrabromomethane 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

10 mixture was stirred for a further 18 hours with gradual

'; o warming to room temperature. The mixture was then concen- |

trated on a rotary evaporator and the semi-crystalline
' residue obtained was triﬁurated with 200 ml of warm hexane,

filtered and the concentrated filtrate was chromatographed

. ——an bt .

15 with hexane on a column of silica gel. There were obtained |
4.79 g (97%) of transél-(bromomethyl)-4-penty1cyc;dhexane
"as a coldurlesé liquid which was purified further by
‘distillation; b.p. 82°C/0.08 mmHg.

.. The trans-4-(tosyloxymethyl)cyclohexanecarbonitrile

Jrpvwon

20 also used. as the_-starti_ng,:material ‘was. -prepafx:’ed;- as: follows: >

(e). A mixture of 18.9 g of l-methoxy=-3-(trimethylsilyl-

oxy)=-1,3-butadiene [S. Danishefsky et al, J. Amer. Chem,
Soc. 96, (1974) 78071, 6.4 g of acrylonitrile, 100 mg of




P S N Y ]

dlstlllatlon b p 82[err]C70 08 nnfg . The .
ftrans 4- (tosyloxynethyl)cyclohexanecarbonltrlIe 20 al so used.. ag &
i gtarting, -material was prepared as- follows: (c) A m xture of 1B.
=1 nethoxy 3-(trimethylsilyl- oxy)-1,3-kutggeene [S.. Dani shef sky et .
1Arrer -Chem Soc. .96, (1974) 7807], 6 4 g of acrylonitrile, 100 ng of -

. 26- dlbehzoyl perOX|de and 50 nm of benzene was heat ed tolreflux for 23
*hougs while gassing with argon.. After cooling, the volatileconstituents
'(benzene andge§9€§g Ly PeFOxides pnde 50 Pénﬁgeheaﬂeaﬂrvﬂarbeétagotator and

:the residue was t reflu or urs in 100 o]
“tetrahydrof urafP }N“hgﬁfbgﬁ Pfsa F4g§fsgn?h§iEBo§€E°ﬁrxt6f§e€a§°°1ingy_

' f hyl h d h
| Srbsequent Y CHbeAGEiAl %%ﬁﬁéi&%ﬂﬁ-‘at {kpBeehe, fadopxrbes; Snevionbiertel me
~and once With 1QQgm, ved °n§g}gég£g9TEer EQEQLO Qetﬁg géé@HSedrled over

nagne5|un1sulphate -and concentr at were o alne
S heated to reflux for 2 hours in 100 ml of tetrahydrofuran/

s - 1N hydrochloric acid (4:1). The cooled mixture was

. . subsequently extracted three times with 100 ml'of.methYIene
chloride each time., The orgenic.phases were washed twice
with 100 ml of water each time and once with 100 ml of

10-_ saturated sodium chloride solution, dried over magnesium
.sulphate and concentrated. There were obtained 10.3 ¢ ef
yellow oil which cons_lis.ted of 87.9% of 4-cyano-3-cyclohexen=-
-l—pne, of 4.1% of 4-cyano-2-cyclohexen-l-one and of 2.7% of

i N trans-4-cyano-3-methoxycyclohexanone (an,intermediately_ |

15 occuring hydrolysis product). Bulb-tube distillation

PR

(130-140°c/0.27-0.15 mmHg) of the oil obtained gave 7.64 g
of a mixture of 4-cyano-3-cyclehexen—l-one and 4-cyano-2-
- =Cyclohexen-1l-one as an orange, crystallizing oil. This
was dissolved in 70 ml of ethanol and hydrogenated at
20 normal pressure in the presence of 764 mg of 10% palladium/
carbon (hydrogen uptake 1425 ml). After filtration of the
catalyst, washing with methylene chlofide,.concentration of

the filtrate and bulb-tube distillation (130-150°C/0.ll mmHg) ,

v DA ARAL ety

there were obtained 5.45 g (70%) of 4-cyanocyclohexanone as

25 a colourless oil; Rf-value (teluene/ethyl acetate 3:1): 0.25.

