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Description 

The present invention is concerned with novel 
compounds havinq alkenyl or alkenyloxy qroups. liquid · 
crystalline mixtures which contain these compounds as well 
as their use for electro-optical purposes. 

Liquid crystals have recently qained considerable 
importance as dielectrics in indicatinq devices. since the 
optical properties of such substances can be influenced by 
an applied voltaqe. Electro-optical devicea based on 
liquid crystals are well known to the person skilled in 
the art and can be based on various effects such as. for 
example. the dynamic scatterinq. the deformation of 
aliqned phases (DAP cell) the Schadt-Helfrich effect 
(rotation cell). the quest/host effect (quest/host cell) 
or a cholesteric-nematic phase transition (phase chanqe 
cell). 

The liquid crystals which are used must have a qood 
stability towards heat. moisture. air. electromaqnetic 
radiation. electrical fields and the like. Further. they 
should be colourless. should ·have short response times and 
low viscosity. should qive a qood contrast and should have 
a nematic or cholesteric mesophase in the entire 
temperature ranqe in which the liquid crystal cell is to 
be operated. Since liquid crystals are usually used as 
mixtures. it is. moreover. important that the components 
have a qood miscibility with one another and at the same 
time form a nematic or cholesteric mesophase. Other 
properties such as. for example. the electrical 
conductivity. the threshold potential. the multi­
plexibility and the dielectric anisotropy must fulfil 
different conditions dependinq on the type of cell which 
is used. 

The object of the present invention are the ·compounds 
of the qeneral formula 

I 

wherein n stands for the number o or l: the rinqs 
Al. AZ and Al represent 1.4-phenylene. 2-fluoro­
-1.4-phenylene or trans-1.4-cyclohexylene or one of 
these rinqs also represents a 2.5-disubstituted 
pyrimidine rinq or a trans-.2.5-disubstituted m-dioxane 
rinq: xl represents a sinqle covalent bond. -COO-. 
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-OOC-, -CH2CH2-· p-C&H4-, -CH2CH2-P-C6H4-, 
-CH2CH2-P-C6H4-CH2CH2- or, insofar as the 
rings Al and A2 represent l,4-phenylene, also an 
azoxy group -N•N(O)- or -N(O)=N-, R2 represents 
lE-alkenyl, 2Z-alkenyl, 3E-alkenyl, 4-alkenyl or V 
alkenyloxy• with the proviso that the oxygen atom in 
alkenyloxy is linked with a saturated carbon atom: and 
al signifies lE-alkenyl, 2Z-alkenyl, 3E-alkenyl, 
4~alkenyl or, insofar as a2 represents alkenyloxy, 
also alkyl: with the proviso that residues al and 
a2 attached to a benzene or pyrimidine cing signify 
3E-alkenyl, 4-alkenyl or in the case of a2 also 
alkenyloxy or in the case of al also alkyl. 

Certain compounds falling under formula I, namely 
those in which al signifies c1-c10-alkyl, the rings 
Al and A2 each signify 1.4-phenylene or trans-1,4-
-cyclohexylene. xi signifies a single covalent bond, n 
signifies the number o and a2 signifies an alkenyloxy 
group, are described in EP-A-0136501 (designated · V 
Contracting States: CH, DE, FR, GB, LI) as intermediates 
for trialkanoyloxysilanes. With respect to the compound 
aspect in these States the present invention is therefore·· 
concecned only with compounds of focmula I in which 
simultaneously al does not signify alkyl, the rings Al 
and A2 do not each signify l,4-phenylene or trans-1,4-
-cyclohexylene, xl does not signify a single covalent v 
bond. n does not signify the number o and a2 does not 
signify alkenyloxy. 

The compounds in accordance with the invention have 
the cequired pcoperties mentioned above and. moceovec, 
exhibit with cespect to vacious pacameters· improved values 
compared with known liquid ccystal components. For 
example, the compounds with side-chains such as 
lE-alkenyl, 3E-alkenyl. (2E-alkenyl)oxy. (4-alkenyl)oxy 
etc have, in general, improved mesophase ranges and 
cleacing points and mostly also shocter response times in 
comparison to the corresponding compounds with saturated \...) 
side-chains. On the other hand, the compounds with side­
-chains such as 2Z-alkenyl, 4-alkenyl, (3-alkenyl)oxy, 
(5-alkenyl)oxy etc give. in general, a low viscosity 
(especially an impcoved rotation viscosity y1 ), low 
thceshold potentials. a favoucable catio of the elastic 
constants t 33 (bend) and t 11 (splay) and thecefore 
steep transmission curves and a good multiplexibility. 

The compounds.of formula I have a relatively small 
absolute value of the dielectric anisotropy (.6.c = c11 
- t.1., t91 signifying the dielectric constant along the 
longitudinal axis of the molecule and t~ signifying the 
dielectrid constant pecpendicular thereto) and a low 
conductivity. They are therefore suitable for any· 
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mixtures. i.e. for mixtures with positive. neqative or 
small absolute dielectric anisotropy. and for ali usual 
liquid crystal cells. especially for rotation cells and 
quest/host cells. 

In the scope of the present invention the term 
11 lE-a lkenyl 11 embraces residues such as vinyl. lE-propenyl. 
lE-butenyl. lE-pentenyl. lE-hexenyl. lE-heptenyl. 
lE-octenyl. lE-nonenyl and lE-decenyl. The term 11 2Z-alkenyl" embraces residues such as allyl. 2Z-butenyl. 
2Z-pentenyl. 2Z-hexenyl. 2Z-heptenyl, 2Z-octenyl. 
2Z-nonenyl and 2Z-decenyl. The term 11 3E-alkenyl 11 embraces 
residues such as 3-butenyl. 3E-pentenyl, 3E-hexenyl. 
3E-heptenyl. 3E-octenyl. 3E-nonenyl and 3E-decenyl. The 
term 11 4-alkenyl 11 embraces residues such as 4-pentenyl and 
the E- and/or ·z-form of 4-hexenyl. 4-heptenyl. 4-octenyl. 
4-nonenyl and 4-decenyl. 

The·term 11 alkenyloxy11 in a2 denotes alkenyloxy 
groups in which the oxyqen atom is linked directly with a 
saturated carbon atom (i.e. qroups which have one or more 
carbon atoms between the double bond and the oxyqen atom). 
such as (2E-alkenyl)oxy. (3-alkenyl)oxy. (4-alkenyl)oxy. ·· 
(5-alkenyl)oxy and the like. The term 11 2E-alkenyl)oxy 11 

embraces residues such as allyloxy. (2E-butenyl)oxy. 
(2E-pentenyl)oxy. (2E-hexenyl)oxy. (2E-heptenyl)oxy. 
(2E-octenyl)oxy. (2E-nonenyl)oxy and (2E-decenyl)oxy. The 
term 11 (3-alkenyl)oxy11 embraces residues such as 
(3-butenyl)oxy and the E- and/or Z-form of (3-pentenyl)­
oxy. (3-hexenyl)oxy. (3-heptenyl)oxy. (3-octenyl)oxy, 
(3-nonenyl)oxy and (3-decenyl)oxy. The term 11 (4-alkenyl)­
oxy11 embraces residues such as (4-pentenyl)oxy and the 
E- and/or Z-form of (4-hexenyl)oxy. (4-heptenyl)oxy. 
(4-octenyl)oxy. (4-nonenyl)oxy and (4-decenyl)oxy. The 
term 11 (5-alkenyl)oxy" embraces residues such as 
(5-hexenyl)oxy and the E- and/or Z-form of (5-heptenyl)­
oxy. (5-octenyl)oxy. (5-nonenyl)oxy and (5-decenyl)oxy. 

The term 11 alkyl" signifies in the scope of the present 
invention straight-chain or branched alkyl such as methyl. 
ethyl. propyl. isopropyl. butyl. 2-methylbutyl. pentyl, 
hexyl. heptyl. octyl. nonyl and decyl. The above 
designation p-C6H4- stands for 1,4-phenylene. The term 
11 haloqen11 denotes in the scope of the present invention 
chlorine. bromine or iodine. The term 11 alkali metal" 
embraces lithium. sodium and potassium. 

Formula I above embraces in particular the following 
sub-formulae: 
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whe.cein ai and a2 have the above siqnificances. 

al and a2 p.cef ecably stand f o.c straight-chain 
residues with a maximum of 12 carbon atoms. i.e. for 
straight-chain lE-alkenyl with 2 to 12 ca.cbon atoms. 
straight-chain 2Z-alkenyl with 3 to 12 ca.cbon atoms. 
straight-chain 3E-alkenyl with 4 to 12 cacbon atoms. 
straight-chain 4-alkenyl with 5 to 12 carbon atoms. 
straight-chain alkyl with 1 to 12 carbon atoms or 
straight-chain alkenyloxy with a maximum of 12 carbon \..,I 
atoms. such as straight-chain (2E-alkenyl)oxy with 3 to 12 
carbon atoms. straight-chain (3-alkenyl)oxy with 4 to 12 
carbon atoms. straight-chain (4-alkenyl)oxy with 5 to 12 
carbon atoms. straight-chain (5-alkenil)oxy with 6 to 12 
carbon atoms and the like. Residues R and a2 with a 
maximum of 7 carbon atoms are especially preferred. 

P.cefecced alkenyloxy cesidues a2 a.ce (5-alkenyl)oxy. 
(4-alkenyl)oxy and especially (3-alkenyl)oxy and 
(2E-alkenyl)oxy. Preferred alkenyl .cesidues al and a2 
are lE-alkenyl. 3E-alkenyl and 4-alkenyl. When a2 stands 
foe alkenyloxy. al can preferably also siqnify alkyl. 
Especially preferred compounds of formula I are those in 
which a2 signifies (2E-alkenyl)oxy or at least one of 
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the residues al and a2 siqnif ies lE-alkenyl or 
3E-alkenyl. Preferably. 4-alkenyl stands-for 4Z-alkenyl. 
(3-alkenyl)oxy stands for (3Z-alkenyl)oxy. (4-alkenyl)oxy 
stands for (4E-alkenyl)oxy and (5-alkenyl)oxy stands for 
(SZ-alkenyl)oxy. 

Residues al and R2 which are attached to an 
aromatic rinq. i.e. to a benzene or pyrimidine rinq. 
siqnify 3E-alkenyl. 4-alkenyl or in the case of a2 also 
alkenyloxy or in the case of Rl also alkyl. 

Lateral fluorine substituents mainly give improved 
nematic tendencies. In qeneral. however. compounds without 
lateral fluorine substituents (i.e. without a 2-fluoro­
-1.4-phenylene qroup) are preferred. xl preferably 
denotes a sinqle covalent bond. -COO-. -OOC-. -CB2CH2-
or p-C5H4-. Preferably. n denotes the number o. 

Rinq Al preferably stands for l.4-phenylene when 
xl denotes -ooc-. -N=N(O)- or -N(O)=N and preferably for 
trans-l.4-cyclohexylene in the remaining cases. If xl 
denotes a single covalent bond. ring Al can preferably 
also stand for a 2.5-disubstituted pyrimidine rinq or a 
trans-2.5-disubstituted m-dioxane ring: in this case -
ring A2 denotes trans-1.4-cyclohexylene or p·referably 
1.4-phenylene. Ring A3 preferably stands for 
1.4-phenylene or trans-1.4-cyclohexylene. Ring A2 
preferably stands for l.4-phenylene. a 2.5-disubstituted 
pyrimidine ring or. when n signifies the number o. also 
for trans-l.4-cyclohexylene. 

An especially pref erred group of compounds of formula 
I comprises those in which n stands for the number o. ring 
Al represents trans-l.4-cyclohexylene. rinq A2 
represents 1.4-phenylene and xl denotes a sinqle 
covalent bond. -COO-. -CB2CH2- or p-C5H4-. 

Examples of preferred compounds in accordance with the 
invention are the compounds of formulae Ia. Ib. Ic. Id. 
le. lf. lg. Ih. Ii. Ij. Ik. Il. Im. In. Io. Ip. Iq and Ir 
in which al and R2 in the scope of formulae I in each 
case have the following significances in accordance with 
the claim wording for the respective Contracting States: 

al 

Propyl 
Propyl 
Propyl 
Pentyl 
Pentyl 
Pentyl 
lE-Propenyl 

Allyloxy 
(2E-Butenyl)oxy 
(3-Butenyl)oxy 
Allyloxy 
(2E-Butenyl)oxy 
(3-Butenyl)oxy 
lE-Propenyl 



lE-P.copenyl 
lE-Propenyl 
lE-Propenyl 
lE-Propenyl 
lE-Propenyl 
lE-Propenyl 
lE-Propenyl 
lE-Propenyl 
lE-Propenyl 
lE-Butenyl 
lE-Butenyl 
lE-Buteny_l 
lE-Butenyl 
lE-Butenyl 
lE-Butenyl 
lE-Butenyl 
lE-Butenyl 
lE-Butenyl 
lE-Butenyl 
lE-Pentenyl 
lE-Pentenyl 
lE-Pentenyl 
lE.-Pentenyl 
lE-Pentenyl 
18-Pentenyl 
18-Pentenyl 
lE-Pentenyl 
lE-Pentenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3-Butenyl 
3E-Pentenyl 
3E-Pentenyl 
38-Pentenyl 
3E-fentenyl 
3E-Pentenyl 
3E-Pentenyl 
JE-Pentenyl 
JE-Pentenyl 
JE-Pentenyl 
38-Hexenyl 
38-Hexenyl 
38-Hexenyl 
38-Hexenyl 
38-Hexenyl 
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lE-Butenyl 
lE-Pentenyl 
3-Butenyl 
3E-Pentenyl 
4-Pentenyl 
4Z-Hexenyl 
Allyloxy 
(2E-Butenyl)oxy 
(3-Butenyl)oxy 

·1E-Pcopenyl 
18-Butenyl 
lE-Pentenyl 
3-Butenyl 
3E-Pentenyl 
4-Pentenyl 
4z-.aexenyl 
Allyloxy 
(28-Butenyl)oxy 
(3-Butenyl}oxy 
lE-Pcopenyl 
lE-Butenyl 
lE:-Pentenyl 
3-Butenyl 
JE-Pentenyl 
4-Pentenyl 
Allyloxy 
(2E-Butenyl)oxy 
(3-Butenyl}oxy 
lE-Pcopenyl 
lE-Butenyl 
lE-Pentenyl 
3-Butenyl 

· 3E-Pentenyl 
3E-Hexenyl 
4-Pentenyl 
Allyloxy 
(2E-Butenyl)oxy 
(3-Butenyl}oxy 
(3Z-Pentenyl)oxy 
lE-Pcopenyl 
lE-Butenyl 
lE-Pentenyl 
3-Butenyl 
3g.;.pentenyl 
4-Pentenyl 
Allyloxy 
(2E-Butenyl)oxy 
{3-Butenyl)oxy 
lE-Propenyl 
lE-Butenyl 
3-Butenyl 
4-Pentenyl 
Allyloxy 



\.._..,. 

3E-Hexenyl 
3E-Hexenyl 
3E-Heptenyl 
3E-Heptenyl 
3E-Heptenyl 
3E-Heptenyl 
3E-Heptenyl 
3E-Heptenyl 
3E-Heptenyl 
4-Pentenyl 
4-Pentenyl 
4-Pentenyl 
4-Pentenyl 
4-Pentenyl 
4-Pentenyl 
4-Pentenyl 
4Z-Hexenyl 
4Z-Hexenyl 
4Z-Hexenyl 
4Z-Hexenyl 
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(2E-Butenyl)oxy 
(3-Butenyl)oxy 
lE-Propenyl 
lE-Butenyl 
3-Butenyl 
4-Pentenyl 
Allyloxy 
(2E-Butenyl)oxy 
(3-Butenyl)oxy 
lE-Propenyl 
lE-Butenyl 
lE-Pentenyl 
3-Butenyl 
3E-Pentenyl 
Allyloxy 
(2E-Butenyl)oxy 
lE-Propenyl 
lE-Butenyl 
3-Butenyl 
Allyloxy 

as well as the compounds of formula I named in the workinq 
Examples hereinafter. 

