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MESOMORPHIC PROPERTIES O F  SOME ALKYL- 

AMINO SUBSTITUTED PHENYLCYCLOHEXANES 

MAGED A. OSMAN AND LASZLO REVESZ 

Brown Boveri Research Center ,  

CH-5405 Baden-Dattwil, Switzer land 

( S u b m i t t e d  f o r  p u b l i c a t i o n  14 November 1 9 7 9 )  

The m o s t  widely used nematic phases i n  t w i s t -  

ed nematic ( T N )  d i sp l ays  today are t h e  a l k y l  cya- 

no biphenyls'  and t h e  a l k y l  cyano phenylcyclohe- 

xanesL (PCH) . The biphenyls  possess  higher  d i e l ec -  

t r i c  an iso t ropy  A s ,  o p t i c a l  an iso t ropy  An and v i s -  

c o s i t y  n than t h e  PCHs3. Alkylamino cyano biphe- 

n y l ~ ~  have s t i l l  higher  A E ,  An and n va lues  than 

t h e  a l k y l  biphenyl d e r i v a t i v e s .  For a TN-display 

t h e  product  of An-d (d=thickness)  m u s t  be l a r g e r  

than  a c e r t a i n  cons t an t ,  t h e  va lue  of which depends 

on t h e  tilt b i a s  angle used. Since t h e  response 

t i m e  of a TN-display i s  p ropor t iona l  t o  d , it i s  

q u i t e  advantageous t o  use  a nematic phase wi th  a 

high An f o r  such a d i s p l a y  type.  The response t i m e  
a l s o  depends on t h e  v i s c o s i t y  of t h e  nematicphase.  

A high A E  l e ads  t o  a lower ope ra t ing  vol tage  o r  a 
f a s t e r  r ise t i m e  i f  t h e  same vo l t age  i s  used. The 

i d e a l  nematic phase f o r  a p a r a l l e l  d r iven  TN-dis- 

play should then  have a high A E  and An i n  add i t ion  

t o  a low v i s c o s i t y .  

2 

One way of achieving these  p r o p e r t i e s  i s  t o  
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134 M. A. OSMAN and L. REVESZ 

combine t h e  high A E  and An of t h e  alkylamino cya- 

no biphenyls  wi th  t h e  l o w  v i s c o s i t y  of t h e  P C H s .  

W e  t h e r e f o r e ,  prepared r e p r e s e n t a t i v e s  of t h e  4- 

(trans-4-alkylaminocyclohexyl)-benzonitriles I 

and t h e  N-alkyl-4-(trans-4-cyanocyclohexyl)-ani- 
l i n e s  I1 t o  s tudy t h e i r  mesomorphic p r o p e r t i e s .  

I I1 
Table 1 shows a comparison between t h e  alkylamino 

cyano s u b s t i t u t e d  phenylcyclohexanes and t h e i r  

corresponding biphenyl d e r i v a t i v e s .  The hexylamino- 

cyclohexyl d e r i v a t i v e  1 as w e l l  a s  t h e  pentylami- 

nophenyl compound 3 showed monotropic nematic 

phases.  N o  smectic phases could be observed i n  

these  compounds. 

Replacement of a phenyl group by a cyclohe- 

xyl  r i n g  i n  compounds 2 and 4 lowered the  c l e a r i n g  

p o i n t s  by about 7OoC. The c l e a r i n g  p o i n t  of com- 
pound 1 i s  even lower than t h e  corresponding a l k y l  

cyclohexane d e r i v a t i v e  ( P C H 7 ) .  I t  i s  ev iden t  from 

o t h e r  inve  s t i g  a t  i ons  2 r 5 - 8  t h a t  t h e  s u b s t i t u t i o n  of 

a phenyl group by a cyclohexane r i n g  can e i t h e r  

thermodynamically s t a b i l i z e  o r  d e s t a b i l i z e  t h e  me- 
sophase. The s t a b i l i t y  of a mesophase depends t o  a 
g r e a t  e x t e n t  on t h e  geometr ical  an iso t ropy  of t h e  

molecules and t h e i r  a b i l i t y  t o  pack toge the r .  The 

s t a b i l i z i n g  e f f e c t  of t h e  cyclohexane r i n g  i n  com- 

pounds l i k e  PCH and CCH can be explained by t h e  
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ALKYLAMINO PHENYCYCLOHEXANES 135 

TABLE 1 
amino cyano substituted phenylcyclohexanes. 