- iAo o ——— e sea = - T e e Aem e e b I e ot S I A———p S ot p e e a8 % e e



?iﬁ'oil
f\

‘of tha al

_n-au-....-a-s.‘--;. A e e et o o s

whi ch consi sted of 87 9960f 4 cyano- 3- cyclohexen- -1 one, of

: 4- cyano- 2- cycl ohexen- 1-one and of 2. 7% of

3t a 4_cyano 3- met hoxycycl ohexanone (an internediately 15 occuring )
si s product). Bul b-tube dIStI||atI ? (130-140[ err] ¢/ 0. 27-0. 15 nmHg) -

obt ai ned gave 7.64 g of a m xtdre

and 4- @yano 2-

of 4-cyano- 3-cycl ohexen-1-one
-cycl ohexen-1-one as an orange, crystallizing oil. This was_..

«.dissolved in 70 m of ethanol and hydrogenated at 20 normal pressure in NJ

- the presence of 64 %ﬁp@ 3 1 Qﬁﬁgg*g?q uﬁﬁZS m).
. After f||trat|o€ﬁof the catalystzl%ggﬁﬁz W th t hy eggﬂbﬁ r|c
~.-concentration Ghididd et Sudpénadd1n50 #i1sof t2abudyl methyl ether

-(130 150[err]C/0.11 nmHg), there were obtained 5.45 g (/0% of

!4- cyanocycl ohexdiidre gassing wﬂ.&olamgldreemdalﬂreal%hdv@bwﬁbmﬁeene/beMWC

- acetate 3:

1):

0. 25. - 27- (d) 6 g of

‘tri phenyl ( met howythetdya9 m@@mmmmﬂmm webatylatendedfiterscompleition

‘'t -butyl nethyl

--10[err] C

PUIR WP pve

Ve edvndared bt e

-5

10

15

. 20

25

et her._whil e gassing with argon and treated portlonwnse at
of the addition, the mixture was stirred at 0 to 5°C for a

further 30 minutes and then the deep orange, partially
heterogeneous mixture was treatéd dropwise within 10 minutes
with a solution of 2.30 g of 4-cyanocyclohexanone in 20 hl
of t-~butyl methyl ether. In so'doing the internal temper-
ature should not exceed s5°C. . After completion of the
addition, the now yellow-orange mixture was warmed to 25°C .
‘and stirred for a further 2 hours. 50 ml of a 2% sodium
hydrogen carbonate solution were subsequently added and

the separated, aquecus phese was extracted twice with 50 ml
of diethjl ether each time. The'brganic'phases were washed
with SO0 ml of saturated sodium chloride_Soiution, dried
over potaséiumlcarbonate and concentrated. The residual,
semi-crystalline, orange oil was triturated with 400 ml of -
hexane, cooled to -20°C and freed from precipitated tri-
phenylsphosphine oxide by filtration (rinsing with cold

u

hexane). Low-pressure chromatography (0.4 bar) of the,
concentrated residue on silica gel using 10% ethyl. acetate/
petroleum ether as the elution agent gave 1.60 g (56%) of
4?(methoxymethylene)cyclohexenecarbOnitfile as a colourless
0il (purity 97%).
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yaddition, the mixture was stirred at 0 to 5[err]C for a further 3¢/mn
and then the deep orange, partially heterogeneous m xture was tre E%) -
“opwi se within 10 nminutes with a solution of 2.30 g of dF’
14- cyanosyclohexanone in 20 M of t-butylasgsethyl ether. In so doi t
tinternal.' temper- 10 ature shoul d not exceed 5[err]C. After conpletion of
_ thevaddltlon t he now yel | ow-orange m xture was warmed to 25[err]C and
.‘stlrred for a t her f%gg SHE, -
i sol ution were g sequeﬁﬁ]y agﬁeég)ow&ﬁéep ijméa%ég{eous pha s%q'\%%ts%b

fextracted tw cgaisd s Medfea 65 1 y|zal hels aRslvs 117 Lo He ot gani c

1 phases were mas% 50 m of saturated sodium chloride solution, dried
{ over pot assi U%é&&@ﬁéf@fﬁfdnﬁ@mmrxﬁ&éhlﬁn residiugd s 1)5e MTHY woiodldd ne,
torange oil was triturated with 400 of hexane, cooled to -200C and freed
-from preci pi t ahiftare-wad tipéae ydupdd shiteS®xalicodwdtdr rand extmaatsdig
“with cold - hexane). Low pressure chronat ography (0.4 bar) of the
.concentrat®d rthtreectimesivith 5RImlsofHidioehyl vther @aghe/tima + o/Theém et her
;as the elution agent gave 1.60 g (56% of
4- ( met hoxymet 9rganiecyphases were vashed iwith SQ »b|fiMaker and 50 ml

of saturated sodium hydrogen carbonate solution, dried over

e ot bl i 3 $ e dm ek

ly

magnesium sulphate and concentrated. There were obtained
! : 1.35 g (94%) of a colourless oil which, in accordance with

