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SPECTROSCOPY LETTERS, 2301, 811-820 (1990) 

'H AND 'SCNMR STUDY O F  A NEW CLASS O F  BIPYRIDINIUM LIQUID 
CRYSTALS 

Yousif Z. Yousif-, Fadhil S. Kamocinah and Mahir K. Ali 
Chemistry Department , College of: Education , Rasrah 
University , Basrah IRAQ. 

Jasim M. A. A l - H a w i  
Chemistry Department, College o f  Science, Moc-u1 
University , Mo5ul , IRAQ. 

'H and '=C hNi3 , as well a5 Uo and IR , spectra of P 

new class of bipyridinium salts made by double 

quaternization of f ;K_anc , - l ,Z-b i s (4 -pyr idy l )  ethene unit 

with n-alLyl salts are reported. The etfect of 

quaternization on the 'H and '=C tWM spectra cjt the sz..lts 

i 5 di scussed. 

INTRODUCTION _------_---- 

There ha5 been many references in the literature on 

pyridinium salts and more relevant to this work , 

* 
Author to whom correspendance should be addressed. 
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812 YOUSIF ET AL. 

bi pyr i di ni urn 

salts; I) known as violagens. 

salts ( 1,l '-di a1 kyl-4,4 '-bi pyr idi ni um 

( I )  

Type (I) violagens (R= n-alkyl and X= halogen) have 

been previously investigated in dilute aqueous solutions 

for electrcchromic display applications1*". The relevant 

phenomena is based on the reversible colour change that 

accoapanys the oxidation - reduction reactions. 

It has been known that certain amphiphilic molecules 

(ion pairs) exhibit thermotropic mesophases, e.g., neat 

soaps and pyridinium s a l t s -  . In a recent studys on 

type(1) violagens it was revealed for the first time that 

these molecules ( m X  = MeS03 or 4-rleCCH4SO3) exhibit 

liquid-crystalline phases of both types. 

In this study w e  report some of the properties 

(UV,IR,*H, and 13C hMR spectra) of  a n e w  class of 

bipyridinium salts type I 1  (R= n-alkyl chain and X =  NeSO, 

or 4-MeCaH+SOJ)  made by double qua ernization of the 

trans-1,2-bis(4-pyridyl)ethene unit. 
r 

RESULTS D I scuss ;ON 

All r?f the bipyridinium salts ~xhibited intense i.r. 

absorptims at ca. 1200 cm-' ( -CH,-N ) 6  , 1633 cm-1 

(C=C stretch ) 7  and 1160 c r n - l ( S = O  stertch). A Medium 

absorption w a s  also recorded at 3050 cm-'(C=C-H  insa at , 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



A NEW CLASS OF BIPYRIDINIUM LIQUID CRYSTALS 813 

s t r e t c h )  , 2930 cm-'(C-CH sa t  , s t r e t c h ) ,  1370 c m - 2  

(C-C s t r e t c h )  and  820-850 cm- '  ( F - s u b s t i t u t e d  aromatic 

r i n g ) .  

The  U.V.  a b s o r p t i o n  s p e c t r a  i n  m e t h a n o l  o f  a l l  t h e  

s a l t s  were i d e n t i c a l  a n d  c o n t a i n e d  t h r e e  b a n d s  ( d u e  t o  

d o u b l e  bond c o n j u g a t i o n )  w i t h l m a x  a t  310, 322 a n d  336 nm 

( l o g E = 5 . 5 5 , 5 . 6 0  and  5.42 r e s p e c t i v e l l y ,  w h e r e  E is  t h e  

m o l a r -  e x t i n c t i o n  c o e f i i c i e n t ) .  T h r e e  o t h e r  bt ;nds ( d u e  t o  

11-11- ) t r a n s i t . i u n s  i n  t h e  p y r i d y l  r i n g s  w i t h  m a  a t  

~ ~ ~ ~ 2 5 3  a n d  264 nm ( l o g  E= 5.23, 5.26 and 5.23 

r e s p e c t i v e l y ) .  