The compounds of formula I can be manufactured by 

a) for the manufacture of the compounds of formula I in 
which xi denotes -COO- or -OOC-. esterifyinq a compound 
of the qenera~ formula 

II 

or a reactive derivative thereof with a compound of the 
qeneral formula 

wherein one of the qroups zl and z2 represents 
-COOH and the other represents -OH: and al. a2. n 
and the rinqs Al. A2 and A3 have the above 
siqnif icance. 

or a reactive derivative thereof. or 

III 
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b) for the manufacture of the compounds of formula I in 
which one of the rinqs Al. A2 and A3 represents a 
trans-2.S-disubstituted m-dioxane ring and xl denotes a 
sinqle covalent bond. -CH2CH2-. p-C6H4-· 
-CH2CH2-P-C6H4- or 
-CH2CH2-P-C6H4-CH2CH2-· reactinq a compound of 
the qeneral formula 

x2~z3 
Ir~ 

IV 

with a compound of the qeneral formula 

2 v 

wherein one of the qroups z3 and z4 denotes '....J 
-CH(CH20H) 2 and the other represents -CHO: x2 
denotes a sinqle covalent bond. -CH2CH2-. 
p-C6H4-. -CH2CH2-P-C6H4- or 
-CH2CH2-P-C6H4-CH2CH2-: the rinqs A4. 
AS and A6 represent l.4-phenylene. 2-fluoro-l.4-
-phenylene or trans-l.4-cyclohexylene: m. n. r and s 
siqnify the numbers o or l and the sum (m+n+r+s) of 
these indices is l or 2. whereby s can only siqnify 
the number l when r stands for the number l and m can 
only siqnify the number l when r stands for the number 
o: and Rl and R2 have the above siqnificances, 

or \..,,) 

c) for the manufacture of the compounds of formula I in 
which one of the rinqs Al, A2 and A3 represents a 
2.5-disubstituted pyrimidine ring and xl denotes a 
sinqle covalent bond. -CH2CH2-· p-C6H4-. 
-CH2CH2-P-C6H4- or 
-CH2CH2-P-C6H4-CH2CH2-. reacting a compound of 
formula IV with a compound of formulf V in which one of 
the qroups z3 and z4 ~epresents H2N-C=NH.HC1 and the 
other represents OHC-C=CHOR3. R3 denotes alkyl and 
x2. al. R2. m, n, r. s and the rinqs A4, AS and 
A6 have the above significances. in the presence of a 
base. or 
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d) for the manufacture of the compounds of formula I in 
which al siqnif ies an alkenyl qroup and a2 siqnif ies · 
an alkenyl qroup or an alkenyloxy qroup and xl denotes a 
sinqle covalent bond -CH2CH2-· p-C6H4-. 
-CH2CH2-P-C6H4- or 
-CH2CH2-P-C6H4-CH2CH2-. reactinq a compound of 
the qeneral formula 

z0-x2 
z6 VI 

wherein zS represents OHC(CHz)p and z6 
represents lE-alkenyl. 2Z-alkenyl, 3E-alkenyl, 
4-alkenyl or alkenyloxy or z5 represents lE-alkenyl, 
2Z-alkenyl. 3E-alkenyl or 4-alkenyl and z6 
represents (CHz)qCHO or z5 represents OHC(CH2)p 
and z6 represents (CHz)qCHO: p and q stand for 
the numbers o. 1. 2 or 3: x2 denotes a sinqle 
covalent bond, -CH2cH2-. p-C6H4-. 
-CHzCH2-P-C6H4- or 
-CH2CH2-P-C6H4-CH2CH2-: and n and the 
rinqs Al. A2 and A3 have the above siqnificances, 

with an alkyltriphenylphosphonium halide in the presence 
of a base. or 

e) for the manufacture of the compounds of formula I in 
which a2 represents alkenyloxy, etherifyinq a compound 
of the qeneral formula 

wherein al siqnif ies lE-alkenyl, 2Z-alkenyl, 
3E-alkenyl. 4-alkenyl or alkyl and xl, n and the 
rinqs Al, A2 and Al have the above siqnificances, 

with a compound of the qeneral formula 

7 Z -+CH2+j(- CH=CH-R 

VII 

VIII 
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wherein k stands for a whole number and is at least l. 
a denotes hydroqen or alkyl and z7 siqnif ies 
halogen. 

or 

f) for the manufacture of the compounds of formula I in 
which xl denotes -NON-. reacting a compound of the 
general formula 

with a compound of the general formula 

wherein al. a2. n and the ring A3 have the above 
siqnificances. 

in the presence of a reducing aqent. or 

IX 

x 

q) for the manufacture of the compounds of formula I in 
which one of the residues al and R2 siqnif ies 
3E-alkenyl or 4-alkenyl and the other signifies 
lE-alkenyl. 2Z-alkenyl. JE-alkenyl or 4-alkenyl. the rings 
Al. A2 and A3 represent 1.4-phenylene. 2-fluoro­
-1.4-phenylene or trans-1.4-cyclohexylene and xl denotes 
a single covalent bond. -CH2CH2-· p-C6H4-. 
-CH2CH2-P-C6H4- or I.._) 
-CH2CH2-P-C6H4-CH2CH2-. reducinq a compound of 
the general formula 

z9 XXXIXa 
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wherein n stands for the number o or l: the rings 
A4. A5 and A6 represent l.4~phenylene. 2-fl~oro­
-1.4-phenylene or trans-l.4-cyclohexylene:·x2 
denotes a single covalent bond. -CH2CH2-· 
p-C&H4-. -CH2CH2-P-C&H4- or 
-CHiCH2-P-C&H4-CH2CH2-: and one of the 
residues z8 and z9 signifies 3E-alkenoyl or 
4-alkenoyl and the other signifies 3E-alkenyl. 
4-alkenyl. 3E-alkenoyl. 4-alkenoyl or. insofar as it 
is not attached to a benzene or pyrimidine ring. also 
lE-alkenyl or 2Z-alkenyl. 

or 

I in h) for the manufacture of the compounds of formula 
which one of the residues al and R2 signifies 
3E-alkenyl or 4-alkenyl and the other signifies 
lE-alkenyl. 2Z-alkenyl. 3E-alkenyl or 4-alkenyl and xl 
denotes a single covalent bond. -ce2ce2-. p-C6H4-. 
-CH2CH2-P-C&H4- or -CH2CH2-P-C6H4-CH2CH2-. 
reacting a compound of the general formula 

zll 

wher~in one of the residues zlO and zll signifies 
halomethyl and the other signifies 3E-alkenyl. 
4-alkenyl. halomethyl or. insofar as it is not 
attached to a benzene or pyrimidine ring. also 
lE-alkenyl or 2Z-alkenyl: x2 denotes a single 
covalent bond. -cH2ca2-. p-C&H4-. 
-CH2CH2-P-C&H4- or 
-CH2CH2-P-C6H4-CH2CH2-: and n and the 
rings Al. A~ and Al have the above significances. 

with a (2E-alkenyl)maqnesium halide or a (3-alkenyl)­
magnesium halide in the presence of copper(!) iodide. 

LV 

The esterif ication of the compounds of formulae II and 
III or of reactive derivatives thereof (e.q. acid 
chloride. alkali metal alcoholate or alkali metal 
phenolate) in accordance with process variant a) can be 
carried out in a manner known per se. The esterification 
of the acid chlorides can be carried out. for example. in 
diethyl ether. tetrahydrofuran. dimethylformamide. 
benzene. toluene. carbon tetrachloride. pyridine and the 

-·· ···--. --·-········ ;,"":"::·.:~·:..:....;,,;;:.::.;.,..:.:;,:..=::,.:~,-·.-.· .. ····------.. ·---·-----.. - ........... _,_...__ ••• _._., .... , ••.... ·--------- ___ ... _____ ..., ______ .. ___ .. ____ . •·····--·----·····----·--···. ··········-·--· 
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like. The esterification of a compound of formula II with 
a compound of formula III is preferably carried out in the 
presence of 4-(dimethylamino)pyridine and dicyclohexyl­
carbodiimide or in the presence of oxalyl chloride and 
dimethylformamide. The temperature and pressure at which \..J 
these esterif ication reactions are carried out are not 
critical. In qeneral. these reactions are carried out at 
atmospheric pressure and a temperature between about -30°C 
and the boilinq temperature of the reaction mixture. 

The reaction of a compound of formula IV with a 
compound of formula V in accordance with process variant 
b) can be carried out in a manner known per se. In place 
of the aldehyde there can also be used a suitable acetal. 
e.q. the dimethyl acetal. The reaction is conveniently 
carried out in an inert orqanic solvent (for example. an 
aromatic hydrocarbon such as benzene. toluene or xylene) 
in the presence of a catalytic amount of an orqanic or 
inorqanic acid such as p-toluenesulphonic acid or dry 
hydroqen chloride. The temperature and pressure are not '....J 

critical. but the reaction is preferably carried out at 
reflux temperature and atmospheric pressure. 

The reaction of a compound of formula IV with a 
compound of formula v in accordance with process variant 
c) can also be carried out in a manner known per se. The , j 

reaction is conveniently carried out in water or an ...., 
orqanic solvent (preferably an alcohol such as methanol. 
ethanol. ethylene qlycol and the like) in the presence of 
a base. preferably an alkali metal alcoholate such as 
sodium methylate or sodium ethylate. R3 conveniently 
embraces alkyl residues with l to 5 carbon atoms such as 
methyl. ethyl. propyl. isopropyl and the like. The 
temperature and pressure at which this reaction is carried 
out are not critical. However. in qenerai. the reaction is 
carried out at atmospheric pressure and a temperature 
between room temperature and the reflux temperature. 

The reaction of a compound of formula VI with an \...,) 
alkyl-triphenylphosphonium halide (preferably an alkyl­
-triphenylphosphonium bromide) in the presence of a base 
(in accordance with process variant d) can be carried out 
in a manner known per se. suitable bases are potassium 
t-butylate •. sodium methylate. potassium carbonate. sodium 
hydride. sodium amide and the like. The reaction is 
conveniently carried out in an inert orqanic solvent. for 
example an ether such as diethyl ether. tetrahydrofuran or 
dioxan. The temperature and pressure are not critical: in 
qeneral. however. the reaction is carried out at 
atmospheric pressure and a temperature of room temperature 
up to the reflux temperature. 
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The etherif ication of a compound of formula VII with a 
compound of formula VIII (in accordance with process 
variant e) can be carried out in a manner known per se. 
The reaction is conveniently carried out in the presence 
of a base (for example. an alkali metal. an alkali metal 
hydride or an alkali metal carbonate such as sodium. 
sodium hydride. potassium hydride or potassium carbonate) 
in an inert organic solvent. for example a hydrocarbon. an 
ether. a ketone or an amide such as benzene. tetrahydro­
furan. acetone or dimethylformamide. Preferably. z7 
stands for bromine or iodine. The compounds of formula VII 
in which the hydroxy group is attached to a saturated ring 
(cyclohexane. m-dioxane) are preferably reacted in the 
presence of sodium hydride or potassium hydroxide in a 
tetrahydrofuran/dimethylf ormamide mixture at about 0°C to 
room temperature. The compounds of formula VII in which 
the hydroxy group is attached to an aromatic rinq 
(benzene. pyrimidine) are preferably etherified in the 
presence of an alkali metal carbonate in acetone at a 
temperature of room temperature to the reflux temperature. 
pcefecably at cef lux temperature. The temperature and 
pressure at which these etherif ication reactions are 
carried out are. however. not critical and. in qenera.l. 
the reactions can be carried out at atmospheric pressuce 
and a temperature of about 0°C to the reflux temperature. 

The reaction of a compound of formula IX with a 
compound of formula x in accordance with process 
variant f) can be carried out in a manner known per se. As 
the reducinq aqents there are suitable the usual reducinq 
aqents which are suitable for the reduction of nitro 
compounds to nitroso compounds and hydroxylamines. such as 
glucose. alcohols (e.q. methanol. ethanol). aldehydes 
(e.q. formaldehyde). hydrazine. maqnesium. zinc. tin(II) 
compounds and the like. The reaction can be carried out 
under the usual conditions which are described in the 
literature [e.q. K.H. Schundehutte in Houben-Weyl: 
Methoden dee orqanischen Chemie volume X-3. paqe 745 et 
seq. (1965). Georg Thieme Verlaq. Stuttgart]. When al 
and a2 in formulae IX and x have different siqnif icances 
or when n stands for the number 1. there are qenerally 
obtained in this reaction statistical mixtures of several 
azoxy compounds. These mixtures can be used as such or. if 
desired. can be separated in a manner known per se. e.g. 
by chromatography. 

The reduction of a compound of formula XXXIXa in 
accordance with process variant q) can be carried out in a 
manner known per se. For example. a compound of 
formula XXXIXa can be reacted with hydrazine in the 
presence of a base (e.q. potassium hydroxide. sodium 
ethylate. potassium t-butylate) in an inert orqanic 
solvent such as dimethyl sulphoxide._ethanol. diethylene 

.---·· .... ···-·--·· ··- ....... ·-·-· -... ..::.;..:....: : ... ---·~.:..:::.---·· .. . - --·-'=----=-=·· -... · - ---=·.-:-:::;-::::~."-="':-:..-.. -. -- -· : ... - ..... .:.. •..... -. ----~==-===------·· .. 
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qlycol oc tciethylene qlycol and subsequently the 
hydcazone focmed can be decomposed at elevated 
te~pecatuce. A preferred vaciant is the ceaction accordinq 
to ·the Huanq-Minlon pcocess. i.e. heating the compound of 
formula XXXIXa under reflux in a b."iqh-boiling solvent 
which. is miscible with watec (e.g. dietb.ylene qlycol or 
triethylene qlycol) togetb.ec with hydcazine hydcate and 
potassium hydcoxide. subsequently distilling off the water 
until the hydc~zone b.as de.composed and boilinq the mixture 
undec reflux until the ceduction has finished. Further. 
the compounds of focmula XXXIXa can be ceduced by heatinq 
with amalgamated zinc and hydrochlocic acid: if desired. 
an or:qanic solvent such as ethanol. acetic acid. dioxan or 
toluene can be added to the r:eaction mixture. 

The r:eaction of the compounds of focmula LV with 
Gciqnard r:eagents in accor:dance with pr:ocess var:iant h) 
can be car:r:ied out in a manner _known per se. Halomethyl 
pcefer:ably stands foe iodomethyl. The alkenylmaqnesium 
bromides are the prefecred alkenylmagnesium halides. The 
r:eaction is conveniently cacr:ied out in an inert or:ganic 
solvent. foe example an ethec such as diethyl etb.ec. 
tetr:ahydcofucan oc dioxan in the pcesence of a base such .. 
as methyl lithium. butyl lithium and the like. The 
tempecatur:e and pr:essur:e ace not ccitical: the r:eaction 
is. however:. prefer:ably car:cied out at atmosphecic 
pr:essur:e and a temper:atuce of about -80°C to r:oom 
temper:ature. The hydr:olysis of the r:eaction mixtuce can 
also be cacried out accor:ding to known methods. for 
example with water: or ammonium chloride solution. 

The compounds of for:mulae 11. IV. VII and IX in which 
al signifies alkyl and tb.e compounds of focmula VIII are 
known compounds oc analogues of known compounds. 

The compounds of for:mula XXXIXa ace novel and ace also 
an object of the pr;esent invention. They can be prepared 
accor:dinq to methods known pee se. foe example by r:eacting l j 

tb.e cocr:esponding compounds which have a cyano group in ......., 
place of the alkenoyl gcoup with a (2E-alkenyl)magnesium 
bcomide oc a (3-alkenyl)maqnesium br:omide. 

The compounds of formulae 11. IV. VII and IX in which 
al is diffecent from alkyl and the compounds of 
for:mulae III. v. VI. X and LV ace also novel. The 
preparation of these compounds is illustrated on the basis 
of r:epcesentative examples in the following Reaction 
Schemes 1-7 in which R signifies hydcoqen or: alkyl. a3 
signifies alkyl and a4 signifies lE-alkenyl. 2Z-alkenyl. 
3E-alkenyl oc 4-alkenyl. 
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The compounds of formula XIII can be converted into 
the correspondinq alkenyl compounds in an analoqous manner 
to Scheme 3. 

The introduction of the alkenyl qroups in accordance 
with xx ~ XXI. XXIll ~ XXIV and xxv ~ XVI can be 
carried out in an analoqous manner to the method described 
in Scheme l. Further alternatives for the introduction of 
alkenyl qroups are illustrated in Examples 19-22 herein-
after. · 

Alkenylphenols can be obtained. for example. by 
reacting p-hydroxybenzaldehyde with (2-methoxyethoxy)­
methyl chloride (protection of the hydr.oxy group). 
subsequently introducing the alkenyl group according to 
the method described in Scheme l and cleaving off the 
protecti-ng group by means of zinc bromide. 

4 '-Cyano-4-biphenylcarboxaldehyde can be obtained. for \.,,,) 
example. by reactinq 4-bromobiphenyl firstly with · · 
Cl2CHOCH3 and titanium tetrachloride and then with 
water and convertinq the bromo-aldehyde obtained with 
copper(Il cyanide in dimethylformamide into the cyano._ 
aldehyde. This can then be further reacted. for example. 
in an analogous manner to Scheme 3. 

The halomethyl derivatives of formula LV can be 
obtained. for example. from the corresponding aldehydes by 
reduction with sodium borohydride. reaction of the 
hydroxymethyl derivative with p-tosyl chloride and 
conversion of the tosylate into the halide. e.g. with 
sodium iodide in acetone. 

In the above reactions there are obtained in certain 
cases mixtures of cis trans-isomeric cyclohexane 
derivatives which. however. can be separated in a manner 
known per se. e.g. by chromatography and/or crystal-

......., 

lization. I._) 

Further. there are obtained in certain cases 
BIZ-mixtures of alkenyl compounds. especially when the 
alkenyl groups are introduced by a Witting reaction in 
accordance with Schemes l. 3 and 4 and in accordance with 
process variant d). such mixtures can also be separated 
according to methods known per se. e.g. by chromatography. 
In this case. silica gel impregnated with silver nitrate 
has been found to be especially advantageous. If desired. 
Z-isomers can be converted into a mixture containing 
predominantly the E-form by equilibration with sulphinic 
acids. e.g. benzenesulphinic acid or p-toluenesulphinic 
acid. Further. for example. the Z-form or E-form can be 
converted into the E-form or Z-form by reaction with a 
peracid (e.g. m-chlocoperbenzoic acid) in the presence of 
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potassium carbonate. halogenation of the epoxide with 
triphenylphosphine-bromine in benzene and reduction of the 
bromide with zinc in glacial acetic acid. on the other 
hand. the configuration is retained. for example. when an 
alkenyl compound is oxidized with a peracid (e.g. 
m-chloroperbenzoic acid) and the epoxide is reduced with 
diphosphortetraiodide in pyridine or when an alkenyl 
compound is halogenated with bromine in methylene chloride 
and the bromide is reduced with zinc in glacial acetic 
acid. Such reactions are illustrated in Scheme 7 above and -
are described in detail e.q. by P.E. Sonnet in Tetra­
hedron 36. 557-604 (1980). They can be u~ed with advantage 
for optimizing the yield with respect to the desired 
isomers. 

In process variants a. b. c. e. f. g and h there are 
conveniently used starting materials in which the alkenyl 
group is already present in the desired configuration. 

The Wittig Reaction in accordance with process 
variant d generally gives a mixture in which the 
corresponding Z-alkenyl compound is predominantly present. 
For the manufacture of the compounds of formula I in·which 
al and B.2 signify Z-alkenyl residues. an isomerization 
can therefore generally be omitted. For the manufacture of 
the compounds of formula'! in which one of the residues 
al and B.2 signifies E-alkenyl and the other signifies 
Z-alkenyl. the E-alkenyl residue is preferably introduced 
first (optionally via isomerization of the z-alkenyl 
residue) and then the reaction in accordance with process 
variant d) is carried out. However. the Z-alkenyl residue 
can be introduced first and this can be protected. for 
example as the dibromide (by reaction with bromine). 
during an isomerization of the other alkenyl residue which 
may be carried out. For the manufacture of the compounds 
of formula I in which al and a2 signify E-alkenyl 
residues. the isomerization of the two alkenyl residues 
can be carried out preferably as a final step. However. an 
already present E-alkenyl residue can. if desired. be 
protected as the dibromide during the isomerization of the 
other residue. Of course. in all cases simply a chromato­
graphical separation of the isomer mixture obtained can 
also be carried out. · · 

In the reaction of the compounds of formula XL 
(Scheme 7) it can.be of advantage firstly to saponify the 
ester group. then to etherify the epoxy-phenol obtained 
with a compound of formula VIII in an analogous manner to 
process variant e) and finally to reduce the epoxy group 
with diphosphortetraiodide in pyridine. 

The compounds of formulae IX and X can be obtained in 
an analogous manner to the methods described above. for 
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example from nitro-aldehydes or nitro-ketones (e.g. 
p-nitro-benzaldehyde. ·4-(p-nitrophenyl)cyclohexanone) by 
optional chain-lengthening at the aldehyde or ketone group 
and alkenylation in an analogous manner to Schemes 1. 3 
and 4. The isomerization of a Z-alkenyl qroup can be 
carried out. foe example. by ceaction with N-btomo..:. 
succinimide in trifluoroacetic acid and subsequent heating 
with sodium iodide in dimethylformamide. Fucther. 
equilibration with benzenesulphinic acid or reacti-on with 
diphenyl disulphide under the influence of light are also 
suitable. 

