Descri'ption The present invention is concerned with novel hal o- benzene
derivatives, liquid crystalline m xtures which contain these conpounds as
wel | as their use for electro- -optical purposes. Liquid crystals are used
primarily as dielectrics in indicating deviced ~since the optical
properties of sugg bsiances can be influenced by an applied voltage.
El.ectro-opti.cal gb% b%%ed on liquid crystals are well-known to the
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' Further propertles such as the électrical conductivity,

the dielectric anisotropy and the optical anisotropy must
fulfil different requirements depending on the type of
cell and field of application. For example, materials for
cells having a twisted nematic structure should have a
positive dielectric anisotropy and an electrical conduc-

. tivity which is as low as possible. In addition to the

g_f general interest in compounds having a high optical aniso-
tropy. there has recently been an increased interest in
materials having a low optical anisotropy, especially for
actively addressed liquid crystal indicators, e.g. for TFT
applications ("thin £ilm transistor") in television sets,
whereby, however, effects such as the occurrence of highly
ordered smetic phases or an increase in the threshold
potential and in the response times, which are frequently
observed in such materials, should be avoided as far as
possible.

Since liquid crystals are generally used as mixtures
of several components, it is important that the components
have a good miscibility with one another.



of several 'conponents, it is inportant that the conponents have a good
mscibility with one another. -2- The object of the invention are the
hal obenzene deriv- atives of the general fornula x2 wherein [err] denotes
fluorine or chlorine and [err] denotes hydrogé%"fluorine or chlorine;[err]
signifies 3E—a|keny| aV| 4 15 bonnato b ?Eé g ﬂ 5- 15dcarbon
at ons. 2E-a|kenygg§¥ 5¥ E &g ﬁo gﬁﬁ Bragea n9? Qb 5$Pﬁg -
carbon atons; n grands P , one of the groups [err] and
[err] S|gn|f|es a single covalent bond, COO- -O0C-, or [err]Jand the
other of the groups [err] signifies a single-covalent bond;_and rings [err]
each individu- ally signify substltuted or unsubstituted jxans-1, 4-

-cycl ohexyl ene, in which opti-ea '

by oxygen, or substltuéfd
optionally 1 CH group
proviso that [err] denotes fM
simul taneously [err] signifies fluorine and Rl signi- fies 3E-al kenyl. The
conmpounds in accordance with the invention gener- ally-have a positive
dielectric anisotropy. Although in conparison to cyano conpounds fhey are
relatlvely | ess poIaWheFEE véeaﬁﬁsﬁ Lyordnet nrcghbrEipst @ ﬁl& S mhlch
are;often | ower than E ig aﬂsn Hﬂge £hr FHEP‘lﬂﬁe E g%B %
stab lity and a | owe ?P oﬁﬂue F Eh%ﬁ°5 ng _g
Surprisingly, the co gﬁs shidhy ei A {E %ﬁ ti
addltlon tothe lo E §59
neheand hi ghly ord hff?gésﬁss§581 oggg -835 Iargely
suppressed, mhereby cne c ? OpEeDobfl rg d Qg conpdunds in
accordance with the bEHSBtbP”t e E 8p8 leaﬁép?ﬁ'é gﬁlfﬂééa SifAgle
conponent s of nenat'éoﬁﬂﬂeﬁHOBEEEGrhﬁd”kih&éeﬁl BCc¥gthCiR@{PPands of
formula | are primaraltyysyigabfe aﬁbSQDtﬁeeageatﬁnaabsai teangreapec| 4l |y
| ow threshol d potentiayslohegpione,t ifeghfH 8ptiongLPPi At Gonla@jaéényclic
conpounds of fornul aCH, groups are replaced by oxygen, or substituted or
unsubstituted l,4-phenylene, in which optionally 1 CH
group or 2 CH grougs is/are replaced by nitrogen; with
the proviso that X4 denotes fluorine or chlorine
and/or Yl or Y2 denotes -CHy0- or -OCHz- when
L simultaneously X! signifies fluorine and Rl signi-
—/ fies 3E-alkenyl.

The compounds in accordance with the invention gener-
ally have a positive dielectric anisotropy. Although in
{ comparison to cyano compounds they are relatively less
polar, they give amazingly low threshold potentials which
, are often lower than those of cyano compounds. Further,
&f. they have a high stability and a lower electrical conduc-
tivity than the cyano compounds.

surprisingly., the compounds in accordance with the
invention give, in addition to the low threshold poten-~
tials, simultaneously short response times and highly
ordered smectic phases are completely or at least .largely
suppressed, whereby the melting points are often lowered.

The compounds in accordance with the invention are
therefore especially suitable as components of nematic and
cholesteric mixtures. The bicyclic compounds of formula I
are primarily suitable as doping agents for producing
especially low threshold potentials, response times and
melting points. The tricyclic compounds of formula I



-3- generatly have a broad nematic or chol esteric nesophase range and are
suitabl e for producing broad nesophase ranges in mxtures, whereby
S|nultaneously the threshold potentials and response tinmes remain amazi ngly
|l ow. By Virtue of the good SO|UbI|Ity of the Zonpounds of fornula Il with

one anot her and |n knomn I| Uld stals conparatlvely h| oncentratlons
can generally bd& @ o

liquid crystalli
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formula | enbracewt ralisghtfoxhaihe eurddyrca.ridl@d»mp@ﬁiume:nf Toaxmular € .general | y
preferred the straight-chain residues such as 3-butenyl, 3E-pentenyl
3E- hexenyl, 3E-hept dhd opdficadt @nilsotiepyondnithe somecnds Wf forpalaedyl
4- hexenyl , 4- hemaéhwar l(!btaemde zr-meenep)elndwgd@merme ciioigep0f rings
2E—§{t enyl oxy, 28 &ith E—%)@é‘@ﬂl nylqsz \HoopW values

t 1§3ﬁéﬂ§n Qoxy,
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andPef chol est eAHIHRAR a'crystals In the case of 4-al kenyl and

3-al kenyl oxy residu e[e':re e, pr,,esea%%b(%% te he "LE’E % kq lgi?gr;nie
atons, the 4-al kgipleH :%

Z-formis gener%dé/ 5§f,
reS|dues have BSQ%dyy &gﬁﬁni %nylgﬁ*dﬁyy
carbon atons. A3gehdxdmAl dmnu;itfém tqle,chr na Q@-ﬂ%x@?&lﬂ' b@lnle%h-
resi dues wth ugX,0 £ peritenylat wm;eademygenar-aidmtamyaf et enyficcidanonen~
preferred resi dyas Rl dcenylQuiadiiyiloxyh- REbateny 14xyeni2@iplentainytloxyy and
3- buten- yl oxy. 2E-hexenyloxy, 2E-heptenyloxy. 2E-octenyloxy, 2E-nonenyl-
oXxy., 3-butenyloxy., 3-pentenyloxy, 3-hexenyloxy, 3-hepten-
K/ yloxy, 3-octenyloxy, 3-nonenyloxy and the like. Compounds
having a branched optically active residue Rl such as
" e.g. 5-methyl-3E-heptenyl and 6-methyl-4-octenyl are
primarily of interest as chiral doping agents and/or
cholesteric liquid crystals. In the case of 4- alkenyl and
i 3-alkenyloxy residues Rl, which can be present in the
E-~ or Z-form, the Z-form is generally preferred. The
. 3E-alkenyl residues have 4-15 carbon atoms, the 4-alkenyl
s residues have 5-15 carbon atoms, the ZE-alkenyloxy
residues have 3-14 carbon atoms and the 3-alkenyloxy
residues have 4-14 carbon atoms. Alkenyl residues with up
to 10 carbon atoms and alkenyloxy residues with up to 9
carbon atoms are generally preferred. Especially preferred
residues Rl are 3-butenyl, 3E-pentenyl, 4- pentenyl
allyloxy and 3-buten- yloxy.

The term “"substituted or unsubstituted trans-1,4-
~cyclohexylene in which optionally 2 non-adjacent CHj
groups are replaced by oxygen" (also denoted in the scope
of the present invention as "saturated ring") embraces
especially trans-1l,4-cyclohexylene and trans-m-dioxane-
~2,5-diyl as well as rings which are substituted with
substituents usual in liquid crystals such as cyano,



The term "substituted or unsubstituted trans-1.4- -cyclohexylene i n which
optionally 2 non-adjacent CH2 groups are replaced by oxygen (al so denot ed
in the scope of the present invention as "saturated ring") enbraces

especi ally trans-1, 4-cycl ohexyl ene and trans: rfk di oxane- -2, 5- d|yI as meH
as rings which are ?st uted with s stLtuen S usual i

such as cyano. 1 §Y E Pripg ofi f ZBFI g FE ?QP ﬁx ?§§§n°' ags-
1-cyano-trans- -178° cﬁgF §§V ﬁge PLosnipe ﬁ§51 4 cy §§¥%ﬁ8 The
term”substituted oryp QSHQ§B'LHEEgtét§tQHe ¥'ﬁﬂ§ub£a£@ g OBthOBﬁthhéngH
group or 2 CH gr 9HPgnY shabBe18RAS b.‘H“b aesea: kedgyar

scope of the preggpiatayesy! ﬁﬂtﬁégeﬁ“oﬂaiké 86ROt de rEﬁSSséﬁﬁécbﬁ tMe

1, 4-phenyl ene, pgkegefie- ZnbeltYon 88’ 2drbRatil- diky" pnembyates despediallyy!
as wel |l as ringsiyaipheaytensbspytiaiev! 5-a0psli pyratineb2ch-aiplusnal in
liquid crystals pycimbdingaRo5-akybyhs weldraseringshWwhichearéosubstibpited-
-cyano- 1, 4- phenywieth, s@bstibuents4whbehyheacus@athior biquid4eppenglensuch
2-net hyl - 1, 4- pheasl eyanol nmgeh¥ilal fluonpnands ohlévinel afdérvwexample 2-
unsubsti t ut ed riﬁgzapef1}4apbepréeee:ea -fhuocoel, 4+ phen¥iene, 2Zxehloro-

di el ectric ani sot eﬁy?hﬁnﬁlﬁﬂgopnagem¢§h5b~1tﬁePBQnHIGBPL|ty and the like
can be nodified by using substituted rings. Fornula | _enbraces the

m £ u w nsubstit
comgounds of he (ol Tiyfnieisly sempanmgd ot Eocpul 1 ¥ pnamtisicrisd

: the dielectric anisotropy, the mesophase range, the solu-
bility and the like can be modified by using substituted

) rings.
L . . .
Formula I embraces the compounds of the following
general formulae
x2
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[err] Terr]: [err] [err] 2 [err] -7- [err] 2 [err] wherein [err] and
rings [err]in each case have the above significances. In the above fornul ae.
|, I1-7 and 1-8 to 1-17 ring A2 preferably stdhds for substituted or
unsubstituted trans- -1, 4-cycl ohexylene, for substituted or unsubstituted
1, 4- -phenyl ene or, mhen ring [err] signifies substituted or unsubstituted
trans-1, 4-cycl ohexyl ene or substituted or unsubstituted 1, 4-phenyl ene, also
for pyrimdine-2,5-diyl or trans-mdioxane-2,5-diyl. Those conpounds in
which ring A2 stands for trans-1,4- cyclohexyle&g are generally especially
preferred. A trans- n}dloxane 2,5-diyl group h is optionally present as
th [err]. c 5-position; in this case
xylgne. Further, in the
above formulae | and I-1 Ach Case preferably stangs_f ar
substituted or unsubstitut&@trans-1,4- cyclohexyl ene, for substituted or
unsubstituted 1, 4-phenyl ene or for pyridine-2,5-diy|, pyri m di ne-2, 5-di vyl

or pyrazine-2,5-diyl. O the conmpounds of fornulae I. I-7 and 1-8 to I-17
there are generally especially preferred those,in which ring [err] has one
of the mentioned preferred significances and,&enotes especi- ally an
unsubsti tuted group and ri pg&2 sinultanegugly signifies trans-1

S oflconpounds of formula I

ycl ohexyl ene. i eg of Ypreferred
aregrﬁé conpounds of Pﬁe yeher 2~ FHpRn XT -8- 2 [err]
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[err] "[err} 1-23 [err] [err] -9- [err] 2 [err] 2 [err] 2 [err] - 10 -
[err] [err] 2 [err] [err] x2 1-34 wherein [err] have the above
significances. O the conmpounds of the above $ofnulae I, I-1to 1-32, 1-33
and 1-34 there are generally preferred those in which in each case [err]
signifies fluorine and X2 signifies hydrogen or [err]signify fluorine or
[err] signi- fies chlorine and [err] signifies hydrogen. Further, of the
conmpounds of fornmulae 1-18, 1-23 to 1-31, 1-33 and 1-34 there are generally
preferred those in which in each case [err] signifigs a single coval ent
bond or -COO. Preferred residues [err] in the abg#e fornulae | and 1-1 to

| -34 are 3-butenyl, e : he conpounds of formul a
can be manufact ur Q | e according to the
net hods described in | - 168683. - 11 - 10
- xz
g Rl Az Al CHZO xl
I -1
—
x2
I - 12
1 xt
R OCH2
O 5
X
| I - 13
o Byeoo (T YLy
- x?
Rl Q OOCXl I-14



The conpounds of formula | in which RL signifies 2E- -al kenyl oxy or

3-al kenyl oxy are generally obtai ned nost easily by etherifying the
correspondi ng hydroxy conpound with a 2E—alke9 hal i de or 3-al kenyl

hal i de, preferably a 2E-al kenyl brom de or ZE“alkenyl i odide, or 3-al kenyl
brom de or 3-al kenyl iodide. The required hydroxy com pounds are known or
are anal ogues of known conpounds. The conpounds of formula | in which RL
signifies 3E- -alkenyl or 4-alkenyl are generally obtaigéﬁ by reacting the
correspondi ng propi onal dehyde L, butyral dehyde in the fresence of a strong
base wth an al kyl-triaryljphg X1 um hal i dg 7 y wth an I - 16
al’kyl -t ri phenyl phosphoni TR pre—oFHyP K , | phosphoni um
brom de. The reaction can be S&fécted under \gi=tf ons whi ch are usua
for Wttig reactions. The required propion al dehydes and butyral dehydes can
be obtained fromthe correspondi ng compounds having a fohnyl-substituted
ring (derivatives of cycl ohexanecarboxal dehyde, benzal-a yde etc) or the
correspondi ng cyclic ketones

chain | engthening via thelacgt a dehydes. OthEEIng can be
effected e.g. in each ca A Wt g XIToxymet hyl -
-triaryl phosphoni um hal i de, pxeférably met Pax ri- phenylphospﬂbnldﬂ

chl ¢grivde, and subsequent hydrolysis (for exanple with acetic acid).
Fur'ther, a chain |engthening by 3 carbon atons can also be effected e.g. by
a Wttig reaction with a 2-(1. 3-di oxol an- 2- yI)ethyI-triaryIphos- phoni um

hal i de, preferably Zz{de igaxol 219 t Phgshoni um

broni de, subsequent %@ﬁdgﬂgﬁlqﬁg ngrggs %ﬂ}%ﬁﬁ loubl e bond and
hydr®tf'ysi s of - the dioxolane ring, e.g. wth ace i'c acid. The latter method
has, noreover, the adyaié@%bdwaitodiide (10 ey iyl A Wito af-ihe idigad ane
ring, other fun%nmamryomm forf gigsviaditd® o tumilisnRd tard ok an¥-o
the nol ecul e or -Goaasgtcibhaiyderidie foatgubls titfutied of WruBH A tutheds 13 4-
group which can ‘phény ek reandivhed)r ing intalsigniieign wubstituded axanpl e,
an ester group ornsuhdtyiltarteak \t mpmayl fercfodrolexyl §my rdr arubes tditartede on ng
for ring [err]. unsukatigated dntéegdrmny kener gdace fidre pvnimdstioveting -adadt
(e.g. carboxyli® (ﬁﬁ#nﬁnMHdbeﬂﬁnﬁﬁiuﬁﬂﬂiﬂiﬂ(ThﬂﬁﬁnﬂﬂnPOQndi injjwhich ring

al dehyde) cont ai angs flokerhpa -siyalphey aliyan
yde) Rr;%ilr?el%t ;Eﬂ R—durd MW

anal ogous manner®& y Lfeder Iaosgfqtf A Y]f &‘%Parrpl e,
th b |
e SR R

Further, in the above formulae I and I-1 to I-17 ring

i Al in each case preferably stands for substituted or
unsubstituted trans-l,4-cyclohexylene, for substituted or
unsubstituted l1,4-phenylene or for pyridine-2,5-diyl,

&,: pyrimidine-2,5-diyl or pyrazine-2,5-diyl. Of the compounds
of formulae I, I-7 and I-8 to I-17 there are generally
especially preferred those in which ring Al has one of
the mentioned preferred significances and denotes especi-
ally an unsubstituted group and ring A2 simultaneously
signifies trans-1,4-cyclohexylene.

Examples of preferred groups of compounds of formula I
are the compounds of the general formulae



[err] signifies -COO), or the hydroxy conpound obtained can be esterified
with a suitable carboxylic acid or a suitable carboxylic acid chloride (to
gi ve a conmpound of formula | in which [err] S|qp|f|es -00C-), or a hydroxy
conmpound obt ai ned can be etherified with a 12 - suitable halo conmpound
(especially a brono or iodo com pound) (to give a conpound of formula I in
which [err] or [err] signifies -OCH2-) or a halo congound obt ai ned (es-
pecially a brono or iodo conpound) can be etherifi g with:a suitable

hydr oxy conmpound (to give a conpound of for- nula in which [err]
signifies [err] or a 1.3- -diol ofpta ned can bg dacted wth a suitable

al dehyde or an al dehyde obt airree Co0os @0 x§U| table 1, 3- -@+d9
(to give a compound of formula I hi ch ring ] or A2 signifies

trans- mdi oxane-2.5-diyl). The indicated reactions can be effected in each
case in a manner known per se. The required starting materials are known or
can be prepared in a manner known per se. The above synthesis variants and
the reaction conditions are illustrated further in the Synthesis Exanpl es.
The conpounds of forrmula |I can be used in the_gormof m xtures with one
anot her.and/or with other liquid crystal conponents such as e.g. with

subst ances fromthe classes of Sc .t& , azobenzenes, azoxybenzepesg,
phenyl - benzoat es, cycl ohexanegarfox¥\i phenyl esters,

cycl ghexanecar boxylic acid cy%IO‘exyI - bip nyl s,
phenyl cycl ohexanes, cycl ohexyl cychstedxane henyl pyri m - dines,
cyclohexylpyrinidines, phenyl di oxanes, 2-cycl o- hexyl-I|-phenyl et hanes,

t er phenyl s, cycl ohexyl bi phenyl's, cycl ohexyl phenyl pyri m di nes and the |ike.
Such bst ances are known to the person skilledy2n the art and nmany of them
are, noreover, comercially avail abl e. di'd crystalline mxtures in
accor dance mﬁth the i nvention cont aj two conponents, of which at
| east one conponent is a conpo A @%cond conponent andI-21
optionally further conponents can DBe_fu/tha fnpounds of formula | or
other liquid crystal conponents. Th dhpounos of formula | are especially
suitable for nematic m xtures or, insofar as at |east one conponent of the
m xture is optically active, also for cholesteric m xtures. The conpounds

of formula | in which n stands for the 2
X
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nurmber ‘0 and [err] signifies 4-al kenyl are generally advan- tageously used
together with other nematic or cholesteric materials, for exanple together
with tricyclic conpounds of formula |I. The mi xtures in accordance with the
inven- tion therefore preferably contain one-0® rore conpounds of formula I
and a nematic or cholesteric carrier material. Having regard to the good
solubility of the compounds of fornula | and having regard to their good
mscibility with one another, their content in the mures in accor- dance
with the invention can be relatively high. It lies g 1-50 wt.% especially

at 5-30 wt.% of conpounds of formula - 13 -_/he mxtures in 1-25
accordance wth the inventilo abB\y C(iqjti on to one ‘or
nore conpounds of formul ag (o]0 omtfe group of com
pounds of the general fornul L. ferr] N\¥“=LArr] - 14 - [err]
[err] [err] [err] 2 [err] err] [err] [err] R XVIII wherein [err]
signify al kyl, 1E-al kenyl, 3E-
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-al kenyl or '4-al kenyl; [err] signfies cyano, -NCS, alkyl, 1E-alkenyl,

3E- al kenyl , 4-al kenyl, al koxy, 2E- - 16 - -al kenyl oxy or 3-al kenyl oxy;
[err] signifies al kyl, 3E- -al kenyl or 4-a|ken¥I; [err] signifies cyano,
-NCS, al kyl, 3E-al kenyl, 4-alkenyl, al koxy, 2E}I kenyl oxy or 3-al kenyl -
oxy; R6 signifies cyano, alkyl, 3E alkenyl, 4-alkenyl, al koxy,

2E- al kenyl oxy or 3-al kenyl- oxy; Z signifies a single coval ent bond or
[err] [err] signifies cyano, al koxy, 2E-al kenyl oxy, 3- kRenonxy, al kyl ,
1E- al kenyl, 3E-al kenyl or 4- -alkenyl; [err] denotes kyl, 1E-al kenyl or,
when one of the groups [err]signgfr¥s a gl e co-4Vaent bond, -COO, y_
-O0C- or [err] and the other {he\ i \- : \':. single 1-31
coval ent bond, al so 3E-al kenyl; \and A, \ and ri err] have the above
signficances. The al kyl, al kenyl ,—aNkoxy and al kenyl oxy resi dues [err] -R9
in formulae Il-XIV'are preferably straight-chain residues. They preferably
have up to 12, particularly up to 7, carbon atons. The c ounds of formul a
XI in which [err] signfies 1E- -al kenyl, 3E-al kenyl or al kenyl are novel .

They can be prepared accordi _ng_e nmet hogd afed in the Syn-
\ /

thesi s Exanpl es. The m xturg
contain optically active conpo e.g.
4'-aL5¢xy-4-biphenylcarbonitril- and/ or i H0uri ng substances
(e.g; azo. azoxy or anthra- quinone col ouring substances). The anmpbunt of
such com pounds is determned by the solubility, the desired pitch.
colour, extinction and the like. The anpbunt of optically active conpounds
and di chroic col ouring substances gener- ally annuntgzto in each case a
maxi of about 10 wt. % in the tot g xture. The ganufacture of the

m xtures in accordance with the jnvénti®n and tjb mgnufacture of the ; 35
el ectro-optical devices can be Rf H 0 per se. The
manuf act ure of the conpounds of for and t Ne=gdbvel conpounds of

formula XI as well as liquid crystal- line m xtures containing these
conpounds are illustrated further by the follow ng Exanples. C signifies a-
crystal -

R1—4<::? yt x1
W . ‘ } < :) < S 1-34

wherein R, X1, X2, Yl and Y2 have the above
significances.

. Of the compounds of the above formulae I, I-1 to I-32,

1 I-33 and I-34 there are generally preferred those in which
in each case Xl signifies fluorine and X2 signifies
hydrogen or X1 and X2 signify fluorine or X! signi-
fies chlorine and X2 signifies hydrogen. Further, of the
compounds of formulae I-18, I-23 to I-31, I-33 and 1I-34
there are generally preferred those in which in each case
Yl signifies a single covalent bond or -COO-. Preferred
residues Rl in the above formulae I and I-1 to I-34 are
3-butenyl, 3E-pentenyl and 4-pentenyl.

The compounds of formula I can be manufactured in a
manner known per se, for example according to the methods
described in EP-A-122389, EP-A-~167912 and EP-A-168683.



l'i ne phase [err] signifies a snmectic B phase, N signifies a nematic phase
and | signifies the isotropic phase. [err] and [err]denote respectively the
vol tage for 10% and 50%transm ssion. p = (err) is a nmeasurenent of the
st eepness of the transm ssion curve, ton and #&f+ denote respectively the
swi tching-on time and the switching-off time and [err] depotes the optical
ani so- tropy. - 1The ER& pads a farpulat LoanowhichiRg signifies 2ZE-
trans- 4-[trans- 4 Ak e!rie r é¥ ex P}czyerehemﬂéeamoﬁbsa.’tned(5955ar ed
according to Exa Fg %) Yne F@ﬁée ESF“Ea&YFFEHYeE°MPPHn§ 11
g of potassiunrh F dag‘ SPYFrBﬂ Q&%TP kgpyi Héﬁige'Tﬂitﬁpfi

i C

was t hen poured
ggg wer e
nesP Ul

gpLaceh 25ofide,
s i it et oe eelarl’ gtgf‘bgﬁlggﬁgg‘egﬁé&ﬁgﬂﬁg
and evaporated Recrfﬁgahbh g 8k ?Qﬁmﬁigmﬁ 1ﬁr¥ﬁ§@ﬁ|knesiéﬁiEPSS(§E74

g) from30 m of _hekahg 196¥ e generally obtained by reacting
trans-4-[trans- 4¢hd- 869269& HYEEO E&ggﬁnaQdé§9géxaﬁeﬁﬁﬁéﬁéihéﬁyé€'ﬂnaéhe
yel l owi sh cryst apgesBhcéd 68! Ht 58P0y B4Be"Wilh an alkyl-triarylphosphonium
trans-4-[trans- 4h641§60t§ﬁ¥fkra51?|Qhe&yhhcaEk?hetﬁﬂﬂﬁéﬁ?QprkﬁhOﬁidmIn 80
m of methy- | enehtbkbdederwaithr ant allkyltbripRenylphopphonbumpheonidetl ny
of 4;yd|nethylanThe)pyacunna cad beO8ffjectedi updén- thexgbndibbans nwhiéchnd
stirred at room agapusuadrgotoWitsigoneactions: cBbei veauikedrpropton
subsequent |y filakdebydencand| bnsytahdehedeporancheanttahnedcErometbet ai ned
was purified by GRFEREPORAARHYCORMPERRdEaha¥ing; ahfernyl-aubshity é@ré!@ﬁnr
ether (vol . 3: 97§de€$X§FAVPPzaf|SﬁcéPh?HénﬁFBE bexalde ﬁéd &nii Y Bn140

hexane gav

m ﬁg EEFEeFPaﬁ IBQLFY Hé°4k EOEP %Q?
cyclohexanecarbo tha 82& ¥ n1
and cl.p. (N1) i g §§ Fn
an anal ogous mann Ela fﬂﬁ EE (- - t;1
-fluorophenyl es E é h' chlo 1de. a bse u t h 01 for
trans- 4- (4- pent e BExanece Osxﬁag 564 tﬁeg yerga Stilatabily
12. 4] err] téaeaz bﬁ abBikeB4n) 8YsoO0Be*xappeataaxy! b BY! ittig
-chl orophenyl est@hction with a 2-(1,3-dioxolan-2-yl)ethyl-triarylphos-
phonium halide, preferably 2-(1l,3-dioxolan-2-yl)ethyl-
. -triphenylphoshonium bromide, subsequent catalytic hydro-
\_ genation of the C~C double bond and hydrolysis of the
dioxolane ring, e.g. with acetic acid. The latter method
has, moreover, the advantage that, prior to the hydrolysis
of the dioxolane ring, other functional groups can, if

desired, be introduced readily into the molecule or
converted.