Transition temperatures (OC) of alkyl- 

N r  . C o m p o u n d  K N I 

2 C H  NH-m - 105.3 * (93.8) ' 

3 C H  5 11 N H W C N  * 80.7 - (16.9) 

4 C H  5 11 N H M C N  - 86.3 - (90.7) * 

6 13 

better packing and consequently stronger interac- 
tion between the molecules. Recently, Gray' tried 
to explain the destabilizing effect of this ring 
in other compounds by pointing out its conforma- 
tional isomerism. It is well known that the chair 
form of a trans-1,4-disubstituted cyclohexane ring 
has two conformational isomers (a,a and e,e) which 
are always in equilibrium above the coalescence 
temperature'. The predominant anisotropic confor- 
mer (e,e) is inverted through the envelope, twist 
and boat forms to the isotropic (a,a) isomer, since 
the potential-energy barrier between the rigid and 
flexible forms is high enough to ensure the enti- 
ties of these conformations but not high enough to 
prevent their rapid interconversion at room tempe- 
rature. The conformational free energy difference 
-AGx, which shows an appreciable temperature depen- 
dence, determines the inversion rate and consequent- 
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136 M. A. OSMAN and L. REVESZ 

l y  t h e  amount of t h e  (a ,a )  isomer'' which i s  respon- 

s i b l e  f o r  lowering t h e  c l e a r i n g  po in t .  The most com- 

mon s u b s t i t u e n t s  i n  l i q u i d  c r y s t a l s  can be ordered 

according t o  t h e i r  -AG as follows11: C6H5>C6Hll= 

N(CH312>CH =C H >COOH>NH2=COOCH -COOC H >NHCH >OH= 

OCH3=0COCH3>CN. I t  i s  t o  be noted t h a t  many l i q u i d  

c r y s t a l s  wi th  high c l e a r i n g  p o i n t s  begin t o  decom- 

pose nea r  t h i s  t r a n s i t i o n  temperature and t h e  de- 

p re s s ion  of t h e  c l e a r i n g  p o i n t  i s  then  no t  on ly  due 

t o  t h e  enhanced cyclohexane r i n g  inve r s ion  bu t  a l s o  

t o  t h e  i m p u r i t i e s  formed on long and s t rong  heat ing.  

The l o w  conformational energy of t h e  cyano groupex- 

p l a i n s  t h e  depress ion  i n  t h e  c l e a r i n g  po in t  {of com- 

pound 3 as compared t o  1. I t  i s  also clear t h a t  1 

must have a lower N-I t r a n s i t i o n  than  PCH7. Compound 

1 was synthes ized  according t o  t h e  fol lowing scheme: 

0 

3 2 5  3 2 5  3 

-t 0- CONH2 
I) (C0Cl2) 2/A1C13 
2) NH3 

K 206 I 

POC1 
1- 

'6'1 3NH2 
K 124 I 

Compound 3 was obtained as follows: 

K 45 I K 161 I 

The melt ing p o i n t s  of t h e  alkylamino cyano phenyl- 

cyclohexanes are much h ighe r  than t h e i r  c l e a r i n g  
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ALKYLAMINO PHENYCYCLOHEXANES 137 

p o i n t s .  I n  an a t tempt  to  l o w e r  t h e  melt ing p o i n t s ,  

t he  cyano group was rep laced  by an a l k y l  group, 

although it was t o  be expected t h a t  An and A E  would 

be smal le r .  Table 2 shows t h e  t r a n s i t i o n  tempera- 

t u r e s  of t h e  alkylamino phenylcyclohexanes . 
0 TABLE 2 T rans i t i on  temperatures  ( C) of a l k y l  

alkylamino s u b s t i t u t e d  phenylcyclohexanes. 

N r  . Compound K S N I 

5 c ~ H ~ N H - @ + + C ~ H ~  * 75.0 - (74.1) 

6 C 4 9  H N H w C 3 H ,  * 32.3 - (28 .4 ) -  

7 C 6 H 1 3  N H W C 3 H 7  . 28.7 - 31.6 - 

8 C 4 H g N H W C 5 H 1 1  . 35.1 * - 40.4 . 

The cyclohexyl d e r i v a t i v e s  6-8 showed nematic 

phases ,  i n  c o n t r a s t  t o  t h e  biphenyl  5 which w a s  
only smectic. They also melted a t  much lower t e m -  
p e r a t u r e s  than t h e  cyano d e r i v a t i v e  3. Compound 5 

w a s  synthesized as follows: 

A1C13 K 233 S(225)  I 

LiA1H4 
5 +---- C3H7CONH 

K 165 I 

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
 0

3:
51

 2
3 

Fe
br

ua
ry

 2
01

3 



138 M. A. OSMAN and L. REVESZ 

Compounds 6-8 were s y n t h e s i z e d  a c c o r d i n g  t c )  t h e  

f o l l o w i n g  scheme: 

4 1)HNO /H SO 
4+ R’CONH W R  2% 6-8 mR 2 ) H 2 / P t 0 2  

3) R’CCC1 R’ R K- i 

C3H7 155 

C3H7 151 

140 

C3H7 

‘SH1l 

3H7 ‘SHl l  

Whi le  t h i s  work w a s  i n  p r o g r e s s 1 2  McMillan13 r e p o r -  

t ed  l o w e r  t r a n s i t i o n  temperatures f o r  compound 8. 
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