The compounds in accordance with the invention can be 
used in the form of mixtures with one another and/or with 
other liquid crystal components such as e.g with 
substances from the classes of Schiff 's bases. azo­
benzenes. azoxybenzenes. phenylbenzoates. cyclohexane­
carboxylic acid phenyl esters. cyclohexanecarboxylic acid 
cyclohexyl esters. biphenyls. terphenyls. phenylcyclo­
hexanes. cyclohexylbiphenyls. phenylpyrimidines. diphenyl­
pycimidines. cyclohexylphenylpyrimidines. phenyldioxanes. 
2-cyclohexyl-l-phenylethanes and the like. such substances 
are known to the· pecson skilled in the art and many of 
them are. moreover. commercially obtainable. 

Having regard to the favourable properties of the 
compounds in accordance with the invention their amount in 
liquid crystalline mixtures can vary in wide limits and 
can amount to up to 100\. The mixtures in accordance with 
the invention conveniently contain at least about l wt., 
and preferably about 10-90 wt.\ of compounds of formula I. 

Pref erred components which can be used in admixture 
with one or more compounds of formula I are the compounds 
of the following general formulae: 

RS-0--0-- R6 VL 

VLI 
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LIV 

whecein the cinqs B and c c·epcesent 1. 4-phenylene oc 
trans-1.4-cyclohexylene: as siqnifies alkyl. 
3E-alkenyl. 4-alkenyl oc on a cyclohexane cinq also 
2Z-alkenyl oc on a cyclohexane oc m-dioxane cinq also 
lE~alkenyl: a6 denotes alkyl. alkoxy. -CN or -NCS; 
a7 cepcesents alkyl oc alkoxy: as and a9 siqnify 
alkyl: alO represents cyano •. alkyl. alkoxy. p-alkyl­
phenyl. p-alkoxyphenyl. trans-4-alkylcyclohexyl. 
4'-alkoxy-4-biphenyl. p-(trans-4-alkylcyclohexyl)­
-phenyl. 2-(tcans-4-alkylcyclohexyl)ethyl. p-(2-
-Ctrans-4-alkylcyclohexyl)ethyl]phenyl or 2-(p-{trans-
-4-alkylcyclohexyl)phenyl]ethyl: all denotes cyano 
or alkyl: al2 signifies alkyl. JE-alkenyl or on a 
cyclohexane rinq also lE-alkenyl: and the alkyl. 
alkoxr and alkenyl residues in as. a6. a7. as. 
a9. a o. all and al2 ace straight-chain 
cesidues with a maximum of 7 ·cacbon atoms. 

The mixtures in accordance with the invention can also 
contain optically active compounds {for example optically 
active biphenyls) and/oc dichcoic coloucing substances 
{foe example azo. azoxy oc anthcaquinone coloucing 
substances). The amount of such compounds is detecmined by 
the solubility and the desiced pitch. colour. extinction 
and the like. Pceferably. the amount of optically active 
compounds amounts to a maximum of about 4 wt.~ and the 
amount of dichcoic colouring substances amounts to a 
maximum of about 10 wt.~ in the total mixtuce. 

v 

The manufacture of the mixtuces in accordance with the 1._1 
invention can be carried out in a manner known pee se. 
e.g. by heating a mixture of the components to a 
tempecature bacely above the clearinq point and 
subsequently coolinq down. The manufacture of an electro­
-optical device can also be carried out in a mannec known 
per se. e.g. by evacuating a suitable cell and introducing 
the mixtuce into the evacuated cell. 

The compounds of formulae VL-VLIII. L. LI. LIII and 
LIV in which as oc al2 signifies alkenyl are novel. 
They can be prepared according to the methods described 
above. 

The manufacture of the compounds in accordance with 
the invention is illustrated furthec by the followinq 
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Examples. c siqnifies a crystalline phase. s siqnifies a 
smectic phase. s8 siqnif ies a smectic B phase. N 
siqnif ies a nematic phase and I siqnif ies the isotropic 
phase. 

Example 1 

a) 261.2 q of methoxymethyl-triphenylphosphonium chloride 
were suspended in 550 ml of t-butyl methyl ether and the 
suspension was treated at -10°C with 90.53 q of potassium 
t-butylate. The coolinq bath was removed and the mixture 
was stirred for a further 1 hour at room temperature. The 
suspension was subsequently treated slowly at -l0°C with a 
solution of 70 q of 4.4-ethylenedioxycyclohexanone in 
350 ml of tetrahydrofuran. the mi~ture was stirred for a 
further 1 hour at room temperature. then treated with 
water and extracted three times with diethyl ether. The 
orqanic phases were washed twice with water and the 
aqueous phases were back-extracted with diethyl ether. The 
combined orqanic phases were dried over maqnesium sulphate 
and concentrated. The crystalline residue obtained was 
dissolved in ethyl acetate. diluted with petroleum ether. 
filtered and freed from solvent. Distillation of the-. 
yellow oil obtained (100 q) qave in the main run 
(71°C/0.20-0.17 Torr) 75.28 q (91.17\) of l.l-ethylene­
dioxy-4-(methoxymethylene)cyclohexane as a clear. colour­
less liquid. 

b) A mixture of 10.55 q of l.l-ethylenedioxy-4-(methoxy­
methylene)cyclohexane. 130 ml of water and 200 ml of 
qlacial acetic acid was heated to reflux for l hour. The 
solvent was subsequently distilled off on a rotary 
evaporator and the distillate was extracted twice with 
methylene chloride. The distillation residue (a yellow 
oil) was diluted with 200 ml of water. neutralized with 
sodium carbonate solution and extracted three times with 
methylene chloride. The orqanic phases were washed with 
saturated sodium carbonate solution and the aqueous phases 
were back-extracted with methylene chloride. The orqanic 
phases were dried over maqnesium sulphate and evaporated. 
Distillation of the residual. yellow oil qave. at 
70°C/0.15 Torr. 6.7 q (93\) of 4-formylcyclohexanone. 

Example 2 

a) A solution of 36.72 q of triphenylphosphine in 200 ml 
of methylene chloride was treated slowly at -20°C with 
23.22 q of carbon tetrabromide and the mixture was stirred 
for a further 10 minutes. The mixture was subsequently 
added dropwise by means of a cannula to a solution. cooled 
to -60°C. of 6.30 q of 4-formylcyclohexanone in 100 ml of 
methylene chloride. The reaction mixture was stirred for a 
further 15 minutes ·at -60°C and then partitioned in water/ 
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methylene chloride. The aqueous phases were extracted 
twice with methylene chloride. The organic phases were 
washed twice with water. dried over magnesium sulphate and 
evaporated. Low-pressure chromatography of the pale 
yellow oil obtained (16 g) on silica gel with ethyl \.,,J 
acetate/petroleum ether (vol. 10:90) gave 12.08 g (85.8\) 
of 4-(2.2-dibromovinyl)cyclohexanone as a pale yellow 
liquid. 

b) A mixture of 2 g of 4-(2.2-dibromovinyl)cyclohexanone. 
3.43 g of ethylene glycol. 0.202 g of p-toluenesulphonic 
acid and 240 mi of benzene was boiled at reflux for 
5 hours with the separation of water. The reaction mixture 
was subsequently treated with potassium carbonate. stirred 
briefly and left to stand overnight. Thereafter. the 
mixture was filtered and the filtrate was freed from 
solvent on a rotary evaporator. The residue was taken up 
in 200 ml of methylene chloride and the solution was 
washed twice with dilute sodium hydroxide solution and 
once with water. The aqueous phases were back-extracted V 
with methylene chloride. The organic phases were dried 
over magnesium·sulphate. filtered and evaporated. There 
were thus obtained 14 q of l.l-ethylenedioxy-4-(2.2-· 
-dibromovinyl)cyclohexane as a light yeltow. crystallizing 
liquid. · 

c) A solution of 14. g of l.l-ethylenedioxy-4-(2.2- '....J 
-dibromovinyl)cyclohexane in 70 ml of tetrahydrofuran was 
cooled to -20°C and treated slowly at this temperature 
with 76.62 ml of a 1.4M solution of butyl lithium in 
hexane (exothermic ceaction). The cooling bath was removed 
and the mixture was left to warm to 20°c within about 
20 minutes. The reaction mixture was subsequently treated 
with 150 ml of water and extracted three times with 
diethyl ether. The organic phases-were washed twice with 
watec and the wash-watec was back-extcacted with diethyl 
ether. The organic phases were dried over magnesium 
sulphate. filtered and evaporated. Low-pressuce chcomato­
graphy of the cesidual. yellow liquid (8 g) on silica gel V 
with ethyl acetate/petroleum ether (vol. 7:93) gave 6.5 g 
(91\) of 4-ethynyl-l.l-ethylenedioxycyclohexane as a clear 
liquid. 

d) A solution of 6. 5· g of 4-ethynyl-1.1-ethylenedioxy­
cyclohexane in 40 ml of tetrahydrofuran was treated at 
-20°c with 39.l ml of a l.4M solution of butyl lithium in 
hexane. The mixture was subsequently treated at 0°c with 
60 ml of hexamethylphosphoric acid triamide (bcief 
temperature increase to 26°C) and then dcopwise with 
6.5 ml of propyl iodide. The cooling bath was removed and 
the mixture was left to wacm to room tempecature. A white 
precipitate formed. After 30 minutes the reaction mixture 
was treated with 150 ml of water and extracted three times 
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with hexane. The orqanic phases were washed three times 
with water and the wash-water was back-extracted with 
hexane. The orqanic phases were dried over maqnesium 
sulphate. filtered and freed from solvent on a rotary 
evaporator. Low-pressure chromatoqraphy of the yellow 
liquid obtained (9 q) on silica gel with ethyl acetate/ 
petroleum ether (vol. 10:90) and treatment with active 
carbon gave 6.23 q (76.5%) of l.l-ethylenedioxy-4-(l­
-pentynyl)cyclohexane as a slightly pale yellow liquid. 

e) A solution of 4.5 g of l.l-ethylenedioxy-4-(l­
-pentynyl)cyclohexane in 54 ml of tetrahydrofuran was 
treated dropwise with about 50 ml of pre-condensed ammonia 
in a sulphonation flask equipped with magnetic stirrer. 
The mixture was subsequently treated portionwise at -78°C 
within 7 hours with 1.3 g of sodium. 1.5 hours after the 
last addition the ammonia was evaporated off and the 
reaction mixture was neutralized with 25% hydrochloric 
acid and left to stand overniqht. Thereafter. the reaction 
mixture was partitioned three times in water/diethyl . 
ether. The aqueous phases were back-extracted with diethyl 
ether. The organic phases were dried over magnesium 
sulphate and freed from solvent on a rotary evaporator. 
The pale yellow liquid obtained (3.8 q) was treated with 
200 ml of acetone and 0.1 ml of concentrated sulphuric 
acid. The mixture was heated to reflux for 10 minutes. 
then treated with water and freed from acetone on a rotary 
evaporator. The residue was partitioned three times in 
methylene chloride/water. The aqueous phases were back­
-extracted with methylene chloride. The organic phases 
were dried over magnesium sulphate and evaporated. 
Chromatographic separation of the residual. yellow liquid 
(3.5 g) on silica gel with ethyl acetate/petroleum ether 
(vol. 7:93) gave 3.0 g (83.5%) of 4-(lE-pentenyl)cyclo­
hexanone as a pale yellow liquid. 

Example 3 

l.63 g of 4-(lE-pentenyl)cyclohexanone were dissolved 
in 8 ml of diethyl ether and 14 ml of ethanol. The 
solution was subsequently treated dropwise with about 
70 .ml of ammonia and the mixture was treated portionwise 
with lithium wire until the colour of the reaction mixture 
remained constant for 1.5 hours (about l.3 g of lithium). 
Thereafter. the ammonia was evaporated off and the mixture 
was made acid with ammonium chloride and hydrochloric acid 
and left to stand for 3 days. The reaction mixture was 
then partitioned in diethyl ether/water and the aqueous 
phases were back-extracted with diethyl ether. The organic 
phases were dried over maqnesium sulphate. filtered and 
freed from solvent on a rotary evaporator. Low-pressure 
chromatography of the residual. yellow oil on silica gel 
with ethyl ~cetate/petroleum ether (vol. 10:90) gave 
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1.47 q (89.1\) of trans-4-(trans-lE-pentenyl)cyclohexanol 
as a ligh~ yellow. viscous oil. 

The followinq compound was prepared in an analogous 
manner: 

trans-4-(lE-Butenyl)cyclohexanol. 

Example 4 

a) 7 g of methoxymethyl-triphenylphosphonium 
chloride were suspended in 35 ml of t-butyl methyl ether 
and the suspension was treated at -20°C with 2.43-g of 
potassium t-butylate. The mixture was stirred for a 
further 1 hour at room temperature. then treated dropwise 
at -20°C with a solution of 2 q of 4-(lE-pentenyl}cyclo­
hexanone in 18 ml of tetrahydrofuran and the mixture was 
stirred for a further 1 hour at room temperature. The 
reaction mixture was subsequently treated with water and 
extracted three times with 50 ml of diethyl ether each '.....J 
time. The extracts were washed with water and the wash­
-water was back-extracted with diethyl ether. The organic 
phases were dried over magnesium sulphate and freed from .. 
solvent. The .cesidue was dissolved in ethyl acetate and 
the solution was diluted with petroleum ether. freed from 
precipitated triphenylphosphine oxide by filtration and 
the filtrate was concentrated. This procedure for the ;,,,,,,J 
sepacation of triphenylphosphine oxide was repeated twice 
and the crude product of l-(methoxymethylene)-4-(lE­
-pentenyl)cyclohexane obtained was processed without 
additional pu~ification. 

b) 2.75 g of l-(methoxymethylene)-4-(lE-pentenyl}cyclo­
hexane (crude product fcom paragraph a) were heated to 
boiling for 30 minutes with 100 ml of tetrahydrofuran/2N 
hydrochloric acid (vol. 4:1) and then stirred overniqht at 
room temperature. The mixture was subsequently treated 
with 100 ml of water and extracted three times with 100 ml 
of diethyl ether each time. The extracts were washed with U 
dilute sodium hydrogen carbonate solution and water and 
the aqueous phases were back-extracted with diethyl ether. 
The organic phases were dried over magnesium sulphate and 
evaporated. Low-pressure chromatogcaphy of the residual 
yellowish liquid (2.5 g) on silica qel with petroleum 
ether and ethyl acetate/petcoleum ether (vol. 3:97) gave 
1.65 g (76\) of 4-(lE-pentenyl}cyclohexanecarboxaldehyde. 

c) A solution of 1.6 g of 4-(lE-pentenyl}cyclohexane­
carboxaldehyde in 120 ml of acetone was cooled to -10°c. 
treated dropwis~ with SN chromic acid (about 10 ml) until 
the colour of the reaction mixtuce remained brown-orange 
and the mixture was stirred for a further 1 hour. Excess 
chromic acid was reduced by addinq isopropanol. The green 
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solution was subsequently partitioned three times in 
water/methylene chloride. The orqanic extracts were washed 
twice with water and the wash-water was back-extracted 
with methylene chloride. The orqanic phases were dried 
over maqnesium sulphate and evapo·rated. The pale brown 
crystalline residue (2.0l q) was dissolved partially in 
20 ml of petroleum ether. Undissolved residue was filtered 
off and the filtrate was evaporated. Recrystallization of 
the residue obtained from 60 ml of petroleum ether at · 
-78°C qave 866 mq (49.5') of 4-(lE-pentenyl)cyclohexane­
carboxylic acid as white crystals. 

d) A mixture of 1.29 g of 4-(lE-pentenyl)cyclohexane­
carboxylic acid and 20 ml of a ll percent (wt./vol.) 
solution of potassium hydroxide in diethylene glycol was 
boiled at reflux for 20 hours while qassinq with arqon. 
The reaction mixture was subsequently made sliqhtly acid 
with 25 percent hydrochloric acid and partitioned three 
times in water/ethylene chloride. The orqanic extracts 
were washed twice with water and the wash-water was back­
-extracted with methylene chloride. The orqanic phases 
were dried over maqnesium sulphate and freed from solvent 
on a rotary evaporator-. Recrystallization of the dark 
brown. crystallizinq oil obtained (l.17 g) from 50 ml of .. 
petroleum ether at -78°C qave 0.44 g of trans-4-(lE­
-pentenyl)cyclohexanecarboxylic acid as pale brown 
crystals. The mother liquor containing 0.695 g of crude 
cis/trans-4-(El-pentenyl)-cyclohexanecarboxylic acid was 
not worked-up. 

The f ollowinq compound was prepared in an analoqous 
manner: 

trans-4-(lE-Butenyl)cyclohexanecarboxylic acid. 