. When the central portion of formula I has a group

M which can be formed readily by a final linkage such as,
for example, an ester group or methyleneoxy group for vl
or Y2 or a dioxane ring for ring Al and A%, it can
be advantageous to prepare the corresponding educt (e.g.
carboxylic acid, hydroxy compound, halo compound, 1,3-
~diol, aldehyde) containing the alkenyl group or the
alkenyloxy group in an analogous manner to the methods
described above. Subsequently, for example, the carboxylic
acid obtained can be esterified with a suitable hydroxy
compound (to give a compound of formula I in which Y1l or
Y2 signifies -C00-), or the hydroxy compound obtained
can be esterified with a suitable carboxylic acid or a
suitable carboxylic acid chloride (to give a compound of
formula I in which Y! or Y2 signifies -00C-), or a
hydroxy compound obtained can be etherified with a



4- (4- pent ehyl ) benzoi ¢ acid 4-fl uorophenyl ester; 4-(4-pentenyl)benzoic acid
3.4-di flurophenyl ester; 4-(3-butenyloxy)benzoic acid 4-fluorophenyl ester,
mp. 65[err] 4-(3-butenyl oxy)benzoic acid 3.4-difluorophenyl ester, mnp.
47.5C. 4-(3-buteny|oxy)benzoic aci d 4-chl oropenyl ester:

trans-4-[trans-4- 4- I)cyclohexyl]cycIQhexane- carbox li,c aC|d
3. 4-di f | uor ophe g § o compound (especlally a bromo o iodo com-
trans- 4- (trans-ggPE ;&

n |1)V ¢ 8§oﬁ8>¥ﬁ‘ﬁéa ?% ﬁgéf*ﬁﬁ
4- chl or ophenyl St & 52 exane-
cabory Teose By et SR8 ﬁ?ﬁ”ﬁ o Sty iy
trans- 2 [t rans- 4 HebCQelibn/ loje sz %wn%% @necucerﬁ' RS
3-fluoro-4- chIorgQ Qnﬁ%tsgtgg cted ultab e a deh de or
4-[trans-4- (4- pai aldkhye © %&xﬁhhegaal%ea%bgciea- 4" GpaaaYs bEat &l 3.
4-(trans-4- (4-peaiyickey §h98°4) hgtalel oaCedrauta 11k UnieRNRRYy ALler:
[ (rans: 4 (4~ paal 88y b ghi edeXichnd~aLo1Bxilngcpastay 1yl c aci o

=

trans- 4- (4- pent emyle) inalieaeen keacpions ¢ancber e@fecyedciacedch case

| uor ophenyl d&at ar mafne®n- khopanperyise-. 2 Ther reigdinegd] bearsiagamatderials

| uor o- phenylareskaowndor? cad- penpeephared- jnr anmdnnelr] keowoi peacsé. The
{_yor o- phenyabo¥ee gynthesd s variansscapd) thel skexiionachodirionsciages-
-f| Gor opheny| edddustrpgnd- furxhegeisnfhec pynshesiscEXaPELPBi-c acid 3. 4-di -
fl uor ophenyl ester; 4 (3Z- pent enyl oxy) benzoi ¢ acid_4- quoerhenyI ester

trans 4-[trans-4-(4 e?@ o ISﬁef @l dh&RRnbe ugLAoIY gm of
4-1{ vor ophenyl ok ansther.] A fckatb.oF sgniggel Favstal

5-
4- 1
2- [
4- 1
4-f
4-f

flu
*: Hherophony! cgoBEoDg P§ saw i eg gt fé‘rﬁ@& %5 -
L e e &g‘é‘: R

4- aIIonxybenzob 9& %hak Inld rOGQ%&%ne lﬁ&clohexanes. phenylpyrimi-

dlnes. cyclohexylpyrimidines, phenyldioxanes, 2-cyclo-
hexyl-l-phenylethanes, terphenyls, cyclohexylbiphenyls,
cyclohexylphenylpyrimidines and the like. Such substances
are known to the person skilled in the art and many of
them are, moreover, commercially available.

U The liquid crystalline mixtures in accordance with the
invention contain at least two components, of which at
least one component is a compound of formula I. A second
component and optionally further components can be further
compounds of formula I or other liquid crystal components.
The compounds of formula I are especially suitable for
nematic mixtures or, insofar as at least one component of

i} the mixture is optically active, also for cholesteric
O, mixtures.

The compounds of formula I in which n stands for the
number O and Rl signifies 4-alkenyl are generally advan-
tageously used together with other nematic or cholesteric
materials, for example together with tricyclic compounds
of formula I. The mixtures in accordance with the -inven-
tion therefore preferably contain one or more compounds of
formula I and a nematic or cholesteric carrier material.

Having regard to the good solubility of the compounds
of formula I and having regard to their good miscibility
with one another, their content in the mixtures in accor-
dance with the invention can be relatively high. It lies
at 1-50 wt.3, especially at 5-30 wt.%, of compounds of
formula 1I.



4-al | yl oxybenzoi ¢ acid 4-chl orophenyl ester;
trans-4-[trans-4-(2-butenyl)cycl ohexyl]cycl ohexane- carboxylic acid

3, 4-di fl uorophenyl ester, mp. (CGN) 55.1C «cl.p. (N1) 153.6[err]
trans-4-[trans-4-(3-butenyl)cycl ohexyl | cyclehkXane- carboxylic acid

4-chl orophenyl ester. mp. (CGN) 78.3[err] cl.p. (N1) 213.5[err]
trans-4-[trans-4- 3-Bheeny§yuyesoheng$ey appexwhth thepbryentler|prefer-
3-chl oro- 4-f1 uor 8ph¥ngPntain in addition to one or more compounds of
trans-4-[trans- 4t Smag?e y?g%yBFoﬂ%RZIEegg?gﬁg§aﬁé9mc5PSo§§??€ ati gom-

3-f1 uor o- 4- chl or BBHBAS| ObstRE: I92LERLE2HBRS2 byt enyl ) cycl ohexyl ] benzoi ¢
acid 3,4-di- fluorophenyl ester; trans-4-(3E-pentenyl)cycl ohexanecarboxylic
acid 3,4- -difluorophenyl ester; 4-(2E-butenyloxy)benzoic acid

4-fl uorophenyl ester. Exanple 2 i) /2 3
2- (1, 3-di oxol an-2-yl ) et hyl -tri pRén ¢ YmrBromi de were suspendgg in
4.5 1 of tetrahydrofuran while gas g/ ogen and the suspensi on was
treated at OCwithin 5 mnutes with 36.8 g of potassiumtert.but- ylate.
The orange suspension was stirred at roomtenpera- ture for a further 1
hour and treated within 5 mnutes with 46.1 g of

4- (4- oxocycl ohexyl ) benzam de. The reaction - 19 - mxture was stirred at
roor trenperature for a further 4.5 hours and then concentrated in a vacuum
The yel | owi sh crystals obtained (212,5.g) weLe treated with 1.2 1 of

diethyl ether. The mixture was stpryed & rgho ‘enpg{ature for 30 minukkk
and then suction filtered. The r® ue "W Bt1h diethyl ether and

t hen suspended in 700 m of water. Ol xt ee=Avas stirred for 15 m nutes
and ¥ken suction filtered. The residue was washed with water and di ssol ved
whil e heating in 600 ml of dioxan. The solution was left to cool to room
tenperature. The separated crys- tals were filtered off under suction,
washed with a small amount of di oxan and hexane and dried at 60[err]in a
vacuum whereby there were obtained 3¢ ystalline 4-[4-] 2-

- (1. 3-di oxol an- 2-yl ) et hyl i dene] cyal {de with mp. 209-212[ggr].
Wor ki ng-up of the nother |iquor % ) ur ENer 7.7 g of product
and 64.2 g of a second nother |iquor. re of 500 ng of

4-14-12-(1, 3-di oxol an-2-yl) -
N
O
=N v

k~/



et hyl i dene] cycl ohexyl ] benzam de and 20 ml of dioxan/tri- ethylamne (vol.
9:1) was hydrogenated by neans of 500 ng of 10 percent plati num charcoal
for 2 hours. The reaction mxture was then filtered and the filtrate was
evaporated. Recrystallization of the evapeoratien residue from40 m of

di oxan gave 230 ng of 4-(trans-4-[2-(1, 3-di oxol an-2-yl)-

et hyl ] cycl ohexyl ] benzam de as col ourl ess crystals. c) 27 g of
4-[trans-4-[2-(1, 3-di oxol'an-2-yl ) et hyl ] cycl o- hexyl ] benzani de were

hydr ogenated for 8 hours with g\ Of 5 perce ut heni um charcoal in dioxan
at .120[ err] and 40 bar hydrR @ 35 g) obtai ned af vl
filtra- tion and washing wt Ha tained 69% of the cis

i soner and 25% of the trans isbmef of 4-[tra [2-

- (1. 3-di oxol an-2-yl ) et hyl ] cycl ohexyl ] cycl ohexanecar boxam de. d) 42 g of
crude 4-(trans-4-[2-(1, 3-di oxol an-2-yl)ethyl]-

cycl ohexyl ] cycl ohexanecar boxam de were suspended in 500 m of ethylene
gl ycol while gassing with argon and then treated with 19 g of solid

pot assi um hydroxi de. The miy- /FURY ngso heaO 13[6”1({36““ t enper at u;e)
' 129 Qg ea€ENon m xture was p
pH abou ith 10 percent hydroch %?IC

for 5 hours while stirringR=A
into 500 m of water, acidifi

acid and extracted three tinmes with 300 mM of methylene chloride each tine.
The_gombi ned organi c phases were washed once with 500 ml of 1 percent
hydrochloric acid and twice with 500 mM of water each tine, dried over
magnesi um sul phate, filtered and evapor- ated. The dark brown crude product
(41 g) was purified by chromatography on silica gel with ethyl acetate.

Crystal - lization of the product—eRktained (36—¢) from acetone gave 13.8 ¢
of re trans-4-[trans-4-(2-£2, Nx ol an- RS
et hyl ] cycl ohexyl ] cycl ohexanecan\ I 20 i ng-up of the nother IX

| i quor gave a further 2.5 g of ¢ product. - 20 - e) 18 g of
trans-4-[trans-4-(2-(1, 3-di oxol an-2-yl )ethyl]- X

cycl ohexyl ] cycl ohexanecar boxylic acid were dissolved in 600 m of

chl oroformwhil e gassing with argon and the solution was treated dropw se
at [err]while stirring within 3 mnutes with a solution of 7.2 m of ethyl
chloro- formate in 40 m of chloraform The peagtion solution was stirred

for a further 30 m nutes. Ammp s was th ondycted into the sol ution
during 10 ninutes. The nixtuRé& T PO r]T Tor a further 30 g
h 300 m “~e+water each tinme. The

D

N RZ-QZ : > 8 XI



aqueous phases were back-extracted wth 100 ml of chloro- formeach tine.
The conbi ned organi c phases were dried over magnesi um sul phate, filtered
and evaporated. Recrys- tallization of the brown crystalline crude product
ob- tained (19 g) from800 m of nethylene chlgyide gave 13 g of
trans-4-[trans-4-[2-(1, 3-di oxol an-2-yl ) et hyl ] cycl ohex-

yl ] cycl ohexanecar boxam de as pal e brown crystals. f) 2.1 g of
trans-4-[trans-4-[2-(1. 3- dloxolan 2- yI)

uspended in 60 m of

S susgen5|on was treated with
pocRlCoride and stirred ®11t

e=y/eacti on sol ution was

subsequent |y partitioned in nethylene chlorlde and 10 percent hydrochloric

aci d. The aqueous phase was extracted twice with 100 m of nethyl ene

chloride each tinme. The organi c phases were washed twice with 100 m of

wat er each time, dried over magnesi um sul phat e, filtered and concentr at ed.

There were thus obtai ned42. trans-

-4-ftrans-4-[2-(1.3-di dkol-s y %)

hexanecarbonitrile as yell ow ¥ als pu |ty of 9 3 0 g of %&wge
tranQ;A-[irans-4-[2-(1,3-dioxoran 2-

-yl)ethyl ] cycl ohexyl ] cycl ohexanecarbonitrile were sus- pended in 50 m of
water, 25 m of glacial acetic acid and 10 m of dioxan while gassing with
argon and stirred at 100[err] for 1 hour. Thereafter, the reaction solution
was treated with 100 ml of water. The.agueous phase was separ- ated and

extr&cted three times with diethyl et her each tine. The organic

phases were washed with210 sodi um hyg &n cagbonat e sol ution
and with 100 M of wat & g A H s Rl - tered angv
concentrated. Recrystallizate == yeIIOM/cryst- obtalned (2.25 g)
from60 mM of hexane gave 1.98 g of
3-[trans-4-(trans-4-cyanocycl ohexyl ) cycl ohexyl]- propi onal dehyde as
colourless crystals. h) 4.11 g of nethoxynethyl-triphenylphosphonium

chl ori de were suspended in, 80 m | methyl ether while gassing
wi th argon and treated, 2t hing2 mnutes with 1.26 g of
potassiumtert. butylate. rrRed at room tenperature_ for

a flurt her - 21 - 1 hour? seted tm—-'rr] and treated dropw se
within 5 minutes with a solution of 1.98 g of 3-[trans-4-(trans-

\ r? . 0 7
S R XVII

8?2 7\

== XVIII

wherein RZ2 and R7 slgnlfg alkyl, 1E-alkenyl, 3E-
-alkenyl or 4-alkenyl: R® signfies cyano, -NCS,
alkyl, 1lE-alkenyl, 3E-alkenyl, 4-alkenyl. alkoxy, 2E-



- 4- cyanocycl‘ohexyl ) cycl ohexyl ]| pr opi onal dehyde in 25 m of tert.butyl nethyl
ether. The reaction mxture was stirred at [err]for a further 45 m nutes,
then diluted with 100 m of water and extractqg three times with 100 m of
di et hyl ether each tine. The organic phases were washed twice with 100 m

of water each time, dFiEiMYxy RS hate r i 94 e G 1k 3E-
concentr at ed. Chronat_mrm[%\%c oﬁuw.falq@dqjqe?}wq‘s tsh_@?ﬁl’flg@% il _@%s], on
silica gel at 0.5 baralkyl) SEu1kBilgt &/-aakedydymadkoay, \z@-alﬁc&@lmv@r
2.0 g of trans-4-[tr 3salkenilretdnysy K ifgniyf ety dyanoxy lalkyd ,o3@<ane
carbonitrile as a coladkenyds di-adkenyll, ialkbxy; @Bsfalkenyloxy or 3-alkenyl-
trans-4-[trans- 4- (4- eayhod signitffdres )acsdingleheopallent domdawecar bonitril e
wer e suspended in 50 20fC ser, 25 m of glacial acetic acid and 12 nl of
di oxan whi |l e gassi ng BN S}y s TYanoyus ddkoxyn s adkenyd@xxt. 80[ err] (bath
tenperature) for 2 houddkemrioxyn @lkitled WG-atksovh. SEB-gdkenylToE dqueous
phase was separ at ed ¥iic Bed dﬁi‘Pééstl fd@fW}gPrdl &hﬁi‘l &€her

each tine. The organ|°a1 %h@rse H’l er each
tinme, then with 100 t@n%ob peiens] 7 - tllon and
again with 100 m of ‘@a lentt d%r‘ &o ﬂ' atn?lr ed

and concentr at ed. Thetrc;l rq_cﬂﬁﬁs e, Erhﬁ :

- 4- ({Lans- 4- cyanqgye '115% g‘pn% rafﬂﬁq’ Hx%% ? 'z%&h%%% R2-
crystals. j) 3. 2&1;9 qfn Y tarel rﬂe w%rn%_mwded in
40 m of tert. butpdgidRies. :%bg.iﬁfﬁa% Wpt £0AN2P0N paktd cHdARQARS ud"
was treated at rct(un-;teraae_-tb%tmrae;dust hin 1 mnute with 962 ng of potassium

tert butyI ate and stirred for 1 hour. The m xture was subsequently cool ed
to [e treated dr qhe ToOmpounds dEvifauimedanxIh ia wlich @2 @fighfieg AE-

4- [trans 4- (tr ans-A-kenyianaE-allkenyll Joxy d-aldenylbarer alogelydahey 2annibeof
tert.butyl methylprepamedaadcoridingd tat ther mie thodsa ifldusiteated rtinndthes Syn-
Thereafter, the rtdwesiisoBxampless was diluted with 80 nl of water and
extracted three times with 100 m of petrol eum et her each tinme. The organic
phases were washed t\mh@emmtwrla@om quceea’é-ﬁht ithe, iavieayigpecan also

magnesi um sul phat"@ntﬁ‘-lnt uadso k9. 9P I‘Flaé-lY actlve
purification of 1("2“‘ I bd-r?hﬁnlYllé’ér opi 1(}e§)

ethyl acetate/ pe s I°I'| om-

of met hanol gave

cycl gh exanecgr\tgoéﬂgf“;iggcg%r (i%e. ‘%W @t

36 g[e”] cl dund dodﬁ‘ﬂrr&cc%'m‘&‘&rﬂigc‘%ﬁbg%a%

ally amounts to 1n each case a maximum of about 10 wt % in
the total mixture.

The manufacture of the mixtures in accordance with the
_ invention and the manufacture of the electro-optical
&“‘ devices can be effected in a manner known per se.

The manufacture of the compounds of formula I and the
novel compounds of formula XI as well as liquid crystal-
line mixtures containing these compounds are illustrated
further by the following Examples. C signifies a crystal-
line phase, Sg signifies a smectic B phase, N signifies
a nematic phase and I signifies the isotropic phase. Vig
and Vgo denote respectively the voltage for 10% and 50%
transmission, p = (Vg0-V10)/Vipo is a measurement of
the steepness of the transmission curve, tonp and toff
denote respectively the switching-on time and the
switching-off time and An denotes the optical aniso-
tropy.



anal ogous nanner: - 22 -
trans-4-[trans-4-(4Z- Hexenyl ) cycl ohexyl ] cycl ohexane- carbonitrile;
trans-4-[trans-4-(4Z- heptenyl)cycl ohexyl ] cycl ohexane- -carbontril e:
trans-4-[trans-4-(4Z-octenyl)cycl ohexyl ] cyctobhexane- -carbonitrile;
trans-4-[trans-4-(4Z-nonenyl ) cycl ohexyl ] cycl ohexane- carbonitrile;
trans-4-[trans-4-(4Z-decenyl)cycl ohexyl ] c\E¥ampdeade- carbonitrile. The
fol |l owi ng conpounds can be manufactured by reactln the

3-[trans- 4- (tran§;4 R ﬁﬂbe §9Bh%§ k%ZZCFOthEQZ SE Féﬂaﬁd h%ﬁevngg§¥bgd
in step g), in aﬁ 3 3 “ﬁ%&nﬂ%r SSE h géate

| soneri zation i n YCO Was with

rans ATt ans 3 < %fém et e g

(CGN 50.7C cl rce chloric acid and. extracted
t 4-[t 22 f
(E?R; 79[4{2pf] g E%EEy ?fgxﬁgP CYRHECor§2APEND 5#2@ witd-

trans-4-[trans- 4n eé@fﬂ §€¥C$R§eé¥$ SYAtOAEXRECrysEAPPILAEL0R of the
trans-4-[trans- 4prowmleerpBal L¥Re OPE¥YALEY E) OPEXGNEE L 6@ DOML T bf Chexane
trans-4-[trans- 4géﬁE—995€ﬁd|&§YEk9ﬁ§X!ltﬁvﬁh@htxamepeﬁﬂébﬁn)éféi@heiiﬁps 4-
[ trans-4- (3E- nocgoybheyshedexrhokeyit obekanas galbowishi éeystals.
trans-4-[trans-4-(3E-decenyl)cycl ohexyl ] cycl ohexane- carbonitrile. The

fol 1 W ng conpoubdis Basobetiomudéfic? 6 caighgt r cransng-[teans-4~(4-pentenyl)-
4- (4- oxocyclohexiY?b@hE&ﬁiHGY¢h°hhxah9¢® bQEYhhﬂn%¢1@oiBt%@smh)oﬁwmﬁtvy-
acetal i zing the eQ?rﬁhEOHIdefﬁﬁﬁgFé9%F Wi ERHRPZ Mg def BLHE knorepRgnol,
crys{glllzatlon 6 B %fhgf tnet b@m¥ﬂ°lh$rb¢b§%n€%d01 31 9| o ndigy h%nlc
aci d»~further re

X 24 BLLFEed 3hF0 ara
act turther regkthsh g 08 FoReEhon mbg %%Eé‘ﬁa ngﬂﬁé?q%“%g’égégt%ﬁﬁd g

§1me ith water, dried over mag-

necessary, E/ Z
trans-4-(trans- 4:

E Fo% %sa%V%E%f% a 1cﬂ
vk SR

757 mg of pure trans-4-{trans-4-(4-pentenyl)cyclohexyl]-
cyclohexanecarboxylic acid 4-fluorophenyl ester with nm.p.
(C-N) 70.3°C and cl.p. (N-I) 158.7°C.

]

The following compounds can be manufactured in an
\U analogous manner:

trans-4-(4-Pentenyl)cyclohexanecarboxylic acid 4-
-fluorophenyl ester, m.p. 31.3°C;
trans-4-(4-pentenyl)cyclohexanecarboxylic acid 3 4-
~difluorophenyl ester, m.p. 12.4°C;
trans-4-(4-pentenyl)cyclohexanecarboxylic acid 4-
o -chlorophenyl ester:
| 4-(4-pentenyl)benzoic acid 4-fluorophenyl ester.
4~(4-pentenyl)benzoic acid 3,4-~diflurophenyl ester:
4-(3-butenyloxy)benzoic acid 4-fluorophenyl ester,
m.p. 65°C;
4-(3-butenyloxy)benzoic acid 3,4-difluorophenyl ester,
m.p. 47.5%°C;
4-(3-butenyloxy)benzoic acid 4-chlorophenyl ester:
trans-4-[trans-4-(4-pentenyl)cyclohexyllcyclohexane-
carboxylic acid 3,4-difluorophenyl ester;
trans-4-[trans-4-(4-pentenyl)cyclohexyl]cyclohexane~
carboxylic acid 4-chlorophenyl ester:
trans-4-[trans-4-(4-pentenyl)cyclohexyljcyclohexane-
carboxylic acid 3-chloro-4-fluorophenyl ester:
trans-4-[trans—-4-(4-pentenyl)cyclohexyllcyclohexane-
carboxylic acid 3-fluoro-4-chlorophenyl ester; '



carbonitril€; trans-4-[trans-4-(|E-butenyl)cycl ohexyl]cycl ohexane-
carbonitrile: trans-4-[trans-4- (1lE-pentenyl)cyclohexyl]cycl ohexane-
carbonitrile: trans-4-[trans-4- (| E-hexenyl)cycl ohexyl]cycl ohexane-
carbonitrile; trans-4-[trans-4-(l| E-heptenyl)eytBohexyl]cycl ohexane-
carbonitrile: 23

trans-4-[trans- 4- (1E-écféﬁ?ﬂgtﬁcKéhEﬁ?FFéybPGﬁékahebeibﬁeﬁPlﬁ|ﬂ@ld 4-

t 4-[t 4- TEERPERRRORY LB BRE h - boni t
e S i ( ”gpfe§i$§x§ aRexyLipeRAPLe; pELd Thed-

trans-4-(trans-4-(LE. 88tk 5 f DS .
M s tigimecos
{3lped

fol | owi ng conpounag ELR

4-[2-(4-oxpcycloh§E¥L ?L )

e the ab0¥§ ?E Y igﬁéi}lh”5aBy?fﬁi898E§a:box-
2 33171 i b

fr e et f.g%?gg@ e e E AL ey soniayengea bank ot

Z18€

described in Ml
trans-4-[2-(trans-4-( € hex
hexanecarbonltrlIghehygnésga g&higgﬁ%94§ %%;g%?§%§f¥g§gnﬁﬁé§y ct?hylf%?%f
hexanecar boni tril e: ttﬁ8ﬁ34ALedtlhéﬁénﬁliéﬁéneﬁéﬁdhéGXEBGQ?KYé)8&ﬁd|leC|0'
hexanecarboni tril efl1tonophényL-éstans- 4- (4Z- decenyl)cycl ohexyl)ethyl]cycl o-
hexanegarbonitrile: ttraBs44fpaZihexenyl|Syblobeyidegatborex)i¢ecabid]systdi-
hexanecar boni tri | €luorophenyl ester:

trans-4-[2-(trans-4- (QE(§§ﬁpenyeyzyQthbayzqechqcid y&+Hluorophenyl ester:

hexanecarbonitril e: tFéﬁasﬁ4fEt§@$§n% g4z spexen¥h ¢¥€9@h©ﬁﬁk}¢¥@l%§¢¥%9%+o-
hexariecarbonitril Ea:boxy:‘.lc acid 4-fluorophenyl este

trans™-[2- (trans- -4 §3E[ﬁé %gﬁTé %?h%ﬁ%§¥1)%Yﬁ§??%§¥1bbenz°1° acid 4-

hexanecar bon t 118 PERRECR Y ps KRR, £y (95 SR TN LSYSLRPELY dELIVL] £gL0
gluorophenyl ester, m.p. 42.0°C;
trans-4-(3-butenyl)cyclohexanecarboxylic acid 4~
-chlorophenyl ester:;
4-allyoxybenzoic acid 4-fluorophenyl ester;
4-allyloxybenzoic acid 3,4-difluorophenyl ester;
4-allyloxybenzoic acid 4-chlorophenyl ester:
trans-4-[trans-4-(2-butenyl)cyclohexyllcyclohexane-
carboxylic acid 3,4-difluorophenyl ester, m.p. {(C-N)
U/ 55.1°C, cl.p. (N-I) 153.6°C:
trans-4-~-ftrans-4-(3-butenyl)cyclohexyl]lcyclohexane-
carboxylic acid 4- chlorophenyl ester, m.p. (C-N) 78.3°C,
cl.p. (N-I) 213.5°C;
trans-4-~ftrans-4-~(3~butenyl)cyclohexyl]cyclohexane-
{ carboxylic acid 3-chloro-4-fluorophenyl ester:
trans-~-4-{trans-4-(3-butenyl)cyclohexyl]Jcyclohexane~
‘ carboxylic acid 3-fluoro-4-chlorophenyl ester:;
S : 4-[trans-4~(3~butenyl)cyclohexyl]lbenzoic acid 3,4-di-
fluorophenyl ester;
trans-4-(3E-pentenyl)cyclohexanecarboxylic acid 3,4-
-difluorophenyl ester:
4-(2E-butenyloxy)benzoic acid 4-fluorophenyl ester.