10 = gas chromatographical analysis, contained 92% of a mixture

e e o ot

of the cis~ and trans-4-cyanocYclohexanecarbdxaldehydes (in
the:fatio of about 1l:1). This material was used in the
following reduction without additional purification. Rf-
4values (toluene/ethyl acetate 3:1): cis-4~cyanocyclo-

15 hexanecarboxaldehyde 0.36, trans-4-cyanocyclohexanecarbox-

4 vin e oA

'aldehyde 0.32,

(£) A solution of 1.34 g of 4-cyanocyclohe#angcarbox—
aldehyde (cis/trans mixture) in 40 ml of 0.1N methanolic
iLo- potassium hydroxide sqlution was treated portionwise at
20 0°C while gassing with argon with 378 mg of solid sodium
borphydride.. After completion of the addition, the mixture
was stirred at 0°C for a further 20 minutes, then 50 ml of

water were added and the mixture was extracted three times

‘with 50 ml of methylene chloride each time. The organic

S wecmembma e we

25 phases were washed twice with SO ml of ﬁater each time,




| (purity 97%. -28- (e) The ' T

yxynmet hyl ene) cycl ohexanecarbonitrile ob- tained was heated to reflux
heurs in 100 m of ‘tetrahydrofuran/0.2N hydrochloric acid (4:i){
ofed mxture was then poured into 50 ji of water amd extracted 5
threewtiynes with 50 ml of diethyl ether 2%ch time. The organi c phases were

-

washed with 50 m of water and 50 m of sat urated sodi um hydrogen carbonatg

. solution, dried over magnesium sul phate and concentrated. There were o
- obtained 1.35 g-{S4%vét BagmbLiim Selptidte\ind concawartiaice Dow-h 10

gas chromat ographi cal - anal ySi s, contained 92% of a mi xture of the cis- énd

: trans- 4- cyanocysr e9eure ceREdmatdgedptiie s(qi 4 bar) rof i thefresicinall.af)l This

~material was used in the follow ng reduction without additional

-

“purification. &h-siVibacgel twltiensikorgformiathyl Bcgtate s(kl)ygaRgcl o- 15
.hexanecarboxaldehyde 0. 36, trans-4-cyanocycl ohexanecar box- al dehyde 0. 32.

1.22 g (90%) of 4-(hydroxymethyl)cyclohexanecarbonitrile
5 (1ikewise as an about 1:1 mixture of the tWo epimers) as
a:colourléss,;viScoushoil-, This. material was used in the.
following tosylation-withoht fu:ﬁher purification. RE- _
- =value of 4-(hydrqumethyl)cycldhe#anecarbénitrile [chloro-
form/ethyl acetate (1:1]: 0.29 (longish spot).

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

. hexanecarbonitrile obtained in 5 ml of pyrid;ne7was treated
portionwise at room temperature and while gassing with'argonl
with 2.46 g of tosyl chloride. After stirring at room
temperature for 3.5 hours (formation of a white precipitate),

15 the mixture, cooled to 0°C was treated with about 2 ml of
watet, cautiously made acid with about 7 ml of concentrated
hydrochloric acid and extracted three times with 30 ml of
diethyl ether each time. The organic phéées were.washed
with 50 ml ofrwatef_and 50 ml of saturated sodium chloride

20 solution, d:ied over;maggesium_sulphate-and”concentrated,
2;31ug;of?semiferygtallinegoil.femainingjbehind;T Low-
-pressure chromatography (0.5 bar) on 480:g.of“§ilica gel
using 30% ethyl acetate/petroleum ether as the elution
agent gave 1.06 g (42%) of frans-4-(tosyloxymethy1)-

25 cyclohexanecarbonitrile as a colourless, crystallizing oil

(m.p.. 84-85°C) and:-1,03 g (41%) of cis-4-(tosyloxymethyl)--

W



(f) - A solution of 1.34 g of 4-cyanocycl ohexanecarbox- al dehyde
(cis/trans mxture) in 40 m of O 1IN nethanolic potassium hydroxide
.sq@lution was treated, portionw se at 20 O[err]C while gassing with
with 378 ng of solid sodi um borohydride.« Ajger conpletion of the addN\{1 0
the mxfute was stirred at O[err]C for a further 20 mnutes, then 50 nml of
wat er . were added and the mixture was extracted three times with 50 nl of
net hyd.ene chloride each time.. The organic 25 phases. were washed tw ce
“wWith 50 M of veyelohexdnecdaxbhonit@idlalrassd modoumrgssiviamispieitla Rf-