Example 5 

a) l0.4 g of triphenyl-methoxymethyl-phosphonium chloride 
were suspended in 60 ml of t-butyl methyl ether while 
qassing with arqon in a sulphonation flask equipped with a 
thermometer. a mechanical stirrer. a dropping funnel and a 
solid substance addition tube and the suspension was 
treated with 3~6 g of solid potassium t-butylate at -10°C 
within lO minutes. After completion of the addition the 
mixture was stirred for a further 30 minutes at -10°C to 
0°C and then the deep oranqe. heteroqeneous reaction 
mixture was treated dropwise at 0°C with a solution of 
4.2 g of 4-(p-cyanophenyl)cyclohexanone in 50 ml of 
absolute tetrahydrofuran. The reaction mixture was 
subsequently stirred for a futher 2 hours at room 
temperature. then poured into 500 ml of hexane and 
filtered. Low-pressure chromatography (0.5 bar) of the 
concentrated residue (7.1 q) on silica qel with ethyl 
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acetate/petroleum ether (vol~ 5:95) qave 4.5 q (94\) of 
P-(4-(methoxymethylene)cyclohexyl]benzonitrile as a 
colourless oil: purity 95%. Rf-value (ethyl acetate/ 
petroleum ether vol. 1:9) 0.30• 

b) A mixture of 4.2 q of p-(4-methoxymethylene)cyclo­
hexyl]benzonitrile and 100 ml of tetrahydrofuran/2N hydro­
chloric acid (vol. 4:1) was heated to reflux for 
30 minutes in a round flask. The reaction mixture was 
subsequently poured into 100 ml of water and extracted 
three times with 100 ml of diethyl ether each time. The 
orqanic phases were washed once with 100 ml of water. 
dried over maqnesium sulphate and concentrated. There were 
obtained 3.9 q (100%) of 4-(p-cyanophenyl)cyclohexane­
carboxaldehyde as a colourless oil which was used in the 
next step without further purification: trans/cis ratio 
about 3:1. Rf-value (ethyl acetate/petroleum ether vol. 
3:7) 0.41. By crystallization from hexane there could be 
obtained pure trans-4-(p-cyanophenyl)cyclohexanecarbox­
aldehyde: m.p. 57.1°C. 

c) A suspension of 29.0 q of methoxymethyl-triphenyl­
phosphonium chloride in 200 ml of t-butyl methyl ether wa~ 
treated within 10 minutes with 9~7 g of potassium 
t-butylate while gassing with argon at -l0°C and the 
mixture was stirred for a further 1 hour. The mixture was 
then treated dropwise within 15 minutes at -10°C with a 
solution of 12.0 g of trans-4-(p-cyanophenyl)cyclohexane­
carboxaldehyde in 90 ml of t-butyl methyl ether and the 
resulting mixture was stirred.for a further l hour at 0°C. 
The reaction mixture was subsequently poured into 150 ml 
of water and extracted three times with 150 ml of diethyl 
ether each time. The orqanic phases were washed twice with 
100 ml of water each time. dried over maqnesium sulphate 
and concentrated. The resultinq. viscous oil was dissolved 
in 20 ml of ethyl acetate and the clear solution was 
diluted with 300 ml of petroleum ether and left to stand 
for 10 minutes at -20°C. The precipitated triphenyl­
phosphine oxide·was subsequently filtered off and the 
filtrate was concentrated to dryness. Low-pressure 
chromatoqraphy (0.5 bar) of the residue (16.3 q) on silica 
gel with ethyl acetate/petroleum ether (vol. 5:95) qave 
10.l q (74\) of p-[trans-4-(2-methoxyvinyl)cyclohexyl]­
benzonitrile as colourless crystals: Rf-value (ethyl 
acetate/petroleum ether vol. 10:90) 0.32. 

d) A solution of 10.1 q of p-[trans-4-(2-methoxyvinyl)­
cyclohexyl]benzonitrile in 200 ml of tetrahydrofuran/2N 
hydrochloric acid (vol. 4:1) was heated to reflux for 
1 hour. The reaction mixture was subsequently poured into 
200 ml of water and extracted three times with 150 ml of 
diethyl ether each time. The orqanic phases were washed 
twice with 100 ml of water each time. dried over maqnesium 
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sulphate and concentrated. whereby 9.8 q of (trans-4-(p­
-cyanophenyl)cyclohexyl]acetaldehyde were obtained as 
liqht yellowish crystals (purity 98.7,). Recrystallization 
of a sample from hexane/t-butyl methyl ether (vol. 1:1) 
gave pure aldehyde with m.p. 43.4°C. 

e) A suspension of 4.5 g of methoxymethyl-triphenyl­
phosphonium chloride in 40 ml of t-butyl methyl ether was 
treated within 3 minutes with 1.5 g of potassium 
t-butylate while qassinq with arqon at -10°c and the 
solution was stirred for a further 1 hour at o-s•c. The 
suspension was then treated dropwise within 5 minutes at 
0°C with a solution of 2.0 g of [trans-4-(p-cyanophenyl)­
cyclohexyl]acetaldehyde in 20 ml of t-butyl methyl ether 
and the mixture was stirred for a further 2 hours at room 
temperature. The reaction mixture was subsequently poured 
into 100 ml of water and extracted three times with 100 ml 
of diethyl ether each time. The orqanic phases were washed 
twice with 100 ml of water each time. dried over magnesium 
sulphate and concentrated. The resulting. viscous oil was 
dissolved in 15 ml of ethyl acetate and the clear solution 
was treated with 250 ml of petroleum ether. After leavinq 
to stand for 10 minutes at -2o•c the precipitated .. 
triphenylphosphine oxide was filtered off and the filtrate 
was concentrated to dryness. Low-pressure chromatography 
(0.5 bar) of the residue (3.3 g) on silica qel with ethyl 
acetate/petroleum ether (vol. 5:95) gave 2.04 q (91') of 
P-[trans-4-(3-methoxy-2-propenyl)cyclohexyl]benzonitrile 
as a colourless oil: Rf-value (ethyl acetate/petroleum 
ether vol. 10:90) 0.33. 

f) A solution of 2.04 g of p-(trans-4-(3-methoxy-2-
-propenyl)cyclohexyl]benzonitrile in 100 ml of tetrahydro­
furan/2N hydrochloric acid (vol. 4:1) was heated to reflux 
for 1 hour. The reaction mixture was subsequently poured 
into 100 ml of water and extracted three times with 100 ml 
of diethyl ether each time. The orqanic phases were washed 
twice with 100 ml of water each time. dried over magnesium 
sulphate and concentrated. whereby 1.9 q (99') of 
3-(trans-4-(.p-cyanophenyl)cyclohexyl]propionaldehyde were 
obtained as colourless crystals: Rf~value (ethyl acetate/ 
petroleum ether vol. 10:90) 0.15. 

g) A suspension of 6.4 g of methoxymethyl-triphenyl­
phosphonium chloride in 80 ml of t-butyl methyl ether was 
treated within 3 minutes with 2.1 g of potassium 
t-butylate while qassinq with arqon at o•c and the mixture 
was stirred for a further 1 hour at o-s•c. The mixture was 
then treated dropwise within 5 minutes at o•c with a 
solution of 3.0 q of 3-[trans-4-(p-cyanophenyl)cyclo­
hexyl]propionaldehyde in 20 ml of t-butyl methyl ether and 
the resultinq mixture was stirred for a further 2 hours at 
room temperature. The reaction mixture was subsequently 
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poured into 100 ml of water and extracted three times with 
100 ml of diethyl ether each time. The orqanic phases were 
washed twice with 100 ml of water each time. dried over 
maqnesium sulphate and concentrated. The residue was 
dissolved in 15_ ml of ethyl acetate and the clear solution V 
was treated with 250 ml of petroleum ether. After leavinq 
to stand for ·10 minutes at -20°C the precipitated 
triphenylphosphine oxide was filtered off and the filtrate 
was concentrated to dryness. Low-pressure chromatoqra_phy 
(0.5 bar) of- the residue (5.5 q) on silica qel with ethyl 
acetate/petroleum ether (vol. 5:95) qave 2.95 g (88\) of 
p-(trans-4-(4-methoxy-3-butenyl)c,yclohexyl]benzonitrile as 
colourless crystals. 

h) A solution of 2.95 g of p-(trans-4-(4-methoxy-3-
-butenyl)cyclohexyl]benzonitrile in 100 ml of tetrahydro­
furan/2N hydrochloric acid (vol. 4:1) was heated to reflux 
for 15 minutes. The reaction mixture was subsequently 
poured into -100 ml of water and e·xtracted three times with 
100 ml of diethyl ether each time. The orqanic phases -were V 
washed twice with 100 ml of water each time. dried over 
magnesium sulphate and concentrated. whereby 2.6 g (93\) 
of 4-(trans-4-(p-cyanophenyl)cyclohexyl]butyraldehyde 
were obtained as a sliqhtly yellowish oil: Rf-value 
(toluene/ethyl acetate vol. 95:5) 0.23. 

The following compounds were prepared in an analo- V 
gous manner: 

4-Cyanocyclohexanecarboxaldehyde. 
(4-cyanocyclohexyl)acetaldehyde. 
3-(4-cyanocyclohexyl)propionaldehyde. 
4-(4-cyanocyclohexyl)butyraldehyde. 
trans-4-(4'-cyano-4-biphenylyl)cyclohexanecarbox-

aldehyde. 
[trans-4-(4'-cyano-4-biphenylyl)cyclohexyl]­

acetaldehyde. 
3-[trans-4-(4'-cyano-4-biphenylyl)cyclohexyl]propion-

aldehyde. V 
4-[trans-4-(4'-cyano-4-b~phenylyl)cyclohexyl]butyr­

aldehyde. 

Example 6 

a) 10.0 q of 4'-bromo-4-biphenylcarboxaldehyde and 5.31 g 
of copper(!) cyanide were dissolved in 80 ml of dimethyl­
formamide while qassing with argon and the solution was 
heated to reflux for 15 hours at 180°C bath temperature. 
Thereafter. the reaction mixture was poured cautiously 
into 200 ml of 25 percent ammonia and extracted three 
times with 200 ml of methylene chloride each time. The 
orqanic phases were washed once with 200 ml of 25 peccent 
ammonia and twice with 200 ml of water each time. dried 
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over maqnesium sulphate and concentrated. Low-pressure 
chromatoqraphy (0.5 bar) of the yellowish. crystalline 
residue (8.7 q) on silica qel qave 5.85 q (74\) of 
4'-cyano-4-biphenylcarboxaldehyde as sliqhtly yellowish 
crystals: Rf-value (toluene/ethyl acetate vol. 90:10) 0.27. 

b) A suspension of 12.4 q of methoxymethyl-triphenyl­
phosphonium chloride in 120 ml of t-butyl methyl ether was 
treated within 3 minutes with 4.l q of potassium 
t-butylate while qassinq with arqon at 0°c and the mixture 
was stirred for a further l hour at 0°c. Thereafter. the 
mixture was treated.within 10 minutes with a solution of 
5.0 q of 4'-cyano-4-biphenylcarboxaldehyde in 40 ml of 
tetra~ydrofuran and the resultinq mixture was stirred for 
a further l.5 hours at room temperature. The reaction 
mixture was subsequently poured into 200 ml of water and 
extracted three times with 150 ml of diethyl ether each 
time. The orqanic phases were washed twice with 150 ml of 
water each time. dried over magnesium sulphate and 
concentrated. The residue obtained was dissolved in 25 ml 
of ethyl acetate and the solution was treated with 350 ml 
of petroleum ether. After leavinq to stand for 10 minutes 
at -20°C the precipitated triphenylphosphine oxide was 
filtered off and the filtrate was concentrated to dryness·: 
Low-pressure chromatography (0.5 bar) of the dark brown 
oil (9.5 g) on silica gel with ethyl acetate/petroleum 
ether (vol. 10:90) gave 5.2 q (91\) of 4'-(2-methoxy­
vinyl)-4-biphenylcarbonitrile as yellowish crystals: 
Rf-value (ethyl acetate/petroleum ether vol. 10:90) 0.17. 

c) A mixture of 4.9 q of 4'-(2-methoxyvinyl)-4-biphenyl­
carbonitrile and 80 ml of glacial acetic acid/water (vol. 
2:1) was heated to reflux for 1.5 hours at 100°C bath· 
temperature. The reac.tion mixture was subsequently poured 
into 150 ml of water and extracted three times with 100 ml 
of methylene chloride each time. The organic phases were 
washed with 100 ml of water and with 100 ml of saturated 
sodium hydrogen carbonate solution. dried over magnesium 
sulphate and concentrated. There were obtained 4.8 g of 
(4'-cyano-4-biphenylyl)acetaldehyde as a yellowish. 
crystalline residue which was processed without additional 
purification; Rf-value (toluene/ethyl acetate vol. 90:10) 
0.37. 

d) (4'-Cyano-4-biphenylyl)acetaldehyde was converted in 
an analogous manner to paragraph b) into 4'-(3-methoxy-2-
-propenyl)-4-biphenylcarbonitrile: Rf-value (ethyl 
acetate/petroleum ether vol. 10:90) 0.20. 

e) 4'-{3-Methoxy-2-propenyl)-4-biphenylcarbonitrile was 
converted in an analogous manner to paragraph c) into 
3-(4'-cyano-4-biphenylyl)propionaldehyde: Rf-value 
(toluene/ethyl acetate vol. 95:5) 0.34. 
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Example 7 

A suspension of 7.34 q of methyl-triphenylphosphonium 
bromide in 90 ml of t-butyl methyl-ether was treated 
within 2 minutes with 2.3 q of potassium t-butylate while ..._) 
qassinq with arqon at 0°C and th_e mixture was stirred for 
a further l hour at room temperature. Thereafter. the 
mixture was treated dropwise within 5 minutes with a 
solution of 3.5 q of 4-[trans-4~{p-cyanophenyl)cyclo­
hexyl]butyraldehyde in 20 ml of t-butyl methyl ether and 
the resulting mixture was stirred for a further 20 hours 
at room temperature. The reaction mixture was subsequently 
poured into 100 ml of water and extracted three times with 
100 ml of diethyl ether each time. The orqanic phases were 
washed twice with 100 ml of water each time. dried over 
magnesium sulphate and concentrated. The residue was 
dissolved in 15 ml of ethyl acetate and the clear solution 
was treated with 250 ml of petroleum ether. After leavinq 
to stand for lO minutes at -20°C the precipitated 
triphenylphosphine o~ide was filtered off and the filtrate i.....J 
was concentrated to dryness. Low-pressure chromatoqraphy 
(0.5 bar) of the oily residue (4.8 q) on silica qel with 
ethyl acetate/petroleum ether (vol. 5:95) gave 3.l q· (89\.) 
of a yellowish oil. Recrystallization at -20°C from 
methanol finally qave 2.76 q (80\) of p-[trans-4-(4-
-pentenyl)cyclohexyl]benzonitrile as colourless crystals: 
m.p. (C-1) 29.8°C. cl.p. (N-1) l0.2°C. '-11 

The following compounds were manufactured in an 
analogous manner: · 

p-(trans-4-Vinylcyclohexyl)benzonitrile: m.p. (C-1) 
56.4°C. cl.p. (N-1) 28.5°C. 

p-(trans-4-allylcyclohexyl)benzonitrile: m.p. (C-1) 
29.2°C. 

p-[trans-4-(3-butenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) 49.5°C. cl.p. (N-1) s2.s 0 c. 

4 '-[trans-4-(3-butenyl)cycl·ohexyl]-4-biphenyl-
carbonitrile : m.p. (C-N) ll9.2°C. cl.p. (N-1) 232.7°C. \....) 

4'-[trans-4-(4-pentenyl)cyclohexyl]-4-biphenyl­
ca~bonitrile; m.p. (C-N) 77.4°C. cl.p. (N-1) 200.e 0 c. 

4'-(3-butenyl)-4-biphenylcarbonitrile: m.p. (C-1) 
69.3°C. cl.p. (N-1) 45°C~ · 

4-(3-butenyl)cyclohexanecarbonitrile. 

Example 8 

a) A suspension of 3.6 q of butyltriphenylphosphonium 
bromide in 40 ml of t-butyl methyl ether was placed at 
room temperature while qassinq with arqon in a 
sulphonation flask equipped with a thermometer. a 
mechanical stirrer. a dropping funnel and a solid 
substance addition tube. treated with l.Ol q of potassium 
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t-butylate and stieeed at eoom tempeeatuee foe a fuether 
1 hour. The deep oeanqe. heteeoqeneous eeaction mixtuee 
was subsequently cooled to -60°C and teeated within 
15 minutes with a solution of 1.28 q of teans-4-(p-cyano­
phenyl)cyclohexanecaeboxaldehyde in 10 ml of t-butyl 
methyl ethee. The eeaction mixtuee was stieeed foe a 
further 60 minutes while waeming slowly to -30°C. then 
poueed into 100 ml of watee and extracted three times with 
50 ml of diethyl ethee each time. The organic phases weee 
washed once with 50 ml of water,. dried ovee maqnesium 
sulphate and concentrated. Low-pressuee chromatography 
(0.5 bar) of the residue (3.45.q) on silica qel with ethyl 
acetate/peteoleum ether (vol. 3:97) qave 1.52 q (99\) of 
p-[trans-4-(l-pentenyl)cyclohexyl]benzonitrile 
ClE-pentenyl/lZ-pentenyl eatio about 5:95) as a coloueless 
oil: Rf-value (ethyl acetate/petroleum ether vol. 3:97) 
0.19. 

b) A mixtuee of 1.51 q of 90 percent m-chloeopeebenzoic 
acid and 3.0 q of qeound potassium caebonate in 60 ml of 
methylene chloeide was placed at 0°C while qassinq with 
argon in a sulphonation flask equipped with a theemometee. 
a droppinq funnel and a mechanical stirrer and treated 
within 15 minutes with a solution of 2.0 q of p-[trans-4-
-Cl-pentenyl)cyclohexyl]benzonitrile (lE-pentenyl/lZ-
-pentenyl ratio about 5:95) in 20 ml of methylene 
chloeide. The coolinq bath was subsequently removed and 
the reaction mixture was teeated after a total of 
75 minutes and 105 minutes with a further 0.75 g of 90 
percent m-chloropeebenzoic acid each time. The eeaction 
mixture was stirred for a further 60 minutes at room 
tempeeature. then poueed into 50 ml of 10 percent 
(wt./vol.) sodium thiosulphate solution and exteacted 
three times with 100 ml of methylene chloride each time. 
The orqanic phases were washed with 50 ml of satueated 
sodium hydeoqen caebonate solution,. deied over magnesium 
sulphate and concenteated. Theee were thus obtained 2.1 q 
(98\) of p-[trans-4-(l,.2-epoxypentyl)cyclohexyl]benzo­
nitrile (teans-l.2-epoxypentyl/cis-1.2-epoxypentyl ratio 
about 5:95) as a colourless oil: Rf-values (ethyl acetate/ 
petroleum ether vol. 10:90): trans-1,.2-epoxypentyl isomer 
0.17. cis-1.2-epoxypentyl isomer 0.14. 

c) A solution of 2.46 q of triphenylphosphine in 30 ml of 
methylene chloride was placed at 0°C while qassinq with 
argon in a eound flask equipped with a droppinq funnel and 
treated dropwise with an about lM solution of beomine in 
methylene chloride until a sliqht yellow colour persisted. 
The solution was subsequently concenteated cautiously on a 
eotaey evapoeator and the residue was dried in a hiqh 
vacuum. The resultinq. crystalline residue was suspe~ded 
in 30 ml of benzene,. the suspension was treated with a 
solution of 2.1 q of p-[teans-4-(l,.2-epoxypentyl)cyclo-
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hexyl]benzonitcile in 10 ml of benzene and the mixture was 
heated to reflux for 3 hours. Filtration of the warm 
reaction solution on silica gel with toluene gave 3.0 g of 
a crystalline crude product which. after low-pressure 
chromatography (0.5 bar) on silica qel with hexane/toluene l...J 
(vol. 1:1) yielded 2.61 g (81\) of almost puce p-[trans-4-
-(erythro-l.2-dibromopentyl)cyclohexyl]benzonitcile as 
colourless crystals. By recrystallization from 90 ml of 
petroleum ether/ethyl acetate (vol. 2:1) there were 
finally obtained 2.09 g (65\) of very puce erythro 
dibromide: m.p. 140.9°C. · 

d) A mixture of 2.75 g of p~[trans-4-(erythro-1.2-
-dibromopentyl)cyclohexyl]benzonitrile and 20 ml of 
glacial acetic acid was treated with 2.42 g of zinc powder 
at room temperature while gassing with argon in a 
sulphonation flask equipped with a mechanical stirrer and 
a thermometer and the mixture was then stirred for 
2 hours. whereby the reaction mixture warmed .to 33°C and 
the educt gradually passed into solution. The reaction \,,,,J 

mixture was subsequently poured into 100 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 and once with 50 ml of saturated sodium 
hydrogen carbonate solution. dried over magnesium sulphate 
and concentrated. There were thus obtained l.43 g (99\) of 
p-[trans-4-(lE-pent.enyl)cyclohexyl]benzonitrile in a V 
purity of 9,.5\; m.p. (C-N) l5.6°c. cl.p. (N-I) sa.s 0 c. 