"'WD

Example 2

a) 140.9 g of 2-(1,3-dioxolan-2-yl)ethyl-triphenylphos-
phonium bromide were suspended in 4.5 1 of tetrahydrofuran
while gassing with nitrogen and the suspension was treated
at 0°C within 5 minutes with 36.8 g of potassium tert.but-
ylate. The orange suspension was stirred at room tempera-
ture for a further 1 hour and treated within 5 minutes
with 46.1 g of 4-(4-oxocyclohexyl)benzamide. The reaction



trans-4- [2-(trans-4-(3E-nonenyl)cycl ohexyl)ethyl]cycl o-
hexanecarbonitrile: trans-4-[2-(trans-4-(3E-decenyl)cycl ohexyl)ethyl]cyclo-
hexanecarbonitrile; trans-4-[2-(trans-4-vinylcycl ohexyl)ethyl]cycl ohexane-
carbonitrile: trans-4-[2-(trans-4- (1E—propeny|9%y€lohexyl)ethyl]cyclo-
hexanecarbonitrile; trans-4-[2-(trans-4 (lE-butenyI)cycIohexyl)ethyl]cyclo-
hexanecar bonitril xture was stlrred at room temperature for a furt

trans-4-[2- (trans4ﬂ5 %Eéfgg g ak |Yacuum The yellowish
hexanecar boni tri| 1ethy et Zr. he mlxtzre was sti gﬂ$§n3¥¥eﬁﬁéq§%ﬁf§

hexanecar boni tri

_Qf _d The residue was
Lrans 4 (2 (11 ensdfe %ﬁﬁﬁ %f‘ﬁﬁgégmﬂ% cided, 13,700 a3 ot

hexanecarbonltrlléhctioﬁ fhtered. ég e51du was washe with water and
trans-4-[ 2- (transafedd Fra@RAMYIQ hed T a YR Qi AN e YA deE:
trans-4-[2-(transyds (ﬂ&ae@@rwdapy@&m Htﬁyﬁ OTH'@WM@EY&-G
Exanple 3 a) A stspenddod £fldéled @Epfu:ﬁié -gud e Wd s Wit hexantiln
(preparabl e by nidmedntgof}-diwran mwd dexanoand idr fledl af 6bwxdm whvacuum,
treated with 50 néhedeby i idne awere cbraihel 9 .2 rrof rdrytd Hdinemas- o
and hydr ogenat ed iﬁl:ixﬂndxn&xn{a+ykﬂennylh&bdxﬂcyq&bhgxyilbenzanndeMwiuh
stirning well. AfMep. 200t2%2%0e Working-umof i themathehd fquar 472 )
evaporated on a v@Rwe -3 dfurthenid a1 & ofatpradiglerandired & Boffera |seamnd he
evapor ati on resi dRRthes Hkquar at 40C over ni ght |n a drying oven under a
wat er-j et vacuum_ There were thus obtained 94.5 of 4-(4-am no-

phenyl ) cycl ohexar®bhe %.smm‘%"ee d{;sﬁ%ﬂ Jugi 9t 47 [12[701 "b‘r"r ola “Z'ZGti)rtI

4N surPhuric aci d® ¥} 1hen 3ﬂﬂn§§ ﬁgﬂg
t QRI%FS'YQ& .%ﬁ . t by means 1)

4- (4- an1nopheny|) CORL

Subsequent |y, theR :é f‘l he 425 varﬁaqrated

! (i defs 1 4] 30.

si nmul taneously a i 3 d Ak NMidiA s é@

hours. Thereafter, the xture
hexyllbenzamide were hydrogenated for 8 hours with 5 g of
5 percent ruthenium-~charcoal in dioxan at 120°C and 40 bar
tion and washing with tetrahydrofuran contained 69% of the
cis isomer and 25% of the trans isomer of 4-[trans-4-[2-

treated with abouf _ The :eact1on
well as a solutiog jL
c) 27 g of 4-[trans—4—[2-(1.3-dioxolan-2—y1)ethyl]cyclo-
K_/. hydrogen. The crude product (25 g) obtained after filtra-
- =(1,3-dioxolan-2-yl)ethyl]cyclohexyl]lecyclohexanecarboxamide.

d) 42 g of crude 4-{trans-4-{2-(1,3-dioxolan-2-yl)ethyl]-
: cyclohexyl]lcyclohexanecarboxamide were suspended in 500 ml
v of ethylene glycol while gassing with argon and then
treated with 19 g of solid potassium hydroxide. The mix-
ture was heated to 180°C (bath temperature) for 5 hours
while stirring. After cooling the reaction mixture was
poured into 500 ml of water, acidified to pH about 3 with
10 percent hydrochloric acid and extracted three times
with 300 ml of methylene chloride each time. The combined
organic phases were washed once with 500 ml of 1 percent
hydrochloric acid and twice with 500 ml of water each
time, dried over magnesium sulphate, filtered and evapor-
ated. The dark brown crude product (41 g) was purified by
chromatography on silica gel with ethyl acetate. Crystal-
lization of the product obtained (36 g) from acetone gave
13.8 g of pure trans-4-~-{trans-4-(2-(1,3-dioxolan-2-yl)-
ethyl]cyclohexyl]cyclohexanecarboxylic acid. Working-up of
the mother liquor gave a further 2.5 g of pure product.



treated dropwise at 80C within 30 minutes with a solution of 9 g of sodium
nitrite in 27 m of water and stirred at 80[err] for a further 1 hour.

After cooling the reaction mxture to[err] the separated crystals were
filtered off under suction, washed with 200 w 20f -col d water and dried up
to constant weight at 60[err] In a drying oven under a water-jet vacuum
The crystal line cPddelfr gdeét teansc4gyf tnanssdsfdnddd3i-dioxolan-afyddrphyl]-
acetate. The suspEKSLE exxé]nssﬁeaegenpsﬁrbkvanclan@drwe;aeﬂlsseéved At h
1.7 g.of active c&PBoHlaﬁé cheRrREQLBIWhA lecgRasing: withyargen andothe The
ni xture was subsegﬂ &Btd nsHEF ePFFP ﬂé&P Fﬁﬁs?ﬁ%ngtWhléenﬁtbFr%BEnVéFH ¥R

acetate) and the P% gs g g
tenperature of 40 g@ ggg E ?% § tgn 8§ n was
“B'ght at 60[err]cb ﬂ ﬁ? tSo g iZtgre
4 (4 hyaroxypngdfieretol EE gwgneo@sa B g
T6s- 166 err] o A§§u§ seaaoe o Sboteiis eéxp Eeﬁ £4s! O Eexanone
in 60 m of tert Hh! uBeph eéthﬁiewﬁﬁckrSii ch@daw§E 863k 08¢ ERSKLo-
under a weak stregagrfif eBk regﬂa Wrhe é8m 1ﬁeE organic phases were dried
2- (1, 3- di oxol an- Zovékehhg‘hehiuﬁhE’ﬁ!bhaﬁEQSEEQ&EHEHbéﬁm g¢apodated. ORBELYs-
potassiumtert. butgldieatIon ofxtheebwewnf cegbtiliiner eduder pBoducvudbs,
thenl&;eated port tahnede (1Pt g nfRod5800umd ef M6ERylénei thlaridet bave2l] g
of potassiumtertoButyansedabiransrtaef2a(l,3-disgolanednyldepbyhjcyelbbexa
further 1 hour. THdde¥riehexahecachokxhmhdei asupaleabrownaceysbals.an
additional 1.8 of 2-(1.3-dioxolan-2-yl)ethyl-triphenyl phosphoni um brom de
and Q.45 g of pot&3si @mtt Grefbtranatrd-hanans-Aréd-fds3adiokehan-2-vidbr,
Subselent |y, theeFéﬁiﬂP ﬁ19¥§¥ﬁ é°Kﬁ§°EGHPEGC?ﬁPex8919¢ 8¢rﬂa§BFPaﬂ@ed in
acidified with 1150 LEermamide Bi& ;ﬁ 164 ‘!bt%éfgﬁgar'gPEd
and extracted twi E8% Pﬁ E pidin .JThe
% bgeisyer

88 HF ‘PéF
or gani ¢ phases we oﬁfg ?ﬁu ge g %E
di | ph
i it ] bl AT, i

reddi sh oil Obtalaﬁéz ﬁ 1&@ wieﬂaié e 1 XE h E QH a@ oPﬂdé' LER ge'
with toluene and {phdeNPne! SEGaRYEYbnABEEYwebk"Gash¥]' £ ithVEGE @il 8P
of the product frgatepnéath fiMelearked H@EHUﬂhéﬂdsﬂﬁM'QGlbﬁEtéeSfﬂﬂeeEQd
const ant wei ght i And@ G6HCBEtPYEAAYNTRErE were thus obtained 2.5 g of trans-
\v/ -4-[trans-4-{2-(1,3-dioxolan-~2 -Yl)ethyl]cyclohexyl]cyclo-
hexanecarbonitrile as yellow crystals in a purity of 96%.

g) 3.0 g of crude trans-4-[trans-4-[2-(l,3-dioxolan-2-
_ -yl)ethyl]cyclohexyllcyclohexanecarbonitrile were sus-
{ pended in 50 ml of water, 25 ml of glacial acetic acid and
10 ml of dioxan while gassing with argon and stirred at
- 100°C for 1 hour. Thereafter, the reaction solution was
&mf treated with 100 ml of water. The aqueous phase was separ-
ated and extracted three times with 100 ml of diethyl
ether each time. The organic phases were washed with
100 ml of dilute sodium hydrogen carbonate solution and
with 100 ml of water, dried over magnesium sulphate, fil-
tered and concentrated. Recrystallization of the yellow
crystals obtained (2.25 g) from 60 ml of hexane gave
1.98 g of 3~-[{trans-4-~(trans~4-cyanocyclohexyl)cyclohexyl]-
propionaldehyde as colourless crystals.

. h) 4.11 g of methoxymethyl-triphenylphosphonium chloride
were suspended in 60 ml of tert.butyl methyl ether while
gassing with argon and treated at room temperature within
2 minutes with 1.26 g of potassium tert.butylate. The
suspension was stirred at room temperature for a further



wat er-jet vacuumat 60[err] finally gave 4.5 g of 4-[4-{2-

- (1. 3-di oxol an-2-yl ) et hyl i dene] cycl ohexyl ] phenol as yell ow sh crystals with
mp. 125.5-126.5[err]. d) A solution of 36.5 g of '
4-[4-[2-(1, 3-di oxol an-2-yl)- ethylidene]cycl ohgxyl]phenol in 500 m of
toluene and 50 m of triethylam ne was hydrogenated in a- hydrogenation, :. -

autocl ave at 90[ eirho@P! £néRUE0¥LEE Bo209c0ind PEESEEA &FSpuisErwighinal

and 10 bar of hydsogenutdheuititar €oYacisnDsLINEds |y 6£CALPPransl €L eEr sl
the residue was waghegaibéye BOhekyDfcyelonéoyLipeopitRaidéhydé cinezs ml of
evaporated to contsénttbueylhhethgerethen! ecThe¢ ctezeriom mixtubatias stirred
temperature of 40aero?C foe ahfeetheysasl minbtesnethéB7djluved ewiitls SLO® enil
in 180 m of nethafiowater| andecextrgctddctBotet t bmescwitef100 onkoof diethln
tenperature and t@thepl eae time.rTheiorganbe Phases wers washed rywice swith
wer e subsequent | y109| nkrefl waterneaehstitme ondr hed hevierni Ragmes Iun ulphate,

net hanol and drieflhtesed cand ¢ﬂn@9@¥9¢ﬁgﬂov%hIQmﬁﬁﬁQEQD%&%rP?%&kaﬁiﬁﬁﬁ of
There were t hus obhej asudeproduet (5.1 g) on silica gel at 0.5 bar with
4-[trans-4-[2-(1, S‘EHYBXGFEH@E@ PZ\E’E%%%@?FMD%“ hePp?S hsIqne t%: @r g/f‘?fal s

l)cyclohexyllcy

th 153. 5- 1§RaBFa hexane
PR EAN G il - ity as 3)e0 wflc%m& thnol 10 4 of 5 |

percegy rodiurt S A i s,
m nut ets !I'het cata§ filé\ﬂgg%gg ;{i?g@bgﬁ}g etl{l e&%?% % V\Sd ﬁ/@ %%%

100 ™ of et hyl

dried at 25C70 4 @ﬁet 59& en d11uted with
4- [tf&d'ﬁs 4-[2-(1, §othX afatel! '?&@ygi&d&ﬁ) GW Ose &gt al ni ng
59% of cis |SOHEFeﬂﬁﬁa@ﬁ&a0fh£é6ﬂ61m69nﬁith 10@\ﬁD'é&ldﬁbﬁﬁyﬂZeﬁhétcgach
pyridini um chl or ochkererRe i srfdnit phases hyecoowashed i cieiveswitieales ml of
dropwi se within watef6each time} eshen whOin LEOTEL abfireathravedjassdiygm Wi t h
nitrogen with a shydtogenoé¢aiBofage csotutiomnand-4¢ain,@ith ck@0 ank of
-2-yl) et hyl ] cycl owaker} cybenhixied| over magnesiuneshlphake chf bitered BHnd

m xture was stirre@neepteated HEhene Hoere thus obtaired v ¢%h 4 00f A-bfrans-
diethyl ether and-#i(tEaBe-4reyarecysloheryl )gwcobewyhl ety natdahEdn rag i on
residue was t akenC@poRrrles® ¢FY8¥alBethyl ether, the mixture was filtered,

the filtrate was a ed apd then.thjs. pr r r i
nDrQ‘/Thereafter eghpg ?ﬁ P methyltriphghg 5%%%533§$5m€3f§%fﬁkt#g§§

suspended in 40 ml of tert. butyl methyl ether while
gassing with argon. The suspension was treated at room
temperature within 1l minute with 962 mg of potassium
tert.butylate and stirred for 1 hour. The mixture was
subsequently cooled to 0°C, treated dropwise within

3 minutes with a solution of 1.5 g of 4-[trans-4-~-(trans-4-
-cyanocyclohexyl)cyclohexyl]lbutyraldehyde in 20 ml of

o tert.butyl methyl ether and stirred at 0°C for a further
45 minutes. Thereafter, the reaction mixture was diluted
with 80 ml of water and extracted three times with 100 ml
of petroleum ether each time. The organic phases were
washed twice with 100 ml of water each time, dried over
magnesium sulphate, filtered and concentrated. Chromato-
graphic purification of the crude product (2.1 g) on
silica gel at 0.5 bar with ethyl acetate/petroleum ether
(vol. 2:98) and recrystallization from 20 ml of methanol
gave 1.26 g of trans-4-[trans-4-(4-pentenyl)cyclohexyl]-
cyclohexanecarbonitrile as colourless crystals with m.p.
(C-Sg) 20.1°C, Sp-N 36.9°C, cl.p. (N-I) S54.8°C.

The following compounds can be manufactured in an
analogous manner:



browni'sh solid mass obtained (12.1 g) was separated by chronatography on
silica gel with ethyl acetate/petroleumether (vol. 1:4). Crystallization
of the. colourless ketone fraction from60 me« of ethyl acetate and 200 n of
petrol eumether finally gave 7.0 g of pure 4-[trans-4-[2-

- (1. 3-di oxol an- 2-yl ) et hyl ] cycl ohexyl ] cycl ohexa@®nre. g) A suspension of 2.97
g of sodium borohydride in 300 M of isopropanol was treated dropw se while
gassing wth n|trogeﬁﬁﬁnﬂﬁﬁﬂﬁﬁﬁqnﬁmﬁﬁf*Z%ﬂﬁ&ﬁﬂﬁi%qﬂ¢lﬁb%}%¥]¢¥qﬁﬂhﬂ&§ﬂﬂ

-[ 2- (1. 3- di oxol arft@tBa Ufiy'll‘ﬂ-c cI oh e(élzt cl ohexanone .in 20
i sopr opanol . After Lyl )y sholexy; ]q¥9¥&§%ﬁQH?‘

roomterrperature '38:55‘3%%_;51 n(ce)ltznﬁcét# ’éﬂlrc%% r|c %{y:jcr}.g)rt]ldeﬁ%xe—

extracted three t g
or gani ¢ phases mere ‘\M

filtered and eva t 4 téh |za |on o q¥%§ﬁ9e5 g%&%%%?ﬁi&#fﬂﬂéigﬁg m
of ethyl acetate/petr :% clohexane-
trans-4-[trans- zl&é}bgﬂgkfiyg ox an 2 ¢i et hyl yclohexyl ohexanol with
mp. 129.5[err]. h) 2.04 g of sodium hydride as an about 50 percent oily
suspensi on were pl-aceghd ol Vo dodfpouldld @atnde M@ nvthl thirle@o®yn and

was hed twice W tireastinge thEhas, [ t4@ns- 40f( tanst-Al-cyandicyicliodie xy1J cyc Lo~

sol ytion of 6.0 dexyllpmopitonaldehyde, obtained in step g), in an

-4- [ - (1. 3- di oxolanalpgouse maniniery dlootsdepl [idy @indhexidnaleciessad®ysl EdiZ

t et r ahydr of ur an Vidomerddat ion time ago@inahogpms tannire te Examplgadkdt:i rr ed
at rioomtenperature for 30 mnutes, then treated with 4.0 m of nethyl

i odi de and heat ed t o GramSA-ETansdn{3-BYHeny exclphexyd leygdohexamext ur e
was &pol ed, takeﬁwqfﬁ-tﬂ}dem U .Ji (G| 58 F?yl -aﬁd \BasKé'dIt)hlsée"fijes Wi th
200 M of water eac QHQH§“ heFane-

SO e o ek Wf%ge;%ﬁ %e&a"ciam pa'l"} cwc@sﬁm-
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(bath tenperatur e) fQ;rx:aJas5-4 qltﬁ:%nsul‘i B'EQ%Bh@n'ﬂﬂ@g‘@lb'&eit&ﬁ‘jk?ci@ﬂ'e‘k@ne-
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hydr ogen car bonatea rdp@niltirdnegnd - extracted three'tines wt
dla\pyl ether. The cwranzed-[trans-4-(3E-decenyl)cyclohexyljcyclohexane—-
' carbonitrile.

The following compounds can be manufactured by
reacting the 4-(4-oxocyclohexyl)benzaride in an analogous
‘ manner to steps h) and i), acetalizing the 4-(trans-4-
! -formylcyclohexyl)benzamide, obtained by crystallization,
with ethylene glycol in the presence of p-toluenesulphonic
e acid, further reaction of the dioxolane in an analogous
' manner to steps c¢) to g)., subsequent Wittig reaction in an
analogous manner to step j) and., if necessary., E/Z
isomerization in an analogous manner to Example 3Kk):

trans-4-(trans-4-Vinylcyclohexyl)cyclohexanecarbo-
nitrile;

trans-4-{trans-4-(1E-propenyl)cyclohexyl]cyclohexane-
carbonitrile;

trans-4-[trans-4-(1E-butenyl)cyclohexyl]cyclohexane-
carbonitrile;

trans-4-[trans- 4—(lE—pentenyl)cyclohexyl]cyclohexane-
carbonitrile:

trans-4-{trans-4-(1lE-hexenyl)cyclohexyllcyclohexane-
carbonitrile;

trans-4-[trans-4-~(1lE-heptenyl)cyclohexyl]jcyclohexane-
carbonitrile; :



et her phases were washed once with water and twice with dilute sodium

hydr ogen carbonate solution, dried over magnesi um sul phate, filtered and
evapor ated. .Recrystal - lization of the crude.al dehyde obtai ned (4.34 Qg)
from 150 m -of petroleumether at -20[err]gave2z®2.8 g of 3-[trans-

-4- (trans- 4-net hoxycycl ohexyl ) cycl ohexyl ] propi onal dehyde in a purity of
96% ) 2.65 g of ethgkansphebytphosthOLELocberyl ey okokexyt penclbohéexane- ni
of tert.butyl net@@rbenkhBELIRRL| e gassi g with ar The suspension was
treated at room terrpe‘riaﬁaﬁe‘lw[thafl’éﬂ‘ln@ %fnm%xg)m%h@xm ¢t ehexane-
stirred for 1 houfarhpBikfilese was subsequentl [oe]o)

lrﬁ
dropwi se within 3 n1ﬁgf E m{rhtéﬁ§§ﬂtn -dgcen 1bpgﬁlgkexylféyc{ohexane—
3-[trans-4- (transcﬁ Bhbk clohexyl)cyclo- hexyl ] pr opi onal dehyde in 15 ni

of tert.butyl met hy' Qego iﬁ&if%"‘@ﬁ”ﬂé’é!“ﬂetnﬁ’aﬂ@t’ﬂifi@&rat‘”e
é

while stirring. oned in

di et hyl ether/mat e t S
diethyl ether. Th rég aﬁigf%hggg%(y§§§5 egh MEFoddd gm gﬁed%g§

magnesi um sul phat gpqe §g and evaporat ed. Chronmato- graphlc purlflcatlon
of the yellow, solid crude product on silica gel with ethyl

acet at e/ petrol eum et hgerahyoh-[23- fnamsve- (4 Heweéiyl)cyclohexyl)ethyl]lcyclo-
trans- 4- ( 3- pent engéxadeéarponiveibé hoxy- cycl ohexyl)cycl ohexane with a Z/ E
rati owof 86:11. k) O.©fangsed-[2-a(rang-4-pEiR-cryxenyll ) ¢yalchelkyk) iyl jcyclo-
cycliohexyl ) cycl ohbevane¢arponivsild) was treated with 6 m of toluene, 0.11
g of sodi um benzenesutpansatel 2niitnang- iﬁ(ﬂﬁ*hﬁ&ﬁQﬂYﬂkﬂYQﬂQﬂ#tYLG#¢Q¥1]CYCIO~
gassing with nitrBgsaneqaebonikrikeias stirred at 50C for 15 hours, then
pour&d. i nto 100 nj of tERREr4-E %KiEﬁﬁ#ﬁmﬁt&ﬁﬁrQﬁﬁQﬂ#ﬁﬁﬁygiﬂQR¥¥%ﬂ%ﬁkyl]cY°1°'
extracted three thﬁﬁ%nﬁf?ﬁb%QAEF ‘ diethy]_ ether each t éﬁe ge CO
organi ¢ phases mege 7 (4FTRRRe t SRRl ety Y% °-

2cgpgﬁgreé9oTEL gﬁéF$ %5‘ $. EﬁiégﬂéF%%fiﬁ énéé&f*iﬁf#}é&é%gifﬁkﬁthCYCIO-
chr omat ogr aphy on %ﬁ %.;?zatloé C#&#é&iﬁ%éﬁ%uﬁﬁé{kfi éP% Jgstes

et her/ hexane (voIPI % f
ano i )(cf%ﬁcmnexylc? ?\Bhyl jeyclo-

from10 m of net eﬁa ca S8/ €4 D, ]fé]
-pentenyl)-l-(traﬂg gngggﬁggﬂ £YF p@exyl%cyc exane w
16 6[err]and cl. ’f'\uané&xipz-Fb@a&@lwwmmwpvmmmwﬂréwm
Qg,analogous nﬁéﬁ&ﬁecarbonltrile.
tra 4- (3- But enyl ) - lt£anens- f2het g4 IDep Y eyl Yoy dbotieneyl yethy L ey lo-~
-13.6C. cl.p. (N-hexdBeO4arbonitrile;
: trans-4-[2-(trans- 4-(3E—octeny1)cyclohexy1)ethyl]cyclo-
hexanecarbonitrile;
trans-4-~-[2-(trans-4-(3E-nonenyl)cyclohexyl)ethyl]cyclo-
hexanecarbonitrile;
_ trans-4-[2-(trans-4- (3E-deceny1)cyclohexyl)ethyl]cyclo-
&,g hexanecarbonitrile;
= ' trans-4-[2-(trans- 4-viny1cyclohexy1)ethyl]cyclohexane—
carbonitrile;
trans-4-{2-(trans-4-(lE-propenyl)cyclohexyl)ethyl]jcyclo-
hexanecarbonitrile;
trans-4-[2-(trans-4-(1E-butenyl)cyclohexyl)ethyl]cyclo-
hexanecarbonitrile;
trans-4-[2-(trans—-4-(1E-pentenyl)cyclohexyl)ethyllcyclo-
hexanecarbonitrile;
trans-4-{2-(trans-4- (lE—hexenyl)cyclohexyl)ethyl]cyclo-
hexanecarbonitrile: _
trans-4-[2-(trans-4-(lE-heptenyl)cyclohexyl)ethyl]cyclo-
hexanecarbonitrile;
trans-4-~[2-(trans-4-(1EB-octenyl)cyclohexyl)ethyl]cyclo-
hexanecarbonitrile;



trans-4-(3-butenyl)-1-(trans-4- ethoxycyclohexyl)cyclo- hexane, mp. (CN)
13.1C, cl.p. (N1) 45.3C - 28

trans-4-(3-butenyl)-1- (trans-4-propy|oxycyplohexyl)- cyclohexane
trans-4-(3-butenyl)-1-(trans-4-butyl oxycycl ohexyl)- cycl ohexane:
trans-4-(3-butenyl)-1-(trans-4-pentyl oxycycl-oh&ky+)- cycl ohexane;
trans-4-(3-butenyl)-1-(trans-4-hexyl oxycycl ohexyl)- cycl ohexane;

trans- 4- (3E—penteng#% q;ggﬁg&i:&%ﬁ#ﬂﬁq&x&ﬁﬁﬁﬂﬁﬂ@? 1166 boksaank) e Ryl 1qys bg-
44.5C: cl.p. (NJ .

trans-4-(3E—penteﬂ t;a; $ %zﬂﬁEf%ﬂﬁﬂ*»é&ﬁﬁﬂ%ﬁﬁﬂ@ﬂ3CY?$R§%N¥&%ﬁﬁPY1]°Y°1°‘ .
trans-4-(3E-pente é*%nic Fhopttol tyloxycyclohexyl) cycl ohexane: N
trans-4-(3E-pentenyl)-1-(trans-4-pentyl oxy X I) cycl ohexane:
trans- 4- (3E—penteny|)-|-(trans 4- hexyloxyc - cyclohexane

trans-4-(3E-hexeny ﬁé s Qﬁﬁfy hﬁgy.)(4qy Jeyclo-
trans-4- (3E—hexenu lohexanone)
trans-4-(3E- hexenyﬁ 1 1 6f3d‘i5o rprv?epé/ 193%%’ 19 fé¥nylamine
trans-4- ( 3E- hexenyhd -2 -4 té0ns-gledei rc&&P' XeyErogenated
trans-4-(3E- hexerwt)réovﬁttﬂﬁﬁefhm %MW&@'KK@M&:OM Preséi¥s while
trans-4- (3E- hexengtirtifd reebl 4-AEvet @ oot hehe/ Intxtyicd chesafil teifed. The
f ol I@n ng conpounfiflteatdaramredapdrate ion an watdmgiets veoum 4 Sthegth a)
to i) and furthertempetaturefof 0T Grid el edwaieo matt omark s uen wam | dgicads
manner to Exanpl ea®, 4@t@p@v¢gnlggteiuiq)drylng oven under a water-jet
trans- 4- (4- Pent en%?mllm(t'?%mbe mene Hhue ol tained )4E @ dferdanet-anino-
(CGSB) 7.7C, cl. pphggganquyquganone as white crystals with m.p. 127-128°C.
t rans=4- ( 4- penten Qlétrans 4- etho§¥ clohexyl)ﬁgclo- hexane, mp. (C- SB)
10.5[err]cl . % E of 4N sul h ric acid ‘'weére heated to 80°C in a

trans-4- (4 pent enS}F %%ﬁ%@%‘%amgnymyc o) exa;ogz ?:D.

