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MESOMORPHIC PROPERTIES OF CYANOPHENYL CYCLOHEXENES 

MAGED A. OSMAN AND L. REVESZ 
Brown Boveri Research Center, 
5405 Baden, Switzerland 
(Submitted for  publication 10 February 1982) 

Abstract: The mesomorphic properties of cyanophenyl 
cyclohexenes are compared to those of the cyanophenyl 
cyclohexanes. Differences in the nematic isotropic 
transitions of these derivatives are attributed to 
steric factors. A correlation between the molecular 
structure and the thermodynamical stability of the 
mesophases is briefly discussed. 

The trans-4-alkyl- (4-cyanophenyl) -cyclohexanes' (se- 
ries a) are now widely used in liquid crystal display de- 
vices. They show reasonable clearing points, relatively 
high dielectric anisotropy and low viscosity'. A l l  these 
properties are advantageous for a twisted nematic display. 
However, their synthesis is relatively difficult due to the 
necessity of isolating the trans-derivative free of the 
cis-isomer. The corresponding cyclohexene derivatives would 
be of great interest if they possess the same properties as 
the cyclohexanes, since they do not suffer from the problem 
of cis-trans isomerism. The 1-(4-cyanophenyl)-4-n-alkyl- 
1,2-cyclohe~enes~ (series b) were reported to have almost 
the same clearing points as the trans-cyclohexane derivati- 
ves. However, these products are styrene like and are 
expected to be chemically unstable. 
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42 M. A. OSMAN and L .  REVESZ 

The 1- (4-cyanophenyl) -4-n-alkyl-3,4-cyclohexenes (se- 
ries c) which are expected to be more stable than the 
1,Z-cyclohexenes since the double bond is no longer conju- 
gated to the phenyl group were prepared. Their clearing 
points (Table 1) were found to be much lower than the 
corresponding 1 I 2-cyclohexene (b) and trans-cyclohexane (a) 
derivatives. Although the 1,Z-cyclohexenes (b) have a 
longer conjugation than the cyclohexanes (a) they do not 
have higher clearing points - The 3,4-cyclohexenes (c) which 
have one isolated double bond more than the cyclohexanes 
(a) show lower nematic to isotropic transitions. This shows 
that the configuration of the molecule influences the ther- 
modynamical stability of the nematic phases more than the 
anisotropy of polarizability. The molecules of the 1,2-cyc- 
lohexenes (b) where the phenyl group is attached to the 
flat part of the cyclohexene ring (Fig. 1) can better pack 
together than the 3,4-cyclohexene derivatives (c) . 

FIGURE 1 Cyclohexene 
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CYANOPHENYL CYCLOHEXENES 43 

Table 1 Comparison between the mesomorphic propert ies  of 

the cyanophenyl cyclohexanes and the correspon- 

ding cyclohexene der ivat ives .  

C N I Ref. No. Compound 

l a  

l b  

l c  

2a 

2c 

3a 

3c 

H1 5 ' 7 m C N  

H1 5 '7 " 

H 1 5 c 7 w c N  

H1gC9 cN 

H19c9Q@N 

H 7 C 3 @ O @ - c N  a4 - 154 . 5,6 

H7C3 W c N  114 - 172 * 

* 3 0  59 - 1  

47.5 * 61 3 

35 * (5) 

- 4 3  - 60 - 4  

30 * (16) 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
31

 2
1 

Fe
br

ua
ry

 2
01

3 



44 M. A .  OSMAN and L. REVESZ 

The diphenyl cyclohexene derivative 3c possess a 
higher clearing point than the cyclohexane derivative 3a. 
By looking at the models of these molecules it becomes 
clear that the almost planar 1,4-diphenyl-3,4-cyclohexene 
can better pack together than the staggeredtrans-1,4-diphe- 
nyl cyclohexane. The presence of a chair formed cyclohexane 
ring between two flat phenyl groups leads to a sterically 
unfavourable configuration and it becomes more difficult 
for the molecules to fill in the spaces. 

It can be said that the packing of the molecules 
predominantly influences the thermodynamical stability of 
the nematic phases7-’’. The geometry of a molecule, which is 
mainly given by configurational and conformational as- 
pect~’’~~, is a determining factor for a favourable packing. 
The anisotropic dispersion interactions and consequently 
the anisotropy of polarizability also influence the packing 
and hence the stability of the mesophases but play a secon- 
dary role compared to the steric factors7-10. Other mo- 
lecular aspects such as the association 718’12 or dipole-dipole 
attraction in polar compounds which can influence the 
packing of the molecules also affect the stability of the 
mesophases. 

of a Grignard reagent on 4-(4-cyanophenyl)cyclohexanone. 
The products of series c were prepared by the action 
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CYANOPHENYL CYCLOHEXENES 45 

The Grignard reagent reacted readi ly  with the more react ive 

keto group and the resu l t ing  t e r t i a r y  alcohol was dehydra- 

ted with thionyl chloride t o  give the corresponding 3,4- 

cyclohexene. The s t ruc ture  of the product was elucidated by 

NMR. The o l e f i n i c  proton shows a broad s i n g l e t  a t  5.45 ppm 

with a half  height width of 9 Hz. The v i c i n a l  coupling 

constant between an o l e f i n i c  and an a l i p h a t i c  proton i n  an 

open chain i s  normally 6-7 Hz and only 1-2 Hz i n  cyclohe- 

xenes. Since two v i c i n a l  protons a re  present ,  a half  height 

width of more than 14 Hz would be expected i f  the double 

bond is  not i n  the cyclohexane ring. The addi t ional  broade- 

ning of the s ignal  is  caused by the a l l y l i c  coupling. 
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