~and. concentrated. Low -pressure chronmatography (0.4 bar) of the residual
ol | on silica gevalue H(IOF vt Aeatate/patraleym etheplife *IANS) RXPERCtOf
4- (hydroxymet hyl ). cycl ohexanecarbonitrile .5 (likew se as an about 1:1
nixture of the @weP effherRIOMCH @uADur| ess, viscous oil. This: materi.al
was used. in the. follow ng tosylation wi thout further purification. Rf-
-val ue of 4- (hydroxynethyl)cycl ohexanecarbonitrile [chloro-

The following compounds can be manufactured in an

; .5 analogous manner:

H
4
'
[t
H

(&8

, Trans-4-[2-(trans-4-ethylcyclohexyl)ethyl]cyclo~
' _ hexanecarbonitrile; m.p. 33.8°C, cl.p. 39.1°C (nematic);
trans-4-[2- (trans-4-propylcyclohexyl) ethjl] cyclo-
hexanecarbonitrile; m.p. -47..5 °C, cl.p. 64.3°C (nematic); and
10 . trans-4-[2-(trans-4-butyleyclohexyl)ethyl]cyclo-

; ' hexanecarbonitrile; m.p. 60.1°C, cl.p. 64.5°C (nematic).




atetate—(3+3}-—0.29 (
N, the 4-(hydroxynet hyl)cycl o-

g oo AT

-tamaaMuefm 355 houts

| ongi sh spot). 10 (9) - A solution of

ormation of a white precipitate), 15

m xture, cooled to O[err]C was treated with about 2 m of water,

hexanecarbonitrile obtained in 5 n
i onwi se at room tenperature and whil e gassi.ng
! syl chloride. After stirring at room

t he
cautiously

made acid with about 7 nl of concentgpted hydrochloric acid. and extracted

;.three times with 30 m of diethyl ether each tine. The organic. phases were

“ washed with 50CRAIME water and 50 m of saturated sodium chloride 20

ATEPARRPH ot R ERa. apBRF-ERRERCRE otERpanartgtaBhaneats

bar) on 480 ¢ alkylbychogekyhSepgy3@eyeibyExanecarbbpetrmleanoéthbe genehal

solution, dried o er

i sem - crystalllne

-elution agent g _
cycl ohexanecar on|Pr|
and. 1.03 g (41% of

1206 ¢ (42% of trans-4-(tosyloxynmethyl)- 25

|l e as a colourless, crystallizing oil (mp..

ci s-4-(tosyl oxynet hyl)-

1

wherein R™ signifies a straight-chain
alkyl group containing 1 to 12 carbon

atoms r

which process comprises

(a)

10

reacting a compound of the general formula

wherein Y represents chlorine, bromine

or iodine_and'Rl has the significance

given earlier in this claim,

84- 850)

I -

A ¢l



:- 30 - cycl ohexanecarbonitrile as a col ourl ess™viscous of TR -val ue (30%

1
1
1
i

|

33.8C, ¢l.p. 39.1[err]C (nenatic); -

ethyl. acetate/petroleumether): trans product 0.25, cis product 0.20.
fol l owi ng cohpounds can be manufactured in an 5 ”ImmlEE nner : [
Tﬁéns-4«L2-(trans-4-ethyICyclohéxyl)ethylbgyclo- HERE e b rile;

?trans(4ﬁ(2-(trans-4-propy|cyclohexyl)ethyl]cyclo- hexanecarbonitrile; mp.

. 47.9C," cl.p. 64.3C (nematic); and 10
i trafis-4-(2-(trans-4-butyl cycl ohexyl)ethyl]cycl o- hexanecarbonitrile; mp.

