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STABLE LIQUID CRYSTALS WITH LARGE NEGATIVE DIELECTRIC 
ANISOTROPY - I11 

MAGED A. OSMAN AND T. HUYNH-Ba 
Brown Boveri Research Center 
CH-5405 Baden, Switzerland 
(Submitted for publication: 16. September 1982) 

ABSTRACT: The synthesis of 4-n-pentyl and 4-n-butoxy 

derivatives of 1-(2,3-dicyano phenyl)-2-(4-(4-trans-n- 
pentyl cyclohexy1)phenyl) ethane and 1-(2,3-dicyano 
phenyl)-2-(41-trans-n-pentyl-4-trans-bicyclohe~l) 

ethane as well as of 1-(4-n-butoxy-2,3-dicyano phenyl) 
-2-(4I-n-pentyl-4-biphenyl) ethane is described. These 
ethane derivatives as well as 4-butoxy-2,3-dicyano-4"-n- 

pentyl p-terphenyl were all high melting and no enantio- 
tropic or monotropic mesophases could be observed. 

However, they can be used as additives for photochemi- 
cally stable LC mixtures with low viscosity and large 
negative A&- The mesomorphic properties of some interme- 

diate thiophene and furan derivatives are described. 

The esters of 2,3-dicyano-4-n-pentyl phenol' were found 
to be stable liquid crystals with large negative dielectric 
anisotropy ( A E ) .  However, their viscosities are expected to 
be relatively high due to the presence of many polar groups 
(one carboxyl and two cyano groups) and due to the necessary 
molecular length. The two cyano groups which are needed to 
obtain the desired large A & ,  stick out of the molecular 
cylinder and decrease the geometrical anisotropy of the 
molecule resulting in clearing point depression. 
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340 M. A. OSMAN and T. HUYNH-BA 

Therefore, a c e r t a i n  molecular length is required t o  r e t a i n  

the geometrical anisotropy. To reduce the v i scos i ty  and en- 

hance the chemical s t a b i l i t y  of these compds, it becomes 

necessary t o  replace the carboxyl bridge by another linkage. 

Scheme 1 was followed t o  synthesize the ethane der ivat ives  

5 where the carboxyl bridge was replaced by an ethylene 

group - 

1 2 3 

CN CN CN 

R ' 2 C H 2 6 c 5 H 1 1  - [ R'2cH2-@c5H11 ] 
5 4 

SCHEME 1 

The a l k y l  bromides 1 were prepared from the corresponding 

benzoic or  cyclohexane carboxylic ac ids  by standard methods - 
The a lky l  and d i a lky l  thiophenes 2 and 3 were prepared 

analogous t o  the a lky l  furans described by Nguyen and 

Schlosser3. The cleavage of s u l f u r  from the Diels-Alder 

adducts 4 of dicyano acetylene and 3,  which were obtained 
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STABLE LC’S WITH LARGE NEGATIVE Ad11  341 

5 by the method of Helder and Wynberg was carried out in 

situ to give the final products 5. 
The 4-(4-trans-n-pentyl cyclohexyl) phenyl derivative 

5a (table 1) melted at 12OOC to give an isotropic liquid. 
Replacement of a carboxyl group by an ethylene bridge is 

5o021 6,7 known to lower the clearing point by about 40 - 
so that a mesomorphic transition could be expected around 
5OoC for compd 5a. However, the melt could not be supercooled 

below 8OoC and no mesomorphic properties were detected. 