.TC_ 

The 'H-n.m.r. s p e c t r a l  d a t a  f o r  t h e  compounds  

( s c h e m e  1 ) are  g i v e n  i n  T a b l e  1. T h e  t r a n s - 1 , 2 - b i s ( 4 -  

p y r i d y l )  e t h e n e  ( PE ) u n i t  showed t w o  d o u b l e  - d o u b l e t s  

( 1J = 7.8 and  25 = 2.2 ) a t  8.6 a n d  7.8 ppm f o r  H-2 a n d  

H-3 r e s p e c t i v e l y  , w h i l e  t h e  e t h e n e  p r o t o n s ,  H - 5 ,  

a p p e a r e d  as  a n i n g l s t  a t  7.3 ppm. The  n - d i a l k y l  s a l t s ,  

PEDMn a n d  PEDTn ( M=liieS03, T= 4-CaH4S03 a n d  n=number o f  

c a r b o n  atoms i n  t h e  n o r m a l  a l k y l  c h a i n  ) a l s o  showed t w o  

b r o a d  d o u b l e t s  a t  8-79 - 0.05 a n d  8-35 - 0.05 p p m  f o r  H-2 

a n d  H-3, r e s p e c t i v e l y  a s  w e l l  a s  a s i n g l e t  a t  8.06 7 0.04 

ppm f o r  H-5 i n  a d d i t i o n  t o  t h e  e x p e c t e d  s i n g a l s  f o r  t h s  

a l l z y l  c h a i n  a n d  t h e  a n i o n  il o r  T. I t  is  c lear  f r o m  GScive 

d a t a  t h a t  pro tons  d - t o  t h e  p y r i d i n e  n i t r o q e n  ( H - 2 )  

s u l f e r  d e s h i e l d i n g  crf (0.5 ppm) w h i l e f i  - a n d  y-  p r o t o n s  

(H-X ar,d H - 5 )  a re  d e s l i i e l d e d  t o  a l a r g e r  e tckent  t h a n  

e:.:~ecte(; (0.79 and 0.S ppm r e s p e c t i v e l y )  - T h e  p o s i t i v e  

c h a r g e  on t h e  q u a t e r n a r y  n i t r o g e n  is e x p e c t e d  t o  d e s h i e l d  
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814 YOUSIF ET AL. 

PE 

5 8 7 3  10 1 1  
PEDh$, R=-C H,C - 2  H C H 2 C  H,C9H1C H,C H, . X=CH,SO, 

, X=CH,J& - 50,  

Figure 1, Sequence used for  labelling the compounds synthesized 
in this work. 

i n  ths o r d e r  : - >. p- ::. & . However , t h e  

p o s i t i v ~ l y  - c h a r g e d  n i t r c g e n  also c a u s e s  ct-cis5 

p o l a r i z a t i o n  a t  t h e  a d j a c e n t  CHZ-group ( h y p e r c n n j u g a t i o n )  

which r e s u l t s  i n  p a r t i a l  s h i e l d i n g  of  t h e  d- p r o t o n s ,  

w h i l e  p -  a n d  b/ - p r o t o n s  are d e c - h i e l d e d  b y  resonance. 
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816 YOUSIF ET AL. 

P r o t o n  - d e c o u p l e d  , o f f  - r e s o n a n c e  a n d  g a t e d  

d e c o u p l e d  s p e c t r a  w e r e  r e c o r d e d  a n d  u s e d  t o  a i d  t h e  

a s s i g n m e n t  of c a r b o n - 1 3  c h e m i c a l  s h i f t s  i n  t h e  compounds  

u c d e r  s t u d y .  F u r t h e r m o r e ,  s y s t e m a t  i c c o m p a r i s o n  w i t h i n  

t h e  series w a s  u s e d  t o  c o n f i r m  t h e  a s s i g n m e n t s  ( T a b l e  2 ) .  

