
C H A P T E R  V I
SYNTHESIS OF POLYDIACETYLENE CONTAINING AZA- 

CROWN-ETHER BASED ON N,N-BIS(ALKYL-2- 
HYDROXYL)ALKYLAMINE DERIVATIVES AS A PENDANT

MOIETY

6.1 Abstract

A l t h o u g h  th e  p r e p a r a t io n  o f  p o l y d i a c e t y l e n e s  ( P D A s )  m o n o m e r s  c o n t a in in g  

c r o w n  e t h e r s  h a v e  b e e n  r e p o r te d , th e  c o m p l ic a t e d  s y n t h e s e s  i n c lu d in g  l o w - y i e l d  o f  

o b t a in e d  p r o d u c t s  l im i t  th e ir  u s e s  in  o n ly  b a s i c - k n o w le d g e  r e s e a r c h .  T h is  p r e s e n t  

w o r k  s h o w s  a  s im p l e  a p p r o a c h  t o  s y n t h e s iz e d  P D A s  m o n o m e r s  h a v in g  a n  a z a - c r o w n  

e th e r  a s  a  p e n d a n t  g r o u p  th r o u g h  th e  c h e m is t r y  o f  N ,N - b i s ( a l k y l - 2 -  

h y d r o x y b e n z y l ) a l k y l a m in e  ( H B A ) .  A l l  s y n t h e s i s  s t e p s  s h o w  r e a s o n a b le - h ig h  y ie ld ,  
m o r e  th a n  4 0 %  w h i c h  o n l y  r e c r y s t a l l iz a t io n  is  n e e d e d  to  o b t a in  th e  h ig h - p u r it y  

p r o d u c t s  fo r  fu r th e r  t o p o c h e m i c a l  p o ly m e r iz a t io n  in  t h e  n e x t  s t e p .

Keywords: b e n z o x a z i n e ,  p o l y d i a c e t y l e n e ,  a z a - c r o w n  e th e r ,  H B A  d e r iv a t iv e s
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6.2 Introduction
P o ly d ia c e t y l e n e s  ( P D A s )  a re  k n o w n  a s  c o n d u c t iv e  p o ly m e r  u n d e r  a  h ig h ly  

o r d e r e d  o r ie n t a t io n  o f  e n e - y n e  c o n j u g a t e  b a c k b o n e .1, 2 In  m o s t  c a s e s ,  d ia c e t y l e n e  

m o n o m e r s  a r e  p r e o r g a n iz e d  a s  m o n o - la y e r e d  th in  f i lm  o r  c r y s ta l  s o  th a t th e  

t o p o c h e m i c a l  r e a c t io n  v ia  U V -  o r  y -  ir r a d ia t io n  c o n s e q u e n t l y  in i t ia t e s  th e  fo r m a t io n  

o f  p o l y d i a c e t y l e n e  c h a i n s .3'6 S t r u c t u r a l ly ,  a  f a v o r a b le  p r e o r g a n iz a t io n  o f  d ia c e t y l e n e  

m o n o m e r  i s  u n d e r  t h e  c o n d i t io n s  o f  c l o s e d - p a c k i n g  s tr u c tu r e , i . e . ,  r e p e a t  d i s t a n c e  ~ 5  

Â ,  o r ie n t a t io n  a n g le  ~ 4 5 ° . 7 , 8 A l t e r n a t iv e ly ,  p o ly m e r i z a t i o n  b y  th e r m a l  t r e a tm e n t  in  

s o l i d  9> 10 o r  m e l t 11 s ta te  w a s  a l s o  r e p o r te d .
T h e  c o n j u g a t e d  b a c k  b o n e  o f  P D A s  a l l o w s  e l e c t r o n  tr a n s fe r  a n d  g iv e s  

u n iq u e  e le c t r i c a l  a n d  o p t ic a l  p r o p e r t ie s  fo r  p r o m is in g  a p p l i c a t io n s ,  e s p e c ia l l y ,  
s e n s o r s  . 12, I o n ic  o r  m o le c u la r  s e n s i n g  is  o n e  o f  th e  m o s t  e x p e c t e d  a p p l i c a t io n s  in  th e  

f o r m s  o f  h a z a r d o u s - o r g a n ic  o r  t o x ic - m e t a l  s e n s o r .  H o w e v e r ,  t o  e n h a n c e  th e  s p e c i f i c  

e x t e r n a l  s t im u l i ,  a p p r o p r ia te  r e c e p t o r s  to  r e c o g n iz e  th e  c o m p l e x e s  a re  n e e d e d .4 , 13
C r o w n  e t h e r s  a re  e t h e r - b o n d e d  c y c l i c  m o le c u l e s  w h i c h  a re  w e l l  k n o w n  a s  