The following compounds were manufactured in an 
analogous manner: 

p-[trans-4-(lE-Propenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) 66.3°C. cl.p. (N-I) 73.0°C. 

p-(trans-4-(lE-butenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) 4S.1°C. cl.p. (N-1) s1.a 0 c. · 

p-(trans-4-(lE-hexenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) 14.4°C. cl.p. (N-I) 39.2°C. 

P-[trans-4-(lE-heptenyl)cyclohexyl]benzonitrile: I.._) 
m.p. (C~N) 17.9°C. cl.p. (N-I) 49.2°C. 

P-(trans-4-(JE-pentenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) S9.8°C. cl.p. 73.7°C. 

P-(trans-4-(JE-hexenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) 31.1°C. cl~p. (N-I) so.2°c •. 

P-(trans-4-(3E-heptenyl)cyclohexyl]benzonitrile: 
m.p. (C-N) lS.4°C. cl.p. (N-1) 48.3°C. 

4'-(3E-pentenyl)-4-biphenylcarbonitrile: m.p. (C-I) 
76.8°C. cl.p. (N-I) 72.6°C. 

4'-[trans-4-(lE-pentenyl)cyclohexyl]-4-biphenylcarbo­
nitrile: m.p. (C-N) 12S.9°C. cl.p. (N-1) 253.S°C. 

4'-[trans-4-(3E-pentenyl)cyclohexyl]-4-biphenylcarbo­
nitrile: m~p. (C-N) l24.1°C. cl.p. 242.6°C. 

4-(3E-pentenyl)cyclohexanecarbonitrile. 
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Example 9 

A mixture of 3.79 g of p-[trans-4-(1-hexenyl)cyclo­
hexyl]benzonitrile (prepared in accordance with 
Example ea: lE-hexenyl/lZ-hexenyl ratio about 5:95) and 
758 mg of benzenesulphinic acid in 50 ml of 1,4-dioxan was 
boiled under reflux for 15 hours while gassing with argon 
in a round flask equipped with a magnetic stirrer and a 
reflux condenser. Subsequently, a further 379 mg of 
benzenesulphinic acid were added and the mixture was 
heated to reflux for a further 4 hours. The cooled 
reaction mixture was then poured into 50 ml of lN sodium 
hydroxide solution and extracted three times with 100 ml 
of hexane each time. The organic phases were washed twice 
with 50 ml of water each time, dried over magnesium 
sulphate and concentrated. Three-fold crystallization of 
the quantitatively recovered, equilibrated olefin mixture 
(lE-hexenyl/lZ-hexenyl ratio 80.4:19.6) from methanol 
finally gave 1.74 g (46') of p-[trans-4-(lE-hexenyl)cyclo­
hexyl]benzonitrile {containing 0.3, lZ-hexenyl isomer) 
with m. p. (C-N) 14. 3°C and cl. p. (N-I) 39. 5°C. The mother 
liquors were not worked-up. If desired, these can. 
however, again be equilibrated and crystallized. 

All nitriles manufactured in Example e can be obtained 
in an analogous manner. 

Example 10 

a) A suspension of 5.1 g of propyl-triphenylphosphonium 
bromide in 80 ml of t-butyl methyl ether was treated 
within 5 minutes with 1.48 g of potassium t-butylate while 
gassing with argon at -10°C and the mixture was stirred at 
room temperature for a further 60 minutes. Thereafter, the 
mixture was treated with 5 minutes at o0 c with a solution 
of 2.0 g of [trans-4-(p-cyanophenyl)cyclohexyl]­
acetaldehyde in 25 ml of t-butyl methyl ether and the 
resulting mixture was stirred for a further 45 minutes at 
room temperature. The reaction mixture was subsequently 
poured into 100 ml of water and extracted three times with 
100 ml of diethyl· ether each time. The organic phases were 
washed twice with 100 ml of water each time, dried over 
magnesium sulphate and concentrated. The residue was 
dissolved in 20 ml of.ethyl acetate and the solution was 
treated with 250 ml of pet~oleum ether. After leaving to 
stand for 10 minutes at -20°C the precipitated triphenyl­
phosphine oxide was filtered off and the filtrate was 
concentrated to dryness. Low-pressure chromatography 
(0.5 bar) of the yellowish, oily residue (3.33 g) on 
silica gel with ethyl acetate/petroleum ether (vol. 3:97) 
gave 2.1 g of p-[trans-4-(2-pentenyl)cyclohexyl]benzo­
nitrile as a colourless oil containing 92.7' of p-[trans­
-2-(2Z-pentenyl)cyclohexyl]benzonitrile and 6.6, of 
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p-[trans-4-(2E-pentenyl)cyclohexyl]benzonitrile. The 
material was reacted further wi-thout additional purif ica­
tion. If desired. however. this mixture of isomers can be 
separated by chromatography on silica gel coated with 
silver nitrate :(as illustrated in paragraph d). 

b) A solution of 1.59 g of 90 percent m-chloroperbenzoic 
acid in 60 ml of methylene chloride was treated wi.th 4. o g 
of ground potassium carbonate. The suspension obtained was 
treated dropwise within 5 minutes at 0°c with a solution 
of 2.1 g of p..;.[trans-4-(2-pentenyl)cyclohexylJbenzonitrile 
(containing 92.7\ 2Z-isomer and6.6\ 2E-isomer) in 20 ml 
of methylene chloride and the mixture was then stirred for 
a further 3 hours at room temperature. whereby a further 
0.8 g of m-chloroperbenzoic acid was added after l hour 
and after 2 hours. The reaction mixture was subsequently 
poured into lSQ ml of 10 ~ercent sodium thiosulphate 
solution and· extracted three times with 100 ml of 
methylene chloride each time. The organic phases were 
washed with· 100 ml of 10 percent sodium thiosulphate· 
solution and with 100 ml of saturated sodium carbonate 
solution. dried over magnesium·sulphate and concentrated. 
This gave 2.2 g (99\) of p-[trans..;.4-(2.3-epoxypentyl)~ 
cyclohexyl]benzonitrile as colourless crystals: Rf-value 
(ethyl acetate/petroleum ether vol. 10:90) 0.15. This 
material was processed without additional purification. 

c) A solution 2.6 g of triphenylphosphine in 30 ml of 
methylene chloride was treated dropwise at 0°C with a 
solution of o •. ~i9 ml of bromine in 20 ml of methylene 
chloride until a slight yellow colour persisted. The 
yellow suspension obtained was cautiously concentrated to 
dryness on a rotary evaporator and the yellowish. crystal­
line residue was dried in a high vacuum (0.5 Torr) at room 
temperature foe l hour. The triphenylphosphine-bromine 
obtained was suspended in 50 mi of toluene and the 
suspension was concentrated to dryness on a rotary 
evaporator. Thereafter. the residue was suspended in 30 ml 
of toluene. the suspension was treated with a solution of 
2.2 g of p-(trans-4-(2.3-epoxypentyl)cyclohexyl]benzo­
nitrile in 10 ml of toluene and the mixture was stirred 
for 2 hours at 80°C bath temperature. Low-pressure 
chromatography (0.5 bar) of the cooled reaction mixture on 
silica gel with toluene gave 2.83 g (84\) of p-[trans-4-
-(2.3-dibromopentyl)cyclohexyl]benzonitrile as a yellowish 
oil (containing 66.6\ erythro form and 32.8\ threo form ); 
Rf-value (ethyl acetate/petroleum ether vol. 10:90) 0.33. 
This material was processed without additional purif ica­
tion. 

d) A solution of 1.98 g of p-[trans-4~(2.3-dibromo­
pentyl)cyclohexyl]benzonitrile (erythro/threo 66.6:32.8) 
in 30 ml of glacial acetic acid was treated at room 

u 



\J' 

- 43 -

temperature with 2.0 g of zinc powder while gassing with 
argon and the suspension was stirred at room temperature 
for 1 hour. The reaction mixture was subsequently poured 
into 100 ml of water and extracted three times with 100 ml 
of petroleum ethez: each time. The organic phases were 
washed twice with 100 ml of watez: each time. dried over 
magnesium sulphate and concentrated. Low-pressure 
chz:omatography (0.5 bar) of the yellowish residue on 
silver nitrate-coated silica gel with hexane/diethyl ether 
(vol. 90:10) gave 586 mg (48\) of p-[trans-4-(2E­
-pentenyl)cyclohexyl]benzonitrile and 171 mg (14\) of 
P-[trans-4-(2Z-pentenyl)cyclohexyl]benzonitz:ile as 
colourless oils. The 2E-isomer has a melting point of 
9.6°C and 16.1°C (2 modifications) and a virtual cl.p. of 
-67°C: the 2Z-isomer has a melting point of -7.7°C and a 
victual cl.p. of -54°C. 

The coating of silica gel or thin-layez: plates with 
silver nitz:ate was carz:ied out as follows: 

34 g of silver nitrate were dissolved in 1000 ml of 
acetonitrile. The thin-layer plates were dipped once foz: a 
short time in the silver nitrate solution and were there-.. 
after dried for 2 hours at 80°C in vacuo (12 Tori:). 300 g 
of silica gel were then added to the remaining silver 
nitrate solution. mixed well. cautiously concentrated to 
dryness on a rotary evaporator and dried at room 
tempez:ature in a high vacuum (0.5 Torr) for 2 hours. 

Example 11 

a) 149 g of methoxymethyl-triphenylphosphonium chloride 
and 860 ml of t-butyl methyl ether were placed at room 
temperature in a sulphonation flask while stirring and 
gassing with nitrogen. the suspension was cooled to -10°C 
and treated with 51.6 g of potassium t-butylate within 
10 minutes. The suspension was stirred for a further 
30 minutes at -10°C to o0 c and then treated dropwise 
within 45 minutes at o0 c with a solution of 47.3 g of 4.4-
-ethylenedioxycyclohexanone in 720 ml of tetrahydrofuran. 
The orange suspension was stirred for a further 2 hours at 
room temperature. then poured into s 1 of hexane. stirred 
for 10 minutes and suction filtered. The filtrate was 
concentrated in vacuo and the yellow-brownish oil obtained 
(104.1 g) was treated with 500 ml of hexane and suction 
filtered. The filtrate was concentrated in vacuo. whereby 
61.7 g of yellow-brownish oil were obtained. Chromato­
graphic separation of this crude product on silica gel 
with methylene chloride/acetone (vol. 98:2 and 95:5) 
finally gave 53.5 g of l.l-ethylenedioxy-4-(methoxy­
methylene)cyclohexane as a colourless oil. 
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b) A mixture of 28.2 g of l.l-ethylenedioxy~4-(methoxy­
methylene)cyclohexane. 770 ml of glacial acetic acid and 
385 ml of water was heated to reflux for l houc in a round 
flask while gassing with nitrogen. Theceaf tec~ the 
yellowish clear solution was cooled to room temperature. ~ 
diluted witli 800 ml of watec and extracted three times 
with 700 ml of methylene chloride each time. The·ocganic 
phases were washed twice with 500 ml of 10 percent 
Cwt. /vol.) sodium carbonate solution each time. dcied over 
sodium sulphate~ filtered and concentrated. Chcomato­
graphic · sepacation of the biownish liquid obtained 
(18.5 g) on silica gel with methylene chlocide as the 
eluent finally gave 16.7 g of 4-focmylcyclohexanone as a 
brownish liquid. 

c) 63.3 g of p-cyanobenzyl-tciphenylphosphonium chloride. 
17.2 g of potassium t-butylate and 195 ml of ethylene 
glycol dimethyl ethec were placed in a sulphonation flask 
while stirring and gassing with nitrogen. whereby the , J 
internal temperatuce rose to 44°C. The brown suspension ....,, 
was cooled to o•c and treated within 2 minutes with a 
solution of 16.7 g of 4-formylcyclohexanone in·lOO ml of 
ethylene glycol dimethyl ether. Theceafter. the cooling 
bath was removed and the reaction mixtuce was stirred for 
a fucthec 3.5 hours at room temperature. The suspension 
was subsequently poured into 500 ml of watec and extcacted , J 

thcee times with 600 ml of methylene chlocide each time. ...., 
The ocganic phases wece washed· twice with 500 ml of 
10 peccent (wt./vol.) sodium chlocide solution each time. 
dcied ovec sodium sulphate. filteced and concentrated. 
whereby 76.9 g of a bcownish paste remained behind. 
Chromatographic sepacation of this crude pcoduct on silica 
gel with methylene chloride as the eluent gave 33.0 g of 
4-[2~(p-cyanophenyl)vinyl]cyclohexanone as a yellow­
-brownish oil. 

d) A mixtuce of 33.0 g of 4-(2-(p-cyanophenyl)vinyl]­
cyclohexanone. 520 ml of toluene •. 260 ml of ethanol and 
3.2 g of 5 percent palladium/cacbon was placed at room '-' 
temperature in a round flask equipped with a magnetic 
sticcer and the mixtuce was hydcoqenated until the 
hydcogenuptake had come to a standstill. The black 
suspension was subsequ~ntly suction f ilteced (rinsing with 
toluene) and the filtrate was concentcated in vacuo. The 
slightly turbid. yellowish oil obtained (34.l g) was 
sepacated by chromatography on silica gel. Methylene 
chloride/hexane (vol. 1: l). methylene chloride/hexane 
(vol. 8:2) and methylene chloride eluted 25.6 g of 
yellowish oil which was crystallized from t-butyl methyl 
ether. There were thus obtained 22.6 g of 4-[2-(p-cyano­
phenyl)ethyl]cyclohexanone as colourless crystals with 
melting point 62.5-64.3°C. 
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e) 4-(2-(p-Cyanophenyl)ethyl]cyclohexanone was converted 
into the followinq compounds in an analogous manner to 
Examples 5 and 8: 

p-[2-(tcans-4-(lE-Pcopenyl)cyclohexyl)ethyl]­
benzonitrile; m.p. (C-1) 61.3°C. cl.p. (N-1) 54.2°C. 

p-[2-(trans-4-(lE-butenyl)cyclohexyl)ethyl]­
benzonitrile: m.p. (C-1) 42.6°C. cl.p. (N-1) 39.7°C. 

p-[2-(trans-4-(lE-pentenyl)cyclohexyl)ethyl]­
benzonitrile: m.p. (C-N) 2s.1°c. cl.p. (N-1) 47.5°C. 

p-[2-(trans-4-(lE-hexenyl)cyclohexyl)ethyl]­
benzonitrile: m.p. (C-N) 16.8°C and 19.7°C (2 modifica­
tions). cl.p. (N-1) 34.6°C, 

p-[2-(trans-4-(lE-heptenyl)cyclohexyl)ethyl]­
benzonitrile: m.p. (C-N) 31.6°C, cl.p. (N-1) 43.6°C. 

Example 12 

1.1 q of p-[trans-4-(lE-pentenyl)cyclohexyl]benzo­
nitrile were boiled at 180°C for 16 hours while qassing 
with argon in 17.5 ml of a 10 percent solution of 
potassium hydroxide in diethylene glycol. After coolinq to 
room temperature the dark brown reaction mixture was· 
diluted ·with 20 ml of water. made acid with 25 percent 
hydrochloric acid and extracted four times with 100 ml of 
ethylene chloride each time. The organic phases were 
washed twice with 80 ml of water each time. dried ovec 
magnesium suphate and active carbon and concentrated. 
There were obtained 1.16 q (98') of p-[trans-4-(lE­
-pentenyl)cyclohexyl]benzoic acid as beiqe crystals: 
Rf-value (toluene/ethyl acetate vol. 3:1) 0.45. 

The following compounds were prepared in an analoqous 
manner: 

trans·-4-(3-Butenyl) cyclohexanecarboxylic acid, 
trans-4-(3E-pentenyl)cyclohexanecarboxylic acid. 
p-[trans-4-(lE-hexenyl)cyclohexyl]benzoic acid. 
p-[trans-4-(3-butenyl)cyclohexyl]benzoic acid. 
p-[trans-4-(3E-pentenyl)cyclohexyl]benzoic acid. 

Example 13 

a) 20 ml of a 0.462M solution of methylmagnesium iodide 
in diethyl ether were treated within 5 minutes with a 
solution of 1.7 q of p-[trans-4-{ecythro-1.2-dibromo­
pentyl)cyclohexyl]benzonitrile in 20 ml of toluene while 
gassinq with arqon at 40°C. Thereafter. sufficient diethyl 
ether was distilled off by warming under a vigocous stream 
of acgon so that the in.ternal temperature rose to 50°C and 
then using a reflux condenser the mixture was stirred at . 
this temperature for a further 15 hours. The reaction 
mixture was subsequently poured on to 100 ml of ice-water 
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and extcacted three times with 100 ml of diethyl ethec 
each time. The. orqanic phases were washed twice with 
100 ml of water each time. dcied over maqnesium sulphate 
and concentrated. Low-pcessure chromatoqraphy (0.5 bar) of 
the yellowish. crystalline cesidue (1.73 q) on silica gel V 
with ethyl acetate/petroleum ether (vol. 10:90) gave 
1.31 q (74\) of p-[tcans-4-(ecythro-l.2-dibromopentyl)­
cyclohexyl]acetophenone as colourless ccystals which were 
ceacted fucther without additional purification: Rf-value 
(ethyl acetate/petroleum ether vol. 10:90) 0.26. 

b) A solution.of 817 mq of p-[trans-4-(erythro-1.2-
-dibromopentyl)cyclohexyl]acetophenone in 40 ml of 
methylene chloride was treated at room temperature while 
qassing with argon with 233 mg of sodiulll hydroqen 
carbonate·and 392 mg of 90 percent lll-chloroperbenzoic acid 
and the mixture was stirred. wher·eby in each case at 
intervals of 2.5 hours a further 233 lllg of sodiulll hydrogen 
carbonate and 392 lllg of 90 percent m-chloroperbenzoic acid 
wece added .. After stirrinq and carrying out the additions ·v 
for a total of 70 hours the reaction lllixture was poured 
into 80 ml of 10 percent sodiulll thiosulphate solution and 
extracted three tillles with 60 ml of methylene chloride 
each time •. The ocganic phases were washed twice with 60 ml 
of 10 percent sodiulll thiosulphate solution each time. 
dried over magnesium sulphate and concentrated. Low- l j 

-pressure chromatography (0.5.bar) of the yellowish. ...., 
crystalline residue (0.98 q) on ·silica gel with ethyl 
acetate/petroleulll ether (vol. 5:95) gave 0.71 g (84\) of 
p-[trans-4-(erythro-1.2-dibromopentyl)cyclohexyl]phenyl 
acetate as yellowish crystals which were ceacted further 
without additional pucif ication: Rf-value (ethyl acetate/ 
petcoleum ether vol. 10:90) 0.28. 

c) A solution of 710 mq of p-[trans-4-(erythro-1.2-
-dibcomopentyl)cyclohexyl]phenyl acetate in 40 ml of 
glacial acetic acid was treated with 676 mq of zinc powder 
at room temperature while gassing with acgon. The grey 
suspension was stirred for 2 houcs at room temperature. \...) 
then poured into 100 ml of water and extracted three times · 
with 80 ml of petroleum ether each time. The organic 
phases wece washed twice with 80 ml of water each time. 
dried ovec magnesium sulphate and concentrated. There were 
obtained 385 aiq (85\) of p-[trans-4-(lE-pentenyl)cyclo­
hexyl]phenyl acetate as colourless crystals. Rf-value 
(ethyl acetate/ petroleum eth~r vol. 10:90) 0.35. 

d) 385 mg of p-[tcans-4-(lE-pentenyl)cyclohexyl]phenyl 
acetate were dissolved in 100 ml of a lN solution of 
potassium hyd.coxide in methanol while gassing with a.cgon 
and the mixtu.ce was stirred at. room temperature for 
30 minutes. Subsequently. the reaction mixture was poured 
int·o 80 ml of lN hydrochlocic acid and ext.cacted three 
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times with 60 ml of diethyl ether each time. The organic 
phases were washed twice with 60 ml of water each time. 
dried over magnesium sulphate and concentrated. There were 
obtained 328 mg (100') of p-[trans-4-(lE-pentenyl)cyclo­
hexyl]phenol as colourless crystals; Rf-value (ethyl 
acetate/petroleum ether vol. 10:90) 0.17. 

