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SYNTHESIS A N D  M E S O M O R P H I C  C H A R A C T E R I S T I C  OF BICYCLO- 

(2,2,2)OCTANE D E R I V A T I V E S  W I T H  THE -NCS TERMINAL GROUP 

ROMAN D ~ B R O W S K I  , JERZY D Z I A D U S Z E K ,  WITOLD DRZEWINSKI , 
KRZYSZTOF C Z U P R Y N S K I ,  Z O F I A  STOLARZ 

M i l i t a r y  T e c h n i c a l  Academy, 01-489 Warsaw, P o l a n d  

A b s t r a c t  Compounds c o n t a i n i n g  i n  t h e i r  m o l e c u l e  an 
a l k y l  s u b s t i t u t e d  b i c y c l o ( 2 , 2 , 2 ) o c t a n e  r i n g  and  t h e  
p h e n y l i s o t h i o c y a n a t o  g r o u p  bonded t o  i t  d i r e c t l y  or v i a  
b r i d g i n g  g r o u p  such  a s  - C O O -  , -0CO- , - C H 2 - C H  - or 
-CH 0-  have been  s y n t h e s i z e d .  The phase  t r a n s i z i o n  
t e m 6 e r a t u r e s ,  m e l t i n g  e n t h a l p i e s  and v i s c o s i t i e s  
t h e s e  compounds have  been d e t e r m i n e d  and t h e i r  s u i t a -  
b i l i t y  a s  components of n e m a t i c  m i x t u r e s  h a s  been  
t e s t e d .  

o f  

I N T R O D U C T I O N  

Gray and K e l l y l Y 2  and C a r r  and G r a y 3 y 4  have  s y n t h e s i z e d  n e -  

m a t i c  mesogenes c o n t a i n i n g  t h e  b i c y c l o ( 2 , 2 , 2 ) o c t a n e  r i n g  

and t h e  p h e n y l c y a n o  g r o u p  and have  shown t h a t  t h e s e  meso- 

genes e x h i b i t  much h i g h e r  c l e a r i n g  p o i n t s  t h a n  t h e  a n a l o -  

gous compounds c o n t a i n i n g  a benzene  or c y c l o h e x a n e  r i n g .  

The b u l k  v i s c o s i t y  o f  t h e  f o r m e r  i s ,  however ,  v e r y  h i g h ,  
5Y6 a m o u n t i n g  a t  room t e m p e r a t u r e  t o  100 mPa-s and e v e n  m o r e .  

I n  o r d e r  t o  check  w h e t h e r  s u c h  p r o p e r t i e s  a r e  c h a r a c t e r i s -  

t i c  f o r  o t h e r  p o l a r  b i c y c l o ( 2 , 2 , 2 ) o c t a n e  d e r i v a t i v e s  or 
s p e c i f i c  o n l y  f o r  cyano  compounds we s y n t h e s i z e d  s e v e r a l  

homologous s e r i e s  o f  compounds o f  f o r m u l a  1 : 

R e & &  ( 1 )  

i n  w h i c h  Z i s  a s i n g l e  bond or a b r i d g i n g  g r o u p :  -0CO- , 
- C O O -  , - C H  - C H 2 -  or -CH20- , R i s  an a l k y l  and X a h y d r o -  2 
gen or f l u o r i n e  atom. 
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172 R .  Oqbrowsk i  e t  a l .  

SYNTHESIS 

The compounds o f  f o r m u l a  (1) have  been o b t a i n e d  b y  u s  ac -  

c o r d i n g  t o  scheme 1. More d e t a i l s  on t h e  p r e p a r a t i v e  p r o c e -  

d u r e s  may b e  f o u n d  i n  o u r  p a t e n t   application^^'^. We f o u n d  
i t  u s e f u l  t h a t  t h e  m a i n  i n i t i a l  p r o d u c t s :  4 - a l k y l b i c y -  

c l o ( 2 , 2 , 2 ) o c t a n o l s  and 4-alkylbicyclo(2,2,2)octanecarboxy- 
2 l i c  a c i d s  a r e  8 o b t a i n e d  b y  t h e  me thods  d e s c r i b e d  b y  Gray 

and Adomenas', r e s p e c t i v e l y .  

