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MESOMORPHIC BEHAVIOR OF ENAMINE-KETONE COMPOUNDS 

BRIAN c. BENICEWICZ', SAMUEL J. HUANG AND JULIAN F. 
J O H N S O N  
Depar tmen t  o f  Chemis t ry  and  I n s t i t u t e  o f  Materials 
S c i e n c e ,  U n i v e r s i t y  of  C o n n e c t i c u t ,  S t o r r s ,  CT 06268 

( S u b m i t t e d  f o r  p u b l i c a t i o n  March 25 ,  1981)  

ABSTRACT: S e v e r a l  compounds c o n t a i n i n g  the s i x -  
membered hydrogen  bonded enamine-ke tone  r i n g  have  been  
i n v e s t i g a t e d  by d i f f e r e n t i a l  c a l o r i m e t r y .  The r e s u l t s  
show t h a t  t h e  enamine-ke tone  m o i e t y  can  be used  i n  t h e  
s y n t h e s i s  of new l i q u i d  c r y s t a l l i n e  compounds. 

R e c e n t l y ,  t h e  m e l t i n g  b e h a v i o r  o f  some o l i g o m e r i c  
p a r a - l i n k r d  p o l y p h e n y l s  w a s  i n v e s t i g a t e d  and  t h e  n a t u r e  of 
t h e i r  mesophases  w a s  ~ e r i f i e d . ~ ~ ~  The f i r s t  compound i n  
t h e  series t o  d i s p l a y  a n e m a t i c  mesophase  w a s  p -quinque-  
p h e n y l .  I n  g e n e r a l ,  t h e s e  compounds e x h i b i t e d  r e l a t i v e l y  
h i g h  m e l t i n g  t e m p e r a t u r e s  and ,  i n  t h e  c a s e  o f  p - s e x i p h e n y l ,  
decomposed a t  5 O O O C  i n  t h e  n e m a t i c  mesophase b e f o r e  fo rming  
a n  i s o t r o p i c  l i q u i d .  T t  was a l s o  d e t e r m i n e d  t h a t  p - s e x i -  
p h e n y l  formed a s m e c t i c  A mesophase a t  4 3 4 O C  which  is i n -  
t e r e s t i n g  from t h e  v i e w p o i n t  of  c u r r e n t  t h e o r i e s  on molecu- 
l a r  s t r u c t u r e  and  t h e  f o r m a t i o n  of  s m e c t i c  p h a s e s .  

I n  t h i s  s t u d y ,  s e v e r a l  compounds a n a l o g o u s  t o  t h e  
p a r a - l i n k e d  p o l y p h e n y l s  were  s y n t h e s i z e d  and s t u d i e d  i n  
which o n e  or more of t h e  phenyl  r i n g s  h a s  been  r e p l a c e d  by 
a hydrogen  bonded enamine-ke tone  r i n g .  The  compounds were  
s y n t h e s i z e d  by t h e  c o n d e n s a t i o n  o f  amines  w i t h  @ - k e t o n e s  t o  
y i e l d ,  w i t h  t h e  removal  o f  water, t h e  d e s i r e d  enamine- 
k e t o n e  compound. The p r o d u c t s  a p p e a r e d  t o  b e  t h e  enamine-  
k e t o n e  fo rm r a t h e r  t h a n  t h e  i m i n e  form a s  i n d i c a t e d  by 
i n f r a - r e d ,  c a r b o n  13 and p r o t o n  N M R  s p e c t r o s c o p y .  T h e i r  
m e l t i n g  b e h a v i o r  was d e t e r m i n e d  u s i n g  a DuPont 990 Thermal 
A n a l y z e r  w i t h  a DSC c e l l  i n  a n i t r o g e n  a t m o s p h e r e  a t  a 
h e a t i n g  r a t e  o f  5 O C  per minu te .  T h i s  b e h a v i o r  was c o r r o b -  
o r a t e d  by a programmable t h e r m a l  o p t i c a l  a n a l y z e r  which 
a l s o  a l l o w e d  i n s p e c t i o n  of t h e  m a t e r i a l s  be tween c r o s s e d  
p o l a r i z e r s  d u r i n g  t h e  h e a t i n g  and  c o o l i n g  c y c l e s .  

RESULTS AND DISCUSSION 

The s t r u c t u r e s  and  m e l t i n g  b e h a v i o r  f o r  t h e  f i v e  com- 
pounds s y n t h e s i z e d  i n  t h i s  s t u d y  a r e  shown i n  T a b l e  I. 
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TABLE I 