Carbon-13 s p e c t r u m  of FSE r e v e a l e d  o n l y  f o u r  s i n g a l s  a t  

150.1, 1 2 2 . 4 ,  1 4 4 . 4  a n d  131 .4  ppm. T h e  q u a t e r n a r y  c a r b o n  

a t  1 4 4 . 4  ppm is a s s i g n e d  t o  C - ' d  ( C-3 ) a n d  t h e  m o s t  

d e s h i e l d e d  c a r b o n  t o  C - d  ( C - 1 ) ;  w h i l e  t h e  m o s t  s h i e l d e d  

c a r b o n  ( 6 1 2 2 . 4  ppm) i s  a s s i g n e d  t o  C - @  ( C - 2 )  b y  

a n a l o g y  w i t h  p y r i d i n e  o r  t h e  4-methyl  p y r i d i n e s - .  T h e  

r e m a i n i n g  p r o t o n a t e d  c a r b o n  is a s s i g n e d  t o  C - 6  ( C - 4 ) .  

T h e  n - d i a l k y l  s a l t s  PEDMn a n d  PEDTn showed t h e  

. e x p e c t e d  s i g n a l s  f o r  t h e  a l k y l  c h a i n  a n d  a n i o n  moiet ies .  

For e x a m p l e  PEDMa showed t h e  e x p e c t e d  s i g n a l s  f o r  f? a t  

62.5, 32.2, 26.3 a n d  23.4 p p m  f o r  C-5,6,7,8 and 9 

r e s p e c t i v e l y .  The  t-ieSO= a n i o n  e x h i b i t e d  a s i g n a l  a t  

39.5 ppm- T h e  PE p o r t i o n  of t h e  compound e x h i b i t s  + c a r  

c a r b a n - 1 3  s i g n a l s .  T h e  n o n - p r o t o n a t e d  c a r b o n  (C-  ) 

showed t h e  m o s t  d e s h i e l d s d  s i g n a l  a t  152.3 ppm, w h i l e  C - d  

8.' C-fi  a n d  C- e x h i b i t e d  s i g n a l s  a t  145.Y, a n d  135.0 ppm 

r e s p e c t i v e l y .  The  a n a l o g o u s  c a r b o n - 1 3  c h e m i c a l  s h i f t  

a s s i g n m e n t s  f c r  t h e  r e m a i n i n g  compounds  are g i v e n  i n  

T a b l e  2. B u a t e r n i z a t i o n  o f  t h e  n i t r o g e n  c a u s c d  s h i e l d i n s  

a t  C-? b y  4..J ppm a n d  d e s h i e l d i n g  a t  C-2,  C-3 a n d  C-4 b y  

4.C , 7.9 a n d  3.6 p p m  r e s p e c t i v e l y .  The  r e s u l t s  a re  i n  

agt-eemcnt  w i t h  t h o s e  f o u n d  f o r  t h e  q u a t e r n i z a t i o n  o f  

p y r i d i n e -  . 
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818 YOUSIF ET AL. 

3i f f e r e n t i a i  s c a n n i n g  cal o r i m e t r y  , p o l a r i z e d  n o t  i c a l  

in i c t -oscopy  a n d  X-ray s t u d i e s  r e v e a l e d  t h a t  t h e s e  

b i p y r i d i n i u m  s a l t s  are  l i q u i d  c r y s t a l l i n e  znc! t h e i r  

m e s o m o r p h i c  b e h a v i o r  s h a l l  b e  r e p o r t e d  e l s e w h e r e .  

EX PER I XE :dT AL 

n-a1 k y l  a1 c o h o 1  5 ,  4-MeCaH,S0,C1 , MeSUzCl ,  trans-l,2- 

b i s  (4-pyridyl ) e t h e n e ,  3 - p e n t a n o n e  a n d  p y r i d i n e  were 

p u r c h a s e d  f r o m  F l u k a  C h e m i c a l s .  