h o s t  m o l e c u l e s  fo r  i o n s  a n d  m o le c u la r  r e c o g n i t i o n .14 ,15 T h e  g u e s t - s e l e c t iv i t y  d e p e n d s  

o n  th e  c a v i t y  s i z e ,  th e  n u m b e r  o f  e th e r  u n i t .15, 16 T o  im p r o v e  th e  m o le c u la r  

r e c o g n i t i o n  o f  P D A s ,  m o d i f i c a t i o n  o f  P D A s  w i t h  c r o w n  e t h e r s  fo r  a n a ly t ic a l  a n d  

p h a r m a c e u t ic a l  f i e l d s  w e r e  r e p o r t e d .17, 18 It s h o u ld  b e  n o t e d  th a t  a s  p r e p a r a t io n  o f  

c r o w n  e t h e r s  i n c l u d i n g  th e  p u r i f ic a t io n  i s  m u l t i - s t e p s  w h e r e a s  th e  y i e ld s  a re  n o t  

s ig n i f ic a n t ,  o t h e r  a lt e r n a t iv e  r e c e p t o r s  a re  s t i l l  o n  th e  e x p e c t a t io n .
In  th e  p a s t ,  L a o b u t h e e  e t  a l. r e p o r te d  th e  s y n t h e s i s  o f  N ,N - b i s ( a l k y l - 2 -  

h y d r o x y b e n z y l j a l k y l a m in e  ( H B A )  c o m p o u n d s ,  w h ic h  a re  o b t a in e d  f r o m  a s i n g l e ­
r in g  o p e n i n g  o f  b e n z o x a z i n e  m o n o m e r  w i t h  m o n o p h e n o l s .19 D u e  to  a n  in te r -a n d  

in t r a - m o le c u la r  h y d r o g e n  b o n d  o f  t h o s e  c o m p o u n d s ,  th e  c o m p o u n d s  t e r m in a t e  i t s e l f  

at th e  d im e r  l e v e l  t o  t e r m in a t e  th e  r e a c t io n . T h i s  b r in g s  a  h ig h  s e l e c t i v i t y  to  y ie ld  a  

s in g le  t y p e  o f  m a c r o c y c l e  fo r  a b o u t  8 0 % .20'22 T h o s e  m a c r o c y c l i c  c o m p o u n d s  a ls o  

s h o w  th e  m o le c u la r  r e c o g n i t io n  a s  e v i d e n c e d  f r o m  th e  e n tr a p m e n ts  o f  a lk a l in e  a n d  

a lk a l in e - e a r t h  c a t i o n s ,  a n d  p e r c h lo r a te  a n io n s .  2 3 ,24 H o w e v e r ,  th e  s p e c i f i c i t y  fo r  th e  

g u e s t  r e c o g n i t i o n  o f  t h o s e  m a c r o c y c l e s  i s  s t i l l  s t u d ie d  in  d e p th .
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B a s e d  o n  t h is  v i e w p o i n t ,  h e r e , w e  p r o p o s e  a  u n iq u e  m o le c u la r  d e s ig n  a n d  

s y n t h e s i s  o f  H B A  b a s e d  c r o w n  e th e r  c o n t a in in g  a n  a lk y n e  f u n c t io n a l  g r o u p . T h e  

c o m p o u n d  o b t a in e d  is  e x p e c t e d  to  p e r fo r m  a s  a  P D A  m o n o m e r  fo r  p o ly m e r iz a t io n  in  

fu r th e r  s t e p .  T h e  fa c t  th a t th e  m o n o m e r s  c o n t a in  s y m m e t r ic a l  a r o m a t ic  r in g  a n d  e a c h  

m o n o m e r  g i v e  r ig id  c a v i t y  ( S c h e m e  I), o n e  e x p e c t s  fo r  a  p r o m is in g  s e l f - o r g a n iz a t io n  

u n d e r  s u p r a m o le c u la r  s t a c k in g - c o n f o r m a t io n .  In  c o m b in a t io n  w i t h  a  h ig h - o r d e r e d  

o r ie n t a t io n  in  s o l i d  s ta te  u n d e r  th e  c r y s ta l  f o r m s , th e  p o ly m e r i z a t i o n  o f  th e  c r y s t a ls  

m a y  g iv e  U S  a  n a n o - c h a n n e l  f o r m e d  b y  c r o w n - e t h e r

6.3 Experimental

6.3.1 Materials
P r o p a r g y la m in e  ( 9 8 % ) ,  2 ,4 - d i m e t h y l p h e n o l ,  1 ,4 - b u t a n e d io l ,

d i e t h y le n e  g l y c o l ,  p - t o lu e n e s u l f o n y l  c h lo r id e  a n d  N ,  N ,  N \  N ' -
t e t r a m e t h y le t h y la m in e d ia m in e  ( T M E D A )  w e r e  r e c e iv e d  fr o m  S ig m a - A ld r ic h  

(C o u n t r y ) .  A c e t o n i t r i l e ,  1 ,4 - d io x a n e ,  2 - p r o p a n o l ,  p y r id in e ,  s o d iu m  h y d r o x id e  

( N a O H )  a n d  3 7 %  f o r m a ld e h y d e  s o lu t io n  w e r e  o b t a in e d  fr o m  F is h e r  ( C o u n tr y ) .  
C o p p e r  ( I )  c h lo r id e  ( C u C l )  w a s  p u r c h a s e d  fr o m  A c r o s s ,  B e l g i u m . . .