B. C. BENICEWICZ, S. J. HUANG and J .  I-. JOHNSON 

Mel t ing  Behav io r  Data f o r  Enamine-Ketone Compounds 

h w n d  Tmsitian T,'C AH xlO',col/mcle 

K - i  149 1.04 

n o  

K1-Kn 202 .022 '. 
I .Z+ 

O H  n o  

1.67 
n cnI cn H M $..( K--n 244 

n- i  248 - #-C, Y-#-#-N C-4 
2 O H  'n 8 

n CH, cn H 

- $ - F X N - # - O - S - N  k C-# K - 1  155 
\ x  4 o n  n o  

H cn, 
X 

5 o n  
- $-+-c, f-#-oc,n, K - i  152 

A S , c a I / ~ r d e / ~ K  

24.6 

.4 6 3 

24.9 

32 3 

- 

- 

- 

It  s h o u l d  b e  n o t e d  t h a t  t h e s e  s t r u c t u r e s  a r e  q u i t e  un- 
u s u a l  and do n o t  conform t o  t h e  g e n e r a l i z e d  s t r u c t u r e  o f  a 
l i q u i d  c r y s t a l l i n e  molecule  w i t h  a r i g i d  rod c e n t e r  and 
p a r a - l i n k e d  f l e x i b l e  a l i p h a t i c  t a i l s  e x t e n d i n g  from t h e  
ends  o f  t h e  r i g i d  c o r e .  Four of  t h e  f i v e  compounds i n  
Tab le  I d i d  not show any l i q u i d  c r y s t a l l i n e  b e h a v i o r  and 
m e l t e d  d i r e c t l y  from a c r y s t a l l i n e  s o l i d  t o  an i s o t r o p i c  
l i q u i d .  Cool ing t h e s e  compounds from t h e  i s o t r o p i c  l i q u i d  
d i d  n o t  show any e v i d e n c e  of a monotropic  mesophase.  I t  i s  
n o t  s u r p r i s i n g  t h a t  compound 5 does n o t  e x h i b i t  a mesophase 
s i n c e  t h e  i n t r o d u c t i o n  o f  an oxygen l i n k a g e  p roduces  a bend 
i n  t h e  c e n t e r  of  t h e  molecule .  The s y n t h e s i s  of  compound 5 
was performed t o  d i s c o v e r  i f  a s i n g l e  f l e x i b l e  t a i l  extend- 
i n g  from t h e  end of t h e  molecule  would s t a b i l i z e  a nemat i c  
phase .  The s i n g l e  compound which e x h i b i t e d  a nematic  phase  
o v e r  a 4OC t empera tu re  range w a s  bis-4,4 ' - (2-benzoyl- l -  
m e  t hy lv iny lamino)  b i p h e n y l ,  3 .  The appea rance  of  this phase  
cou ld  be e a s i l y  missed as the nematic ' isotropic  t r a n s i t i o n  
r e v e a l e d  i t s e l f  as a b a r e l y  d i s c e r n a b l e  s h o u l d e r  on t h e  
h i g h  t e m p e r a t u r e  s i d e  o f  t h e  s o l i d m e m a t i c  t r a n s i t i o n .  I t  
was n o t  p o s s i b l e  t o  de t e rmine  the  n e m a t i c + i s o t r o p i c  h e a t  of  
t r a n s i t i o n  due t o  t h e  poor  r e s o l u t i o n  o f  t h e  DTA/DSC t r a c e .  
The t r a n s i t i o n  t empera tu res  f o r  t h i s  compound, quo ted  i n  
Table  I ,  were taken from t h e  p l o t  of  t r a n s m i t t e d  l i g h t  i n -  
t e n s i t y  v e r s u s  t empera tu re  o b t a i n e d  from t h e  the rma l  o p t i -  
c a l  a n a l y z e r  which p rov ided  b e t t e r  e v i d e n c e  f o r  t h e  e x i s t -  
ence  o f  t h i s  phase .  However, i t  s h o u l d  be n o t e d  t h a t  
B a r r a l l  and Sweeney have found t h a t  t h e  ma jo r  change i n  
a n i s o t r o p y  does  n o t  a lways c o i n c i d e  w i t h  t h e  maximum h e a t  
consumption a s  determined by DSC/DTA.4 A nematic  t e x t u r e  
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MESOMORPHIC' BEHAVIOR OF ENAMINE-KETONE COMPOUNDS 1 1 

was s e e n  on h e a t i n g  and was c l e a r l y  e v i d e n t  on c o o l i n g  
s i n c e  t h e  n e m a t i c  phase supe rcoo led  and d i d  n o t  c r y s t a l l i z e  
t o  a s o l i d  u n t i l  181OC. A photograph o f  t h e  nemat i c  tex- 
t u r e  is shown i n  F i g u r e  1. 

FIGURE 1 N e m a t i c  t e x t u r e  of  b i s - 4 , 4 '  (2-benzoyl-1-methyl- 
viny1amino)biphenyl .  Crossed p o l a r i z e r s ,  cool-  
i n g  c y c l e ,  23OoC, X135. 

Comparisons o f  t h e  pa ra - l inked  o l i g o m e r i c  po lypheny l s  
t o  t h e  ana logous  compounds i n  which one o r  more of t h e  
phenyl r i n g s  h a s  been r e p l a c e d  by an enamine-ketone r i n g  
demons t r a t e  t w o  main points. S u b s t i t u t i o n  of t h e  enamine- 
k e t o n e  r i n g  f o r  a phenyl r i n g  lowered t h e  m e l t i n g  tempera- 
t u r e s  i n  t h e s e  model compounds. T h i s  w a s  ach ieved  w h i l e  
m a i n t a i n i n g  t h e  l i q u i d  c r y s t a l l i n e  n a t u r e  i n  compounds w i t h  
an unconven t iona l  s t r u c t u r e .  

Secondly,  i t  s h o u l d  be  p o i n t e d  o u t  t h a t  t h e  o l i g o m e r i c  
po lypheny l s  a r e  n o t  ve ry  s o l u b l e ,  I n  c o n t r a s t  t o  t h i s ,  t h e  
enamine-ketone compounds a r e  s o l u b l e  i n  ch lo ro fo rm.  On t h e  
b a s i s  o f  t h e s e  model compound comparisons,  i t  s h o u l d  be ex- 
pec ted  t h a t  l i q u i d  c r y s t a l l i n e  polymers can  be s y n t h e s i z e d  
which e x h i b i t  l ower  m e l t i n g  p o i n t s  and i n c r e a s e d  s o l u b i l i -  
t i e s  than  t h e i r  phenyl r i n g  a n a l o g u e s .  A d d i t i o n a l  work on 
enamine-ketone c o n t a i n i n g  Liquid c r y s t a l s  is  for thcoming.  
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