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LIQUID CRYSTALLINE THIADIAZOLE DERIVATIVES V :  
NEW FERROELECTR I C  THIADTAZOLE DERIVATIVES 

C. ISCHIERSI<E, D. JOACHIMI, H. ZASCHI<E, H, KRESSE, 
B. LINSTROM, G, PELZL, D. DEMUS 
S e k t i o n  Chemie, Martin-Luther-Universitat 
H a l l e - W i t t e n b e r g ,  4010 H a l l e ,  GDR 

G .Y , BAK 
Depar tment  o f  C h e m i s t r y ,  Academy o f  S c i e n c e ,  
Hamhung, DPRI< 

A b s t r a c t  Some c h i r a l  2 , 5 - d i s u b s t i t u t e d  1 , 3 , 4 - t h i a -  
d i a z o l e  d e r i v a t i v e s ,  (S)-2-methylcarboxylates and 
( S ) - 2 - a l k o x y p r o p i o n a t e s  were prepared.  The l i q u i d  
c r y s t a l l i n e  and f e r r o e l e c t r i c  p r o p e r t i e s  o f  t h e s e  
m a t e r i a l s  were  i n v e s t i g a t e d .  

INTRODUCTION 

The i n t e r e s t  i n  f e r r o e l e c t r i c  l i q u i d  c r y s t a l l i n e  
m a t e r i a l s  has been r e c e n t l y  i n c r e a s e d  because o f  t h e i r  
p o t e n t i a l  a p p l i c a b i l i t y  f o r  f a s t  s w i t c h i n g  d e v i c e s  102, 
Smec t i c  l i q u i d  c r y s t a l s  p o s e s s i n g  c h i r a l  s m e c t i c  C* 
phases, h i g h  spontaneous p o l a r i z a t i o n  and b r o a d  meso- 
g e n i c  phases a r e  r e q u i r e d .  Hence t h e  s y n t h e s i s  o f  new 
subs tances  and t h e  i n v e s t i g a t i o n  o f  t h e  p h y s i c a l  p r o -  
p e r t i e s  a r e  i m p o r t a n t  f o r  t h e  development  o f  new 
m a t e r i a l s .  I n  p r e v i o u s  s t u d i e s  t h e  2 , 5 - d i s u b s t i t u t e d  
1 , 3 , 4 - t h i a d i a z o l e  d e r i v a t i v e s  have been found  t o  e x h i -  
b i t  b r o a d  s m e c t i c  C mesomorphic ranges  3-5. C h i r a l  
2 - c h l o r o c a r b o x y l a t e s  i n c o r p o r a t i n g  a 1 , 3 , 4 - t h i a d i a z o l e  
s t r u c t u r a l  u n i t  and w i t h  l a r g e  v a l u e s  o f  t h e  sponta-  
neous o l a r i z a t i o n  have been d e s c r i b e d  i n  a r e c e n t  
paper  E ,  B u t  t h e r e  a r e  some p rob lems  w i t h  t h e  c h e m i c a l  
s t a b i l i t y  o f  t h e s e  ch lorocompounds i n  s t r o n g  e l e c t r i c  
f i e l d s ,  due t o  t h e  h i g h l y  r e a c t i v e  2 - c h l o r o c a r b o x y l a t e  
s t r u c t u r a l  u n i t  7. 
T h e r e f o r e  we have s y n t h e s i z e d  some n o v e l  c h i r a l  t h i a -  
d i a z o l e  d e r i v a t i v e s ,  2 - m e t h y l c a r b o x y l a t e s  and 2 - a l k o x y -  
p r o p i o n a t e s  o f  t h e  g e n e r a l  f o r m u l a  1: 
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232 C. TSCHIERSKE ET AL. 

SY N TH ES I S  

The compounds have been s y n t h e s i z e d  by e s t e r i f i c a t i o n  
o f  5-9 b s t i t u t e d  2-(4-hydroxyphenyl)-l,3,4-thiadiazo- 
l e s  g !! w i t h  c h i r a l  2-alkoxypropionylchlorides 3 o r  
2-methyl  c a r b o x y l i c  a c i d  - c h l o r i d e s  a c c o r d i n g  to- 
s tandard  procedures u s i n g  t r i e t h y l a m i n e  and c a t a l y t i c  
amounts o f  4 -d ime thy laminopy r id ine  (DMAP) *: 

t o l u e n  4 H - 

- 1.1 - 1.4 
R .  R 2  = C,H2n+1 

- 1.5 - 1.15 

(S ) -2 -Me thy lbu ty r i c  a c i d  has been o b t a i n e d  by o x i d a t i o n  
o f  (S ) -2 -me thy lbu tano l  w i t h  KMn04, w h i l e  (S)-2-methyl-  
decanoic a c i d  was o b t a i n e d  by e n a n t i o s e l e c t i v e  a l k y l a -  
t i o n  u s i n g  EVANS'S procedure lo. 
2-Alkoxyp rop ion i c  a c i d s  were p repared  by a l k y l a t i o n  
o f  ( S ) - e t h y l  l a c t a t e  w i t h  an excess o f  t h e  a p p r o p r i a t e  
n - a l k y l i o d i d e  i n  t h e  presence o f  Ag20 11, 12. The 
r e s u l t i n g  e s t e r s  were s a p o n i f i e d  and a f t e r w a r d s  t r e a t e d  
w i t h  t h i o n y l  c h l o r i d e :  