200 ml. of 4N sulphuric acid. Subsequently, the remaining
solution of 4-(4-aminophenyl)cyclohexanone as well as a
solution of 15.2 g of sodium nitrite in 45 ml of water
were simultaneously added dropwise to the reaction mixture
at 80°C within 1.5 hours. Thereafter, the mixture was
treated dropwise at 80°C within 30 minutes with a solution

- of 9 g of sodium nitrite in 27 ml of water and stirred at

U 80°C for a further 1 hour. After cooling the reaction
mixture to 0°C the separated crystals were filtered off
under suction, washed with 200 ml of cold water and dried
up to constant weight at 60°C in a drying oven under a
water-jet vacuum. The crystalline crude product (34.6 g)
was suspended in 520 ml of ethyl acetate. The suspension

{ was heated to reflux for 1 hour, then treated with 1.7 ¢
of active carbon and then heated to reflux for a further

1 1 hour. The mixture was subsequently suction filtered

(rinsing with 40 ml of warm ethyl acetate) and the
filtrate was evaporated under a water-jet vacuum at a bath
temperature of 40°C. Drying of the evaporation residue to
constant weight at 60°C in a drying oven under a water-
-jet vacuum gave 32.2 g of 4-(4-hydroxyphenyl)cyclo-
hexanone as yellow-brown crystals with m.p. 165-166°C.

¢) A suspension of 3.8 g of 4-~(4-hydroxyphenyl)cyclo-
hexanone in 60 ml of tert.butyl methyl ether was treated
in a sulphonation flask under a weak stream of nitrogen
with 10.6 g of 2-(1,3~-dioxolan-2-yl)ethyl-triphenyl-
phosphonium bromide and 2.2 g of potassium tert.butylate.
The mixture was firstly stirred for 30 minutes, then
treated portionwise within 2.25 hours at 25°C with a
further 2.7 g of potassium tert.butylate and stirred at



trans-h-(4=penteny|) 1- (trans-4-butyl oxycycl ohexyl)- cycl ohexane:
trans-4-(4-pentenyl)-1-(trans-4-pentyl oxycycl ohexyl)- cycl ohexane;
trans-4-(4-pentenyl)-1-(trans-4-hexyl oxycycleohexyl)- cycl ohexane:
trans-4- (4Z- hexenyl)-1-(trans-4-net hoxycycl ohexyl )- cycl ohexane:
trans-4-(4Z- hexenyl)-1-(trans-4-ethoxycycl ohe )cycl o- hexane:

e

cycl ohexane: tra iy ORI o] 'Lzomlde
cycl ohexane; trarg:‘,fd4-o(£h d_ E Q h d for a
cycl ohexane. The ghidnau ﬁgtﬁ%rfpo 'énttq 'i:'l'teaficfelérc‘% ol?Nmri&%%Tr'engtaTs e

4- (4- hydr oxyphenyoured QWW%I(%tfehakt)eﬂ ranan adidigdeds withnal wd bfazN e
2. steps h) and igulpmetidd adid.nThehaghepisaphate wady sepalcaltedyanghenol
obtai ned with et lextaaetpdy tuticen with BocainoE e rt-. butydnaethyiloritheaciedch
and further reacttiime.t Mhediomgalnice phases aexieogashedntwicet withe 50r @li ofs
steps e) to k): twaher seag¢ihntiime.( drded ovesrt sodiupc sulehatec godosucsion
trans-4-vinyl -1 -(ftlrw-efm&)fd I@H'-@x a)6c pvapesased; to constant weight
trans- 4- V|nyI-I- ﬂ4ﬂBﬁG§yﬂ Iﬁg-tﬁﬂﬁﬁﬁéture of 40°C.
trans-4-vinyl - n@a%@dﬂlﬁet 1&x @? ngeparated by
traﬂ§j4 V|nyI-I- Iﬂg i 2 and toluene/
£ the
trans?4-vinyl - 1- (185 i c% éxa gaporatlonng the
trans-4-(1E—prop -
trans-4- (| E-prop ;qu P§§@€s ? h % %g% Pg er 2 [2-
trans-4- (1 E-propSRfilys bl 1 >i‘& 'ohex %ané
tran ‘4- (| E- prop R§t 18U E ?
ny]) ra - pentyl oxy yclohexy
A solut1on of 36.5 g of 4-[4-[2-(1,.3- dioxolan-2- yl)-
ethy11dene]cyclohexyl]phenol in 500 ml of toluene and
50 ml of triethylamine was hydrogenated in a hydrogenation
autoclave at 90°C for 1 hour with 3.2 g of 5 percent
platinum-charcoal and 10 bar of hydrogen. The mixture was
subsequently suction filtered and the residue was washed
with 30 ml of warm toluene. The filtrate was evaporated to
constant weight under a water-jet vacuum at a bath
K_/ temperature of 40°C. The white crystals obtained (37 g)
were dissolved in 180 ml of methanol while heating. The
solution was left to cool to room temperature and then
placed in a refrigerator for 5 hours. The crystals were
subsequently filtered off under suction, washed with 50 ml
of cold methanol and dried at 60°C in a drying oven under
t - a water-jet vacuum. There were thus obtained 27.6 g of
4-{trans-4-[{2-(1l,3-dioxolan-2-yl)ethyllcyclohexyl]lphenol
W as white crystals with m.p. 153.5-154.5°C.

qéa

('\LL

trans-4- (1 E-prop

e) A mixture of 100 g of 4-[trans-4-[2-(1,3-dioxolan-2-
-yl)ethyl]cyclohexyllphenol, 10 g of 5 percent rhodium/
aluminium oxide and 1 1 of ethyl acetate was hydrogenated
in a steel stirring autoclave with 50 bar of hydrogen at
80°C for 90 minutes. The catalyst was then filtered off
under suction and washed with 100 ml of ethyl acetate. The
filtrate was evaporated and the residue was dried at
25°C/0.4 mbar. There were thus obtained 101.75 g of
4-ftrans-4-{2-(1,3-dioxolan-2 —Yl)ethyllcyclohexyl]cyclo-
hexanol containing 59% of cis isomer and 36% of trans
isomer.

f) A solution of 12.9 g of pyridinium chlorochromate in
80 ml of methylene chloride was treated dropwise within



cycl ohexane: "trans-4- (| E-propenyl)-1-(trans-4-hexyl oxycycl ohexyl)) -

cycl ohexane: trans-4- (| E-butenyl)-I-(trans-4-nethoxycycl ohexyl) -

cycl ohexane: -trans-4-( 1E-butenyl ) -1 -(trans-4-et hoxycycl ohexyl ) cycl o-
hexane: trans-4-(| E-butenyl)-I-(trans-4-propyl gxgcycl ohexyl)- cycl ohexane;
trans-4- (| E-butenyl)-I-(trans-4-butyl oxycycl ohexyl)- cycl ohexane;

trans- 4- (| E- but eny$ )mingtéesnst 4e gt yémperanirdhartyide gagsinlewintti nitrogen
trans-4- (| E- pent erwithla (sohrsicn nef Hoky@ | ath eta/f Yrama~ol-lBxd@ns~dioxolan-
trans-4- (| E- pent eny23¥1)¢thyhlcye olmsyllaycluhexgnoyin demdnef methylene
trans-4- (| E- pent engit}oride s dPhe mixtyne oae \ationed/ 1for oy Aurtdhemd; hour,
trans-4- (| E-penten 9nldf(1lﬂ‘aml:-‘!lltﬂm1ﬂ%>@ykm clieghyl eshanlandifdltered 3md
- The follow ng co ulbkt B3ke dﬁﬁ) Qiéanmﬁ%-t orhey Qitmfcﬂtﬂg"t Fesidugh WAS

nmet hod starting fr 'h%é pﬁbrg? :gﬁ the JHXNLe Wasn

anal ogous nanner t%‘* o+ (i 'H%d"qsn %P"@"ﬂ{ heny fé&’:s 131,

327 (1985)1: 4-[2-BPE9¥ “'Eﬁép G [£epey v e

et hyl ] cycl ohexano 0 tﬂﬁ§ﬁ1 - Qdm

ethyl]cyclohexane ﬁ %ﬁl - 4- @u one

et hyl ] cycl ohexane . |6 TAC exflt)

et hyl ] cycl ohexane %‘ﬁﬂ( j;.la%%v y;c_%

et hyl {cycl ohexane: (1’ A iorkor 5 Y exylg2

et hyl ] cycl ohexane: trans-4-(3- butenyl) 1-T2-(trans- hexyloxycyclohexyl)

et hyl ] cycl ohexane;g} r assvspeifs ivantamyd Jo7l ¢ Hf tgclium’ boridnpardyad dieg0o ml

ethyl]cyclohexane of isopropanol was treated dropwise while gassing with

&ﬁ nitrogen at ~70°C with a solution of 11 g of 4-{trans-4-

-{2-(1,3~dioxolan~2-yl)ethyllcyclohexyl]cyclohexanone in
200 ml of isopropanol. After about 1 hour the reaction
mixture was left to warm to room temperature, diluted with
500 ml of 0.1N hydrochloric acid and extracted three times
with 300 ml of methylene chloride each time. The organic
phases were washed with water, dried over magnesium
sulphate, filtered and evaporated. Crystallization of the
residue (11 g) from S00 ml of ethyl acetate/petroleum
ether (vol. 3:%) gave 6.6 g of pure trans-4-[trans-4-[2-

~(1,3-dioxolan~2-yl)ethyllcyclohexyl]cyclohexanol with
m.p. 129.5°C.

h) 2.04 g of sodium hydride as an about 50 percent oily
suspension were placed in a round flask while gassing with
nitrogen and washed twice with pentane. Then, 40 ml of dry
tetrahydrofuran and a solution of 6.0 g of trans-4-{trans-
-4-{2-(1,3~-dioxolan-2-yl)ethyl]cyclohexyl]cyclohexanol in
30 ml of tetrahydrofuran were added to the sodium hydride.
o The mixture was stirred at room temperature for

30 minutes, then treated with 4.0 ml of methyl iodide and
heated to reflux for 2 hours. Subsequently, the reaction
mixture was cooled, taken up in 200 ml of diethyl ethyl
and washed three times with 200 ml of water each time. The
organic phase was dried over magnesium sulphate, filtered
and evaporated, whereby there were obtained 6.3 g of 2-{2-
~[trans-~-4~-(trans-4-methoxycyclohexyl)cyclohexyljethyl]-1,3~
~dioxolane with m.p. 74°C.

i) 6.2 g of 2-f{2-[trans-4-(trans-4-methoxycyclohexyl)-
cyclohexyllethyl]-1,3-dioxolane were treated with 100 ml

. of water, 50 ml of glacial acetic acid and 20 ml of dioxan
while gassing with nitrogen. The mixture was stirred at
100°C (bath temperature) for 1.5 hours, then neutralized
with dilute sodium hydrogen carbonate solution and



trans-4-(3E-pentenyl)-1-]
trans-4-(3E-pentenyl)-1-]
hexyl ) et hyl J cycl ohexane;
trans-4-(3E-pentenyl)-1-[2-(trans-4- butyloxyc¥clohexyl) et hyl ] cycl ohexane:
trans-4- (3E-pentenyl)-1-(2-(trans-4-pentyl oxXy ycro-

Fans. i (32 pon %%%%eg § asgélzeﬁg ifﬁﬁﬁéﬁégﬁeggﬁiz'ﬁﬁ?ﬁkﬁ?ﬁ*@ﬁ%ﬁam

-(trans-4-et hoxycycl ohexyl)- ethyl]cycl ohexane:
-(t rans-4-propy|oxycyc|o- _
(

I\)I\)

trans-4-(3E- pent g
trans- 4- (3E- hexe E ga% bggane
trans-4- (3E- hexemhheh b ph ¥¥E¥g 9 Xl gs g ppgEane;
trans-4- (3E-hexenyzhtionlott EhBS s uEéOE! enyq¥c B iﬁg (Q ¥ §ygremexane;
trans-4- (3E-hexengb) mi- b2- pet2bletmbetnbexytyckobexyhve 218yl 6¥Cchop exaa&
trans-4- ( 3E- hexenylXtkahgé= Lhé&ﬁoﬁy@?@lhh@kYQYé&QMSKEk}l]SEBF&LﬁHQh@B?dé”e
trans- 4- ( 3E- hexeiy h- puk2t§t b8n964- hexyl oxycycl ohexyl ) - ethyl]cycl ohexane;
trans-4-(4-pentenyl)-1-[2-(trans-4-met hoxycycl ohexyl)- ethyl]cycl ohexane:
trans-4-(4-penterjyl ) 21662g( bEaesh¢iecchpkpgaylphbephbhiunt Bybhigel wbewane;
trans- 4- (4- pent esyspended- (nr 40smd- pEopgkoxpuyglonexhy) - eehbyl whiteohexane;
trans- 4- (4- pent egaBping] Fithr angon. bthel suspensdbnxyas- treapedcat| pbhemane;
trans- 4- (4- penteﬁ%ﬂpesa toret wish- 79pcmgypExpeyasshurytert.butydate and
ethﬁLyCycIohexané 1FF&ﬁszr A_Beuten¥ P? mixbure rWas- auhse PQR?&?CF@ﬂéQ?IE
ethyl]cyclohexan% C?r&ﬁ 339 42‘ﬁ8¥éﬁ I ighin. tPhﬂHtQSnﬂ} Bx ge Bhay|

et hyl ] cycl ohexang= tgaﬁ§°il ggaasiga :rfiga f; ﬂggﬁ{g gg% g;ggﬁﬁg g@i?F)-

et hyl cycl ohexan
e h@,ciclohexangu;t R

ethyFYcycl ohexan artltioned in d1ethy1 ether/water. The aqueous phase was
separated and washed three times diethyl ether. The
organic phases were washed twice with water, dried over
magnesium sulphate, filtered and evaporated. Chromato-
graphic purification of the yellow, solid crude product on
silica gel with ethyl acetate/petroleum ether (vol. 3:97)
gave 0.91 g of trans-4-(3-pentenyl)-l-(trans-4-methoxy-
cyclohexyl)cyclohexane with a Z/E ratio of 86:11.

. _ k) 0.91 g of trans-4-(3-pentenyl)-1-(trans-4-methoxy-

W, cyclohexyl)cyclohexane (Z/E = 86:11) was treated with 6 ml
of toluene, 0.11 g of sodium benzenesulphinate and 1 ml of
1IN hydrochloric acid while gassing with nitrogen. The
mixture was stirred at 50°C for 15 hours., then poured into
100 ml of dilute sodium hydrogen carbonate solution and
extracted three times with 50 ml of diethyl ether each
time. The combined organic phases were washed with 100 ml

, of dilute sodium carbonate solution and with 100 ml of

s water, dried over magnesium sulphate, filtered and
evaporated. The yellowish oil obtained (0.9 g) was
purified by chromatography on silver nitrate-impregnated
silica gel with diethyl ether/hexane (vol. 1:9).
Recrystallization of the product obtained (486 mg) from
10 ml of methanol at ~20°C gave pure trans-4-(3E-
-pentenyl)-l-(trans-4-methoxycyclohexyl)cyclohexane with
m.p. (C-N) 16.6°C and cl.p. (N-1I) 43.7°C.

The following compounds can be manufactured in an
analogous manner:

trans-4-(3-Butenyl)-1-{(trans-4-methoxycyclohexyl)cyclo-
hexane, m.p. (C-N) -13.6°C, cl.p. (N-I) 18.0°C;

trans-4-(3-butenyl)-1-(trans-4-ethoxycyclohexyl)cyclo-
hexane, m.p. (C-N) 13.1°C, cl.p. (N-1) 45.3°C;



Y
trans-4-vinyl-1-[2-(trans-4-net hoxycycl ohexyl)ethyl]- cycl ohexane;
trans-4-vinyl-1-[2-(trans-4-et hoxycycl ohexyl)ethyl]- cycl ohexane;
trans-4-V|nyI-I-[2-(trans-4-propy|oxycyclohe«yl)ethyl]- cycl ohexane;
trans-4-vinyl-1--[2-(trans-4-butyl oxycycl ohexyl)ethyl]- cycl ohexane:
trans-4-vinyl-1-(2-(trans-4-pentyl oxycycl ohexyjget hyl]- cycl ohexane;
trans-4-vinyl-1-[2-(trans-4-hexyl oxycycl ohexyl)ethyl]- cycl ohexane;

trans- 4- (1E- propenyl ) etah-4£1 ¢ 3isu the mEL NObyCYica 01051 ) o pyel Iy 4 Yy Id todneyxb)ne ;
trans-4- ( 1E- propecytiohex@nés r ans- 4- et hoxycycl ohexyl ) - et hyl]cycl ohexane;
trans-4- (1E—propeny|itnaQQFQf(%ﬁkﬂUBquﬁnﬂfksmgnﬂfﬁ-bUtYloxYCYC10hexY1)—
hexyl ) et hyl ] cycl oP¥E& Xxane;

trans- 4- (1E—propqﬁg¢gtqﬂi§?¥1Q%HR#QPQI&%ﬂ¥Dé&£ﬁﬂ&ﬁﬁn@ﬁqtYkﬁ#KRﬁQARﬂQ#E&kﬂe
trans-4- (| E- prop€ ans-4- pent yl oxyc

hexy|)ethy|]cyc|oheXf%§? §7 é?;¥ %%)3&%ﬁ§$§3§F1%rhexY1°xY°Y°1°hexY1)-
(trans-4 hexyloxy c
trans- 4- (IE—buteﬁ%*%l h} 5

trans-4-(1E-bute

trans-4- (| E- but eny -proﬁylox cycC
et hyI ]-.cycl ohexane: | - ‘fﬁ%asyi =
et hy] ] cycl ohexaneg éimji é%ué eny %Y]Il) % (E‘%Era’aﬁlb: ‘fﬂlf %‘%lly xé%yic 0 exy9l)
et hylTcycl ohexane:” t rergng-4d LRSS ERAYL ) = ﬂi¥dﬂdﬁﬁnt£béﬁﬂfraﬁya¥dr&ﬁ@@%ﬂy-
et hyl ] cycl ohexanesyé¢1stiexahd LE- pentenyl ) -1-(2-(trans-4-ethoxycycl ohexyl
et hyl ] cycl ohexane: t ratengl-44 @GBapdrtandpl)L-1-10 trdig-anheleyionpd yodohetyt ) -
hexy| ) et hyl ] cycl atyecxdoteexane;
trans=4- ( 1E- pent enyl )tran-4+ ¢ IBrchetednyt ) -da/ oy nevadaynie thestyos d e xyleane.
- 32 - . cyclohexane;
trans-4-(3E-~-hexenyl)~-1-(trans-4- ethoxycyclohexyl)—
cyclohexane;
trans-4-(3E-hexenyl)-1-(trans-4- propyloxycyclohexyl)—
cyclohexane;
_ trans-4-(3E-hexenyl)-1-(trans-4-butyloxycyclohexyl)-
cyclohexane:
trans-4-(3E-hexenyl)-1-(trans-4-pentyloxycyclohexyl)-
cyclohexane:
trans-4-(3E-hexenyl)~-1~(trans-4-hexyloxycyclohexyl)-
7 cyclohexane.

The following compounds can be manufactured in an
analogous manner to steps a) to i) and further reaction of
the propionaldehyde obtained in an analogous manner to
Example 2, steps h), i) and j):

U trans-4-~(4-Pentenyl)~l-(trans-4-methoxycyclohexyl)cyclo-
hexane, m.p. (C-Sg) 7.7°C, cl.p. (Sg-1l) 14.0°C;
trans-4-(4-pentenyl)-1-(trans-4-ethoxycyclohexyl)cyclo-
hexane, m.p. {(C-Sg) 10.5°C, cl.p. (Sg-1) 43.1°C;
trans-4- (4—penteny1) l-(trans-4-propyloxycyclohexyl)-

cyclohexane;

trans-4-(4-pentenyl)-1l-(trans-4-butyloxycyclohexyl)-
cyclohexane;

trans-4-(4-pentenyl)-1-(trans-4- pentyloxycyclohexyl)—
cyclohexane;

trans-4-(4-pentenyl)-1-(trans-4- hexyloxycyclohexyl)—
cyclohexane:

trans-4-(42Z-hexenyl)-1-{(trans-4- methoxycyclohexyl)-
cyclohexane:

trans-4-(4Z-hexenyl)-l1-(trans-4- ethoxycyclohexyl)cyclo—
hexane:

trans-4-(4Z-hexenyl)-1l-(trans-4-propyloxycyclohexyl)-



Exanple 4 a) A Grignard solution from3.59 g of magnesium and 16.75 nl of
1- br ono- 4-fl uorobenzene in 70 mM of tetra- hydrofuran was treated dropmﬁse
at [err] within 30 mnutes with a solution of 33.1 g of

4-[trans-4-T2- (1, 3-di oxol an- -2-yl)ethyl]cycl ohexyl ] cycl ohexanone (prepared
according to Exanple 3) in 90 M of tetrahydrofuran. The reaction m xture
was stirred at rooyeletogeaméure for a furtther 4 hours and then heated to
boi ling for 1.5 hour str&hbsealagiiexeny) +batnans - -~dutyl oy cdfidchdxy ool .
di luted with 100 eycldheXxanewy| ether and washed with 80 ml of

sem - saturated anmmoni tUhaRs G (4% leteny lom 1-TiHr anpebtpe piivnxyeys lohexy 1) -
back- extract ed wi¢¥clolexanay diethyl ether. The conbi ned organi c phases
were washed three ti feRaifit4r GETheRanE ok P Rioh hABHI G cye Lafiaxy lor

each tine, dried X QﬁﬁﬁQﬁn sul phate, fil tered and evaporated. There were

t hus obtained 41.0 g qf L-[ 4- trann
. oxol an- 2:y1) ei gyl TH R0 ‘1’{%‘@% ; n%is ﬁiﬁiiﬁﬁmﬁzw
1 JRE to ; acetal
- di oxol an-2-yl) et {gg y;fﬁ ‘
éf s
g

and
225 m of mxylerg %‘% é%) n Jdlu%f é&%‘%ﬁ
dadit i eb%; ‘Ux%l"ﬁﬂ tdrf rd o ner

the mxture was the e 'ma
coolu_pg the salt wpstHd |gvaoud fste | g gdye was I uted wth 250 of
di et hyl ether, washed with 200 m of saturate sodlun1hydrogen car bonat e

sol ution and washed to e i -tvi n§AQ 11 ( tfa iR ieemetdkyid L o HEXyad cyAlo eXdne}
sul phat e and concent retaark - 4Hvdmy War-g tdans -abietihoay c3e 1D hp xyl )ayedohexane ;-

1-[4-[trans-4-(2- (1, 3mhimsd-arindIH1)-tnanscyic pedopplloxyieyclohexyl ) cyclo-
-cyckehexenyl] 4-Hexanesbenzene. c) A solution of 31.5 g of crude
1-[4-[trans-4-(2-(1. 3rans-4- vinyl-l-(trans-4-butyloxycyclohexyl)cyclohexane:

- di oxol an- 2- yl ) et hy| ) AN SNyl -ly(dranscdmpenty kaxysysl fexydneysle-0. 5

m of triethylam ane: 1 of toluene was hydrogenated at roomtenperature
T A R R B
ydr ogen upt ake cag; _
filtrate was eva |soner| atji t he 48 | tin

1-T4-Tt 4- 2 §. ~ 7£¥E; H rans- %%oxyé%clohexyl)—
cyEIoLe;srfcycfohékh h<§§% 32 1 s/tr n Q )
was treated wt h ﬁ% &1%23'%%%%3( 1 "&'t a(%glaﬁxrﬁ terp?%)ﬁ’tl& éﬁ%ﬁg’%i% 1r]‘?1

f N-d t hyl f S[yer 3 !§%Q§ I
?hekurjeac!t |n§n %x?éyngrgmﬁr *elg.a?"r%tpte(ﬁzé.gil (t:]r.{aglrg g‘nw&%rﬁ f %[qer}[alt ed
sodi um hydr ogen car bajpain® -0/ (45-PropBigrl )mlﬁ(wr&nm-@@d@qb&@e@m%n\am )-

500 m of diet hy|cﬁi]_|‘ﬁfexane,
trans-4-(lE-propenyl)-l1-(trans-4-hexyloxycyclohexyl))-

{ cyclohexane;
trans-4-(1lE-butenyl)-l-(trans-4-methoxycyclohexyl)-
_ cyclohexane;
N trans-4-(1lE-butenyl)-1-(trans- 4—ethoxycyclohexy1)cyclo-
hexane:
trans-4-(lE-butenyl)-l-(trans-4-propyloxycyclohexyl)-
cyclohexane;
trans-4-(1E- butenyl) l-(trans-4-butyloxycyclohexyl)-
cyclohexane;
trans-4-(lE-butenyl)- 1-(trans 4-pentyloxycyclohexyl)~-
cyclohexane:
trans-4-(1E-pentenyl)-1-(trans-4-methoxycyclohexyl)-
cyclohexane;
trans-4-(lE-pentenyl)-1l-(trans-4-ethoxycyclohexyl)-
cyclohexane;
trans-4-(lE-pentenyl)-l-(trans-4~propyloxycyclohexyl)- .
cyclohexane;

trans-4-(lE-peantenyl)-l-(trans-4-butvyloxycyclohexyl)-
cyclohexane.



and twice with 250 m of di et hyl ether each tine. The organic phases were
washed three tines with 200 ml of water each tinme, dried over sodium

sul phate, filtered and evaporated. There werge thus obtained 30.5 g of -
33 - predonlnantly solid 1-[trans-4-[trans-4-§4-(1.3-dioxol an-
-2-yl)ethyl)cycl ohexyl]cycl ohexyl]-4-fl uorobenzene which was further

processed wi thout adghbi e8ahoRihl t6AbbARAsTREn! 21EEWHEINERTBALEHEeGN DE
nmanufactured in @a@coraifgoysd GREN@bove method starting from 4-(2-phenyl-
1-[trans-4-[tranetAylJc¢é1dnbkanohan{prepaeaabik) ixchn- analogous manner to
hexyl j cycl ohexyl khe8, Aidcilleodebenibed: in Mol. Cryst. Lig. Cryst. 131, 327
1-(trans-4-[tran€¥198623€1, 3-di oxol an-2-yl ) et hyl)cycl o-

hexyl ] cycl ohexyl ] - 3- chl or o- 4-f | uor obenzene:

| --trans-4-[trans-4- @2{@g:[8rdnex4+-£a-21yB)PinyplancRoyl)ethyl)cyclohexyl]-
hexyl ] cycl ohexyl PEBYilg¥cdohexanenepenzene:;