6.3.2 Preparation of 6,8-dimethyl-3-(prop-2-ynyl)-3,4-dihydro-2H- 
benzo[e][l,3]oxazine (2,4DM-pa)

P r o p a r g y la m in e  ( 1 .6 5  g , 3 0  m m o l)  a n d  f o r m a ld e h y d e  ( 3 7 %  พ / พ  in  

w a te r )  ( 5 .1 2  g ,  6 0  m m o l)  w e r e  a d d e d  in  d io x a n e  ( 2 0  m l ) ,  a n d  s t ir r e d  at r o o m  

t e m p e r a tu r e  f o r  3 0  m in . 2 ,4 - D im e t h y lp h e n o l  ( 3 .6 6  g , 3 0  m m o l )  in  d i o x a n e  ( 1 0  m l)  

w a s  fu r th e r  a d d e d  a n d  s t ir r e d  a t 1 0 0 ° c  fo r  14 h o u r s . A f t e r  r e m o v a l  o f  s o lv e n t ,  th e  

c r u d e  p r o d u c t  w a s  d i s s o l v e d  in  e th y l  a c e t a t e  ( 1 0 0  m l ) ,  a n d  th e n  w a s h e d  w it h  0 .1  N  

N a O H  ( 1 0 0  m l )  a n d  w a te r  ( 1 0 0  m l)  fo r  th r e e  t im e s  e a c h .  T h e  s o lu t io n  o b ta in e d  w a s  

d r ie d  o v e r  s o d iu m  s u l f a t e  a n h y d r o u s .  T h e  s o lv e n t  w a s  r e m o v e d  to  o b ta in  th e  

y e l l o w i s h  v i s c o u s  p r o d u c t  o f  2,4DM-pa, a n d  it w a s  u s e d  fo r  n e x t - s t e p  s y n t h e s i s  

w it h o u t  a n y  fu r th e r  p u r i f ic a t io n ,  ' h  N M R  (C D C I3), p p m : 8  =  2 .3 2  (ร , C - C H ) ,  3 .5 1  

(ร , C H 2) ,  3 .8 3  (ร , C H i ,  o x a z i n e ) ,  4 .9 2  (ร , C H 2 , o x a z in e ) ,  6 .6 5  (ร , H  A r )  a n d  6 .8 3  (ร , H
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A r ) . F T - I R  V  ( c m - 1 )  ( K B r )  =  3 2 9 0  a n d  2 1 2 0  ( C s C ) ,  1 4 9 0  ( t e t r a s u b s t i tu e d  b e n z e n e  

r in g ) ,  1 2 1 6  ( C - O - C  a s y m m e t r ic  s t r e t c h in g )  a n d  9 3 6  ( o u t - o f - p l a n e  C - H ) .

6.3.3 Preparation of 6,6'-(prop-2-ynylazanediyl)bis(methylene)bis(2,4- 
dimethylphenol) (HBA-pa)

2,4DM-pa (0.33 g , 1 .6  m m o l)  a n d  2 ,4 - d i m e t h y l p h e n o l  (0.20, 1 .6  

m m o l)  w e r e  m i x e d  a n d  s t ir r e d  in  m e l t i n g  s ta te  a t 110°c fo r  2  h o u r s  ( S c h e m e  6 .1 ) .  

T h e  c r u d e  p r o d u c t  o b t a in e d  w a s  r e c r y s t a l iz e d  in  2 - p r o p a n o l  to  o b t a in  n e e d le - l ik e  

c r y s ta l  o f  HBA-pa ( y i e l d  c a . 44.0%). ' h  N M R  ( C D C I 3), p p m : 8 = 2.38 (ร, C = C H ) ,  

3.30 (ร, C H 2) , 3.29 (ร, N - C H 2- O C ) ,  3.81 (ร, N - C H 2-A r ) ,  6.80 (ร, H  A r ) ,  6 .8 8  (ร, H  

A r )  a n d  7.60 (b r , - O H ) .  13c  N M R  ( D M S O - d 6 )  p p m : 8 = 40.19 ( N - C - O C ) ,  54.58 ( N -  

C - A r )  a n d  77.80 ( O C ) .  F T - I R  V  ( c n T 1) ( K B r )  =  3400 ( - O H ) ,  3290 ( O C ) ,  2120 
( O C ) ,  1490 ( t e t r a s u b s t i t u e d  b e n z e n e  r in g )  a n d  1200 ( C - N - C ) .  E S I  M S  ( m /z ) :  378.26 
( M + H +).