.60.1[err] C, cl apd &4 chimpoynd (ofntHe cdeneral 3formélad M5 1. A process for
~the manufacture of trans-4-[2-(trans-4-

o R CH=CH N

-+ al kyl cycl ohexyl) et hyl ] cycl ohexanecarbonitriles of the general fornula [err]

. | ~ ZCHz N III

[

wherein 2 signifies bromine, iodine,
L : an alkylsulphonyloxy group or an
5 _arylsulphonyloxy group,
in the %resence of dilithium tetfachlorocuprate or di-
lithium tetrabromocuprate,

or

(b) catalytically hydrogenating a compound of the

10 general formula

1 has the significance

wherein R

given earlier in this_claim.



wherein R _signifies a straight-chain alkyl group-containing 1. to
at ons, which process conprises (a) reacting a conpound of the
or mul [err] wherein Y

St's Chllmﬂﬁ 'I 'wm,ﬂa or |od| ne and [err] has the significance - -/
edr|ier - and a conpound of the general :

formila zoH2 NI TI V\/nerel n Zsignifies bromne, iodine, an  _
al kyl sul phonyl oxy group or an 5 -3 3 - aryl sul phonyl oxy group, in the y
presence of .dilithiumtetrachlor ocupr ate or di- lithiumtet rabr onocupr at e,
or

' - 2. Liquid crystalline tra.ns 1,2 dicyclohexyl-

ethanes of the general formula

_ where Rl is as defined in claim 1.

L]



.kb) catalytrcally hydrogenatlng a conpound of the 10 general fornula
f[err] wherein, R has the significance given earlier .
AL quid’ crystal line trans 1,2 dicycl ohexyl et hanes”mm mfﬂ H ormzrl
k rr] whete R is as defined in claim1l A Fiquian crsystal

I xture containing at |east one

trans m-[z (trans-4- aIkyIcyclohexyl)ethyl]cyc?ﬁﬁexane- carbonitrile of
gen@ial formula [err] 5 wherein Rerr] signifies a straight-chain

3. A liquid crystalline mixture containing at least

_ one*trans-4—[2-(trans-4-alkylcyolohexyl)ethyl]cyclohexane-
; - carbonitrile of the general formula

wherein Rl signifies a straight—ohain

{2

(>

g | alkyl group containing 1 to 12 carbon
atoms,

and at least one of the compounds of the general formulae

VLIIXI

10 13

wherein R™~ signifies a straight-chain

alkyl or alkoxy group containing 2 to 7

carbon atoms, -

™

IL

| wherein Rl4 signifies a-straighﬁdchain
15 alkyl group containing 2 to 7 carbon

atoms, -



ining 1 to 12 carbon atons and at | east one of: the

; ! %
corrp of the genera

|l ae- [err] 10 wherein R13 signifies a
stra ch r alkoxy group containing 2 to 7 carbon atons, [err]
wher y strarght chain 15 al Kyl group
cont ._ng - 35- LeééL wherein Rlerr] has the
si gni fi'cance. grven earI|er [err] 5 wherein R14 has the N
significance given earlier, [errl_ N. ot

' L
o pld e
wherein R™" has the significance given
earlier, '
- LI
..... ! ’
: 14
? wherein R™" has the significance given earlier,
15
R LII
wherein RS denotes the cyano group or a
straight-chain alkyl or ‘alkoxy group con-
taining:1: to0 5 carhon atoms .and R 14 has

10. the significance given earlier;

RT4

co R LIIT

-\

U

"4 )



?mhékein R denotes the cyano group or a stralght chaln al k or al koxy
<group con- taining 1 to 5 carbon atons and R ﬁﬂ“ﬂ“lﬂlﬂ”ﬁ
_Qfgnlflcance given earlier, [err] -36- wherei

e s

t he o
t he cyah
oup or¥n stralght chain alkoxy gr oup contalnlng 1 Yo' Carbon at

R[erry has the significance given earlier 45 _ [err
'R _and Rerr] have the S|g ni fi cances glven earlier, [err] whe

den@tes t he cyano group or a straight-chain aIkyI group

' contalnlng 1 to 6 carbon a%ﬁ@§eiﬂdkgpeﬁéhJ¥¥§t€H% f%n&“égéﬁwme glven'

earlier,
a straight-chain alkoxy group containing

1 to 6 carbon atoms and R;4 has the

significance given.earlier,

DI 5 14 Co0o 16
LIV
‘ _ -~ wherein pt4 and Rls'have'the sig-
nificances given earlier, |
Rl COO~ LV
wherein R} genotes the cyano group or
10 a straight-chain alkyl group containing
1 1to6 carbon atoms and R14 has the sig-
L nifigance.given earlier, |
R4 CHo—CH
' 2—uh2 CN LVI
i |
. wherein Rl4-has the significance given

15 ' earlier,



[err] erein R has tne S|gn|f|cance glven 15 earlier/ -37-
[err reinring Ais aromatic or represents a trans-1,4-disubstituted ~
cycl® ne r"ﬂ es nethyl or one of the 5 groups [err],