1-[trans-4-(trans- 4- 523 ps-4-§BokBEaRY}) yLyE2n§tFaperf-methoxycyclohexyl)-
hexyl]cyclohexylthY Ac¥cdpbaxane:

1-(trans-4-[2-( trgg g ﬁ(§aBP5§BYéﬁ 3-{Py&ERgp§-4-ethoxycyclohexyl)-
e o LR R CAhRbghpRATASTS: (rrgne-a-oxoprionveyeionemyi-
iyfbrgﬁéyL]Féh{{% git E % ? “g§é¥Y2-§-§?53?E3P§'4 -butyloxycyclohexyl)-
cyckohexyl ] et hyl cygt 5! ﬁ EEQ& E?r?QEEﬁ?”&-pentyloxycyclohexyl)—
1-[trans-4-[2-[t paR§15e éOXO an- -

cyclohexyl]ethyl]cychgbﬁgyhl(§_sh QB?Q?DZEPQ~(trans ~4-hexyloxycyclohexyl)-
1- [ tans- 4- [ 2-| t e@Rg1fcyaibheRadepxol an-2-yl) ethyl)

cycl ohexyl ] et hyl ] cyctoaazyhl (SEfpanteng¢ijhio[pbe¢nzans-4Emathbrylbyaloexyl )~
solution of 3.1 gthfljcpolelekbnans-4-[2-(1, 3-

- di oxol an-2-yl ) et hyl ttanseheX9E} pgntenpgkantebi2bikyans-deethoyyeypalebexyl) -
accordi ng to Exaeph¥lleychoBexahedf dry diethyl ether is treated at [err]
with 380 ng of |IthlﬁﬁﬂBSUﬁTﬁﬁﬁﬂ?ﬁ?gﬁpﬂé)ahd[?héﬁrﬁEEtédpF@pYémegY¢ P~ 4
hours. Thereaft eReXYh2CFBULICYALANRKARG: | s cool ed, treated with ice:wat

and annonlun1chlo §‘§BF GBSﬁEaBGREQPYAérLu[%rﬁHfaPérﬁyP“E¥BB¥Y°¥ﬂ%°hexY1)'

R L R, 3 Pﬁégtgﬁ'ggci £5-PRERSS KM SHkpRakpeybiber o
%5 é . g ? gEi&s%a[ﬁT{ raps-4-pexyloxycyclohexyl)-

[t{ans-4-[trans- He
ethyl)cyclohexylkiﬁgﬁ E
purification r Sa4 _
~(1. 3-di oxol an- 2 exh}QEE tisﬁg QHExyF?¥§2 gh %LEBE : Tgiﬁa§§°§°ighexyl)
_ trans-4-(3E-hexenyl)- 1-[2 (trans-4- ethoxycyclohexyl)-~
% ethyl]cyclohexane;
trans-4-(3E-hexenyl)-1-[2-(trans-4-propyloxycyclohexyl)-
E ethyl]cyclohexane;
N trans-4-(3E-hexenyl)-1-[2-(trans-4-butyloxycyclohexyl)-
ethyl]cyclohexane;
trans-4-(3E-hexenyl)-1-[2-(trans-4- pentyloxycyclohexyl)—
ethyllcyclohexane;
trans-4-(3E-hexenyl)-1-[2-(trans-4-hexyloxycyclohexyl)-
ethyl]cyclohexane;
trans-4-(4-pentenyl)-1-{2-(trans-4-methoxycyclohexyl)-
ethyllcyclohexane;
trans-4-(4-pentenyl)-1-[2-(trans-4-ethoxycyclohexyl)-
ethyllcyclohexane:
trans-4-(4-pentenyl)~-1-[2-(trans~-4-propyloxycyclohexyl)-
ethyl]cyclohexane; _
trans-4-~(4-pentenyl)-1-[2-(trans-4-butyloxycyclohexyl)-
ethyllcyclohexane;
trans-4-(4-pentenyl)-1-{2-(trans-4-pentyloxycyclohexyl)-



in 20 M of dry pyridine is treated at OCwith 2.1 g of p-tol uenesul phonyl
chloride. The mxture is stirred at roomtenperature for 15 hours, then
diluted with 200 mM of nethylene chloride and washed several tines with
wat er. The organic phase is dried over magnesi um sul phate. filtered and
evapor at ed. Chromat ographic purification of the resulting crude product on
silita gel with ethyl acetate/petroleumether®{vol. 1:9) gives
[trans-4-[trans-

. g%ugﬁeiu?;ﬁég'*”%ﬁﬁgjefﬁ?' A e o shemy
7 m of 95 f ij
%Rereaftgr thgﬁéfggfﬁéy¢fbﬁéééggxféﬁgﬁykgigﬁ]jﬁéﬁ?éh4z?%§§6*$¥fbl )-

[trans-4- [trans 4- (2 fdne-4l 00l 1eékenyl )=-1-[2- (trans-4-ethoxycyclohexyl)-

et hyl ) cycl ohexyl é tiyyrl péyeddHearedried p-t ol uenesul phonate in 23 m of ethanol
and stirred at 80[ ertiandat-( 4+ paceriyl )l [(@- rdnsss-pragyrkhaxaeitd Johdxel ) -
reacti on m xturecethyhbleycohexahen 1N hydrochloric acid and nethyl ene

chl oride. The or ganitramest- {4Z-viatany Kevier (2 - ¢t oads -4 thu taak axy o Yor | adve xyide) -
magnesi um sul pha@dhyl]eyekehetaneeva forated Chr omat ogr aphi ¢ purification

of the resulting q;WLER# ;ghkinfirEN rAns 4 -tne tdhoxrcrciaha B ba thif elm
er gives 1- ans di oxol an- 2-

eth )gycloheng #%H ]Vﬁﬂfi) é@réaﬁﬁﬂﬁﬂﬁa YJM&;?Qﬁ*%%Q?ﬁPYII’

conmpounds can be Qus nner.:

1- FFtEans 4-(tr f. ;E; é%éﬁ%;?%?gﬁ%ﬁﬁ- Bﬁgquﬁqucyclohexyl)ethylj-

hexyl)cyclohexyﬁ%ﬁe

1- [%(fr ans- 4- (tr 3}(02 &?3 oxo Wt%y‘ﬁt&} x(ycyclohexyl)ethyl]-

hexyl ) cycl ohexyl

1- [{t%a%s 4- (t%/ ﬁfﬁf oxo Zﬂﬁﬁg%w?gloxycyclohexyl)ethyl]-
ﬁ%%w
adyre

hexyl ) cycl ohexy qryze(rpn -
1-[[trans-4-(tr fql{&éﬂe\? dllf)lxol an- 2- yla)rx_settihyt?e)xg)'/lccixoy_cyclohexyl)ethyl]
hexyl ) cycl ohexy! | nettheand-6- (iR pemhl Yrolenzaiand>em thdiydyc Whexyl) -
solution of 3.1 exlgfl poyeXbhussmeshl orochromate in 20 m of nethyl ene
chloride is treated thraysmse B~ propedydpa-et2H (¢ na g 4- et oty aye Infh eyl Jof
[trans-4-[trans- emhyl]cyclohexane. ,

-(2- (1, 3-di oxol an- 2- 01B-@ nomsap 1) Jeyle! (et d neet frard PY sl ¢
agcording to Exchgx Eﬁ Iayqlohgxanaihyl ene chloride. The mixture is

stirred for a furtheftangmhn(LEREPRANVE ok HidH BHR0A - bWk ¥k c X ihe Xl -
filtered. The ethyllcyclohexane:

trans-4-(1lE-propenyl)-1-[2-(trans-4-pentyloxycyclo-
hexyl)ethyl]cyclohexane;
trans-4-(1lE-propenyl)-1-[2- (trans 4- hexyloxycyclohexyl)-

ethyl]cyclohexane;
. trans-4-(lE-butenyl)-1-{2~-(trans-4-methoxycyclohexyl)-
&d: ethyl]cyclohexane;
) ' trans-4-(lE-butenyl)-1l-{2-(trans-4-ethoxycyclohexyl)-
ethyl]lcyclohexane;
trans-4-(1lE-butenyl)-1-[2-(trans-4-propyloxycyclohexyl)-
ethyl]cyclohexane;
trans-4-(lE-butenyl)-1-{2- (trans 4-butyloxycyclohexyl)-
ethyl]cyclohexane;
trans-4-(1lE-butenyl)-1-[2-(trans-4-pentyloxycyclohexyl)-
ethyl]cyclohexane;
trans-4-(1lE-pentenyl)-1-{2-(trans-4-methoxycyclohexyl)-
ethyl]cyclohexane;
trans-4-(1lE-pentenyl)-1-[{2-(trans-4-ethoxyc¢yclohexyl)~
ethyl]cyclohexane;

trans-4-(lE-pentenyl)-1-[2-(trans-4-propyloxycyclo-
" hexyl)ethyl]cyclohexane: _
trans-4-(1E-pentenyl)-1-[2-{trans-4-butyloxycyclohexyl)-
ethyl]lcyclohexane.



filtrate is*evaporated, the evaporation residue is taken up in 50 m of

di ethyl ether and the solution obtained is again filtered. Chromatographic
purification on silica gel with ethyl acetate/hexane finally gives
trans-4-[trans-4-

-[2- (1. 3-di oxol an- 2- yI)ethyI]cycIohexyl]cyclnhaxanecarbox- al dehyde. b) 3 g
of p-fluorobenzyl-triphenyl phosphoni um brom de (preparable from
p-fluorobenzyl bronide and triphenyl- phosgxiampleade suspended in 50 m of
tert.butyl nmethyl ether. The suspension is treated at roon1tenperature W th
0.75 g of pota55|ﬁh1tbr?rbm@§¥@1%°bm61%1 frem 3059 19 SohoRREReSLYA c3R@Nt | v,
the mxture is tr ﬁt%@l 'B} ﬁm%‘eb"aﬁm@f}vxﬁ]ewwgewmeknvﬁ?m %%I'Eﬁ BR- of

1.40 g of trans-4B % E‘i wa 1t§eﬂﬁ%&d4%ﬁpﬁﬂ W&i Y mlnutes
cyclohexanecarbox d%° é; %@?1 %?*

at roon1tenperatu e ohexz Eﬁ? ac?%% 1ng
reaction n1xture §Q iy g o izgof zﬁon
water, dried over, ? ronat
graphlc purlflcatsgfsg ué E%gea ii 6ﬁksiéf€atgeio¥ith
ethyl acetate/ petg 10¢ ml 16&&%? ether and washed with 80 ml
B-(trans-4-(transef-¢em{ Jsé%&&é&%ﬁfﬁhibddﬁﬁféhd6r1de solution. The aqueous
cyclghexyl ] cycl ohpuysé -waé | bdioséyt efeted )with SLo0tmDropfailethyl ether. The
B-(trans-4-[transedmbhPnéd . Srganic phases were washed three times with 60 ml
- di oxol an- 2- yl ) et of | 3ayut abek yéddirm ottebort jdel-$6 L Do yeaele timd) dtied

tol uene and 5 nl overtsedinmisulphatteenbiktered hand(evapofatedertone were
pal | adi um char coathus obbain A g eofarerwde nkt [ Hr EbtaARS-4mE24 (T he-
hydrggbn upt ake cofbexelan-2+t EhYl]Cm¢k9h#¥iﬂd14n#¥#ﬁ9¥¥9?%#%h&%¥%ﬂmﬁnIy
filtered. EvaporaIf%#P%ﬁb?¢E?ﬂ¢4trate glves

| -[2-[trans-4-[trans-4- éqlél 3- dloxolan 2 )et I)cy

hexyl ] cycl ohexyl 12 h Fﬁﬁﬁﬁ?&
nanﬁch?ured |% Ln Y °Y°1 exé? -1- g&ﬁ:ox cyclohe Ti?

treated with 15 q
1-[2-[trans-4- [tr ;m E%) ne was
d the mixture was heated
cycl ohexyl]cyclo 5yEZ% g ring. After cooling the
1-[2-[trans-4- [tr iée was diluted with

cycl ohexyl]cyclo Tﬁf ’200 ml of saturated
1-[2-[trans-4- [tr@@& ﬂm(ﬂ?éﬂo&% éﬁhé@ and washed twice with
CyC[\\DeXW ] cycl ohesy | et o | datle€hé ﬁl?h?ﬂi@ﬁ&i:ﬂed Zovd ¥ d$d Yun L4 wBPhdied Zand
, 3-di oxol an- 2-yl ) ¢éfiyéntrated. There were thus obtained 30.3 g of crude
cyclohexyl]cyclohBXV#4Eifaﬂé = 8= {2 UOK (B 43 Lot Y D AeNpethyl ) cyclohexyl]~1-
~cyclohexenyll-4-fluorobenzene.

c) A solution of 31.5 g of crude l-[4-[trans-4-(2-(1,3-

i -dioxolan-2-yl)ethyl)cyclohexyl]-1-cyclohexenyl]l-4-fluoro-
benzéne and 0.5 ml of triethylamine in 1 1 of toluene was

L hydrogenated at room temperature and normal pressure with
4.5 g of S percent palladium-charcoal until the hydrogen
uptake came to a standstill. The catalyst was filtered off
and the filtrate was evaporated. For the isomerization,
the resulting 1-[4-[trans-4-(2-(1,3-dioxolan-2~-yl)ethyl)~
cyclohexyllcyclohexyll-4-fluorobenzene (31.1 g; cis/trans
ratio about 1l:1) was treated with a solution of 10.0 g of
potassium tert.butylate in 310 ml of N,N-dimethylformamide
and heated to 105°C for 23 hours. Subsequently, the
reaction mixture was poured on to 400 g of ice and 100 ml
of saturated sodium hydrogen carbonate solution. The.

. mixture was extracted once with 500 ml of diethyl ether
and twice with 250 ml of diethyl ether each time. The
organic phases were washed three times with 200 ml of
water each time, dried over sodium sulphate, flltered and
evaporated. There were thus obtained 30.5 g of



Exanple 7 A solution of 1.7 g of 4-fluorobenzoyl chloride in 5 m of
pyridine is treated with 2.8 g of trans-4-[trans-

-4-12-(1, 3-di oxol an- 2-yl ) et hyl ] cycl ohexyl ] cycl ohexanol (prepared according
to Exanple 3) and stirred at roon1tenperafure or 12 hours. Thereafter, the
reaction mxture is poured on to ice-water ana extracted three tines mnth

di ethyl ether. TB?eﬁBﬂ@Hhﬁtﬂgaﬁﬁilﬁrf £8R6- h”[éEEﬁES&L?Q-Eit?-&ﬁéﬂéf&ﬁd
sodi um hydrogen carbopatBy:PtybloRexiBydPoREkFEN 4 DFUOE6bOAZEN@CHRicH th
saturated sodi unwagdfageheeapbosassedowithoat aaddit iénadt purif beacilohed
over magnesium sul phate, filtered and concentrated. Chromatographic
purification of the Theufblbgwingdeoppounds cansbéi mangfactitédeihyan
acet at e/ petr ol euanalbgougvnann8r97) gi ves 4-fl uorobenzoic acid
trans-4-(trans-4- -[2- é 3-di oxol an- 2- yI)ethyI]cycIohexyl]cyclohex¥ ester.
The fol | owi ng conpouhd tcan%t-hﬁnanaﬁ@u(%d(1n3amaml®goznsnmmy Jeyclo-~
3. 4- D'fluorobenzbﬁEY&&FH¢%9§ﬁ§Y11f3r&n@iﬁlPQIQheszene-
-di oxol an- 2-yl ) et hyl }c{Eranex4+ Ey%n%héXQ? é%t%le°x°13362‘Y1)ethY1)°Y°1°‘
3-chl or o- 4-f1 uor B éﬁ 6F¥°bﬁhﬂx¥ ind-gb ?F porobenzene;

- (1, 3- di oxol an- 2!% ﬂii gFiﬁgcfb E 3 ; &%%?E?13&-%ﬂb?%5’élﬁ&b?%°£'erd
”a@foigrggfofﬁg HiEs gﬁ* 2 Zgﬁ FRbBERTI o) ebipy) cei sl

ai oxol an- 2531 81 %ﬁ ; ) § PRees 2‘ e§t&iox5f9me%§ ) échif - of

sod|un1hydr|de ag éﬂo 92 oﬂék Ug p&ép EeR aced un
nitrogen gasifica ¥'0ﬂ— Prajgsycpal ESn&i (@30 a@BG Ifhﬁéﬁyi ﬂh?ﬂﬂﬁd
to \Fh; sodi um hyg eﬂsnéiay eOhy i dyéEéhe: Diumme PoB&hzénen of 6.0
of t™ans-4- [trans 4-{2f tdags Jda ORPL poranyl Btiwti 3cd£dammul:}£ym@hwnml
(prepared accor deypglonekyxhlethyP)cyeloRexyl pf3iehlalwydsof luarobdiizeme Xt ur e
is stirred at room t baperansw+ &- [ 2+ [ SHans 4 €3 (1 h2nd ioxal anl- 24 ¥ h) St RB1 ) of
4-f 1 uor obenzyl bchidhean]GEHWEBCYolohéknk]4&*0&1@nmbenz€m®sequentIy, t he
reaction mixture i s tebteans+&kbd-lprams200(2+(bi3-cdboxglantZeyl rethywbihed
three times wit hceobohexyllebkyrl]lerchohexyl ] Tdhef bugrer¢-phlterobenzened over
magnesi um sul phate, filtered .and evaporated, whereby there is obtained

trans-4-[trans-4-[2-(1.3-di oxol an-2-yl)- &Xampleys ohexyl]cycl ohexyl

4-fl uor obenzyl et her
a) A solution of 3.1 g of trans-4-{trans-4-[2-(1,3-

U -dioxolan~2-yl)ethyl]cyclohexyl]cyclohexanecarboxylic acid
(prepared according to Example 2) in 50 ml of dry diethyl
ether is treated at 0°C with 380 mg of lithium aluminium
hydride and then heated to reflux for 4 hours. Thereafter,
the reaction mixture is cooled, treated with ice-water and
ammonium chloride solution and extracted with diethyl
ether. The organic phase is washed with water, dried over
magnesium sulphate, filtered and evaporated. The resulting

o crude product of [trans-4-[trans-4-(2-(1,3-~dioxolan-2-yl)-
ethyl)cyclohexyl]cyclohexyl]lmethanol is used without
additional purification.

b) A solution of 2.96 g of crude [trans-4-{trans-4-(2-
-(1l,3~-dioxolan-2-yl)ethyl)cyclohexyl]cyclohexyl]lmethanol
in 20 ml of dry pyridine is treated at 0°C with 2.1 g of
p-toluenesulphonyl chloride. The mixture is stirred at
room temperature for 15 hours, then diluted with 200 ml of
methylene chloride and washed several times with water.
The organic phase is dried over magnesium sulphate,
filtered and evaporated. Chromatographic purification of
the resulting crude product on silica gel with ethyl
acetate/petroleum ether (vol. 1:9) gives [trans-4-[trans-
-4-~(2-(1,3-dioxolan-2-yl)ethyl)cyclohexyl]cyclohexyllmethyl
p-toluenesulphonate.



The joffomﬁhg conpounds can be manufactured in an anal ogous nanner:
trans-4-[trans-4-[2-(1, 3-Di oxol an-2-yl )et hyl ] cycl o- hexyl]cycl ohexyl

3, 4-di fl uor.obenzyl ether; 3
trans-4-[trans-4-[2-[1, 3-di oxol an- 2- yI)ethyI]cycIo- hexyl ] cycl ohexyl
3-chl or 6- 4-f | uor obenzyl et her; ~ 34 -

trans-4-[trans-4-[2-(1, 3- dloxolan 2-yl)ethyl]cyclo- hexyl]cycl ohexyl
4- chl or obenzyl etter A sodm-ion 0fafs33- [02 1p®taﬁax0mah¥ﬂrpkﬁdﬁh n]GyMROOf

hexyljcyclohexyl9@fﬂﬁ£ﬂﬁ@£4£@ﬁﬁ@ﬁdbéﬁz F ﬁérW1 Apié ¢ & ROEOCe q

1 g of crude 2 dns There, e m1xture 1s treated 1th a solutlon
(1 3-di oxol an- 2.4 e cﬁ& q FB 2 (4P &oxBé ﬁe 00 . n
of dioxan, 200 m I Y p" % 8,
slight boiling ( E a§t@ﬁw g
gassing with nitg i q c& 1%: h eh 00
i ce. The aqueous g %§deas % age! E%CE% arﬁﬁvkkgﬁst e ﬁ
of diethyl ether «a3¢h.! dFied B%e&o @d iamddulpnatescgitReeedaanad Wt

500 m of sat ur aleyd peedived.h &@aaeogehb@ﬂ@tguiatthﬁaoandetha 2eQuNltiag
water, dried ovecrudd produckhanesiflichciged widhcenaglt aeetdte/peteolend

t hus obt ai ned 25e2hgroigivegda~ (falriatis-4-(trans-4-(2-(1,3~dioxolan-2-yl)~-
3-[t\{gns- 4- [ t r anethyl)cyiclohexyd Jryrdphleaydimekhoxy]-4-f1luorobenzene.

cycl ohexyl ] propi onal dehyde. -37- b) A suspension of 9.1 g of
nethoxynethyl-trlpheﬂwb-fpﬂdsphaglsnm@hhadsdcannbsomnnuﬁﬁc&uceﬁyuneaner was
tredted with 2. 85n91@90p@ta@9mG#1tert butylate while gassing with nitrogen.
The red suspension was stirred at roomtenper- ature for a further 30

m nut® and then treérédtG A8fnidsd Laan eﬁrﬁzmﬁﬂh3aD§8F8ﬂPBn20Y13-QﬁhgldFY°1°-

) ] ]
2 donyae 1 h°55 m ‘*"P’”z;g *"'“" ““f‘yp*" ﬁ‘“ﬁ‘fgi Shogeriy Kok IBE5 T3

roomtenperature

hexane and 11t org %Jg F% m@g ém §5§E i PeRSBE G s cvoto-

filtrate on silica
n-2-yl)-ethyl)cyclo-
1-(trans-4-(tran #¥§ & éé C ?
hexyl ] - 4- quorobZﬁE Xé g&%eﬁg%b éSqu%?x %ﬁqgrobenzene.
l-[trans-4-[trans-4- (4 nethoxy- mple 6
-37butenyl)cyclohexyl]cyclohexyl]-4-f|uoro enzene, 30 mM of dioxan, 20 ni
of \glaci al aceti @)acindganét40nmofof . nalgeof pyridinium chlorochromate in
20 ml of methylene chloride is treated dropwise at room
temperature with a solution of 3 g of [trans-4-[trans-4-
-{2-(1,3-dioxolan-2 —yl)ethyl)cyclohexyl]cyclohexyl]methanol
(preparable accord1ng to Example 5) in 10 ml of methylene
chloride. The mixture is stirred for a further 1 hour,
! then diluted with 50 ml of diethyl ether and filtered. The
filtrate is evaporated, the evaporation residue is taken
o up in 50 ml of diethyl ether and the solution obtained is
again filtered. Chromatographic purification on silica gel
with ethyl acetate/hexane finally gives trans-4-f{trans-4-
~-[2-(1,3-dioxolan-2-yl)ethyl]cyclohexyl]cyclohexanecarbox-
aldehyde.

b) 3 g of p-fluorobenzyl-triphenylphosphonium bromide
(preparable from p-fluorobenzyl bromide and triphenyl-
phosphine) are suspended in 50 ml of tert.butyl methyl
ether. The suspension is treated at room temperature with
0.75 g of potassium tert.butylate and stirred for .

1.5 hours. Subsequently, the mixture is treated dropwise
at 0°C within 5 minutes with a solution of 1.40 g of
trans-4-[trans-4-[{2-(1,3-dioxolan-2-yl)ethyl]cyclohexyl]-
cyclohexanecarboxaldehyde in 25 ml of tert.butyl methyl
ether and stirred at room temperature for a further



was heat ed 't o slight boiling (bath tenperature 115[err] while stirring and
gassing with n|trogen After cooling the suspension was diluted with 70 m
of water..The aqueous ,phase was separated and extracted three times with 80
m of diethyl ether each tine. The conbi ned organi ¢ phases were washed
twice with 000 ml of water each time, dried ®@ser- sodium sul phate, filtered
and concentrat edsuThlfpre vver'fk; hus obt aldi)r;xeﬁd 2.3 g of solid 50
4-[trans-4-[tran Y of | aeact ogy eigtannd Jisutbakaniaip de.
d) A suspensi on Giefhyl gdretw Q‘ilw lpffdﬂﬂ%rﬂ% Wac@Lae GEiegh over
of diethyl ether qu éﬂ‘lvg e, o fedp@t "li\ﬁec"é’r‘tatlﬁﬂ [Chromata-e

gassing with n|trQﬁ%§P é;ﬁ uct on
tenperature for %’f ]Tﬁlhlr ﬁ;“r
aarty

97)
,
with a solution i "(% é ﬁ@grlgn-?%ﬁeﬁh@ii]
phenyl ) cycl ohexyl cyé1 bu yra 'on m xture was
stirred at 0OC for faur, i _ fy wat er
The aqueous phase?dlm)a #Wéﬂ%ﬁgtl%ﬁ%%ﬁéb f‘,t’:].the Jdé%d Mﬂe}hé 2 mz Qb}@ﬁy}ene
each tinme. The quﬁ)'lr@%lor@rﬁdld@iﬁes% ‘ixW%%h y‘d}d&ﬁrﬁfced
dried over sodi uixd HRS g fof Rt it mq%ﬁﬂ-aﬂmcoem @EAtr@maphi C
purification of ttempeaivlite @hdidorealgPredsurehantia Ghee hydtdge o fuptakee
product. After t\mmteﬂ o ecrstamld izl @he mm@mmo&(i[serr] t here
wer e~0obt ai ned 1. Zuhpegfuently fid-tered.alraporayion @fyithe filtrate gives
cycl ohexyl ] cycl oHexfy2 [ teanasd-ditaanssd (2 1m3p-d ieo¥a ns2 -¥loethydid v l.op.
(N-11) 129. 7[ err] ey deyadanexyddethnids dndivoriobemeans.e 1 as wel | as the
follganng conmpounds can be manufactured in an- anal ogous nanner:

1- [t dans- 4- [ tr ans- 4- (RepEAId NG, QomRoupds; Famhec pranutactured in an
- 3. 4-di f| uor obenAdtftogous madiner:

hprens gl Lrans <44pzertt erz.vds).wc%@enx L &C'ah Bickoran-2-y1yecnri)-

1-[trans-4- [trans E%gtggég (#%ﬁé@ (4h§%fig§§§2 yﬁq%Qigqs

1-[trans-4-(trang ‘%ﬁ&h Yofo-1-fluorobenzene;

-fluoro-4- chlorob nzq_ [trans-4-[trans- (1,3-dioxolan-2-yl)ethyl)-
1-[trans-4-[2- (tr@ny éi&ﬂ%ﬂ?&%@ﬁ ﬁ M§Eﬁﬁh ldrobenzene:
cycl ohexyl ] - 4- quoro BeNZet® rans~4- [t:ans 4-(2-(1,3-dioxolan-2-yl)ethyl)-

1-[trans-4- [2 (tféyﬁidhdk&ﬂ}ﬁﬁdﬁ&ﬂé&?ﬁ@dﬂﬁ?TﬂﬁbeEﬂhdko 4-chlorobenzene.
cygl phexyl ] -3. 4-di fl uorobenzene;

%

Example 7

A solution of 1.7 g of 4-fluorobenzoyl chloride in
5 ml of pyridine is treated with 2.8 g of trans-4-[trans-
~4-[2-(1,3-dioxolan-2-~-yl)ethyl]cyclohexyl]lcyclohexanol
i (prepared according to Example 3) and stirred at room
temperature for 12 hours. Thereafter, the reaction mixture
N is poured on to ice-water and extracted three times with
diethyl ether. The organic phases are washed in succession
with saturated sodium hydrogen carbonate solution, with
10 percent hydrochloric acid, with saturated sodium
hydrogen carbonate solution and with water, then dried
over magnesium sulphate, filtered and concentrated.
Chromatographic purification of the resulting crude
product on silica gel with ethyl acetate/petroleum ether
(vol. 3:97) gives 4-fluorobenzoic acid trans-4-[trans-4-
-[2-(1,3-dioxolan-2-yl)ethyllcyclohexyl]lcyclohexyl ester.