The enan t iomer i c  excess o f  t h e  compounds has been 
checked a t  t he  s tage  o f  t h e  c a r b o x y l i c  a c i d s  u s i n  
NMR-techniques ( c h i r a l  l a n t h a n i d e  s h i f t  reagen ts  
d i a s t e r e o m e r i c  d e r i v a t i v e s  w i t h  h o m o c h i r a l  amines l4) 
and has been found t o  exceed 95% ee i n  t h e  cases o f  
(S ) -2 -a l koxyp rop ion i c  a c i d s  and t o  be i n  t h e  range 
between 75 and 85% f o r  t h e  compounds 4. 

93 

RESULTS and DISCUSSION 

The t r a n s i t i o n  temperatures o f  t h e  new m a t e r i a l s  a r e  
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c o l l e c t e d  i n  t a b l e  I: 

TABLE I T r a n s i t i o n  temperatures o f  t h e  c h i r a l  
2 , 5 - d i s u b s t i t u t e d  l 8 3 , 4 - t h i a d i a z o 1 e  
d e r i v a  t i v e s  . 

CH, 

comp. R 1  R2 c r  sl S: C h  is 

- 1.1 

1.3 

- 1.5 
- 1.6 

- 1.7 

1.9 
1.10 

1 .ll 
1.12 

1.13 

1.2 - 
- 1.4 

- 1.8 

- 
- 
- 
- 
- 
1.14 - 
1.15 - 

5H1 1'- 

'eH17'- 

'EH17'- 

5H1 1 O- 

C5H110' 
5H1 1'- 

'EH17'- 
C8H170' 

BH1 7'- 

EH 17'- 

C10H21' 

C9H190- 
CgH190- 

10H2 1 - 
c 1  OH2 1 - 

155 - - 161 163 
89 - - 0 1 6 5 -  - . 
79 ( 74) .  141 - - 

126 - - 140 - - 
97 - - 155 9 165 
96 - - * 1 4 0 -  - . . 92 - - . 1 3 3 -  - . 
95 - - 160 166 
86 - - 0 1 4 4 -  - 
83 - - . 1 4 1 -  - . 
81 - - 0 1 3 6 -  - 

. 101 - - 163 166 
0 78 - - 0 1 4 5 -  - . 

108 - - 139 140 
110 - - 121 - - 

~ll compounds e x h i b i t  broad smec t i c  C' ranges, which 
may be accompanied by  a c h o l e s t e r i c  mesophase i n  t h e  
cases o f  s h o r t  c h a i n  d e r i v a t i v e @  (R2  = -OCH3, -C2H5). 
The c l e a r i n g  temperatures o f  t h e  c o r r e s p o n d i n g  
2- a l koxyp rop iona  t e s  and 2 - a l k y l p r o p i o n a t e s  a r e  
s u r p r i s i n g l y  s i m i l a r .  t h i s  i s  i n  c o n t r a s t  t o  t h e  ob- 
s e r v a t i o n ,  t h a t  non oan juga ted  oxygen atoms i n  t h e  
a l i p h a t i c  c h a i n  g e n e r a l l y  decrease t h e  meso hase 
s t a b i l i t y  o f  c a l a m i t i c  l i q u i d  c r y s t a l s  14, f5. S i n c e  
t h e  m e l t i n g  temperatures o f  t he  2 -a l koxyp rop iona tes  
a r e  o f t e n  s i g n i f i c a n t l y  l o w e r ,  these compounds e x h i b i t  
more extended Sc ranges. The c l e a r i n g  p o i n t s  decrease 
w i t h  i n c r e a s i n g  l e n g t h  o f  t h e  t e  m i n a l  a l k y l  c h a i n  

s t a b i l i t y  o f  t he  smec t i c  C*phase decreases w i t h  i n -  
a t t a c h e d  t o  the  c h i r a l  c e n t r e  ( R  h ) .  The re fo re ,  t h e  
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234 C. TSCHIERSKE ET AL. 

c r e a s i n g  l e n g t h  o f  t h i s  c h a i n  b u t  I t  s l i g h t l y  i n c r e a s e s  
by e l o n g a t i o n  o f  t h e  o t h e r  a l k y l  c h a i n  ( R 1 ) .  
The spontaneous p o l a r i z a t i o n  was measured a t  
Tcl - T = 30 K :  

TABLE I1 Spontaneous p o l a r i z a t i o n  

compound Ps (nC*cmo2; A T  P 30K) n m 

1.6 
1.7 
1 .9  
1.10 
1.11 

- 
- 
- 
- 
- 

188 
172 
221 
152 
168 

5 6 
5 10 
8 6 
8 7 
8 10 

I f  we take  i n t o  account an e r r o r  o f  10% due t o  t h e  ln -  
complete o r i e n t a t i o n  and e r r o r s  i n  t h e  measurement o f  
PS o n l y  t h e  PS-value o f  compound 1.9 is r e l a t i v e l y  
h i g h .  There fo re ,  f u r t h e r  i n v e s t i g a t i o n s  o f  homologous 
substances a r e  necessary. 
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