M E S O M O R P H I C  P R O P E R T I E S  

The phase t r a n s i t i o n  t e m p e r a t u r e s  and m e l t i n g  e n t h a l p i e s  

o f  compounds (1) d e t e r m i n e d  b y  t h e  DSC me thod  a r e  summar i -  

zed i n  T a b l e  I. 
The c l e a r i n g  p o i n t s  (TN-I  ) o f  a l l  f i v e  s e r i e s  o f  i n -  

v e s t i g a t e d  compounds were f o u n d  t o  b e  v e r y  s i m i l a r  t o  t h o s e  

o b s e r v e d  f o r  t h e  a n a l o g o u s  s e r i e s  o f  cyano  compounds. The 

s u b s t i t u t i o n  o f  t h e  f l u o r i n e  atom i n  p o s i t i o n  o r t h o  w i t h  
r e s p e c t  t o  t h e  -NCS g r o u p  ( l c  s e r i e s )  l o w e r s  b u t  s l i g h t l y  

t h e  c l e a r i n g  p o i n t  ( b y  a b o u t  1 0 " ) .  K e l l y  o b s e r v e d  f o r  c y a -  

no compounds a much g r e a t e r  l o w e r i n g  o f  t h e  c l e a r i n g  p o i n t  

( b y  a b o u t  45')''. 
Many c o m p o u n d s ( 1 ) e x h i b i t  l o w  or v e r y  l o w  m e l t i n g  e n t h a l p i e s  
and a n e m a t i c  phase  o n l y  w h i c h  makes them h i g h l y  u s e -  

f u l  f o r  o b t a i n i n g  l o w - m e l t i n g  m i x t u r e s  w i t h  a w i d e  r a n g e  
o f  t h e  n e m a t i c  phase  e s p e c i a l l y  w i t h  CHBT compounds 

(4-(trans-4-alkylcyclohexyl)benzeneisothiocyanates~. 
F o r  example,  t h e  s i m p l e  t e r n a r y  e u t e c t i c  m i x t u r e :  

37.30 w t  % 

25.90 w t  % 

36.80 w t  % 

67.5"C and T2,,"= 1 7 . 5  mPa.s . 
N - I =  shows: T,=-B"C, T 
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S y n t h e s i s  o f  b i c y c l o ( 2 , 2 , 2 ) o c t a n e  d e r i v a t i v e s  173 

C O C 1 ,  benzene ,  p y r i d i n e  

- - 

(2) S O C l *  1 
R e C 1  

( 3 )  I FeC13,benzene 

R -@ z -0 c o c H 

1.NH20H H C 1  

2.CH3COONa 

3. P C 1 5  

R -@ z -0 NHCO c H 

1. H C 1  aq 

2 .  NaOH aq 

( 8 )  1 1 . C H  OH,TsOH 
2 .  LIA~H~ 

R ~ C H ~ O H  

T s C 1 , p y r i d i n e  

.CH20Ts 

l .NaCN, OMS0 K2C03 
2 .  KOH;  e t h y l e n e  g l y c o l  1 3. soc1, 

L 

R -@CH c o c 1 

1 . A 1 C 1 3 ,  benzene 

2 .  NH2-NH2 , KOH, (LL)/ 3 .  e t h y l e n e  g l y c o l  

- R e C H 2 - C H 2 a  

( 1 2 )  

R # Z ~ ~ N O ~  

R - @ z Q - N H ~  
1 

( 1 3 )  I Raney N i ,  NH2-NH2 
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174 R .  D q b r o w s k i  e t  a l .  

TABLE I. Phase t r a n s i t i o n  t e m p e r a t u r e  ( " C )  a n d  m e l t i n g  

e n t h a l p y  (kJ mole- ' )  f o r  t h e  compounds 
X 

H2n+1  c n - @ - Z & N C S  (1) 

* Hm T e m p e r a t u r e  t r a n s i t i o n  

n X c 2  N I 

S e r i e s  l a  ( Z = s i n g l e  b o n d )  

1 8 . 4  * 1 0 3  * ( 8 8 )  * 3 H 

4 H * 93 * ( 8 2 )  * 34 .2  

5 H * 64.5  * 74 * 99 .5  * 5 .0  ; 1 5 . 5  

6 H * 5 0 . 5  * 8 9  * 1 3 . 5  
7 H * 48 * 57a * 95  * 8 . 1  ; 1 3 , 6  

8 H * 50.5  * 87 .5  * 1 9 . 2  
S e r i e s  l b  (Z=-CH2-CH2-) 

4 H * 64 * 1 0 5 . 5  * 1 0 . 5  

6 H * 6 1  * 1 0 5 . 5  * 1 5 . 5  

S e r i e s  l c  ( Z = - C O O - )  