The following compounds can be manufactured in an
analogous manner:

3,4-Difluorobenzoic acid trans-4-[trans-4-[2-(1,3-
-dioxolan-2-yl)ethyl]cyclohexyllcyclohexyl ester:



1-[tréhs-4ﬁ[2-(trans-4-(4-penteny|)cyclohexyl)ethyl]-

cycliohexyl ] -3-chl oro-4-fl uorobenzene;

| -[trans-4-[2-(trans-4-(4-pentenyl)cycl ohexyl)ethyl]-

cycl ohexyl ] - 4- chl or obenzene; )
1-[trans-4-[2-(trans-4-(4-pentenyl)cycl ohexyl 36thyl ] -
iycl;>hexy|]4-3£fluor254hghggr02egzene;B . it 4-[trans-4-[2
- rans-4-(trans- s oo
o e Ugér,ggﬁé%ngiggzzi%?m% es I8 et e 1onexy) ester:

trans- 4- (trans- 4- (4- BcFRIREPPEPZPIR sdyfprans-4-[2-(1,3-
nethoxy]§3,4-difr§gpgﬁ ?ézé, ¥e;iy?§2§2iiﬁﬁﬁ@fgxﬁtighele[iiggg;4 (2
| -[[trans-4-(trans=43( =g§§g'g°2 -3 —2-lé-
nethoxy]-3-ch|or6§&!PF i % g égggegﬁgggtigggﬁﬁg9ixg§clohexyl ester.
1-[[trans-4-(trans-4-(4-pentenyl)cycl ohex ' xyl] - '
nmet hoxy] - 4- chl or obenzene; %Qa%/ Lpxy!]
| -[[trans-4-(trans- 4»( 4zPgNbenkbatunl RPA¥1hLCHE! @RCH¥bht 50 percent oily
met hoxy] - 3- 1 uor gy pells3onPgrecptaced under nitrogen gasification and
1-[2-[trans-4- (1 RBhed thikenety perehABexThpewchde then added to the
hexyl ] et hyl | - 4- f lg¢aiahehyarédemp. miCoEBiry. tE€trphgdeotnaasni andna( SBlfrion
93[err] cl.p. (Nof) 61b6gbper tkans-4-[trans-4-[2-(1,3-dioxolan-2-yl)ethyl]-
1-[ 2= trans- 4- (t cgedohek¥ljeptdohkxanololfpxepacedl according to Example 2)
hexyl [ et hyl ] - 3, 44di Bouslobénteteahydrofuran. The mixture is stirred at
1-[ 2-[tr ans- 4- (t £o0p- Feppepatusey EPEy3PomaRPLREyckhen treated with 6.03 ¢
hexyl ] et hyl | - 3- ciifoto £AUPEQbLBBY¥ zgﬁemide and’ heated to reflux for
1-[25f1rans-4-(t2ah§ﬂ£564§ﬁéﬁﬁﬁﬁgpfé¥elGhéx;P?EtgPB-m1Xture is cooled.
hexyl ] et hyl | - 4- ckaée8p8R; 48200 Ml of diethyl’ ether and washed three times
1-[ 2- (1 rans: 4. ({MHER 2904 IcRECNDERE ashebiRec BPg. ceasale Buade 12 62,00
hexyl ] et hyl ]-3-fl Q- a- cract :
rans- 4. [rans- 4 efodqnle] e BRuLteve Bttt iz iaa-sor-
3, 4- di | uor obenz & ¢ Yacid St ranay -? rans-4-(4- )
~pentenyl)cycl ohexyl CEQHQ%%&E§SE%Ppo§nﬁQ|eaa—ﬁefhuaheae@aeba 24 dn
trans-4- [ transgaiégouRChaankrkcycl ohexyl]cycl ohexyl ester:
4-chl orobenzoi ¢ acid trans-4-[trans-4-(4-pentenyl)- cycl ohexyl]cycl ohexyl
ester; 3-fluoro-4-chltpapiReazyiceanel-d-{2any, 4-pioxodah-4yl)ethyllcyclo-
- peng enyl ) cycl oherelyligveicabtexylest, a-difluorobenzyl ether;
trans- 4-[trans- 4- (4- pransul-feyranshaxyRl-q LG Beddoxio Lant-2uyldleshy\ll] cacior;
trans- 4-[trans- 4-hefkyldeyelphexydl dhehtoroyd-élweyiobenzydi elthersbenzyl
et her: trans-4-[trantrangsdpdiramg-iefe-dheRydioxoleneRyyl)ethyl]cyclo-
3-chl or 0- 4- f | uor diexyAjcystliodvexyl 4~chlorobenzyl ether;

. trans-4-[trans-4-[2-(1,3~dioxolan-2-yl)ethyl]cyclo-

{ : hexyl]cyclohexyl 3-fluoro-4-chlorobenzyl ether.

" Example 9

a) A mixture of 29.1 g of crude l-{trans-4-[trans-4-(2-
-(1.3-dioxolan-2-yl)ethyl)cyclohexyl])cyclohexyl]-4~£luoro-
benzene, 200 ml of dioxan, 200 ml of glacial acetic acid
and 400 ml of water was heated to slight boiling (bath
temperature 115°C) for 5 hours while stirring and gassing
with nitrogen. The reaction mixture was then poured on to
500 g of ice. The aqueous phase was separated and
extracted three times with 400 ml of diethyl ether each
time. The combined organic phases were washed with 500 ml
of saturated sodium hydrogen carbonate solution and with
500 ml of water, dried over sodium sulphate, filtered and
concentrated. There were thus obtained 25.2 g of crude,
solid 3-[trans-4-{trans-4-(4-fluorophenyl)cyclohexyl]-
cyclohexyl]lpropionaldehyde.



- 39- tréns-ﬂ-[trans-4-(4-penteny|)cyclohexyl]cyclohexyl 4- chl or obenzyl
ethefr; trans-4-[trans-4-(4- pentenyl)cyclohexyl]cyclohexyl

3-f1 uor o- 4~ chl or obenzy] et her:

| -[trans-4-[trans-4-(4Z- hexenyl)cyclohexyl]c hexyl]- -4-fluorobenzene:
l-[trans-4-[trans-4-(4Z- hexenyl)cyclohexyl]cyc ohexyl ] -

- 3. 4-di fl .uorobenzgye;a lgygpensi oxymethyl-triphenyl-
[trans-4-[2- (”arﬁh&sﬂf&lg\ﬁ%%h’gg Ohﬁ‘%gﬂqu:ethyl ether was treated
cycl ohexyl]-4-fl upielvenzgs ey of potassium tert.butylate while gassing with
1-[trans-4-[ 2- (t redsedgdnl/-Tx arvd ) sysderiedon wid\8dirred at room temper-
cyclohexyl]-3¢¢wh¢unnntmenzdmmther 30 minutes and then treated dropwise
1-[ (trans-4- (tramt 09AXitdkendoloyri ahendy |9 A3 ok djude 3-[trans-4-

met hoxy3- 4- f | uor obkbrana=4-(4- fluo:ophenyl)cyclohexyl]cyclohexyl]propion—

1-[[trans-4- (trar%ld’ﬁl(m Hex ) Ink yoft drxyddethybrashan. The reaction
met hoxy] - 3, 4- di f W% Mag-stirred at room temperature for a further

1-[2-[t -4- (trihpia QF/_ﬁ-hé%&?r?/ %‘lyiﬂ H@%ﬂ lgﬁblﬂbl of hexane and
he£y|{e[ﬁgf]_4ff{ A £o tg aphic ug ation of the concentrated

LgPtY 9 g of solid
1-[2-[trans-4-(tr (ﬂ%%ﬁ§%¥ exane, gave 4.
hexyl ] ethyl]- 3, 4- ;ﬁ %T%ﬂ ~Methoxv-3-butenyl)cyclohexyl]cyclo-
xeny cyet

é&yl]cyclohexyl ester;

traﬁhj4 [trans- 4-
f uorobenz)cg,; m ok 3 rﬁq% %€ %[ trans-4-[trans-4- (4-methoxy-
- hexenyl ) cycl ohexy3.] yl%cyclohexyl -4- fluorobenzene. 30 ml
trans-4-[trans- 4df%i1ﬁmn\/lz)o:m ¢ &I YN AV M1 Y {fater
trans\j [trans- 4-yae- Hﬁwle&mﬁwmdm n &éhﬁ:fddw&thr%d)

et her7” The 3E- al ketfyle GUiQinds arf@Rfhddhdgk aFite nli tafogerl.! arxdhedadilayv ng
corrpounds can al schdesuspetsidn vk mmwdmotm AN Watew HHeNg St eps
b) and c): 1-[tr apebyd rphesel wad Rupamd tedl dmhegtdastdd uhnde times with
-3,4-di fl uorobenz8nhal of diethyl ether each time. The combined organLc
1-[trans-4-[transphages Namenwaahed dwbod Wit 000/ Im13-0of water each time,
-chl or 0- 4- f | uor oHHietheover sodium sulphate, filtered and concentrated.
1-[trans-4-[transthernes ‘rﬁﬂ%rﬁh%mf@mgﬂ 1 DS yEoldd Aot taradiserfrditans -
1- [t r ans- 4- [ t r ans=4={B-Hnanophenyd dqysdanexyd syodahexyl Jbutyraldehyde.
-fluoro-4-chl orobgenzene;

1-[trans-4- [2 (t S

yl-triphenylphosphonium

cy&l ohexyl ] - otf B4 ugéhg ;q )o@(gi&i@?&i%tetw as treaged with 1.55 ¢
o (o) assing with nitrogen.

1-(trans-4-[2 (tr B bégﬂi(&ﬁéagﬁnéﬁﬁaqat room temperature for

Y
cycl ohexyl | - 3- chl prgy 'q3ﬂ3§ ted dropwise at 0°C with
1-[trans-4- [ 2- (t IRy s xptatferzy O NP BLHe T Lt ransge (4 ¢ LuoPos
cycl ohexyl | - 4- chlgHetiaN%8t9ohexyl Jcyclohexyl Jbutyraldehyde. The reaction
i mixture was stirred at 0°C for a further 2 hours and then
diluted with 60 ml of water. The aqueous phase was
gan separated and extracted twice with 60 ml of hexane each :
time. The combined organic phases were washed neutral with
water, dried over sodium sulphate, filtered and concen-
trated. Chromatographic purification of the residue on
silica gel with hexane gave 1.89 g of crude product. After
two-fold recrystallization from acetone at -20°C there
were obtained 1.22 g of 1-[trans-4-[{trans-4-(4-pentenyl)-
cyclohexyl]lcyclohexyll-4-fluorobenzene with m.p. (C-N)
65.7°C and cl.p. (N-~1I) 129.7°C.

The 4-alkenyl compounds named in Example 1 as well as
the following compounds can be manufactured in an-
analogous manner:

1 [trans-4-[trans~-4-(4- Pentenyl)cyclohexyl]cyclohexyl-
-3,4-difluorobenzene;



I-[trans 4-[2-(trans-4-(3-butenyl)cycl ohexyl)ethyl]-

cycIOhexyI] 3-fl uor,0-4-chl or obenzene:
1-[[trans-4-(trans-4-(3-butenyl)cycl ohexyl)cycl ohexyl] -

met hoxy] - 4-f| uor obenzene, mp. (GN 82.2[err]cl.p. (N1) 131.7C
1-[[trams-4-(trans-4-(3-butenyl)cycl ohexyl)cy@dshexyl] - - 40 -
met hoxy] - 3. 4- di f | uor obenzene;

1-[[trans-4-(trans- 4-Ké{dnﬁnnﬁd9kgndnﬂn@eﬂ@*gaﬂuﬂnwﬂmqyclohexyl]cyclohexyl -3~
met hoxy] - 3- chl or o~ch¥dnmdifdnwdinhenzene ;

1-[ [t rans- 4- (trans- 4-X-Ftnanani-dransrda/(H-oantenyd)grelohexyl Jeyclohexyl-4-

met hoxy] - 4- chlonﬁﬁﬂﬁﬂiﬂéenzene'

1-[[trans-4- (trans-4-X-34rAnSA QSRQQ%R%QM%TB&ﬂQﬂﬂ%&MﬂNc1°hexY1]cYclohexYl -3-

met hoxy] - 3- f I uor o-EA49H enzene;

€ 1) lohexyl)ethyl]-
1-[2-[trans-4- (traqs]1 |§ cycaenze ')4C>pcqrg:eny cyclohexyl)e

hexyl Jethyl]-3, 4 E‘}J% ‘{Ia‘ﬁi%éﬁ %fa%enyncyclohexyl,ethﬂ]-
ply ek .
! o

1-[2-[trans-4- (tréygi

hexyl ] ethyl]-3-ch t -

1-[2-[trans-4- (trg éﬁ¥¥ﬁdr 5ﬂntggY1)cyclohexy1)e hyl]
—4 - [2-(trans 4- S4—penteny1)cyclohexy1)ethyl]-

hexyl]ethyl]-4-ch
1-[ 24 (s rans- 4- (treyyi dxyInuieesng
hexyl Tethyl] - 3- f|UOF(1-4@Hﬁ—qhqmlﬁtitﬁ:,ar&-ﬁ-qlqﬂp&ft@i@m@y%lweiyl)ethyl}—
trans-4-[trans- 4-oydloliexpll )3 -Eldlodea- dhilyvdodenednesst er

3-cHl or 0- 4- f | uor obenzsi [ trans-4-txrahd-a-{ds-pentenyl)cyclohexyl)cyclohexyl]-
- but enyl ) cycl ohexmd fhoxy Jolte:fillnoribemzehechl or obenzoi ¢ aci d

trans™-[trans-4- (3- M(W@m-@dlmqu—dwmylémlohexyl)cyclohexyl]-
3- f 1 uor o- 4- chl or detheXY] -doidd difdnprobenzene4- ( 3-
-butenyl)cyclohexyl]éwﬂgﬂﬁéﬂﬂ 4=ditsans~4~(4- pentenyl)cyclohexyl)cyclohexyl]-

trans-4-[trans-4 gq%ﬁﬂ e, -fl uorobenzyl ether
[ J‘ ~-4-(4-pe tenyl)cyclohex )cyclohexJi]-

(CN 37.7[err] cl. Blg

trans-4-[trans-4-{3- clohe I 1 uor. ben

ether: trans-4-[tr A aé Fas 10:0 qﬁﬁiﬁyéiohexy cyéﬁ hexyl]-
3-chl or 0- 4- f | uor S .

trans-4-[trans- 4;{ ?‘ i | érhﬁ%)i:yﬁ %1 &ntfé», )EYS Oh €Y é clo-l
4- 4 7
;{Qj 1[ H?g?\s- - larl't%- gé AR Q&Wlﬂh%% )%ﬂﬂexyl)cycr;.o{

-3, 4-di f| uor obenzgngs jethyl1]-3,4-dif1u
i orobenzene
1-[trans-4-[2-(trans- faﬁiﬂ¥ﬁﬁﬁﬁéﬂlﬂb Jinteryl ) cyclohexyl)cyclo-

hexylJethyl]-3-chloro-4- fluo:obenzene.

1-[2~[trans~-4-(trans-4-(4~-pentenyl)cyclohexyl)cyclo-
hexyl]lethyll-4~chlorobenzene;

1-{2~[trans-4-(trans-4-(4-pentenyl)cyclohexyl)cyclo-

k’; hexyl]ethyll-3-fluoro-4-chlorobenzene:

4~fluorobenzoic acid trans-4-{trans-4-(4-pentenyl)-
cyclohexyl]cyclohexyl ester;

3,4-difluorobenzoic acid trans-4-~-{trans-4-(4-
~pentenyl)cyclohexyl]cyclohexyl ester:

3-chloro-4-fluorobenzoic acid trans-4-{trans-4-(4-
-pentenyl)cyclohexyllcyclohexyl ester:

4-chlorobenzoic acid trans-4-{trans-4-(4-pentenyl)-
cyclohexyllcyclohexyl ester:

3-fluoro-4-chlorobenzoic acid trans-4-[trans-4-(4-
-pentenyl)cyclohexyl]}cyclohexyl ester;

trans-4-~[trans-4-(4-pentenyl)cyclohexyl]cyclohexyl

. 4-fluorobenzyl ether;

trans-4-f{trans-4-(4-pentenyl)cyclohexyllcyclohexyl
3,4-difluorobenzyl ether:

trans-4-{trans-4-(4- pentenyl)cyclohexyl]cyclohexyl
3-chloro-4-fluorobenzyl ether:



cycl ohexyl ]-3, 4-di fl uor obenzene;

1-[[trans-4-(trans-4- (3E—penteny|)cyc|ohexyl)cyclo-

hexyl ] met hoxy] - 4- f | 'uor obenzene;

1-[[trans-4-(trans-4- (3E—penteny|)cyc|ohexyl)cy&lo-

hexyIJnethoxy] 3, 4-di f | uor obenzene:

1-[2-Ttrans-4- (trans-dp &g PO LANL ) £VE4 PEntdnFYffelohexyl Jeyclohexyl
hexyl ] et hyl ] - 3. 4- gl éh16F ObERZE e ther ; i

trans: 4-[trans- 4- ( 3E- peaiienyl ) eysamHhexyd ] et eiEK)ydy dl d hey DPeyeyohexyEr ;

trans-4-[trans- 4-§3flpend-ofydh Dyrd wdreayl |estwemhexyl 3, 4-di fl uor obenzyl
et her: 3, 4-difl uor obebzptrama+4-f tcams-4{ (4 Z+eXeryBB) cyclohexyl Jcyclohexyl }-

-pentenyl)cyclohex&+§b obenzenest er; trans-4-
trans-4- (3E-pente Xl)gzgttﬁnﬁqﬂiE&mﬂnﬁﬁﬁqd4Z¥hﬁtﬁﬁ?l&ﬂ!ﬁkﬂh@#Ykﬂ¢E§10hex¥1]-
41 - Exanple 10 ay3at opergene20 g of |ithium alumi nium hydride in
50 m of diethyl ethek- (Ahéamﬁweh-tb%l-mmsﬁ-%zm%eﬁw#ﬁm&hwxwﬁthﬂl—
sol ution of 6.67 5Y6$°¥¢%N%11ﬂ ﬁﬂﬂ?i&h%ﬂzﬁﬂﬁwll)c cIohexanecarbox lic %f
in 200 m of diethyl krhef Etﬁniﬁvgﬁ‘%‘f exel) efhy
m xture was stirr h Iner %% he?rz}treatle dﬁf&}/}ms
with 4 -m of acet (3% )13 et 1-
hydrgchl ori c aci il 1S, 1 _
washed with 30 n1 ¥% Sﬁgi éﬁhﬁ ;ég éﬁ%& SO °ﬂg§y1]
carbonate sol ution eag fﬁé 1 gt fygiF
dried over sodi uny Héé@yp @fa rga y’reﬁbv’\gér)‘:a t'hus %ﬁal ned
of crude [trans-4-( mﬂaaé}lyw%ﬁmtﬂexﬁﬁﬂf@ob)
A sugpen3|on of lﬁeﬁﬁﬁlbgﬁyxgugchiuignﬁgﬂ¢g wgate 1n 80 nl of
di chl oromet hane was t4-eel sk sberwd ise agid tr a4 e is-51-061 P-10dxenyl) -
[trans-4-(4-fl uorepdbotydgyryhdyeldisewy ]l nedtemnol in 18 nl of diethyl ether.
The reacti on m xture 3ob&if luerbbenzoidh@agisl treas-di4itschav4-h(S0- nl  of
di et hyl ether, dechexenylbfdydyaexyil]akolohexyldestart filtered.
Concentration of the ##anﬁfﬁfi%ﬁﬁ&?dﬂ%ﬂ%%}kﬁxenYl)CYCIOhexYl]cYCIOhexYl
trans-4- (4-fl uor gebenzirke &thetr boxal dehyde as a yel |l owi sh oil which
solidified at roomt grtdrlscan 41&gﬁ3hq5ggﬁﬂkgng}ohexyl]cyclohexyl

3.4~ fluo:obenzy ether:

O The 3E-alkenyl compounds named in Example 1 as well as
N the following compounds can also be manufactured in an
analogous manner by omitting steps b) and c¢):

1-[trans-4-[trans-4-(3- Butenyl)cyclohexyl]lcyclohexyl-
~3,4-difluorobenzene:

l-{trans-4~[trans-4-(3-butenyl)cyclohexyllcyclohexyl-3-
-chloro-4-fluorobenzene;

" l1-[trans-4-[trans-4-(3-butenyl)cyclohexyl]Jcyclohexyl-4-~

-chlorobenzene:;

l-[trans-4-{trans-4-(3-butenyl)cyclohexyl]lcyclohexyl-3-
‘-fluoro-4-chlorobenzene;

l-[{trans-4-[2-(trans-4-(3-butenyl)cyclohexyl)ethyl]-
cyclohexyll-3,4~-difluorobenzene;

l-{trans-4-{2-(trans-4-~(3-butenyl)cyclohexyl)ethyl]-
cyclohexyl]}~3-chloro-4-fluorobenzene;

l-[ftrans-4-[2-(trans-4-(3-butenyl)cyclohexyl)ethyl]-
cyclohexyl]-4-chlorobenzene;

l1-[(trans-4-[2-{trans-4-(3- butenyl)cyclohexyl)ethyl]-
cyclohexyl]-3-fluoro-4-chlorobenzene;
_ l-[[trans-4-(trans-4-(3-butenyl)cyclohexyl)cyclohexyl]l-
methoxyl-4-fluorobenzene, m.p. (C-N) 82.2°C, cl.p. (N-1I)
131.7°C;

l1-f[trans-4-(trans-4- (3 butenyl)cyclohexyl)cyclohexyl]-



A solution of 0.98 g of 2-(4-pentenyl)-1,3-propanediol and 1.34 g of
trans-4-(4-fl uorophenyl)cycl ohexanecar box- al dehyde in 40 m of toluene was
treated with 4 drops of. 10 percent sulphurie acid in a sul phonation flask
equi pped with a descendi ng condenser. The nixture was boiled for 1 hour,
with the danp sol vent which mas dIStI||ed off #8ing replaced by the
dropw se addition_of fregh t : Su se uently the reaction m xture was

reter “eaeh e, g E’_gﬁ?ﬁ 92%5@-;% Pt rifafhef-

wat er each tine, ﬁ :
r Baﬁﬁé' i Q?Ffbﬁéﬁglg§*cfbﬁ3xyl]-

Chr omat ogr aphi ¢ pun

hexane/ et hyl acet ghgn * nzERER ed recr I zat |

ethanol finally gave §. tgaﬁg BU(ErhhaDe- g3l bhiden ﬂ)ééfibﬂ@kgl)cyclohexyl]-

phenyl)cyclohexylheﬁnbﬁygeatemubkoﬂudeaxaasbeﬁzene¥ C. phase

transition (SB-N) 77[gr[ Qtr&nsé&kktc9635§e(s}bﬁbenfnbépunanezpnpopoue-can

be manufactured i heagljechpldus, andbfluorobenzene:

trans-2-(trans-4-(3. 41di{g-0oranbedy(fransobeky+bubeniyl )cyclohexyl)cyclo-

-pent enyl ) - m di oxhegyllethyd2-3-chloro~4-fluorobenzene;

trans-2-[trans-4- (4-chi-b2ephrapsyé ctoaeayG}(5—butenmbhcﬁqy9yeﬁyub6xahe—

trans-2-[trans- 4- Psxxldpthﬁbﬂoﬁh@h P eb enaﬁea i 5-(3- -butenyl)-mdi oxane:
Fo

trang-2- (trans-4- 4 cﬁfé?o@ﬁéﬂ% % éﬁéi utenyl) g¥Globaxul dQBALO-
trans- 2 [trans- 4- 23(1 £EB¥L dnde gZzé?n ﬁig

%ﬁg?xe§ b .
-(4-pentenyl)-mdio 3 i E Fzzlg§5er. tran trans-4-(3-butenyl)-
Léi;ﬁ ?5E545§eﬁtgﬁyﬁ Eg % % gﬁg { ¥énZoic acid trans-4-[trans-4-(3-
et %ﬁ Helmemriexcionenrl sprprsc

X clohex
trans-2-[trans-4-(3- g LT OR STy SR BEE s¥ehOrrans-—a-(trans-1- (-
hexyl ] - 5-(3-butenybhe@h Zé?@fohex llcyclohexyl ester:
trans-2-[trans-4-[2-(4rahs080pPLaK lflﬁﬂlﬁﬁié{?h?éYéiohexyl]cyclohexyl
-5-(3-but enyl ) - m dLexaBgobenzyl ether m.p. (C-N) 37.7°C, cl.p. (N-I) 92.8°C;
trans-2-(4-fl uorophenykanb-§4f{peahenyl {3 rbdtongdpcyslphekfl j¢ydBoieyl] 3, 4-
trans-2-(3. 4-di fl vaiéphopygbendyl dephetenyl ) - m di oxane:
trans- 2- (4-chl orophenykanb-44f peahsngl | 3rbutenpbpcyclohexyllcyclohexyl
trans-2-(3, 4-di f| Gecbpheoytty£bud¢Bobeneny| ¢thedi oxane;
trags- 2- (4- chIorophenyt?RS-QSIDacaﬂyG}(h?UUbRamb)cYCIOhexYl]0YC10hexY1
4-chlorobenzyl ether:
trans-4-[{trans-4-(3-butenyl)cyclohexyl]cyclohexyl
3-fluoro-4~chlorobenzyl ether:
l-[trans-4-[trans-4-(3E-pentenyl)cyclohexyl]lcyclohexyl]-
~3,4-difluorobenzene;
l-[trans-4-[2-(trans-4-(3E-pentenyl)cyclohexyl)ethyl]-
) cyclohexyll-3,4-difluorobenzene;
" 1-[[trans-4-(trans~-4-~(3E-pentenyl)cyclohexyl)cyclo-
hexyl]methoxyl}-4-fluorobenzene;
l-[[(trans~-4~(trans-4-(3E-pentenyl)cyclohexyl)cyclo-
hexyl Jmethoxy]-3,4~difluorobenzene;
1-[2-[trans-4-(trans-4-(3E-pentenyl)cyclohexyl)cyclo-
hexyllethyl]-3,4-difluorobenzene; '
trans-4-[trans-4-(3E-pentenyl)cyclohexyl]cyclohexyl
4-fluorobenzyl ether;
trans-4-{trans-4-(3E-pentenyl)cyclohexyl]cyclohexyl
3.,4-difluorobenzyl ether:;
3,4-difluorobenzoic acid trans-4-[trans-4- (3E—
-pentenyl)cyclohexyl]cyclohexyl ester;
trans-4-{trans-4- (3E-penteny1)cyclohexyl]cyclohexyl
3,4-difluorobenzyl ether. :