TABLE 1 The physical properties of compounds 5 and 9 

R C I 

120 

163 

177 

224 

173 

Exchanging the phenyl group by a cyclohexane ring in the 
2,3-dicyano phenyl esters raised their clearing points by 
6501, therefore a mesomorphic transition above 100°C was 
expected for the bicyclohexyl derivative 5b. Unfortunately 
the melting point of compd 5b was also raised to 163OC and 
the melt could only be supercooled to 155OC. No mesophase 
was observed in this case either. 
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342 M. A. OSMAN and T. HUYNH-BA 

In  an attempt t o  enhance the thermodynamic s t a b i l i t y  of 

the mesophases of these compds, the alkoxy der ivat ives  9 

were synthesized according t o  scheme 2. The f i r s t  two s teps  

were performed a s  i n  scheme 1. The r ing  opening i n  the 

Diels-Alder adducts 7 was car r ied  out i n  ac id ic  medium . 8 

RCH2CH2Br + 0- 
1 

RCH 2 2  CH 0 
6 

NC CX! *CN 
____3 

8 7 

CN CN 

9 

The melting point of the butoxy der ivat ive 9b was raised 

t o  224OC and the melt could only be supercooled t o  2OOOC 

and again no mesophase could be observed. I n  an attempt t o  
lower the melting poin t ,  compds 9a and 9c were prepared but  

they were a l s o  high melting and t h e i r  melts freezed above 

165OC so t h a t  no mesomorphic t r a n s i t i o n s  could be seen. 

To reduce the v iscos i ty  without lowering the c lear ing  

point  the bridge was replaced by a covalent bond. The p- ter-  

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

1:
24

 2
1 

Fe
br

ua
ry

 2
01

3 



STABLE LC'S WITH LARGE NEGATIVE Ad11 343 

phenyl derivatives are known to be 

compds of high clearing points. Therefore, the 4-butoxy- 

rigid anisotropic 

2,3-dicyano-4"-n-pentyl p-terphenyl 10 was prepared from 

the 2-(4'-n-pentyl biphenyl-4-yl) furan, which was obtained 

by cyclisation of the f3-(4-(4-n-pentyl pheny1)benzoyl) pro- 

prionaldehyde. However, compd 10 also melted so high (20OOC) 

and no mesomorphic properties could be detected. Although 

no enantiotropic or monotropic mesophases could be observed 

in compds 5, 9 and 10, they can be used as additives for 

stable LC mixtures to enhance their negative A& without 

prohibitively increasing their viscosities. 

TABLE 2 The mesomorphic properties of compounds 3, 6 and 8 

R C S N I 

3a) H l l C 5 M  * -18 71.3 - 

3b) H l l C S f x )  2 133.7 - 

6a) '1 1'5- * 54.3 - - 

6b) '11'5- 47 * 101.1 - 104.3 * 

8a) 1'5 * 189 - - 
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344 M. A. OSMAN and T. HUYNH-BA 

The intermediate products 3 and 6 ( t a b l e  2) showed 

smectic phases with homeotropic and mosaic texture .  Only 

the fury1 der ivat ive 6b had a sho r t  nematic phase on top of 

the smectic one. The mesophases of the thiophene de r iva t i -  

ves 3a and 3b a re  more thermodynamically s t a b l e  than the 

furans 6a and 6b i n  agreement with the bond angle argument 

given by Zaschke’. The dense packing of the bicyclohexyl 

der ivat ives  3b and 6b r e su l t ed  i n  higher c l ea r ing  points  

than those of the corresponding cyclohexyl phenyl analogues 

3a and 6a a s  was a l s o  observed i n  other  products . 1 

From the described r e s u l t s  (Par t  I1 and 111), it beco- 

mes c l e a r  t h a t ,  due t o  the e f f e c t  of the 2,3-dicyano phenyl 

moiety on the c l ea r ing  point  and the consequent necessary 

elongation of the molecules t o  s t a b i l i z e  t h e i r  mesophases, 

such compds can only be used a s  add i t ives  f o r  a LC mixture. 

The main components of such a mixture must have low visco- 

s i t y ,  low An, r e l a t i v e l y  high c l ea r ing  point  and a t  l e a s t  a 

moderate negative AE, beside the chemical and photochemical 

s t a b i l i t i e s .  Such compounds a r e  not known ye t  and a new 

concept i s  necessary t o  r e a l i z e  them. 
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