4 H * 72.5  * 1 0 0  * 20 .5  
5 H * 74 .5  * 1 1 3 . 5  * 1 8 . 0  

5 F * 63.5  * 102 .5  * 27 .4  

6 H * 39.5  * 5 1 . 5  * 1 0 6  * 7 . 1  ; 1 9 . 2  

8 H * 52.5  * 62.!ib * 103  * 2 . 3  ; 2 2 . 2  

8 F * 59 * 68.5  * 92.5 * 5 . 0 ;  33 .8  

5 H * 62 * 97 * 1 1 5  * 3 . 1  ; 30 .2  

S e r i e s  I d  (Z=-OCO-) 

S e r i e s  l e  (Z=-CH20-) 

5 H * 77 * ( 7 5 )  * 28 .8  

a )  compound m e l t s  a t  51.5O a n d  t h a n  c r y s t a l l i z e s  a t  5 3 "  t o  

b )  compound m e l t s  a t  5 9 "  a n d  t h a n  c r y s t a l l i z e s  a t  6 1 "  t o  

t h e  f o r m  h a v i n g  t h e  m e t i o n e d  t r a n s i t i o n .  

t h e  f o r m  h a v i n g  t h e  m e t i o n e d  t r a n s i t i o n .  
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S y n t h e s i s  of  b i c y c l o ( 2 , 2 , 2 ) o c t a n e  d e r i v a t i v e s  175 

A m i x t u r e  composed o f  g r e a t e r  numbers o f  compounds (1) and  

C H B T  r e v e a l s v e r y  l o w  m e l t i n g  p o i n t s .  

B U L K  VISCOSITY 

The v i s c o s i t y  o f  m i x t u r e s  was d e t e r m i n e d  b y  t h e  c a p p i l l a r y  

v i s c o s i t y  m e t e r .  The b i n a r y  e u t e c t i c  m i x t u r e  composed o f  
compounds l b  (n=4, n = 6 )  i n  a p r o p o r t i o n  o f  57 .94  w t %  and 

42.06 w t %  e x h i b i t s :  72 2 o o = 3 6 . 7  mPa.s, v i s c o s i t y  a c t i v a t i o n  

e n e r g y  Ea=0.3B3 eV, and TNdI = 105°C.  

The t e r n a r y  m i x t u r e  compounds ( l a )  w i t h  a l k y l  C 3 H 7  ; 

? 2 0 "  = 3 3  
C6H13; C8H17 i n  p r o p o r t i o n  1 : 3 : 3  r e v e a l s :  

mPa.s, and E =0.286;  f o r  c o m p a r i s o n  t h e  e u t e c t i c  m i x t u r e  A 

o f  t h r e e  i s o t h i o c y a n a t e s  w i t h  t h e  same a l k y l s  o f  t h e  C H B T  

s e r i e s  (37 .6 ;44 .9 ;17 .5  w t % )  shows y 2 o o = 1 0 . 9  m P a , s  and 

E a  = 0 .285 eV. The b u l k  v i s c o s i t y  o f  compounds ( l a )  i s  

hence t h r e e  t i m e  g r e a t e r  t h a n t h a t l o f  CHBT compounds, b u t  t h e  

same a s  i n  t h e  n o n p o l a r  e s t e r s  of  bicyclo(2,2,2)octanecar- 

a 

b o x y l i c  a c i d  12 . 

wt  O/O 

F i g u r e  1. The v a r i a t i o n  of  v i s c o s i t y  w i t h  c o n c e n t r a t i o n  

of compound B ( l a ,  n=6)  i n  t h e  m i x t u r e  A a t  d i f f e r e n t  

t e m p e r a t u r e s .  
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176 R. Dqbrowski et al. 

Up to the concentration of 80 wt% of 8 in A solutions were 
obtained from which at 20'C the solid phase does not preci- 
pitate and which show a linear dependence of viscosity on 
concentration. By extrapolating to the 100 wt% concentra- 
tion of 8 we find 
smaller than that observed f o r  a mixture containing solely 
compounds (la). 
This work was supported by the Polish Academy of Sciences 
within the frame work of Project CBBP 01.13. 

200= 20 mPa*s which is 1.5 times 
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