-fl uorophenyl)ethyl]-5-(4-pentenyl)-m -dioxane:

trans-2-[2-(4

trans-2-[2-(3,4-difluorophenyl)ethyl]-5-(4-pentenyl)-m -di oxane;
trans-2-[ 2- (4-chl orophenyl ) et hyl]-5-(4-pentenyl)-m -di oxane:
trans-2-[2-(3, 4-di fluorophenyl)ethyl]-5-(3-butenyl)-m -di oxane:
trans- 2-[ 2- (4- chl orophenyl ) et hyl ] -5- (3-but enyl9L m -di oxane. Exanple 12 A

m xture of 3.6 g of 7-dinethoxy-6- (dlnethoxy nethyl)-l-heptene, 75 ng of

p-t ol uenesul phonic acid nonohydrate and O. BrampleilOater was heated to

slight boiling for 2 hours |n .an oil bath of 11Q[e mhlle stirrin
qgrﬁaa@ $ 1y

bmh_

under a nitrogen tley

of sodi um hydrog @Fﬁ? rer "'f dfasl

and then filtere éﬁ EﬂF
was added to a s quJo ﬂi%é n
60 m of nethanola 3yﬁ Ij%

wth a sodi um ne p’ih% 1L{-_tﬂ qn r rfeo 49,19_ o‘fod}alt@;a

of methanol), stidditf @H @RE Q.rfp‘%héttﬂlr:@ %Wr%l Torl Qe iadi
W th concentr at epHukY Grast Bepdratad.d phaselRas Qfalsd#ﬂ \ﬂﬂ.&.h
treated with wat 30 arld o iwatired twhilde d:ia:u:hyzlo atlherf s -@aguriat adh aod iwas
washed w th wat ercanbdned eo\serlutdainieastl timec anfd |thaveed tdme sewdtdy 30cdl of
Chr ogaf ogr aphi ¢ wati€d emdhortiole, drieds overhaodinmge swlphate @amdsi | i ca gel
wi t h hexane/ et hyle‘@cmr@tl'@d(-v&her@@)rﬁaM‘ﬁemmeﬂ £at0i8oig fofopirideane
gave 1.0 g of purldranerdd (dorfdmesoptenyl)eysdoharylInptbandlnariti @ .@-p.
21.8[err] The fol§%vlif§ conpounds can be manufactured in an anal ogous
nann%G% 2- (3, 4- D'w uqr ophenyl ).- 5- (4- pentenyl)gyrlnld .ne;

I

1 . pyridinium chlorochromate
g Eg 4- d?;?gg?g%' &Lg; leﬁ- -qﬁ 8 treated dropwise with a
2- (4 chl or ophenyl2EEYA) - )3%% e ere -£luorophenyl)cyclo-
e e ction
2 (4 Fuoronneny e SR g D U S B R 50
2- (3, 4-di Tl uor ophgyg g W c%ﬁﬁkﬂp %%B% the dark residue and

filtered. Concentration of the filtrate gave 4.86 g of
trans-4-(4-fluorophenyl)cyclohexanecarboxaldehyde as a
vellowish oil which solidified at room temperature:; m.p.
<30°C.

N\ | Example 11

A solution of 0.98 g of 2-(4-pentenyl)-1l,3-propanediol
and 1.34 g of trans-4-(4-fluorophenyl)cyclohexanecarbox-
aldehyde in 40 ml of toluene was treated with 4 drops of .
10 percent sulphuric acid in a sulphonation flask equipped
with a descending condenser. The mixture was boiled for
- 1 hour, with the damp solvent which was distilled off

e being replaced by the dropwise addition of fresh toluene.
Subsequently, the reaction mixture was neutralized with
triethylamine (about 8 drops), washed twice with 15 ml of
water each time, dried over sodium sulphate, filtered and
concentrated. Chromatographic purification of the residue
(2.22 g) on silica gel with hexane/ethyl acetate
(vol. 39:1) and repeated recrystallization from ethanol
finally gave 0.44 g of pure trans-2-{trans-4-(4-fluoro-
phenyl)cyclohexyl]-5~(4-pentenyl)-m-dioxane; m.p. (C-Sp)
68.5°C, phase transition (Sg-N) 77°C, cl.p. (N-I) 96.5°C.

The following compounds can be manufactured in an
analogous manner:

trans-2-{trans-4-(3,4-difluorophenyl)cyclohexyl]-5-(4-
-pentenyl)-m-dioxane;



hexyl ] pyri m'di ne: 2-(4-chl orophenyl)-5-[trans-4-(4-pentenyl)cycl ohexyl]-
pyri i di ne; 2-(3,4-difluorophenyl)-5-[trans-4-(3-butenyl)cyclo-
hexyl ] pyrim dine; 2-(4-;chlorophenyl)-5-[trans-4-(3-butenyl)cyclohexyl]-
pyrlnldlne 2-(4' -fluoro-4-bi phenyl yl)-5-(4-pentenyl ) pyrimdine; 2-(3

4- di f | wor 0- 4- bi phenyl yl ) -5- (4-pent enyl ) - pyT|?ﬁ<T ne:

2- (4'1chloro 4- bi ph ) QY4

2 (4.7 chloro- 4 bi ph ,ﬁ%@é%ﬁ L4l difin ) eyctonexy1-5- (a-
2- (3 -chloro 4- b| =h- r lﬁﬁﬁﬁw narpa_
m xtures set fort,rbm il rde%??/éio?‘rgﬂimp rotonkiy Pl (y3
4-(trans-4- pentenylcygiéizzgl é¥HH§UH d¢dlnBYbph dHe syt Jﬁ

el ectro-optical cEﬁﬁtguyquﬁﬁaigfghéi 22[err]|n a TN cel | haV|ng a ate
separation of 8 [err]graitZ20rd el (- (gl fiafo dophehyI) ﬁtﬁrl“}dwﬂdﬁexyll 5-
cycIohexyl)benzon4¢44§én¢§¢y1iiﬁ;didxhne:30 [err] [err] = 0.120: cl.p. (N-1)
54.6[err] Mxture 1 a&ausﬁfz-qfwh:(ﬂm«-naud&lmwnﬂWQW:tcydm- 10
mﬂ.@bof 4-(3-butehg&y&g@&xﬁtxﬂantxﬂylyLﬁJdﬂnxnﬂm&nyl ester; [err] = 1.29V,

ton = 31 nms. [err] = trans~2-N|vdans-4- [0 (A-chlorophenyl)ethyl]cyclohexyl]-5-
4- (trans 4- pentyl-CWMY)WQltaﬂS 10 wt . % of

trans- 4- (4- pentenyl) Qﬁﬁ%«ﬁﬁiﬁﬂﬁﬂﬁgﬂﬂ%ﬂQxﬂﬁﬂkﬁHﬂQﬁﬂRﬁﬁﬂﬁ%ﬂeﬁhﬁkicYGkR}-
1.17Y, ‘ton = 22 meX¥Ek}q5—H-bukenyl)-n-Aiaxanes ure 3 70 wt

4-(trans- 4- pentylc c) 1ﬁﬁﬁﬂﬂﬁ1ﬁﬂﬁ%?(QHYR&°R%RﬁenY1)ethY1]°Y°1°hexY1]‘

411 or opheny! og ey CB 2 mﬁ:‘%ﬁil “(Fé?é‘a%%%%m-al%ﬁéadml
ST I

75. 3QMMxture 4 BP -5(t-
% 4-(4- penteny %ggg'

26 me, [err] 0.117,¢ é’zi g ophenyl) 5-(3- butenyl)—m—dloxane.
trans-2-(4~chlorophenyl)-5-~(3-butenyl)-m-dioxane;
trans-2-[2-(4~-fluorophenyl)ethyl]-5-(4-pentenyl)-m-~

-dioxane;
trans-2-[2-(3,4-difluorophenyl)ethyl]-5-(4-pentenyl)-m- -
~dioxane;
trans-2-f{2-(4-chlorophenyl)ethyl}-5-(4-pentenyl)-m-
~dioxane;
trans-2-{2-(3,4-difluorophenyl)ethyl]-5-(3-butenyl)-m-
U -dioxane:;
trans-2-[2-(4-chlorophenyl)ethyl]-5-(3- butenyl)—m—
-dioxane.

dﬂ

Example 12

A mixture of 3.6 g of 7-dimethoxy-6-(dimethoxy-~

methyl)-l-heptene, 75 mg of p-toluenesulphonic acid

1 monohydrate and 0.35 ml of water was heated to slight
boiling for 2 hours in an oil bath of 110°C while stirring
and under a nitrogen atmosphere. Thereafter, the mixture
was treated with 0.5 g of sodium hydrogen carbonate,
stirred for 10 minutes without the oil bath and then
filtered (rinsing with a small amount of methanol). The
filtrate was added to a solution of 2.9 g of 4-fluoro-
benzamidine hydrochloride in 60 ml of methanol.
Subsequently, the reaction mixture was treated dropwise
with a sodium methylate solution (prepared from 0.6 g of
sodium and 15 ml of methanol), stirred at room temperature
overnight, then adjusted to pH 5 with concentrated hydro-

: chloric acid and evaporated. The residue was treated with
water and extracted with diethyl ether. The organic phase
was washed with water, dried over sodium sulphate,
filtered and evaporated. Chromatographic purification of



M xture*5 90 wt.% of 4-(trans-4-pentyl cycl ohexyl)benzonitrile, 10 wt. % of
4- ( 3- but enyl oxy) benzoi c acid 3. 4-difluorophenyl ester: V10 = 1.23V, ton =
36 ns .[err] = 0.116, cl.p. (N-1) 44.5C. Mxture 6 90 wt. % of

4- (trans-4-pentyl cycl ohexyl )benzonitrile. 10 wt. % of

1-[trans- 4- [trans 4- (4- pentenyl)cyclohexyl]cydﬁo hexyl] 4-f1 uor obenzene;

[err] = 1.47V. t;}‘l: 1C.. M. xture 7 90

25 I8
ot S B B

V10 = 1 34V, ton
fol |l ow ng nixture§ re nanufactured Unless stated ot herwi se, the

el ectro-optical data ol n n ate
Sopar ot on of 6 Lats ]]Zﬁ %ﬁ:én%g c%fmp%%[r@s kan" e Tint®actiRWadn? o
trans-4-[trans-4-(3-butenyl)cycl ohexyl]cycl o- hexanecarbonitrile, 12 w.%
of trans-4-[trans-4- (BERnpdHivoropnengpiylbeya-penteny 19y rimiidind;e. 10
W . % of trans-4-[tras-@-(chlvzvphenyloys-qaspenteny 1) pyrdwiddae;boni tri | e,
- 45 - 10 w. % of 4- (2+Ent-aiffiorophenyl))scbcl(Ghdutlenyd)pyrimiidiae ;20 w . %
of trans-4-allyl oxy- 2«({4-ahl-otophemyldy-S-dB3ebptenydyoyatimidiae ;15 w . % of
4- et hoxy- 1- [ t r ans- 4- (BH-4dinonophenyllokdxiiticansedzd4e pent eny 1%cyiclohexyl] -
trams-4-(trans- 4R¥F#ﬂk¢iﬁﬁocyclohex I]cyclo- hexanecarboxyllc acid

4- frﬁﬁ}opheny| ester21;qmﬁquﬂ1uorop enyl)-5-{trans-4 (4-penteny1)cyclo~

trans-4-[trans- 4K eﬁY iﬂ%ﬂﬁ ohexyl ] cycl o- hexanecarbox
4-f | uor ophenyl ester §@P&ﬂﬂ1)ﬁﬁ’[§taPﬂ-ﬁT(fIP@PFFn fGYaiﬁgﬁﬁvllp
= ns An = M_xt

0 t 8
trangbﬂ [t?gns Zlﬂé&;ﬁﬁ g@ﬂ&&ﬂ } Fg 2tecng 40 &%enyl{cyclo-

2~ (4-chlo:opheny1) 5- [trans-4 (3-butenyl)cyclohexyl]-
pyrimidine;

2-(4'-fluoro-4-biphenylyl)-5-(4-pentenyl)pyrimidine;

2-(3',4'-difluoro-4-biphenylyl)-5-(4-pentenyl)-
pyrimidine:

2-(4'-chloro-4-biphenylyl)-5-(4-~ pentenyl)pyrimzdlne.

2-(3',4'-difluoro-4-biphenylyl)-5-(3-butenyl)pyrimidine;

2-(3'~chloro-4-biphenylyl)~5-(3-butenyl)pyrimidine.

\_ Example 13

The binary mixtures set forth hereinafter were
prepared from 4-(trans-4-pentenylcyclohexyl)benzonitrile
and a compound of formula I. The electro-optical data were
measured at 22°C in a TN cell having a plate separation of
8 um. The corresponding values for 4-(trans-4-pentyl-

; cyclohexyl)benzonitrile are: Vg = 1.62V, ty, = 30 ms,
N An = 0.120; cl.p. (N-I) 54.6°C.

Mixture 1

90 wt.% of 4-(trans-4-pentylcyclohexyl)benzonitrile,
10 wt.% of 4-(3-butenyloxy)benzoic acid 4-fluorophenyl
ester;

Mixture 2

90 wt.% of 4-(trans-4-pentylcyclohexyl)benzonitrile,

10 wt.%$ of trans-4-(4-pentenyl)cyclohexanecarboxylic acid
4-fluorophenyl ester:
V]_o = 1.17V. ton = 22 ms, An = 0.108.



hexanecarbonitrile, 12 w. % of
trans-4-(trans-4-(3E-pentenyl)cyclohexyl]cycl o- hexanecarbonitrile. 10 wt.%
of trans-4-{trans-4-(4;pentenyl)cyclohexyl]cyclo- hexanecarbonitrile. 33
W . % of trans-4-allyloxy-1-(trans-4- propylcxplqhexyl) cycl ohexane. 20 wt.%
of trans-4-[trans-4-(3- butenyl)cyclohexyl]cyclo- hexanecar boxylic acid
4-f | uorophenyl efBécurd M . % of
trans-4-[trans-4-(4-pentenyl)cycl ohexyl]cycl o- hexanecarboxylic acid
4-f1 uorophenyl estenitJ/e pf 2@ HatigJ4-PentylcYdlonkyl )behzonivkiNe,p =
0.211, ton = 24 r&0 Wf¥ of Trams-4-durans-A-(@~pedbeanyls) cgcl®hexyXdlafyclo-
4-[trans-4- (1E- propenyl) cyclhdxanedarbozayliiter ialcdd ¥5-flmoxophenyl ester:
4- et hoxy- 1-[trans- 4- ( 3E- pentVapy |9 dx&S¥hetyy = HMdnmene Al 2= \Q . LB QS
trans-4-[trans-4-(3-but enyl )adyw@d.oH®BaH)] ABcl3FC-.hexanecarbonitrile. 10 wt.%
of trans-4- [trans A4A- (3E-pentenyl ) cycl ohexyl ] cycl o- hexanecarbonitrile. 8

. % of trans-4- [ 4- pentenyl)cyclohexyl]cyclo- hexanecar bonitrile.
15 wt. % of trans- but ylé trans- ethox c cIo eﬂéo %%u hexane 8

0 - é%ﬁﬁsi%
Tﬁ pot 1-12 (tr%ﬁﬁ |41£9 g;yiﬂg oﬂé aci -fluorophenyl ester;

pentyl cycl ohexyl v, 117

trans-4-[trans-4-(3- butenyl) Io%ﬁé@’]g@ﬂﬂgc ﬁgxgﬁécéyboxy dci d
4-fl\yor ophenyl ester. 8 wt.
trans-4-[trans- 41‘£ﬁidy%pggnyl)cyclohexyl]cyclo- hexanecar boxylic acid
4-f|uor ophenyl esSter. o w. % of

trans-4-[trans- 4-goiwREeN VB ld-Otlaizen)peaty1ey clOnxgadbatednit riqied

4-11 lfL‘{_0|0henyl et /8 RE 4 -(m[mrtrehyqlom)b&ﬁeomemuca (LA iT 1300 Yhengl
(220 15 as. ton (-200) =e#@erms, toff (22C) = 27 ns, toff (-20[err]= 420
ms; An = 0.088. - 46 - MVglgur=e 1ID2B¥ Wt &f 36 ms, An = 0.116,

4- [ trans-4- ( 1E- propenyl ) cycledhexy|(N:dn)z ddi.5rid.e, 6 wt. % of

4-[trans-4-(3E- propenyl)cycl ohexyl ] benzonitrile. 12 wt. % of

4- et hoxy- 1- [tranéﬁﬂgﬁﬂEL#%ntenyl)cyclohexyl] benzene, 5 w . % of

trans-4-[trans-4- Q? but eny] ) cycl ohexyl ] cycl g
t.% Of 4-(trans-4- pentylcyclohexyl)benzonltrlle.

10 wt.% of l-[trans-4-[trans-4-(4- pentenyl)cyclohexyl]cyclo-
hexyl]-4-fluorobenzene;
ij cl.p. (N-I) 59.1°C.

Mixture 7

90 wt.% of 4-(trans-4-pentylcyclohexyl)benzonitrile,

10 wt.% of trans-2-[trans-4-(4-fluorophenyl)cyclohexyl]-5-~
-{4~-pentenyl)-m-dioxane;
Vio = 1.34V, tgyn = 31 ms, An = 0.116.

U cl.p. (N-I) S54.0°C.

Example 14

The following mixtures were manufactured. Unless
stated otherwise, the electro-optical data were measured
at 22°C in a TN cell having a plate separation of 6 um.

Mixture A

15 wt.% of trans-4-[trans-4-(3- butenyl)cyclohexyl]cyclo-
hexanecarbonitrile,
. 12 wt.% of trans-4-[trans-4-(3E- pentenyl)cyclohexyl]cyclo-
hexanecarbonitrile,
10 wt.% of trans-4-[trans-4-(4-pentenyl)cyclohexyl]cyclo-
hexanecarbonitrile,



hexaneéarbohitrile. 7 W . % of

trans-4-[trans-4-(3E-pentenyl)cyctohexyl]cycl o- hexanecarbonitrile. 12 wt. %

of trans-4-allyloxy-1-(trans-4-propylcycl ohexyl)- cyclohexane. 10 wt. % of

trans-4-(3E-pentenyl)-1-(trans-4-ethoxycycl o- hexyl)cycl ohexane. 6 w. % of

4-[trans-4- (3E-pentenyl)cycl ohexyl ] -4' propyﬁ-4ﬁnjahenyl 6 W . % of

trans- 4- propylcyclohexanecarbox lic aC|d

4-[trans-4-(3E-p sp E-aronenyl) qyclghsxylibenzonitrile,

1-[2<(trans-4-but @Fpghéfiﬁrﬁﬁﬁﬂ%ﬂQSﬂﬁxﬁﬁﬁﬁﬁQPexyl)'

benzene. 4 wt. % T: Vi exyl et | _
ohexy ](qtbf e 5 ch% 9{% 24 (3% *B’ Jte‘hyl)[cvﬁ%%e%:yll

(3E—penteny|)cyc

trans-4-(trans-4-yg sﬂ!*'t%e@@) %ﬁ%ﬂ%'@(iﬁ’ﬂ%ﬁ%dt&ﬁﬁ']@yclo-

4-f1 uorophenyl ester,

anec rboxylic acid 4- fluorophenyl ester
trans-4-[trans-4- (aBEmoemtﬁn decye/ @ m)&ﬂe‘x("yl?:gz‘ilo—
4-fl uorophenyl ester; m p fexdd @rar bo¥yldc B a A1 TRidroph et ton

(22C) = 12 s, tafps (¢ 23@°c; A0 p1s (N-Of)f 7022G) vy 2Lk 6.10Wf ip (« 2Q@oas 330
nms; [err] = 0.10% A\/|=xt1w<hsE Tt W P @ls, An = 0.084.
4-(trans-4- (1E—propeny|)cyc|ohex ] benzo- nitrile. 5.64 wt. % of
4-[trans- 4- ( 3E- pMitxtade ®y/cl ohexyl | benzo- nitrile, 11.28 wt. % of
4- etﬁgxy 1-(trans-4-(3E-pentenyl)cycl ohexyl]- benzene. 4.70 wt. % of
trans-4-(trans- 4IGB¥Uuﬁem¢Iﬁ@pﬂ&ﬂiﬁhﬂﬂ&ﬁﬂﬂ&r(ﬂﬁb&ﬁﬁﬂﬁ%ﬁ&Mﬂhﬂhﬂxwl]GM&QQM
of trans-4-[trans-4- (3E- pentheranesanbomdtrijle.cycl ohexanecarbonitrile.
11,8 W, 96 of &1 WE.& m M@ﬁﬁ%@%ﬁﬁ%%ﬂywﬂ@}@m&ﬁzﬁéw
igrdle.ot hox cl.o-
ArPeROSRL ey SlgheRILlcyelo-
exane
S

hexyl cyclohexané

pyrimdine. 5. 64 96 f t |

4-(trans-4-(3E- pe q‘) fr stert, P flt:?cq.ohexyl)-
- e eI 3b%BQ%myl)cyclohexyl]cyclo-

4-[trans-4- (3- penfErpy )%C)GCH
hexanecarboxyllc acxd 4-fluorophenyl ester,
10 wt.% of trans-4-ftrans-~-4-(4-pentenyl)cyclohexyl)cyclo-
hexanecarboxylic acid 4-fluorophenyl ester:
m.p. < -20°C, ¢l.p. (N-1I) 81l°C; Vipo = 2.41V, p = 0.211,
ton = 24 ms, toff = 37 ms, An = 0.067.

9. 40{ wt . % of trans 4 (3E—

(J/ Mixture C

10 wt.% of 4-[trans-4-(lE-propenyl)cyclohexyl]lbenzonitrile,
15 wt.% of 4-ethoxy-l-[trans-4-(3E-pentenyl)cyclohexyl]-
benzene,
12 wt.% of trans-4-[{trans-4-(3-butenyl)cyclohexyl]cyclo-
hexanecarbonitrile,
T 10 wt.% of trans-4-{trans-4-(3E-pentenyl)cyclohexyl]cyclo-
(N hexanecarbonitrile,
8 wt.% of trans-4-[{trans-4-(4-pentenyl)cyclohexyl]lcyclo-
hexanecarbonitrile,
15 wt.% of trans-4-(3-butenyl)-l-(trans-4-ethoxycyclohexyl)-
cyclohexane,
8 wt.% of 1-[2~-(trans-~4~-butylcyclohexyl)ethyl]-4-(trans-4-
~pentylcyclohexyl)benzene,
8 wt.% of trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclo-~
hexanecarboxylic acid 4-fluorophenyl ester,
8 wt.% of trans-4-[trans-4-(3E-pentenyl)cyclohexyl]cyclo-
hexanecarboxylic acid 4-fluorophenyl ester,
6 wt.% of trans-4-{trans-4-(4-pentenyl)cyclohexyl]jcyclo~
hexanecarboxylic acid 4-fluorophenyl ester:
m.p. < ~30°C, cl.p. 84°C, nematic; Vg5 = 2.35V: t,
(22°C) = 15 ms, tgp (-20°C) = 309 ms, toff (22°C) = 27
ms, toff (-20°C) = 420 ms; An = 0.088.