( 1 )  P r e p a r a t i e n  oi n - a l k y l  ' S a l t s  , RX : 

The  a p p r o p r i a t e  a l coho l ,  ROH, (0. 1 , m o l )  w a s  

d i s s o l v e d  i n  d r y  p y r i d i n o  (50 cm3) a n d  cooled i n  a n  ice- 

b a t h .  A s o l u t i o n  o+ 4-MeCaH4S0,C1 (0.11 m o l j  or  Me.SUZC1 

(0.11 mol) i n  d r y  p y r i d i n e  (50 E m 3 )  w a s  a d d e d  d t - o o w i s e  

w i t h  s t i r r i n g  u n d e r  N=, a n d  the t e m p E r a t u t - e  I.Jd5 

m a i n t a i n e d  b e t w e e n  0-10 C r a n g e .  S t i r r i n g  was c o n t i n u e d  

f o r  a f L l r t h e r  2 h o u r s  a t  t h i s  t e m p e r a t u r e .  The r e a c t i o n  

iili: .:tctfe Wa.5 t h e n  p o u r e d  i n t o  ice-t-rter (400 cm3) L-Jith 

s t i r r i n g  a n d  t h e  r e s u l t i n g  p r e c i p i t a t e  w a s  r e m o v e d  b y  

f i l t r a t i o n .  The CrLlde p r o d u c t  was d i s s o l v e d  i n  b c n z e n s ,  

> reshed  Fciccessi.i-el y w i t h  X.1 HC1 (2;: l O C l  cm3) a n d  s a t u r a t e d  

NsHCU3 ! 100 C I T I ~ )  ; t h e  b e n z e n e  e x t r a c t  was d r l e d  over 

a n h y d r c l u s  Na,SO, a n d  t h e  s o l v e n t  was r e a i o v e d  o n  a rcitcry 

e v a p o r a t o r .  T h e  c o n c e n t r a t e  w a s  a p p l i e d  t o  a s i l i c o n  y e 1  

c o l u m n  arid t h e  p u r e  t o a y l a t e s  (or m e t h c n e  sulf c n a t e s )  

were e l u t e d  w i t h  a 1:l m i x t u r e  o i  b e n z e n e ; e t k e r .  

( 2 )  p r e p a r a t i c n  of  n - d i a l k y  s a l t s  of t.t:-r;rcs_-l, 2- 

b i s ( 4 - p y r i d y l )  e ' c h e n e  : 
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A NEW CLASS OF BIPYRIDINIUM LIQUID CRYSTALS 819 

The alkyl salt , R X ,  (0.03 mol) was added to a 

solution of trans-1,2-bis(4-pyridyl) ethene (0.01 mol) in 

3-pentanone (20 cmS). After refluxing (150 C, 4h), the 

light-brown solid was filtered from the solution mixture 

while hot, washed with MezCO and recrystallized from MeOH 

or 1:9 H,-O/Me=CO. The detailed syntheses of the studied 

compounds wi 1 1  be reported elsewhere. 

A11 of the new compounds has satisfactory spectral 

properties and elemental analyses. 1.r. spectra (KBr) 

were recorded on a Pye Unicam SP3-300 spectrometer. U.V.  

spectra were recorded on a PYQ Unicam SP8-100 U V  

Spectrophotometer. 

'H and 13C NMR spectra were obtained on a Bruker 

WH90 DS spectrometer. The I3C n.m.r. were obtained using 

the pulsed FT method at 22.63 MHz. The free-induction 

decays were stored in an Aspect 2000 computer and were 

transformed after accumulation of a sufficient number , 
using 8K data points and a spectral width of 6024 Hz. 

The acquisition time was 0.75,i.e., the resolution limit 

did not exceed 1.47 Hz. The spectra were recorded in 

10 m m  n.m.r tubes using CD,OD as solvent and t races  o f  

TMS as reference. 
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