. -OR A0 R Y et -COOR, -COSR or [err]; [err] sig-- nifies
"hydrqgen, nethyl or one of the groups [err]an-OR [err] or, when R denotes
met.hyl« or one of the groups 10 [err], - or -CO'R, [err] also sig-

-

NY

nifies -CN, -COOH, -COOR, -COSRor -OOCOR Rand R stand for straight-4
-chain or branched- chaln aIkyI groups; R[err] agd_R[err] have the sane

significance

=CO-OR', -CO-SR' or =-0-CO-R'; R

10

15

XIII

wherein ring A is aramétic.or-represents

a t:ans-l,4-disubstituted cyclbhexane

ring; Rz denotes methyl or one-of_the

gI.'OU.'QS -c32R‘ F) "OR' F -CO-R' ’ _CN' -COOH'

5

nifies hydrogen, methyl or ohe of the
groups -CHZR, -OR, -CH#OR or, when R
denotes methyl or one of the groups

-CHZR', -OR' or -CO-R', Rs also sig-
nifies =-CN, =-COOH, =-CO-OR, =-CO-SR or
-O-CO;R; R and R' stand for straight-

-chain or branched-éhain'alkyl grou?éf

Rz an&;Rs'haveethe-Same.significancef

or different significances; and,Rz-
S

sig~.

2.

" and .

R™ ‘individually contain up to 12  carbon:

atoms and together contain at most 14

carbon atoms,

I A

Y

A\
N3



15.». 6f different significances; and R err] an Myurontaln up
jto 12 carbon,atons and together contain at nost mﬂ l - 38-

” erme ommt e

errk mhereln R7 represents one of the group's
-COORerr] or —-OCORerr]

Rers] ,

cer ], M- CR[ efr]

jstral it-chain al kyl 5

fn sta ds for

H
1

10

15

20

, Rlerr] and R[err] sig o
groups contAga# ning 1 to 12 carbon and

one of the nunbers 1 or Tquid crystalline m re
-:accprd|ng to Claim3, wherein Rerr]- denotes met hyl
v%-CHZR or 2 10
:-CN, -COOR or -OCOR, n

or one of the groups
QURS [err], -OR,

&

-OR, R denotes nethyl or one of the
for the nunbe

H2-CH2

XXIV

wherein R7_represents one of the gfbuﬁs
-r®, -or%, -co-r®, -co-or® or -0-co-r®,
RG 8

and R signify straight-chain alkyl
groups containing 1 to 12 carbon atoms

,aﬁd n stands for one of the numbers 1l or

2.

4. A liquid crystalline mixture according to Claim 3,
wherein R” denotes methyl or one of the groups -CHZR or
-OR, R2 denotes methyl or one of the groups fCHZR', -OR',
-CN, -CO-OR' or -0-CO-R', n stands for the number 1 and

R’ represents one of the groups -R8 or -ORS.

5. A liquid crystalline mixture according tq Claim 3 or
4, wherein R1 denotes propyl or pentyl.

6. A liquid crystalline mixture according to any one of
Claims 3 to 5, characterized in that it contains 1 wt% to
80 wt% of compounds of formula I.

7. A liquid crystalline mixture according to

Claim 6, characterized in that it contains 10 wt% to
60 wtt of comppunds of formula I.



\

Rlerr] represents one of the groups -Rlerr] or -OR[err]. '5. A|IC]UI
Crys‘[a||Lno mxture according to Claim3 or 4, wherein Rlerr] denotes <.

propyl =or A liquid crystalline mxture according to any :
*on d a| ﬂ"!ﬂ&" llil'&ﬂi,Ct erized in that it contains 1 Wwt%to 80 wt % of v
co hds o A liquid crystdPiTne nixture according to Claim .
6, characterlzed inthat it contains 10 wt%to 20 60 wt % of conpounds

- of formula I.°. 8. Aliquid crystalline mxture according to any one of il

+ Cainms 3. to 7 characterized in that it further contains suitable

- optically active &ofpckigisidrerystaill bineinixtirriracepsiing steaany ene of

9 omlie use of diifid @ gh oF Y Sk tacte 1 #da" n HALHk | fu e dofBhins
P suiptable optlcally active compounds and/or dichroic.

colouring substances.

5 9. The use of the liquid crystalline mixture defined in . j
Claim 3 for electro-optical purposes.

)

e