- 47 - 9.40°wt. % of 1-[2-(trans-4-butylcycl ohexyl)ethyl]-4-(trans-
- 4-pentyl cycl ohexyl ) benzene, 3.76-wt . % of
4-[2-(trans-4-butyl cyc) ohexyl)ethyl]-4"- .
-[trans-4-(C_%E—pentenyI)cyclohexyl]biphenyl,_7.4 2 W . % of
trans-4-[trans-4-(3-butenyl)cycl ohexyl]cycl o- "hexanecarboxylic acid
4-fluorophenyl eMiStura PP W . % of
trans-4-[trans-4-(3E-pentenyl)cycl ohexyl]- cycl ohexanecarboxylic acid
4-fluorophenyl egicekic.® pf 4-182has-h-qhERprOpeaiil) cyeroherylYbenzonidrYie,
ton (22[err] = 16 6wt.R00f=4C{22Ens=43QBErpropenl1)29Clohekflibenkzonfitrile,
(-20[err] = 350 2 whn$=of. 40éthblyt-a-¢ ticah8-et-(3Espentenyl)cyclohexyl]-~
4-[trans-4- (1E- propenyl ) cycbenzenel.benzonitrile, 12 wt.% of
4- ( 2E- but eny| oxy) 51wt #ans- £rpnepd-E fcaosety|(B-busepyrad cyslohexydicyclo-
trans-4-[trans-4-(3- but enyl heyxanegarpopdfside.hexanecarbonitrile, 7 w. % of
trans-4-[trans- 4- SEﬁpénpéngzgéﬁcﬁoﬁéiﬁP cicl(3E-peRsRBY AP BY¥RLPRPKE1IGYHA 09
of trans-4-[trans-4-@4-pent Apegarbeal ;;&gelo- hexanecarbﬁnitiihg. i@r
Wt . % of trans-4- a2 Wrody of- ?; Hgbgi LY LOXEydrhERPEY 2 -REOPEAEXSAR XY LA o6
of trans-4-(3E-pentenyl)-l- S =yt [0)'¢ clo- hexyl)cyclohexan wt . %
of trans-4-propyﬁ y@FO e?&n gﬁ- —é- ;ggﬁﬁényq)—g—{¥r£n¥—4-e%ﬁoxgbyglo—
4- [ty ans- 4- ( 3E- penrt eny cly0 phenyk_ . 12 a1 _
1-[ 2- trans-4-but3l§§é%%%exﬁt ﬁE L-4?% rg%éﬁﬁyyiggﬁ%%#%g%wéﬂe§ylfﬁgﬁyéne.
S wh. % of 4-[2-(tgage- 4 Bt traks ﬁhﬁiﬁb&QEgﬁthéxﬁhééﬂibéxylic acid
- pentyl cycl ohexyl ) bi phenyl, 43 ['\¢xal5Q4~ (3E-pentenyl)cyclohexyllphenyl ester,
5‘(tB;PS‘4‘pentYHGYQEQbe&f|h;isztthﬁﬂizﬁutylcyclohexyl)ethyl]-4—(trans-4-
- propyf cycl ohexyl) phenyl ] pyLpénéiyleycd obexy19f benzene, _ _
trans-4-[trans-4- @3wtukeo¥l pcyal-ghesnsl avputylogsaoheaydosyrhiyt jagirdftrans-4-
4-f| uorophenyl ester. 8 wt.%@E-pentenyl)cyclohexyllbiphenyl,
trans-4-(trans-4- 83tpanbéntirangchelierangcgecl(d~-buteaydfaybdnhbkyljcydlo-
4-fl uorophenyl ester: mp. hexaGeearpoxylip. at@dCa-fémarophenyld eszed4dV.
ton (22[err]) = 16 AsWt.8nof (tzehernlftrapsec4md3Erpentenyl)cyclehaxylicyrlo
(-20C) = 370 ms: An = 0.096. M-xhexanecagbexyldgfacid 4-fluorophenyl ester:
4-(trans-4-propyﬂe§el6he§ PepreRioli-t BOPEC.gngRaklEs Vip = 2.82V, tsp
4-[trans-4- (1E- pA@BERY| Fcyél Bﬁexfg};befnioﬁpt‘flm & 220 ms, toff (22°C) =

21 ms, t 0 = 330 ms; _

1l . off (—2 n = 0.105.
-/ Mixture E
" 9.40 wt.% of 4-[trans-~-4~(1lE-propenyl)cyclohexyl lbenzo-
nitrile,
5.64 wt.% of 4-[trans~-4-(3E-pentenyl)cyclohexyl lbenzo-
nitrile,
_ 11.28 wt.% of 4-ethoxy-l-{trans-4-(3E-pentenyl)cyclohexyl]-
&Vf benzene,
: 4.70 wt.% of tramns-4-f{trans-4-(3-butenyl)cyclohexyl]cyclo-
hexanecarbonitrile,

6.58 wt.% of tramns-4-[{trans-4-(3E-pentenyl)cyclohexyl]-
cyclohexanecarbonitrile,

11.28 wt.% of trans-4-allyloxy-l-(trans-4-propylcyclohexyl)-
cyclohexane,

9.40 wt.% of trans-4-(3E-pentenyl)-l-(trans-4-ethoxycyclo-
hexyl)cyclohexane, _

6.00 wt.% of 2-cyano-5-(trams-4-butylcyclohexyl)-
pyrimidine,

5.64 wt.% of trans-4-propylcyclohexanecarboxylic acid
4-[trans-4-(3E-pentenyl)cyclohexyl lphenyl
ester,

5.64 wt.% of 4-[{trans-4-(3-pentenyl)cyclohexyl]-4'-propyl-
biphenyl,



10 wt . % of trans-4-(trans-4-vinylcycl ohexyl)cycl ohexane- carbonitrile, 8

.% of trans-4-[trans-4-(3E-pentenyl)cycl ohexyl]cycl o- hexanecarbonitrile.
10 W . % of . t rans- 4- et hoxy- 1-[trans-4-(3E-pentenyl)cycl o-- 48 - 48 -
hexyl ] cycl ohexane. 8 wt. % of trans-4- et hoxy- 1- {4 r ans- 4- (4- pent enyl ) cycl o-
hexyl ] cycl ohexane, 8 wt.% of 2-cyano-5- (trans 4- but yl cycl ohexyl ) pyri mi di ne.
3 wt. % of 2-cyano- 5? '@t Ss Aof)ef‘t i%’&ﬂﬂ?;ﬁ D1 dY A dtfexy1 Yoe PO -a- (trans-
4- ( 2E-but'enyl oxy) - 1-[trans- 4- (ta fy ohexyl)benzene,
cyclohexyl)cyclohexy&&b@@zgwug ii -@é ns-4-butylcyciohexyl)ethyl]l-4'-
trans-4-[5-(trans-4-butyl cycl ohepgydans’-4a- (3E-pentenyl)cyclohexyllbiphenyl,
-pyrimdiayl ] cycl ohes@anecax hohitranss,4-q siaéd-of- (3-butenyl)cyclohexyl]lcyclo-
t rans-4- propyl cycl ohexanecar boxydxanexanboxylic acid 4-fluorophenyl ester,
4-[trans- 4- ( 3E- perd ny | Wty | afh ebwd i gyt £ axst - ( SEperteriyl ) cyclohexyl]-
1-[trans-4-(trans-4-propyl cycl atysddbexanedanbdiyl ict-ad i riotfdnmarephehyik . %
of trans-4-[trans-4-(3-butenyl) hexyl ] cycl o-. hexanecar boxylic aC|d
4-f| uor opheny| eé‘& < 'Vﬁo 0fCL.P. 95°C, nematic; VIO = 2.3%V, t
trans-4-[trans- 45523 t%r%ﬁ)%%/-cl'tdxew Q- =30 dar Hosf i(@?é’&)d =

r

4-f | uor ophenyl 15 tpf i ARG )= msgoAn e ft}®4. vio = 1. 71V. ton
(220) = 19 ms. tqu (-20C). = 530 ns. toff (220) = 34 ns. toff (-200) = 772
%@&iﬁ-’e—ﬁ . % of

ns. %ﬁ’ 0. 094.
4- (tf ns-4- propy|ﬁth9 )i) 'lléiziiﬁqp ﬁ%&i clo llbenzonitrile,
4-[trans-4- (| E prop i Odﬁxy deyclohexyl)-
trans-4-(trans-4-viny cyclo e/,Cl O exane- carbonltrll 'ﬁ
trang- 4- net hoxy- 1dtwan§d’r( a8 Q-3 HRetd iy )y HRAEF L dfzto-%
of tia—ﬁs 4- et hoxy-1-[trans- ﬁd&m&ﬁwm@m&exyl] cycly?r}exane ]l%
of trans-4-et hoxy-7A -t e ébdaiﬁmnmds)—wam-ﬂamddm@ﬂwmu&ww%
of 1-(2-(trans-4-butyl cycl ohmgdnedantdnid(itegns- 4-
-pentyl cycl ohexyl barzenaf & nanskde{| traass—44-(a-pan tenyt 1y cdidhexyldopd o~
aci d 4-[trans-4-(3E- pent enylhexanesanboititddye, ester. 8 wt % of
1- [trans 4- (transt2 wdpwfcwmaﬂﬁeogﬂa)ldwmﬁwquans -4-propylcyclohexyl)-
cyclohexane,
10 wt.% of trans-4-(3E-pentenyl)-l-(trans-4-ethoxycyclo-
hexyl)cyclohexane,
8 wt.% of trans-4-propylcyclohexanecarboxylic acid
\,/ 4-[trans-4-(3E-pentenyl)cyclohexyllphenyl ester,
10 wt.% of 1-[2~(trans-4-butylcyclohexyl)ethyll-4-(trans-4-
-pentylcyclohexyl)benzene,
5 wt.% of 4-[2-(trans-4-butyleyclohexyl)ethyll-4-(trans-4-
-pentylcyclohexyl)biphenyl.
3 wt.% of 5-(trans-4-pentylcyclohexyl)-2-~-f4-(trans-4-
-propylcyclohexyl)phenyl]lpyrimidine,
4 wt.% of trans-4-[trans-4-(3-butenyl)cyclohexyl]cyclo-
_ hexanecarboxylic acid 4-fluorophenyl ester,
8 wt.% of trans-4-[trans-4-(3E-pentenyl)cyclohexyl]cyclo-
hexanecarboxylic acid 4-fluorophenyl ester:
m.p. < -30°C, cl.p. 109°C, nematic: Vo = 2.84V, ty,
(22°C) = 16 ms, tgp = (-20°C) = 336 m8, togg (22°C) =
26 ms, tgoff (-20°C) = 370 ms; An = 0.096.

Mixture G

10 wt.% of 4-(trans-4-propylcyclohexyl)benzonitrile,

8 wt.% of 4-[trans-4-(1lE~propenyl)cyclohexyllbenzonitrile,

10 wt.% of trans-4-(trans-4-vinylcyclohexyl)cyclohexane-~
carbonitrile,

8 wt.% of trans-4-[trans-4-(3E-pentenyl)cyclohexyllcyclo-
hexanecarbonitrile,

10 wt.% of trans-4-ethoxy-l-[trans-4-(3E-pentenyl)cyclo-



-4-fl uordberizene. 6 w . % of
1-[trans-4-(trans-4-vinyl cycl ohexyl)cycl ohexyl]- -4-fluorobenzene, 4 w.%
of 4-[2-(trans-4- butylcyclohexyl)ethyl] 4' -[¢rans-4-

- (3E- pent enyl ) cycl ohexyl ] bi phenyl . 3 wt. % of _ a8
5- (trans-4-pentyl cycl ohexyl)-2-[4-(trans-4-

- propyl cycl ohexyl ) phenyl | pyr h@kgt Peyc Bobxn !
trans-4-(4- pentenyh)auctOBﬁxaasﬁaLboéyhbﬁyatxﬂcﬂaﬁéUQLomhﬁeuteﬁflyéycnbp <
-30C. -cl.p. 88C. nematic; VlRegyR]ePviohewah&llerr]) = 12 ns, ton (-20C) =
221 nms. toff (2208 QB.tEoftDiéyénagse(tténs—&gﬁuuslc?elohexyn)ﬁﬁﬁimidine49
- Mxture | 7 w.%owtds(ofakscyanoedy(tyahshéxpenbrheypalohexyl)gynimidbhe,
4-(trans-4- (1E—propewyL)c95|ehé29+»beeunhoxy)+k—tnoans-é&bcran8-4—propyl—
trans-4- (trans-4-vinyl cycl ohexgloboxybhexahehexyl bbenzenee. 10 w . % of
trans- 4- net hoxy- I-PtV§n¥ 9f (Brapent eh§+ 69%“6—4th9Y1€V€1©h@¥ﬁhb—zio Wt .
of trans-4-ethoxy-1 (trans 4= SCbﬂ%ﬁh?Y Fbﬁ%ﬁ§¢¥ecé bonherhhe. 12 Wt . /
of trans-4-ethoxy-8-VErinet 4‘ QE? nPES Y € L%he%%§2F§§2 FohaKapelds w. %
hexyl]phenyl ester,

of 1-[2-(trans-4-byty]|cycl h R PﬁyfT Qoyl)
Cpentyi cycl ohoxyl ) Be ﬁ ¥ bENL tz ? sﬁggasp%ogwe%ﬁsme%ﬁ’éw%&&?hﬁxm-
acid 4-(trans-4- (3 y
1-[tkans- 4- (trans rb yF%yé §i §u€§¢ % ch%'w
of 1-Ttrans-4-(traq Swé ¥' I &Y, EX 5 S inten &¢yife élo—
wt. % of 4-]2- (trans 4- bUt &i@ﬁ@éﬁ 5;1 4a€fu :ophenyl esf;i.
(3E-penteny|)CyChOBexxllba endi §po 0 ematic; = 1.71V, t,
5- (trans-4-pentyl gyge@hexyiy- 8514: gnﬁoﬂg& 530 ms. coff (22°c)°=
- pr opy cycl ohexylwhﬂé\yligyfl (i 20 %€) #f An = 0.094
trans- 2- (4-fl uorophenyl) 4-pentenyl )-m -di oxane; mp. < -30[err] cl.p.
81C. nematic: ViMixBufié\H ton (22[err]) = 14 ms.,[err] (-20[err]) = 249
ms, toff (22C) = 26 ns. toff (-20C 342 s, An 0.087. Mxture J 10 m.%
of 4-(trans-4-propZIﬂVc%oMéx +gtm&nswﬁ{pt¢nylcyclohexyl)benzonitr11e.
wt.% of trans-4-(1lE-propenyl)cyclohexyl]lbenzonitrile,
10 wt.% of trans-4-(trans-4-vinylcyclohexyl)cyclohexane-
carbonitrile,
10 wt.% of trans-4-methoxy-l-{trans-4-(3E-pentenyl)cyclo-
hexyl]cyclohexane,
. 10 wt.$ of trans-4-ethoxy-l-[trans-4-(3-butenyl)cyclohexyl]-
o/ cyclohexane,
12 wt.% of trans-4-ethoxy-l-{ftrans-4-(3E-pentenyl)cyclo-
hexyl]lcyclohexane, _
wt.% of 1-f2-(trans-4-butyleyclohexyl)ethyl]-4-(trans-4-
-pentylcyclohexyl)benzene,
wt.% of trans-4-propylcyclohexanecarboxylic acid
.4~[trans-4-(3E-pentenyl)cyclohexyl]phenyl ester,
wt.$ of l~-[trans-4-(trans-4-~ p:opylcyclohexyl)cyclohexyl]—
-4-fluorobenzene,
Wwt.% of 1-[trans-4-(trans-4 —v1ny1cyclohexy1)cyclohexyl]-
~-4-fluorobenzene,
wt.% of 4-[2-(trans-4-butylcyclohexyl)ethyl]-4'~-[trans-4-
~{3E-pentenyl)cyclohexyllbiphenyl,
3 wt.% of 5-(trans-4-pentylcyclohexyl)-2-[4-~-(trans-4-
-propylcyclohexyl)phenyllpyrimidine,
8 wt.% of trans-4-(4-pentenyl)cyclohexanecarboxylic acid
4-fluorophenyl ester;
m.p. < -30°C, cl.p. 88°C, nematic; Vg9 = 2.29V, typ
(22°C) = 12 ms, tgop (-20°C) = 221 ms, tofef (22°C) =
23 ms, toff (-20°C) = 296 ms, An = 0.080.

o o

w o



7 wt.% of 4-{trans-4-vinyl cycl ohexyl)benzonitrile, 8 wt.% of -

4-[trans-4- (| E-propenyl)cycl ohexyl-] benzonitrile. 6 w. % of

4- et hoxy- 1-T{trans-4-propyl cycl ohexyl ) benzene. 10 wt . % of

trans-4- met'hoxy-1-[trans-4- (3E—penteny|)cyc|o- hexyl cycl ohexane. 10 wt.%
of trans-4-ethoxy-1-[trans-4-(3-butenyl)cyclotkyt]- cycl ohexane, 12 wt.%
of trans-4-ethoxys-l- ltra -4- (3E—penteny|)cyc|o- hexyl ] cycl ohexane. 8 wt. %

of ﬁ ﬁZE-FytenYIh I ans- 4- (trans propyl-
cycl ohexyl) cycl ohexyl, n ..
12 ({Tans o but qy%:;fréi A &5&3 e,

6 wt.%of trans-4g
1 -
4-(trans-4- (3E—penteny cycl ester %wlqyeﬁY‘?€¥010hexane

-bi s- (trans-4- propy Wy G eLads J!I—-l%r.@‘ns-d; (3E-pentenyl)cyclo-
5-(trans-4- pentylcyclohexyl)néij& draue ne,

- propyl-cycl ohexyl 3@hetya |gf/ rd a1 e-etthosty-b-fftrans-4-(3-butenyl)cyclohexyl}-
trans-4-[trans-4-(4-pent ent dyahohedane, | cycl o- hexanecar boxylic acid

4-f| uorophenyl esx2rwt.% of Manm%emo:m{m[rq:arm-.%(%[wnqenyriemd]m-
[err] , 2.41V. ton (220 Texwl Joayoilahe@ne,r|) = 195 ns, toff (22[err]) =
21 'nms. toff (-20[ & MG mﬁzw&&as-(wam-m-mn@mmwynetmmﬂmms -4-
the deneral fornula 2 [err WHQRRM#?WQ%QHQKﬁkﬁhﬁﬁﬁﬂnﬂ)r|ne or. chlorine and
[err] denotes hydr%gj\ﬁ"n-"i fq &r‘i%‘cﬁ“ﬂﬂﬂ&iﬂw&l q’ﬁYé§-°3B°d44<enyl

v g 5114 Car v HOnk o L G R S
Covaius "bond, oRpe: %@%@rggﬁmﬂ@ n@” R B A
e oS S A 5“ S

non- -adjacent CHZ QrOUP AN (! rtgut —4-

unsubstituted 1.4-phenyl ene_dﬂb@ymdybnaﬁdgyyydﬁéﬁ&ﬁ?giyigﬁéﬁﬁg?i g g?oups

is/are replaced 8 wt.% of trans-2-(4-fluorophenyl)-5-(4-pentenyl)-m- _
~dioxane:

m.p. < -30°C, cl.p. 81°C, nematic: Vjg = 2.15V, tgo,

(22°C) = 14 ms, top (~20°C) = 249 ms, torf (22°C) =

26 ms, toge (~20°C) = 342 ms, An = 0.087.

'S—N

Mixture J

10 wt.3% of 4-(trans-4-propylcyclohexyl)benzonitrile,
7 wt.% of 4-(trans-4-vinylcyclohexyl)benzonitrile,
8 wt.% of 4-[trans-4-~(1E-propenyl)cyclohexyllbenzonitrile,
6 Wwt.% of 4-ethoxy-1l-(trans-4-propylcyclohexyl)benzene,
. 10 wt.% of trans-4-methoxy-l-[{trans- 4- (3E-pentenyl)cyclo-~-
G hexyl]cyclohexane,
.10 wt.% of trans-4-ethoxy-l-[trans-4-(3-butenyl)cyclohexyl]-
¢yclohexane,
12 wt.% of trans-4-ethoxy-l-[trans-4-(3E-pentenyl)cyclo-
hexyl]eyclohexane,
8 wt.% of 4-(2E-butenyloxy)-1l-{trans-4-(trans-4-propyl-
cyclohexyl)cyclohexyllbenzene,
8 wt.% of 1-[2-(trans-4-butylcyclohexyl)ethyll]l-4-(trans-4-
~-pentylcyclohexyl)benzene,
6 wt.% of trans-4-propylcyclohexanecarboxylic acid
4-{trans-4-(3E-pentenyl)cyclohexyl]lphenyl ester,
4 wt.% of 4,4'-bis-(trans-4-propylcyclohexyl)biphenyl.
3 wt.% of 5-(trans-4-pentylcyclohexyl)-2-[4~(trans-4-
-propylcyclohexyl)phenyl]lpyrimidine,
. 8 wt.% of trans-4-[trans-4-(4-pententyl)cyclohexyl]cyclo-~
hexanecarboxylic acid 4-fluorophenyl ester;



by nitregen® with the proviso that [err]denotes fluorine or chlorine and/ or
[err]denotes [err] when sinultaneously [err] signi- fies fluorine and [err]
signifies 3E-al kenyl . 2. Conpounds accordiang to claim1, characterized in
that ring [err] stands for substituted or ‘unsubstituted

trans-1, 4-cycl o- hexyl ene, for substituted or-uﬁgubstltuted 1, 4- phenylene or
for pyr|d|ne 2, 5-diyl yrlntdlne 2,5-_-diyl ra2|ne 2 5 diy

Conpounds accordlﬂg to<crapnF1 &t-B: 3ﬁa?acneP€F edv 10 fh%t g tﬂu st ands
for substituted og Engub t}?uzﬁg g:hs §°4cégﬁléﬁ§x9 of £ of ugstrtuted
or unsubstituted 9f§n ? en 7 95t e P] sP Fres substituted or
unsubsti tuted trans 1 4 cyclohexylene or substituted or unsubsti tuted

1, 4~ phenyl ene, alégaigg pyr|n1d|ne 2,5-diyl or trans-mdi oxane-2,5-diyl.
[err] - 50 - m . p. 95[err] nematic: V10 = 2.41V, ton (22[err]
= 12 ms, ton (- 20[err1 = 19505ﬁpoﬁﬁ&§ 6?2Eﬁérbene3&1”§e:ﬁ@i§ (-20[err] =
276 ns. [err] = 0.101. dains 1. Conmpounds of the general fornula [err]
wherein [err] denotes quorlne or chlorine and [err] denotes hydrogen,
fluorine or chlorine; [err] signifies 3E-al kenyl having 4-15 Earbon at ons,
4-al kenyl having 5-15 carbon atons, 2E-al kenyl oxy having 3-}¥"carbon atons
or 3-al kenyl oxy having 4-14 c : 1;

: atons: ands for the 0 or
one t he groups [err] )| | gnizf\ [
Q\/ oF ) _ i ghified ng?e covalent

[err] and the other o
unsubstituted trans-1, 4-cycl ohexyl ene, in mhlch optlonally 2 non- -adjacent
[err] groups are replaced by oxygen r substituted or unsubstituted

}eglacegngnﬁlttgggﬂizgﬁggtlO IhgiigﬁﬁsE g° ?$gﬂ§5§ EUE?UQ?égéfgi ies

chlorine and/or [err]zge Q_fgny ggﬁ 04l 4fllﬁéﬂﬁ v Rg
fluorine and [err] 5'991 | €8x Sh¥! - 2E-alkenyloxy having 3-14 carbon
atoms or 3-alkenyloxy having 4-14 carbon atoms: n
stands for the number O or 1: one of the groups vl
and Y2 signifies a single covalent bond, -COO-,
-00C-, -CHzCHy-, ~CH20- or ~OCHy- and the

other of the groups Yl and Y2 51gn1f1es a single
covalent bond; and rings Al and AZ each

individually signify substituted or unsubstituted
trans-1,4-cyclohexylene, in which optionally 2 non-
-adjacent CH, groups are replaced by oxygen, or
substituted or unsubstituted 1,4-phenylene, in which
opt1ona11y 1 CH group or z CH groups is/are replaced
by nitrogen; with the proviso that X2 denotes
fluorine or chlorine and/or Yl or Y2 denotes

~CH20- or -OCHz- when simultaneously Xl signi-

o fies fluorine and Rl signifies 3E-alkenyl.

2. Compounds according to claim 1, characterized in
that ring Al stands for substituted or unsubstituted
trans-1,4-cyclo-hexylene, for substituted or unsubstituted
1l,4-phenylene or for pyridine-2,5-diyl, pyrimidine-2,5-
-diyl or pyrazine-2,5-diyl.

3. Compounds according to claim 1 or 2, charac-
terized in that ring A2 stands for substituted or
unsubstituted trans-1,4-cyclohexylene, for substituted or
unsubstituted 1,4-phenylene or, when ring Al signifies
substituted or unsubstituted trans-1l,4-cyclohexylene or
gsubstituted or unsubstituted 1,4-phenylene, also for
pyrimidine-2,5-diyl or trans-m-dioxane-2,5-diyl.
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2. Conpounds according to claiml, characterized in that

stands for” substituted or unsubstltut ed trans-1,4-cycl o hexyl Zm'm 'ﬂ"l""”l‘””m
substituted or unsubstituted 1.4-phenylene or for pyri

pyrimdine-2,5- -diyl or pyrazine-2.5-diyl.+ 3. Cbnpounds accordlng to
claim1l or 2. charac- terized in that ring A%yitands for substituted or
unsubstituted trans-1, 4-cycl ohexyl ene, for S tTtuted or unsubsti tuted

1, 4- phenyl ene t bstituted
trans- 1, 4 cycl olfgBdien er"*&%q,{f‘tﬂ‘%ﬁ't%ﬁf}}f‘f, "ﬂﬁ; t e Qgﬁei?'gng “al so
for pyrinidine- ]_]dfy jﬁﬁ}%& 0 101_ .

Conpounds according to a one of clarns 1 to 3 characterlzed |n that ring
[err] denotes trans-1, 4-cyclo- hexyl ene, 1, 4-phenylene, pyridine-2.5-diyl,
pyrimdine- -2. gidims or pyrazine-2.5-diyl and ring A2 signifies

trans- 1. 4-cycl ohexylene. 5. Conpounds: according to claim1l1, characterized
by the general formilla [errJonparuridsivef citve [gendrahvBoxmelai gni fi cances
given in claim1l. 6. Compounds according to any one of clains 1 to 5.

characterized in that [err] signifies fluorine and [err] signifies hydrogen
or [err] signify fluorine or [err] signifies chlorine and [ezr] signifies

hydr ogen. 7. Conpounds accordlng to any one of clalns 1

characterized in that [err]siy es a_st ~ 8. A
liqui.d crystalline mxtuyefhdvihgdaty? agteri zedtin
that at |east one conponent\iNs a fonpodp h claiml1 and is

present in an anount of about The use of t he conpounds of
fornula | defined in claim1 for electro- optlcal pur poses.

wherein X1 denotes fluorine or .chlorine and X2
denotes hydrogen, fluorine or chlorine: Rl signifies
3E-alkenyl having 4-15 carbon atoms, 4-alkenyl having
5-~15 carbon atoms, 2E-alkenyloxy having 3-14 carbon
atoms or 3-alkenyloxy having 4-14 carbon atoms: n
stands for the number O or 1; one of the groups Y!
and Y2 signifies a single covalent bond, -COO-,
-00C-, -CHCHy-, -CH0- or -OCHZ- and the

other of the groups Yl and Y2 signifies a single
covalent bond: and rings Al and A2 each

individually signify substituted or unsubstituted
trans-1l,4-cyclohexylene, in which optionally 2 non-
-adjacent CH, groups are replaced by oxygen, or
substituted or unsubstituted 1,4- phenylene. in which
optionally 1 CH group or z CH groups is/are replaced
by nitrogen; with the proviso that X2 denotes
fluorine or chlorine and/or Yl or Y2 denotes

~CH20- or -OCHz- when simultaneously Xl signi-

fies fluorine and Rl signifies 3E-alkenyl.

2. Compounds according to claim 1, characterized in
that ring Al stands for substituted or unsubstituted
trans-1,4-cyclo-hexylene, for substituted or unsubstituted
1,4-phenylene or for pyridine-2,5-diyl, pyrimidine-2,5-
-diyl or pyrazine-2,5-diyl.

3. Compounds according to claim 1 or 2, charac-
terized in that ring A2 stands for substituted or
unsubstituted trans-1,4-cyclohexylene, for substituted or
unsubstituted 1,4-phenylene or, when ring Al signifies
substituted or unsubstituted trans-1l,4-cyclohexylene or
substituted or unsubstituted 1,4-phenylene, also for
pyrimidine-2,5-diyl or trans-m-dioxane-2,5-diyl.
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4. Compounds according to any one of claims 1 to 3,
characterized in that ring Al denotes trans-1,4-cyclo-
hexylene, 1l,4-phenylene, pyridine-2,5-diyl., pyrimidine-
-2,5-diyl or pyrazine-2,5-diyl and ring A2 signifies
" trans-1l,4-cyclohexylene.

5. Compounds according to claim 1, characterized by
the general formula

x2

I-23

wherein Rl, X1, X2 and Yl have the
significances given in claim 1.

6. Compounds according to any one of claims 1 to S,
characterized in that Xl signifies fluorine and X2
signifies hydrogen or X1l and X2 signify fluorine or
X1l gignifies chlorine and X2 signifies hydrogen.

7. Compounds according to any one of claims 1 to 6,
characterized in that Rl signifies a straight-chain
residue. .

8. A liquid crYstalline mixture having at least 2
components. characterized in that at least one component
is a compound in accordance with claim 1 and is present in
an amount of about 1-50 wt.%.

9. The use of the compounds of formula I defined in
claim 1 for electro-optical purposes.