The following compounds were prepared in an analogous 
manner: 

p-(trans-4-(lE-Propenyl)cyclohexyl]phenol. 
p-[2-(trans-4-(lE-pentenyl)cyclohexyl)ethyl]phenol. 

Example 14 

a) A solution of methylmagnesium iodide in diethyl ether 
{prepared from 384 mg of magnesium shavings and 0.984 ml 
of methyl iodide in 30 ml of diethyl· ether) was treated 
dropwise at room temperature with a solution of 2.0 g of 
P-[trans-4-(lE-pentenyl)cyclohexyl]benzonitrile. The. 
mixture was heated to reflux for 15 minutes. Subsequently. 
30 ml of toluene were added to the reaction mixture. the 
diethyl ether was distilled off and the mixture was heated 
to reflux for a further 1.5 hours. Thereafter. the -
reaction mixture was treated cautiously at 0°C with 
saturated ammonium chloride solution and partitioned three 
times in diethyl ether/water. The organic extracts were 
washed twice with water. dried over magnesium sulphate. 
filtered and evaporated. Chromatographic separation of the 
yellow crystalline residue (2.6 g) on silica gel with 
ethyl acetate/petroleum ether (vol. 5:95) gave 1.85 g 
(87') of p-(trans-4-(lE-pentenyl)cyclohexyl]acetophenone 
as light.yellow crystals: m.p. s1.2°c. 

b) A solution of 1.63 g of p-(trans-4-(lE-pentenyl)cyclo­
hexyl]acetophenone in 90 ml of methylene chloride was 
treated in succession with 7.46 g of m-chloroperbenzoic 
acid and 100 mg of 2.6-di-t-butyl-p-cresol at 0°C while 
gassing with argon. The mixture was stirred at room 
temperature for 40 hours with the exclusion of light. 
Subsequently. the reaction mixture was partitioned in 
methylene chloride/10 percent sodium thiosulphate solution 
and the organic phase was washed once with 10 percent 
sodium thiosulphate solution and twice with sodium 
hydrogen carbonate solution. The aqueous phases were back­
-extracted three times with methylene chloride. The 
combined organic phases were dried over magnesium 
sulphate. filtered and evaporated. The yellow. oily 
residue of 4-acetoxy-l-[trans-4-(1.2-epoxypentyl)cyclo­
hexyl)benzene was dissolved in 100 ml of lN methanolic 
potassium hydroxide solution and the resulting solution 
was stirred for 1 hour at room temperature. The mixture 
was subsequently adjusted to about pH 8 with 10 ml of 
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10 peccent hydcochlocic acid and pactitioned in diethyl 
ethec/watec. The aqueous phase was extcacted thcee times 
with diethyl ethec. The ocqanic ·phases wece di:ied ovec 
maqnesium sulphate. filtei:ed and· evapocated. Chi:omato­
qcaphic separat:ion of the cesidual brown oil (2.96 q) on V 
silica qel ·wit.h ethyl acetate/petroleum ether (vol. 10: 90) 
qave 2.16 q of p-[trans-4-(l.2-epoxypentyl)cyclohexyl]­
phenol as yellowish c.cystals. 

Example 15 

A mixture of 200 mq of tcans-4-(lE-butenyl)cyclo­
hexanecacboxylic acid. 272.4 mq of dicyclohexylcai:bodi­
imide. 13.4 mq.of 4-(dimethylamino)pycidine. 169.7 mq of 
trans-4-(lE-butenyl)cyclohexanol and 4 ml of methylene 
chlocide was stirred at coom tempecature for 21 houcs 
while qassinq with acqon. Subsequently. the heteroqeneous 
reaction mixtute was diluted with. 10 ml of hexane and 
filteced (rinsinq with hexane) •. The concentrated filtcate 
was taken up in 30 ml of hexane and the solution was·· '....,_J 
washed in each case once with 30 ml of S percent hydro­
chloric acid. 30 ml of saturated sodium hydroqen cacbonate 
solution artd 30 ml of satucated sodium chloride solution, 
dried over magnesium sulphate and co~centrated. Low- ·· 
-pcessuce chromatoqraphy (0.5 bar) of the coloucless oil 
(450 mg) on silica qel with ethyl acetate/petroleum ether 
(vol. 1:99) gave 280 mq (80.1\) of tcans-4-(lE-butenyl)- "-" 
cyclohexanecarboxylic acid trans~4-(1E:...butenyl)cyclohexyl 
ester as colourless ccystals. Recrystallization from 15 ml 
of methanol at· -20°C qave 223 mq of ester as colourless 
needles with meltinq point (C-N) 46.3°C and cl.p. (N-I) 
S8.7°C. 

The f ollowinq compounds wece manufactured in an 
analoqous manner: 

trans-4-(lE-Butenyl)cyclohexanecarboxylic acid 
tcans-4-(lE-pentenyl)cyclohexyl ester: m.p. (C-S) 28.8°C, 
transition S-N 61.5°C. cl.p. (N-I) · 67.5°C. '......,) 

tcans-4-(lE-pentenyl)cyclohexanecarboxylic acid 
tcans-4-(lE-butenyl)cyclohexyl estec: m.p. (C-S) 30.5°C. 
transition S-N 55.2°C. cl.p. (N-I) 68.0°C. 

tcans-4-(lE..;.pentenyl)cyclohexanecacboxylic acid 
trans-4-(lE-pentenyl)cyclo~exyl ester: m.p. (C-S) 39.6°C, 
transition S-N 7S.4°C. cl.p. (N~t) 77.1°C. 

tcans-4-(3-butenyl)cyclohexanecacboxylic acid 
trans-4-(lE-butenyl)cyclohexyl ester: m.p. (C-S) 26.4°C. 
transition S-N 30.7°C. cl.p. (N-IT 43.3°C, 

trans-4-(3E-pentenyl)cyclohexanecarboxylic acid 
trans-4-(lE-butenyl)cyclohexyl ester: m.p. (C-S) 25.7°C, 
tcansition S-N 31.8°C, cl.p. (N-1) 70.b°C. 

trans-4-(3E-pentenyl)cyclohexanecarboxylic acid 
P-[tcans-4-(lE-pentenyl)cyclohexyl]phenyl estec: 
m.p. CC-S) ss.0°c. tcansition S-N 166.5°C. cl.p. (N-I) 
221.s 0 c, 



.\,_/. 

'\._.) 

- 49 -

trans-4-(4-pentenyl)cyclohexanecarboxylic acid 
p-(4-pentenyl)phenyl ester. 

trans-4-pentylcyclohexanecarboxylic acid p-allyloxy­
phenyl ester: m.p. (C-N) 33.7°C. cl.p. (N-1) 77.9°C. 

trans-4-(4-pentenyl)cyclohexanecarboxylic acid 
p-allyloxyphenyl ester; m.p. (C-N) 32.2°C. cl.p. (N-1) 
5l.8°C,. 

p-[trans-4-(3E-pentenyl)cyclohexyl]benzoic acid 
p-(3E-pentenyl)phenyl ester: m.p. (C-S) 93.5°C. transition 
s-s 95°C. transition S-N 125°C. cl.p. CN-1) 205°C~ 

Example 16 

A mixture of 400 mq of p-(trans-4-pentylcyclohexyl)­
phenol .. 853 mg of ground potassium·carbonate. 0.5 ml of 
allyl bromide and 50 ml of acetone was stirred at room 
temperature overnight while gassing with argon. 
Subsequently. the heterogeneous reaction mixture was 
filtered (rinsing with hexane) and the filtrate was 
concentrated. The residue was taken up in 50 ml of hexane 
and the solution was washed twice with 50 ml of water each 
time. dried over magnesium sulphate and concentrated. Low­
-pressure chromatoqraphy (0.5 bar) of the oily residue 
(490 mq) on silica gel with hexane/diethyl ether 
(vol. 90:10) qave 435 mq (93.5\) of product as colourless 
crystals in a purity of 95\. Recrystallization from 
methanol at 0°C qave 155 mg of 4-allyloxy-l-(trans-4-
-pentylcyclohexyl)benzene as colourless crystals in a 
purity of 99.8\: m.p. (C-N) 3l.9°C. cl.p. (N-1) 40.9°C. 

The following compounds can be manufactured in an 
analogous manner: 

4-(3-Butenyl)oxy-l-(trans-4-pentylcyclohexyl)benzene: 
m.p. (C-1) 29.9°C. virtual cl.p. -5.0°c. 

4-(2E-butenyl)oxy-l-(trans-4-pentylcyclohexyl)benzene: 
m.p. (C-N) 32.0°C and 38.4°C. cl.p. (N-1) 66.8°C. 

4-(2E-butenyl)oxy-l-(trans-4-propylcyclohexyl)benzene; 
m.p. (C-N) 42.3°C. cl.p. CN-1) 56.5°C. 

4-(2E-butenyl)oxy-l-[trans-4-(lE-propenyl)cyclohexyl]­
benzene: m.p. (C-N) 52.o•c. cl.p. (N-1) 72.a 0 c. 

4-allyloxy-l-[2-(trans-4-pentylcyclohexyl)ethyl]benzene: 
m.p. CC-SB) l5.7°C,. t~ansition sB-N 23.8°C. 
cl.p. CN-1) 40.7°c. 

4-(2E-butenyl)oxy-l-[2-(trans-4-propylcyclohexyl)ethyl]­
benzene: m.p. (C-N) 44.6°C. cl.p. CN-1) s2.s 0 c, 

4-(3-butenyl)oxy-l-[2-(trans-4-propylcyclohexyl)ethyl]­
benzene: m.p. (C-S) 6.o•c. transition S-N l6.3°C. 
cl.p. (N-1) l6.5°C. 

4-(3-butenyl)oxy-1-(2-(trans-4-pentylcyclohexyl)ethyl]-
benzene: m.p. (C-SB) l.6°C and 5.0°C (2 modifications). 
cl.p. (SB-I) 33°C. 
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4-(4-penteriyl)oxy-l-[2-(trans-4-propylcyclohexyl)ethyl]­
benzene: m.p. (C-1) 32.l°C. cl.p. (N-1) 29.6°C. 

4-( 4-pentenyl) oxy-1- [ 2- ( tr.ans-4-pentylcyc lohexyl) ethyl}­
benzene: m.p. (C-Ss) 29.7°C. cl.p. (Ss-I) 42.3°C. 

4-allyloxy-2-fluoro-l-[2-(trans-4-pentylcyclohexyl)- \,,,,J 
ethyl]benzene: ~.p. (C-N) l7.2°C. cl.p. 20.2°c. 

4-(3-butenyloxy)-2-fluoro-l-[2~Ctrans-4-pentylcyclo­
hexyl)ethyl]benzene: m.p. (C-1) 10.8°C. cl.p. (N-1) 4.7°C. 

4-(4-pentenyl)oxy-2-fluoro-l-[2~(trans-4-pentylcyclo­

hexyl)ethyl]benzene: m.p. (C-I) 2e.2°c, cl.p. (N-I) 20.0°c. 
4-(5-hexenyl)oxy-2-f luoro-l-[2-(trans-4-pentylcyclo­

hexyl)ethyl]benzene: m.p. (C-N) ll.5°C. cl.p. (N-I) l2.7°C. 
2-{p-allyloxyphenyl)-5-butylpyrimidine: m.p. (C-I) 

56°C. · 
2-(p-(3-bu·tenyl)oxyphenyl]-5-butylpyrimidine: 

m.p. (C-I) 37.3°C. cl.p. (N-1) 12.5~C. 
2-[p-(4-pentenyl)oxyphenyl]-5".'"butylpyrimidine: m.p. 

CC-I) 36.5°C. cl.p. (N-1) 35.9°C. 

Example 17 v 
A solution ·of 16.1 q of diethyl 2-(lE-pentenyl)­

malonate (Tetrahedron Lett. 1979.- 861) in 75 ml of tetra- .. 
hydrofuran was added dropwise within l hour at 5°C to a 
suspension of 5.3 q of lithium aluminium hydride in 200 ml 
of dry tetrahydrofuran while stirring in an inert gas , -' 
atmosphere. The mixture was stirred for a fur.ther .,,,,,,, 
3.5 hours at room temperature and then treated dropwise 
successively with 15 ml of acetone and 20 ml of saturated 
sodium hydrogen carbonate solution. The reaction mixture 
was filtered. the filtrate was concentrated and the 
residue (8.2 g) was distilled in a bulb-tube at 
l50°C/about 1 Torr. There were thus obtained 6.5 q of 
2-(lE-pentenyl)-1.3-propanediol as a colourless oil. 

The following compounds were prepared in an analogous 
manner: 

2-(lE-Propenyl)-l.3-propanediol. 
2-(lE-butenyl)-l.3-propanediol. 
2-(lE-hexenyl)-l.3-propanediol. 
2-( lE-heptenyl)-1. _3-propanediol. 

Example 18 

a) 7.05 q of sodium were dissolved in a solution of 49 q 
of diethyl malonate in 175 ml of ethanol. The still warm 
solution (50°C) was treated dropwise within 15 minutes 
with 45.6 g of 5-bromo-l-pentene and the mixture was 
heated to boiling for 2 hours. After cooling the reaction 
mixture was poured into 500 ml of diethyl ether and 300 ml 
of semi-saturated sodium chloride solution. The aqueous 
phase was separated and back-extracted twice with 200 ml 
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of diethyl ether each time. The· organic phases were washed 
twice with 150 ml of semi-saturated sodium chloride 
solution each time dried over sodium sulphate, filtered 
and concentrated. Chromatographic separation of the 
resultinq, yellow liquid (55.2 q) on silica qel with 
hexane/ethyl acetate (vol. 95:·5) qave 33.2 q of diethyl 
(4-pentenyl)malonate as a colourless liquid. 

b) A suspension of 13.8 g of lithium aluminium hydride in 
500 ml of tetrahydrofuran was treated dropwise under 
nitrogen at 0-5°C within l hour with a solution of 33.2 g 
of diethyl (4-pentenyl)malonate in 125 ml of tetrahydro­
furan. The mixture was stirred overnight at room 
temperature and then heated to boiling for 3 hours. After 
cooling there were cautiously added dropwise to the 
reaction mixture firstly 25 ml of acetone and then 25 ml 
of saturated sodium hydrogen carbonate solution. The 
resulting slurry was suction filtered and the residue on 
the suction filter was washed four times with tetrahydro­
furan. Concentration of the filtrate gave 17.8 q of 
2-(4-pentenyl)-l,3-propanediol (purity 89\) as a yellow 
liquid. 

c) A mixture of 3.6 q of 2-(4-pentenyl)-l,3-propanediol, 
4,4 of p-(3-butenyl)oxybenzaldehyde, 75 ml of toluene and 
3 drops of 10 percent sulphuric acid is heated to boiling 
for 2.5 hours. whereby about 50 ml of wet solvent are 
distilled off and are replaced by the dropwise addition of 
50 ml of fresh toluene. Thereafter, the mixture is 
neutralized with 4 drops of triethylamine and, after 
cooling, is washed with s percent sodium hydroqen 
carbonate solution and water. The organic phase is dried 
over sodium sulphate and concentrated. Chromatographic 
separation of the residue on silica gel with hexane/ethyl 
acetate and recrystallization from hexane qives tcans-2-
-[p-(3-butenyl)oxyphenylJ-5-(4-pentenyl)-m-dioxane with 
m.p. CC-I) 17.8°C and cl.p. (N-I) 7.3°C. 

The following compounds can be manufactured in an 
analogous manner: 

trans-2-(p-Allyloxyphenyl)-5-pentyl-m-dioxane: m.p. 
(C-N) 41.6°C, cl.p. (N-I) 42.5°C, 

trans-2-[p-(3-butenyl)oxyphenyl]-5-pentyl-m-dioxane: 
m.p. CC-N) 31.4°C. cl.p. (N-1) 35.2°C. 

Example 19 

a) A suspension of 829 mg of sodium borohydride in 20 ml 
of methanol/diethyl ether (vol. 9:1) was treated dropwise 
within 5 minutes at o0 c with a solution of 3.0 q of trans­
-4-cyanocyclohexanecacboxaldehyde in 30 ml of methanol/ 
diethyl ether (vol. 9:1). The reaction mixture was stirred 
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for a further 2 hours at 10°C. then treated with 10 ml of 
dilute hydrochlo.cic acid and partitioned in methylene 
chloride/water. The aqueous phase was extracted three 
times with methylene chloride. The organic phases were 
washed twice with water. dried over magnesium sulphate. 
filtered and concentrated. There were obtained 3.0 g (98\) 
of trans-4-(hydroxymethyl)cyclohexanecarbonitrile as a 
colourless oil. 

b) A solution of 3.0 g of trans-.4-(hydroxymethyl)cyclo­
hexaneca.cbonitrile in 10 ml of pyridine was tz:eated 
dropwise within 3 minutes at 0°C with a solution of 6.81 g 
of p-tosyl chloride in 10 ml of pyridine. The reaction 
mixture was stirred for 15 hours ·a.t room temperature. then 
made acid (pH about 2) with 50 ml of 25\ hydrochloric acid 
and partitioned in chloroform/water. The aqueous phase was 
extracted t'hree.times with chloroform. The organic phases 
were washed twice with water. dried over magnesium 
sulphate. filtered and concentrated. There were. obtained 
6.3 g (99\) of trans-4-(p-tosylox:y..,ethyl)cyclohexanecacbo­
nitrile as colourless crystals. 

c) A solution of 6.3 g of trans-4-(p-tosyloxymethyl)­
cyclohexanecarbonitrile in 80 ml of acetone was treated 
with 3.87 g of sodium iodide and the mixture was heated to 
reflux while stirring for 15 hours. Thereafter. the wtiite 
suspension was filtered and the filtrated was 
concentrated. The residue was partitioned in water/chloro­
focm. The aqueous phase was extracted three times with 
chlocofo.cm. The organic phases we.re washed twice with 
water. dci~d over magnesium sulphate. filtered and 
concentrated. There were obtained 4.8 q (89\) of trans-4-
-(iodomethyl)cyclohexanecarbonitrile as a yellowish oil. 

d) A suspension of 9.14 g of copper(I) iodide in 90 ml of 
tetrahydrofuran was treated within 5 minutes at 78°C with 
25.7 ml of l.5M solution of methyl lithium in tetrahydro­
furan using a syringe. The suspension was stirred for a 
further 45 minutes at -78°C. then left to warm to 0°C and 
stirred for a further 3 minutes at 0°C. Thereafter. the 
suspension was again cooled to -78°C and treated within 
5 minutes using a steel cannula with a Grignard solution 
prepared from 4.56 ml of 4-bromo-1-butene and 1.1 q of 
magnesium in 60 ml of tetrahydrofuran. The suspension was 
sti.cred for a further 20 minutes at -78°C. then left to 
warm to 15°C and stirred for a furthec 5 minutes at 15°C. 
Thereafter. the solution was again cooled to -78°C and 
treated dropwise within 5 minutes with a solution of 4.8 g 
of trans-4-(iodomethyl)cyclohexanecarbonitrile in 30 ml of 
tetrahydrofucan. Thereaf tec.. the reaction mixture was left 
to warm and was stirred for a further 30 minutes at 16°C. 
Subsequently. the reaction mixture was treated cautiously 
in a cooling bath with about 50 ml of ammonium chlDride 
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solution and partitioned in methylene chloride/ammonium 
chloride solution. The aqueous phase was extracted three 
times with methylene chloride. The orqanic phases were 
washed once with ammonium chloride solution and twice with 
water, dried over magnesium sulphate, filtered and 
concentrated. Chromatographic separation of the yellow, 
oily residue (3.4 q) on silica qel with ethyl acetate/ 
petroleum ether (vol. 5:95) qave 2.9 q (85\) of trans-4-
-(4-pentenyl)cyclohexanecarbonitrile as a liqht yellow oil. 

e) A solution of 2.9 g of trans-4-(4-pentenyl)cyclo­
hexanecarbonitrile in 80 ml of diethylene glycol was 
treated with 8.0 g of potassium hydroxide and the mixture 
was stirred for 3.5 hours at a bath temperature of 180°C. 
Subsequently, the reaction mixture was treated with ice. 
made acid with 25 ml of 25 percent hydrochloric acid and 
partitioned in methylene chloride/water. The aqueous phase 
was extracted three times with methylene chloride. The 
orqanic phases were washed twice with water. dried over 
magnesium sulphate, filtered and concentrated. Chromato­
qraphic separation of the brown. oily residue (3.5 q) on 
silica gel with ethyl acetate/petroleum ether (vol. 10:90) 
gave 2.9 g (90\) of trans-4-(4-pentenyl)cyclohexane-· 
carboxylic acid as a yellowish oil. 

Example 20 

a) A solution of 400 mq of p-(3-hydroxypropyl}phenol 
and 0.421 ml of triethylamine in 2.6 ml of methylene 
chloride was treated portionwise at 0°C with 539 mq of 
p-tosyl chloride and the mixture was stirred for a further 
5 minutes at 0°C _and for 15 minutes at -5°C. Subsequently. 
the reaction mixture was diluted with water. made slightly 
acid with dilute hydrochloric acid and extracted three 
times with methylene chloride. The organic phases were 
washed twice with water. dried over maqnesium sulphate and 
freed from solvent. The residual. colourless oil (870 mg) 
was purified by chromatography on silica gel with ethyl 
acetate/petroleum ether. whereby 693 mg (83\) of p-(3-
-hydroxypropyl)phenyl p-tosylate were isolated as a milky 
oil. . 

b) A solution of 12 ml of oxalyl chloride in 380 ml of 
methylene chloride was treated dropwise at -60°C with a 
solution of 19.8 ml of dimethyl sulphoxide in 30 ml of 
methylene chloride and the mixture was stirred for a 
further 5 minutes at -60°C. Subsequently, the mixture was 
treated dropwise with a solution of 38.9 q of p-(3-
-hydroxypropyl)phenyl p-tosylate in 100 ml of methylene 
chloride, the resulting mixture was stirred for a further 
20 minutes at -60°C and then treated with 88.5 ml of 
triethylamine. The reaction mixture was stirred for a 
further 5 minutes at -60°C, then left to warm slowly to 
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room temperature and stirred for a further s minutes at 
24°C. The reaction mixture was subsequently treated with 
water. The orqanic phases was washed with water and sodium 
chloride solution (back-extraction with methylene , ~ 
chloride). dried over sodium suiphate and evaporated. ..._, 
Chromatoqraphic separation of the residual. brown-yellow 
oil (38 q) on silica qel with ethyl acetate/petroleum 
ether (vol. 40:60) qave 33.8 g of 3-[p-(p-tosyloxy)­
phenyl]propionaldehyde as a pale y~llow oil. 

c) A suspension of 14.87 q of methoxymethyl-triphenyl­
phosphonium chloride in 130 ml of t-butyl methyl ether was 
treated at -20°C with S.2 g of potassium t-butylate and 
the mixture was stirred without coolinq for a further 
1.2 hours. Subsequently. the mixture was treated dropwise 
at -S°C with a solution of 8.8 q of 3-[p-(p-tosyloxy)­
phenyl]propionaldehyde in 30 ml of tetrahydrofuran. The 
cooling bath was removed and the mixture was stirred for a 
further 10 minutes at room temperature. The reaction "-' 
mixture was then treated with water_ and partitioned twice 
in water/di~thyl ether. The aqueous phases were back­
-extracted with diethyl ether. The orqanic phases were 

·dried over maqnesium sulphate and evaporated. The oily 
residue was dissolved in ethyl acetate and the solution 
was treated with petroleum ether and freed from 
precipitated triphenylphosphine oxide by filtration. After -..._,; 
evaporation of the filtrate and chromatoqraphic separation 
of the residue on silica qel there were obtained 4.4 q 
(44') of p-(4-methoxy-3-butenyl)phenyl p-tosylate as a 
slightly yellowish oil. 

d) A mixture of 4.3 q of p-(4-methoxy-3-butenyl)phenyl 
p-tosylate. 60 ml of qlacial acetic acid and 30 ml of 
water was stirred for 40 minutes at 110°C. then cooled to 
room temperature and· diluted with 200 ml of water. The 
aqueous phase was extracted four times with methylene 
chloride. The orqanic phases were washed twice with dilute 
sodium carbonate solution. dried over maqnesium sulphate 
and freed from solvent. There were obtained 4.3S q of 
4-[p-(p-tosyloxy)"phenyl]butyraldehyde as a yellowish oil. 

e) A suspension of 7.32 q of methyltriphenylphosphonium 
bromide in 70 ml of t~butyl methyl ether was treated with 
2.45 g of potassium t-butylate at -S°C and the mixture was 
stirred for a .further 40 minutes at room temperature. 
Subsequently. the mixture was treated slowly at 0°C with a 
solution of 4.35 g of 4-[p-(p-tosylosy)phenyl]butyr­
aldehyde in 30 ml of t-butyl methyl ether. The reaction 
mixture was stirred for a further 5 minutes at 0°c and for 
30 minutes at room temperature. then treated with water 
and partitioned twice in water/diethyl ether. The aqueous 
phases were back-extracted with diethyl ether. The orqanic 
phases were dried over magnesium sulphate and 
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concentrated. The residue was dissolved in ethyl acetate 
and the solution was treated with petroleum ether and 
freed from precipitated triphenylphosphine oxide by 
filtration. After concentration-of the filtrate and 
chromatoqraphic separation of the residual. yellow oil 
(4.3 q) on silica qel there were obtained 3.37 g (78\) of 
p-(4-pentenyl)phenyl p-tosylate as a colourless oil. 

f) A mixture of 3.35 g of p-(4-pentenyl)phenyl p-tosylate 
and 50 ml of 10\ ethanolic potassium hydroxide solution 
was stirred for l hour at l00°C. Subsequently. the 
reaction mixture was cooled to room temperature and made 
acid with dilute hydrochloric acid. The aqueous phase was 
extracted four times with diethyl ether. The orqanic 
phases were washed with water. dried over magnesium 
sulphate and concentrated. The residual brown oil (1.92 g) 
was purified by chromatoqraphy on silica gel with ethyl 
acetate/petroleum ether (vol. 8:92). whereby 1.70 q (99\) 
of p-(4-pentenyl)phenol were obtained as a liqht yellow oil. · 

Example 21 

a) A suspension of 32 g of ethyltriphenylphosphonium 
bromide in 450 ml of t-butyl methyl ether was treated 
slowly with 10 q of potassium t-butylate at 0°c and the 
mixture was stirred for a further l hour without cooling. 
Subsequently. the mixture was treated slowly.at 0°C with a 
solution of 15 q of 3-(p-(p-tosyloxy)phenyl)propion­
aldehyde in 50'ml of tetrahydrofuran and the resulting 
mixture was then warmed slowly to room temperature. 
Thereafter. the reaction mixture was treated with water 
and partitioned twice in diethyl ether/water. The aqueous 
phases were back-extracted with diethyl ether. The organic 
phases were dried over maqnesium sulphate and 
concentrated. The oil obtained was freed from triphenyl­
phosphine oxide by repeated dissolution in ethyl acetate. 
treatment with petroleum ether. filtration and concentra­
tion of the filtrate. The yellow oily crude product 
obtained (18 q) was purified by chromatography on silica 
gel with petroleum ether and ethyl acetate/petroleum 
ether. There were obtained 7.1 g (46\) of p-(3-pentenyl)­
phenyl p-tosylate as a colourless oil (cis/trans mixture). 

b) p-(3-Pentenyl)phenyl p-tosylate was oxidized in an 
analogous manner to Example Sb) with m-chloroperbenzoic 
acid to p-(3.4-epoxypentyl)phenyl p-tosylate. the epoxide 
was then converted in an analoqous manner to Example Sc) 
with triphenylphosphine/bromine into p-(erythro-3.4-
-dibromopentyl)phenyl p-tosylate and finally the dibromide 
was reduced in an analogous manner to Example Sd) with 
zinc in qlacial acetic acid to p-{3E-pentenyl)phenyl 
p-tosylate. 
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c) A mixture' of 7.9 q of p-{3E-pentenyl)phenyl p-tosylate 
and 120 ml of 10\ ethanolic potassium hydroxide solution 
was heated to reflux for 45 minutes. then cooled to room 
temperature. made acid with hydrochloric acid and 
partitioned three times in water/diethyl ether. The 
aqueous phases were back-extracted with diethyl ether. The 
orqanic phases were dried over maqnesium sulphate and 
concentrated. The residual oil {4.1 q) was purified by 
chromatoqraphy on silver nitrate-coated silica qel with 
diethyl ether/hexane. There were· obtained 3 .15 q {77\) of 
p-{3E-pentenyl)phenol as a liqht yellowish liquid. 

Example 22 

a) . A suspension of 11. 5 q of 3. 3-ethylened ioxypropyl­
-tr iphenylphosphonium bromide in 90 ml of t-butyl methyl 
ether was treated with 3.02 q of potassium t-butylate at 
0°C and the mixture was then stirred at room temperature 
for 40 minutes. Thereafter. the mixture was treated V 
dcopwise at 50°C with a solution of 2.6 q of p-cyano~· 
benzaldehyde in 30 ml of tetcahydrofuran and the resultinq 
mixture was stirred for a further 1 hour at room 
temperature.· The reaction mixture was subsequently treated 
with water. The phases were separated and the aqueous 
phase was back-extracted twice with tetrahydrofucan. The 
organic.phases were washed twice with water. dried over v 
maqnesium sulphate· and concentrated. The residue was 
dissolved in hot ethyl acetate." the solution was treated 
with petroleum ether and the precipitated triphenyl-
phosphine oxide was filtered off under suction. The yellow 
oil {4.5 q) obtained after concentcatinq the filtrate was 
pucif ied by chromatoqcaphy on silica qel with petroleum 
ether and petroleum ether/ethyl acetate. There were 
obtained 3.73 q {89.2\) of p-{4.4-ethylenedioxy-1-
-butenyl)benzonitrile as a liqht yellowish oil. 

b) A solution of 3.7 q of p-{4.4-ethylenedioxy-1-
-butenyl)benzonitcile in 50 ml of toluene was treated with V 
350 mq of palladium/carbon {5\):and the mixture was 
hydrogenated foe 2.5 hours {hydroqen consumption 385 ml). 
The reaction mixture was then filtered {cinsinq with 
diethyl ether) and the filtrate was evaporated. There were 
obtained 308 mq {82\) of p-(4.4-ethylenedioxybutyl)benzo­
nitrile as a colourless. pacti~lly ccystallizinq oil. 

c) A mixture of 2.8 q of p-(4.4-ethylenedioxybutyl)benzo­
nitrile. 56 ml of tetrahydrofucan and 56 ml of 10 percent 
hydrochloric acid was stirred for 3 hours at room 
temperature and then left to stand overnight. Thereafter. 
the reaction mixture was diluted with water and extracted 
three times with diethyl ether. The orqanic phases were 
washed twice with water. dried over maqnesium sulphate. 
filtered and concentrated. There were obtained 2.6 q of 
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4-(p-cyanophenyl)butyraldehyde which was processed without 
additional purification. 

d) A suspension of 6.S q of methyl-triphenylphosphonium 
bromide in 50 ml of t-butyl methyl ether was treated with 
2.1 g of potassium t-butylate at -5°C and the mixtuce was 
then stirred at room temperature for 40 minutes. 
Subsequently. the mixture was treated at 0°c with a 
solution of 2.6 g of 4-(p-cyanophenyl)butyraldehyde in 
30 ml of t-butyl methyl ether and the resulting mixture 
was stirred for l hour at room temperature. Thereafter. 
the reaction mixture was treated with water and extracted 
three times with diethyl ether. The orqanic phases were 
washed twice with water. dried over magnesium sulphate, 
filtered and concentrated. The ccystalline residue was 
dissolved in hot ethyl acetate. the solution was treated 
with petroleum ether and the precipitated triphenyl­
phosphine was filtered off. The oil obtained after 
concentrating the filtrate was purified by chromatoqraphy 
on silica qel with ethyl acetate/petroleum ether (vol. 
5:95). whereby l.92 q of p-(4-pentenyl)benzonitrile were 
isolated as a liqht yellowish liquid. 

.. 
e) A mixture of l.9 q of p-(4-pentenyl)benzonitrile and a 
10\ solution of potassium hydroxide in diethylene qlycol 
was boiled at 180°C for 2 hours. The reaction mixture was 
then cooled to room temperature. adjusted to pH 3 with 
23 percent hydrochloric acid. diluted with water and 
extracted four times with methylene chloride. The organic 
phases were washed twice with water. dried over maqnesium 
sulphate, filtered and concentrated. whereby 2.12 q of 
p-(4-pentenyl)benzoic acid were isolated as brown crystals. 

Example 23 

a) A solution of 3-butenylmaqnesium bromide in diethyl 
ether (prepared from 172 mq of maqnesium shavinqs and 
0.604 ml of 4-bromo-l~butene in 10 ml of diethyl ether) 
was treated dropwise at room temperature with a solution 
of l.O g of p-[trans-4-(4-pentenyl)cyclohexyl]benzonitrile 
in 10 ml of toluene and the mixture was stirred for 
17 hours at 45°C. Thereafter. the reaction mixture was 
treated cautiously at 0°C with saturated ammonium chloride 
solution and partitioned three times in diethyl ether/ 
water. The orqanic phases were washed twice with water. 
dried over magnesium sulphate. filtered and evaporated. 
Chromatoqraphic separation of the yellow. crystalline 
residue (l.28 q) on silica qel with ethyl acetate/ 
petroleum ether (vol. 3:97) qave 1.19 q (97\) of p-[trans­
-4-(4-pentenyl)cyclohexyl]-4-pentenoylphenone as a 
colourless oil. 
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b) A solution. of 1.19 q of.p-[tcans-4-(4-pentenyl)cyclo­
hexyl]-4-pentenoylphenone in 10 ml of ethanol and 10 ml of 
diethylene qlycol was treated with 0.372 ml of hydcazine 
hydcate while qassinq with arqon and the mixtuce was then . J 

heated to cef lux (bath temperatuce 110°C) while sticrinq ...., 
foe 2 houcs. Subsequently. the mixtuce was treated with 
439 mq of solid potassium hydroxide. the bath tempecature 
was raised to 210°c and the ethanol was distilled off. 
After 2 houcs at 210°C the ceaction was interrupted and 
the mixtuce was partitioned th.cee times in water/petroleum 
.ether. The o.cqanic extracts we.ce washed twice with wa te.c. 
dried ove.c maqnesium sulphate and evaporated. Chromato­
qraphic sepa.cation of the residue (0.84 q) on silica qel 
with hexane as-the eluent gave 0.725 g (64-) of 4-(4-
-pentenyl)-l-[trans-4-(4-pentenyl)cyclohexyl]benzene. 
Bulb-tube distillation gave. at 165°C/0.25 Torr. 530 mg of 
product as a colourless oil with·m.p. -32.6°C. 

The f ollowinq compounds were pcepared in an analoqous '-.,,,) 
manner: 

4'-[trans-4-ClE-Pentenyl)cyclohexyl]-4-(4-pentenoyl)­
biphenyl: m.p. 133.7°C. 

4'-[tcans-4-{lE-pentenyl)cyclohexyl]-4-(4-pentenyl)­
biphenyl: cl.p. (S-1) 182.5°C. not crystallizable. 

Example 24 

a) A suspension of 91.0 q of pycidinium chloroch.comate in 
650 ml of methylene chloride was treated d.copwise within 
5 minutes while stirrinq at coom tempecature with a 
solution of 22.6 q of 5-hexen-1-oi in 70 ml of diethyl 
ether and the mixture was stirred fo.c a fu.cther 2 hours. 
Subsequently. the mixture was treated with 400 ml of 
diethyl ether and stirred for a further 15 minutes. 
Thereafter. the reaction solution was decanted off from a 
separated black resin and filteced. Fractional distil­
lation of the filtrate under normal pressuce gave. at 
110-122°C. 11.88 q of 5-hexenal. 

b) A suspension of 62.2 g of methoxymethyl-tciphenyl­
phosphonium chloride in 250 ml of diethyl ether was 
treated with 21.4 q of potassium t-butylate at 0°C undec 
nitroqen. The oranqe-red suspension obtained was treated 
dropwise within 15 minutes at 5-10°C with a solution of 
11.88 g of 5-hexenal in 65 ml of diethyl ether and the 
mixture was.stirred for a further 3 hours at room 
temperatuce. Theceafter. the reaction mixture was treated 
with 7.5 q of sodium hydrogen carbonate and 125 ml of 
water and stirred for 10 minutes. The aqueous phase was 
separated and back-extracted with 30 ml of diethyl ether. 
The organic phases were washed twice with 30 ml of water 
each time. dried over sodium sulphate and filtered. The 
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filtrate was freed from solvent at 60°C bath temperature 
under normal pressure. The distillation residue Ca yellow 
liquid) was shaken with 400 ml of pentane until the 
undissolved residue had become solid. The suspension 
obtained was cooled to -25°C and filtered. Fractional 
distillation of the filtrate under normal pressure qave. 
at 120-143°C. 10.4 g of l-methoxy-l.6-heptadiene. 

c) 13.2 ml of trimethyl orthoformate were treated with 
0.22 ml of boron trifluoride diethyl etherate at 3°C under 
an inert gas atmosphere. The mixture was then treated 
dropwise within 5 minutes while stirring with 2.52 q of 
1-methoxy-l.6-heptadiene. The reaction mixture was left to 
stand in an ice-bath for a further 3 hours. then treated 
with 0.22 ml of triethanolamine and concentrated in a 
rotary evaporator at 50°C. The residue was dissolved in 
30 ml of hexane and the solution was washed with 5 ml of 
saturated sodium hydroqen carbonate solution and four 
times with 5 ml of water each time. dried over sodium 
sulphate and concentrated. Bulb-tube distillation of the 
residue (4.0 g) at 220°C/9 Torr gave 3.74 g of 
(4-pentenyl)malonaldehyde tetramethyl acetal as a 
colourless liquid. 

d) A mixture of 3.74 g of (4-pentenyl)malonaldehyde 
tetramethyl acetal. 0.27 ml of water and 75 mg of 
p-toluenesulphonic acid monohydrate was heated for 2 hours 
at a bath temperature of ll0°C. Thereafter. the mixture 
was treated with 0.12 ml of triethylamine. left to cool 
and poured into 80 ml of hexane. The reaction mixture was 
washed twice with 15 ml of saturated sodium hydrogen 
carbonate solution each time. dried over sodium sulphate 
and filtered. concentration of the filtrate qave 2.4 q of 
crude 3-methoxy-2-(4-pentenyl)acrolein. 

Example 25 

A solution of 21.2 q of 5-butyl-2-(p-isopropoxy­
phenyl)pyrimidine [prepared in accordance with synthesis 
variant 2 in J. prakt. Chem. l!Z· 617 (1975)] in 300 ml of 
methylene chloride was treated dropwise within l hour with 
a solution of 37 ml of titanium tetrachloride in 200 ml of 
methylene chloride while stirring at 0°C. The reaction 
mixture was stirred for a further 30 minutes at 0°C and 
for 3 hours at room temperature and then poured on to l 1 
of ice-water. The aqueous phase was extracted with 1.2 1 
of methylene chloride. The combined organic phases were 
washed neutral with water. dried over sodium sulphate. 
filtered and concentrated. The brown. solid crude product 
(15.0 g) was introduced. adsorbed on 75 q of silica gel. 
on to a column of silica gel in toluene/acetone (vol. 9:1) 
and eluted with the same solvent mixture. The product 
obtained (12.8 q) was boiled up with hexane. whereby 
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12 .• 6 q of 5-butyl-2-(p-hydroxyphenyl)pyrimidine with 
m.p. 184.2-184.6°C were isolated. 

Example 26 

a) 275 ml of a lM solution of bromine in carbon tetra­
chlor°ide were added dropwise while stirrinq at 10-15°C in 
the course of 5 hours to a colou~less solution of 36.4 g 
of 3-butenylbenzene in 300 ml· of carbon tetrachlo.ride. The 
reaction mixture was left to stand overniqht at room 
temperature and was then freed from solvent in vacuo. 
There were obtained 79.9 q of (3,.4'"'."dibromobutyl)benzene as 
a yellowish oil. 

b) A nitratinq solution (prepared by the dropwise 
addition of 16.5 q of 96 percent nitric acid to a stirred 
mixture of 8.2 ml of qlacial acetic acid and 8.2 ml of 
acetic anhydride at 5-9°C) was added dropwise in the 
course of 50 minutes at 3~4°C to a solution. cooled to 
0°C. of 40.0 q ~f (3.4-dibromobutyl)benzene in 48 ml.of 
acetic anhydride. The yellowish solution was left to warm 
to room temperature over a period of 4 hours. After 
leavinq to stand overnight the mixture was poured on· to a-­
mixture of 250 q of ice and 100 ml of water and treated 
with 13.5 q of sodium carbonate (Na2C03.lO H20). 
Extraction of the mixture with diethyl ether. washinq the 
ethereal solutions with water. saturated sodium hydroqen 
carbonate solution and water. drying with sodium sulphate 
and concentration in vacuo qave 47.3 q of a brown oil 
containinq 39.7' o-nitro derivative and 58.7' p-nitro 
derivative. Chromatography on silica gel in hexane and 
elution with.hexane/toluene qave 14.2 q of l-(3,.4-dibcomo­
butyl)-2~nitcobenzene. 13.7 q of isomer mixture and 18.2 g 
o·f 1-( 3. 4-dibromobutyl )-4-ni trobenzene. 

c) A mixture of 52.l q of sodium iodide. 300 ml of 
acetone and ~8.6 q of 1-(3,4-dibromobutyl)-4-nitrobenzene 

. was stirred under reflux for 3.5 hours. After coolinq the 
brown suspension was freed from solvent in vacuo and the 
brown residue was taken up in diethyl ether and water. The 
separated iodine was reduced by adding solid sodium thio­
sulphate. The colourless ether solutions were washed with 
water. dried with sodium sulphate and concentrated in 
vacuo. The residue (14.9 q) was distilled in a hiqh 
vacuum. whereby 13.4 g of 1-(3-butenyl)-4-nitrobenzene 
were obtained as an almost colourless liquid: 
b.p. 86-89°C/0.2 Torr. 

d) A solution of 11.9 q of 1-(3-butenyl)-4-nitrobenzene in 
875 ml of methanol was treated with 6.5 q of magnesium 
shavings while stirring and gassing with nitrogen. After 
stirring for 4 hours the yellow. turbid reaction mixture 
was f ceed fcom methanol in vacuo. The residue was 
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dissolved in 220 ml of water and 110 ml of 17 percent 
hydrochloric acid and the solution was extracted 
exhaustively with methylene chloride. The orqanic phases 
were washed neutral with water. dried over sodium sulphate 
and freed from solvent in vacuo. The residue (10.4 q) was 
treated with 100 ml of water and subjected to a steam 
distillation. 3.3 .q of startinq material could be 
recovered from the distillate by shakinq out with 
methylene chloride. Extraction of the distillation residue 
with methylene chloride gave 7.0· g of a brown liquid which 
was dissolved in hexane and chromatoqr~phed on 260 g of 
silica qel in hexane. Hexane/toluene .eluted 2.074 q of a 
mixture of starting material and 4.4'-di-(3-butenyl)azo­
benzene. then 0.353 q of mixed fractions and finally 
4.358 q of crude azoxy compound as a dark yellow. liquid 
crystalline substance which later crystallized. Recrystal­
lization from diethyl ether/methanol gave pure 4,4 1 -di-(3-
-butenyl)azoxybenzene with m.p. (C-N) 34.0°C. cl.p. (N-I) 
75.s 0 c. 

Claims 

l. Compounds of the general formula 

Rt@-xl 
1 

wherein n stands for the number o or l: the rinqs 
Al. A2 and A3 represent l.4-phenylene. 2-fluoro­
-1.4-phenylene or trans-1.4-cyclohexylene oc one of 
these rinqs also represents a 2.5-disubstituted 
pyrimidine rinq or a trans-2.s-disubstituted m-dioxane 
rinq: xt represents a single covalent bond. -COO-. 
-ooc-. -CHzCHz-. p-C6H4-. -CHzCH2-P-C6C4-. 
-CH2CH2-P-C6H4-CH2-CH2- or. insofar as the 
rinqs Al and A2 represent 1.4-phenylene. also an 
azoxy qcoup -N=N(O)- or -N(O)=N-: a2 represents 
lE-alkenyl. 2Z-alkenyl. 3E-alkenyl. 4-alkenyl oc 
alkenyloxy. with the proviso that the oxyqen atom in 
alkenyloxy is linked with a saturated carbon atom: and 
al siqnifies 1.E-alkenyl. 2Z-alkenyl. 3E-alkenyl. 
4-alkenyl or. insofar as a2 represents alkenyloxy. 
also alkyl; with the proviso that residues al and 
R2 attached to a benzene or pyrimidine rinq siqnify 
3E-alkenyl. 4-alkenyl or in the case of a2 also 
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dissolved in 220 ml of water and 110 ml of 17 percent 
hydrochloric acid and the solution was extracted 
exhaustively with. methylene chloride. The ocqanic phases 
were.washed neutral with water. dried over sodium sulphate 
and freed from solvent in vacuo. The residue (10.4 q) was 
treated with 100 ml of water and subjected to a steam 
distillation. 3.3 q of startinq material could be 
recovered from the distillate by shakinq out with 
methylene chloride. Extraction of the distillation residue 
with methylene chloride qave 7.0 q of a brown liquid which 
was dissolved in hexane and cb.romatoqraphed on 260 q of 
silica gel in hexane. Hexane/toluene eluted 2.074 g of a 
mixture of stactinq material and 4.4'-di-{3-butenyl)azo­
benzene. then o·. 353 q of mixed fractions and finally 
4.358 g of crude azoxy compound as a dark yellow. liquid 
crystalline substance which later crystallized. Recrystal­
lization from diethyl ether/methanol gave pure 4,4'-di-(3-
-butenyl)azoxybenzene with m.p. (C-N) 34.0°C. cl.p. (N-I) 
75.5°C. 

Claims 

1. Compounds of the qenecal formula 

R0xl I 

wherein n stands foe the number o or l: the rings 
Al. A2 and ·A3 represent 1.4-phenylene. 2-fluoro­
-l.4-phenylene or trans-1.4-cyclohexylene or one of 
these rings also represents a 2.5-disubstituted 
pyrimidine ring or a trans-2.S-disubstituted m-dioxane 
rinq: xl represents a single covalent bond. -COO-. 
-OOC-. -CH2CH2-· p-C6H4-. -CH2CH2-P-C6C4-. 
-CH2CH2-P-C6H4-CH2-CH2- or. insofar as the 
rings Al and A2 represent 1.4-phenylene. also an 
azoxy qroup· -N=N(O)- or -NCO) =N-: R2 represents 
lE-alkenyl. 2Z-alkenyl. 3E-alkenyl. 4-alkenyl or 
alkenyloxy. with the proviso that the oxygen atom in 
alkenyloxy is linked with a saturated carbon atom: and 
al siqnifies lE-alkenyl. 2Z-alkenyl. 3E-alkenyl. 
4-alkenyl or. insofar as a2 represents alkeniloxy. 
also alkyl: with the proviso that residues R and 
a2 attached to a benzene or pyrimidine ring siqnify 
3E-alkenyl. 4-alkenyl or in the case of a2 also 
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alkenyloXy or"·"in,,cthe case,~of al also alkyl: and with 
the further·, proviso that·· s:imultaneously al. does not 
sign~fy alkyl. the rings..Al and A2 do not each 
s·ignify 1. 4-phenylene or trans-1. 4-cyc1.ohexylene. xl 
does not signify a single covalent bond. n does not. -

· s·fgnify ·the nuD,t.p~r o and a2 does· not signify 
alkenyl_oxy. ·· ··· ·. 

. . 2. Compound,s according to claim 1. characterized· in 
that a2 represents lE-alkenyl. 2Z-alkenyl. 3E-alkenyl. 
4-alkenyl. (2E-alkenyl)oxy. (3-alkenyl)oxy. (4-alkenyl)oxy 
C:fr (5-alkenyl)oxy and al signifies lE-alkenyl. 
2Z-alkenyl. 3E-alkenyl. 4-alkenyl or. insofar as a2 
represents an alkenyloxy group. also alkyl. 

3. Compounds according to claim 2. characterized in 
that the rings Al. A2 and A3 represent 1.4-phenylene 

• 

or trans-1.4-cyclohexylene or one of these rings also 
represents a 2.5-disubstituted pyrimidine ring or a 
trans-2.5-disubstituted m-dioxane ring: a2 represents V 
lE-alkenyl. 2Z-alkenyl. 3E-alkenyl. 4-alkenyl. 
(2E-alkenyl)oxy or (3-alkenyl)oxy: al signifies 
lE-alkenyl. 2Z-alkenyl. 3E-alkenyl. 4-alkenyl or. insofar--
as a2 represents (2E-alkenyl)oxy or (3-alkenyl)oxy. also 
alkyl. 

4. Compounds according to any one of claims 1. to 3. "-11 
characterized in that al and a2 signify straight-chain 
residues with a maximum of 12 carbon atoms. preferably a 
maximum of 7 carbon atoms. 

5. Compounds according to any one of claims l to 4. 
characterized in that a2 signifies (2E-alkenyl)oxy or 
one of the residues al and a2 signifies lE-alkenyl or 
3E-alkenyl. 

6. Compounds according to any one of claims l to 5. 
characterized in that xl denotes ·a single covalent bond. 
-COO-. -OOC-. -CH2CH2- or p-C6H4-. \...) 

7. Compounds according to any one of claims l to 5. 
characterized in that ring A stands for trans-1.4-cyclo­
hexylene and xl denotes a single covalent bond. -coo-. 
-CH2CH2-· p~C6H4-. -CH2CH2-P-C6H4- or 
-CH2CH2-P-C6H4-CH2CH2-· 

e. Compounds according to any one of claims l to 7. 
characte·tized in that n signifies the number O and ring 
A2 signifies 1.4-phenylene. trans-1.4-cyclohexylene or a 
2~5-disubstituted pyrimidine ring or in that n signifies 
the number l and ring A2 signifies 1.4-phenylene or a 
2.5-disubstitu~ed pyrimidine ring. 
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9. Compounds according to any one of claims l to 8, 
characterized in that n stands for the number o, ring Al 
represents trans-l,4-cyclohexylene. ring A2 represents 
1,4-phenylene and xl denotes a single covalent bond, 
-COO-, -CH2CH2- or p-C6H4. 

10. Compounds according to any one of claims l to 8, 
characterized in that cing Al represents a 2,5-di­
substituted pyrimidine ring or a trans-2,5-disubstituted 
m-dioxane ring. ring A2 represents 1,4-phenylene or 
trans-1,4-cyclohexylene and xl denotes a single covalent 
bond. 

ll. A liquid crystalline mixture with at least 2 
components, characterized in that at least one component 
is a compound of the general formula 

1 

wherein n stands for the number o or 1: the rings 
Al, A2 and Al represent 1.4-phenylene, 2-fluoro­
-1,4-phenylene or trans-1.4-cyclohexylene or one of 
these rings also represents a 2,5-disubstituted 
pyrimidine ring or a trans-2,5-disubstituted m-dioxane 
ring: xl represents a single covalent bond, -COO-, 
-OOC-, -CH2CH2-· p-C6H4-, -CH2CH2-P-C6C4-. 
-CH2CH2-P-C6H4-CH2-CH2- or. insofar as the 
rings Al and A2 represent 1,4-phenylene. also an 
azoxy group -N=N(O)- or -N(O)=N-: R2 represents 
lE-alkenyl, 2Z-alkenyl. 3E-alkenyl. 4-alkenyl or 
alkenyloxy, with the proviso that the oxygen atom in 
alkenyloxy is linked with a saturated carbon ato-: and 
al signifies lE-alkenyl, 2Z-alkenyl, 3E-alkenyl, 
4-alkenyl or, insofar as a2 .represents alkenyloxy, 
also alkyl; with the proviso that residues al and 
a2 attached to a benzene or pyrimidine ring signify 
3E-alkenyl, 4-alkenyl or in the case of a2 also 
alkenyloxy or in the case of al also alkyl. 

12. A liquid crystalline mixture according to 
claim ll, characterized in that aZ signifies 
(2E-alkenyl)oxy or one of the residues al and a2 
signifies lE-alkenyl or 3E-alkenyl. 
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13. A liquia'·:-e:J;-rsta·1.Li:ne. ;mixture according· to ctaim . ·· 
11 or. 12, . cha:tacteclzed tn ~t-har--. ri·_·stands for -.the numbe-r· o •. 
ring Al represents t.:titui-1.4·-dY:e..lQJle:g,ylene. -ring A2 ·· 
r;epr_esentl · 1, 4-pheny1·ene. ~:nci ·xi :·'4eno:tes a single 
covaien't -b~nd.·· ~coo ... , :"CH2CH2- ot p..:.c6H4- · 

. .: :·~:,y:~.:::... . .. . . . -
14 •. , ·.t::T-he use of·.· the~ c·ompouri.ds of focmula I defined in 

· cl:ai_m· 11 .. for electc~-optical purposes. 

. .r_. = :~·· 

;:·t~."z::::rcomp·ounds· o~· ·the general focmula 
. ·--· . ... .,.· .. 
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wherein n stands for t~e numbec o or l; the rings 
A4, As and A6 cepcesent 1.4-phenylene. 2-fluoro­
-1.4-phenylene or trans-1.4-cyclohexylene: x2 
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_denotes a single covalent bond, -CH2CH2-. p-C6H4-. , · 
-CH2CHt-P-C6H4~ or -CHzCH2-P-C6H4-CH2CH2-: v 
and one of the residues ze and z9 signifies 
3E-alkenoyl or 4-alkenoyl .and the other signifies 

· 3E-alk~nyl~ 4~alkenyl, 3E-alkenoyl, 4-alkenoyl or. 
insofar as it is not attached to a benzene or 
pyrimidine ring, also lE-alkenyl or 2Z-alkenyl. 

v 
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