Scheme 6.1 S y n t h e s i s  o f  2,4DM-pa a n d  HBA-pa
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6.3.4 Preparation Dibenzo-monoaza-13-crown-2 propargyl (13c2-pa) 
HBA-Pa ( 0 .3 2 3  g , 1 .0  m m o l)  w a s  d i s s o l v e d  in  a c e t o n it r i l e  ( 1 0 0  m l)

w i t h  N a O H  ( 0 . 0 8 4  g ,2 .1  m m o l )  . T h e  s o lu t i o n  w a s  s t ir r e d  fo r  3 0  m in ,  f o l l o w e d  b y  

a d d in g  b u t a n e - 1 ,4 - d iy l  b i s ( 4 - m e t h y l b e n z e n e s u l f o n a t e ) , l ,  ( 0 .3 9 9  g , 1 .0  m m o l)  in  

a c e t o n it r i l e  ( 5 0  m l )  s o lu t i o n  d r o p w is e ly .  T h e  m ix t u r e  w a s  s t ir r e d  a t 1 1 0 ° c  fo r  7 2  h ( 
S c h e m e  6 .2 ) .  T h e  m ix t u r e  w a s  f i lt r a te d  a n d  th e  s o lv e n t  w a s  r e m o v e d  f o l l o w e d  b y  

r e c r y s t a l l i z in g  in  2 - p r o p a n o l  to  o b ta in  n e e d l e - l i k e  c le a r  c r y s ta l  ( y i e l d  c a . 4 3 .7 % ) .  ' h  

N M R  (C D C 1 3) ,  p p m : Ô =  2 .0 2  ( t ,  C - C H 2- C ) ,  2 .4 6  (ร , O C H ) ,  3 .1 4  (ร , N - C H 2-C = C ) ,  
3 .7 6  ( ร ,  N - C H z - A r ) ,  3 .9 8  ( t ,  A r - 0 - C H 2-C ) ,  6 .9 2  ( ร ,  H  A r )  a n d  7 .0 9  ( ร ,  H  A r ) . F T -1 R  V  

( c m ' 1) ( K B r )  =  3 2 9 0  ( O C ) ,  2 1 2 0  ( O C ) ,  1 0 8 0  ( A r - 0 - C H 2) a n d  1 2 0 0  ( C - N - C ) .  E S I  

M S  ( m /z ) :  3 7 8 . 2 6  ( M + H +).

6.3.5 Preparation Dibenzo-monoaza-14-crown-3 propargyl (14c3-pa) 
14c3-pa w a s  p r e p a r e d  f r o m  HBA-Pa a n d  2 , 2 ' - o x y b i s ( e t h a n e - 2 , l - d i y l )

b i s ( 4 - m e t h y lb e n z e n e s u l f o n a t e ) ,  2, b y  u s in g  th e  s a m e  p r o c e d u r e  a s  th a t  o f  13c2-Pg to  

o b t a in  n e e d l e - l i k e  c le a r  c r y s t a l  ( y i e ld  c a . 2 7 .0 % ) .  ' h  N M R  ( C D C I 3), p p m : Ô =  2 .4 0  

(ร , C - C H ) ,  3 .1 0  (ร , N - C H 2- O C ) ,  3 .7 8  (ร , N - C H 2- A r ) ,  3 .9 6  (t , C - 0 - C H 2- C - 0 ) ,  4 .0 4  

(t , A r - C H 2- C - 0 ) ,  6 .9 1  (ร , H  A r )  a n d  7 .0 3  (ร , H  A r ) . I3C  N M R  ( C D C I 3) p p m : Ô =  

3 8 .2 9  ( N - C * - O C ) ,  5 4 .2 2  ( N - C - A r ) ,7 4 .5 4  ( -C * = C F 1 )  a n d  7 8 .9 3  ( - O C * H ) .  F T -I R  V 

( c m ' 1) ( K B r )  =  3 2 9 0  ( O C ) ,  2 1 2 0  ( C = C ) ,  1 0 5 1  ( A r - 0 - C H 2 ) ,  1 1 0 0  ( C H 2- 0 - C H 2) a n d  

1 2 0 0  ( C - N - C ) .  E S I  M S  ( m /z ) :  3 9 4 .2 6  ( M + H +).

Scheme 6.2 S y n t h e s i s  o f  d ib e n z o - m o n o a z a - b a s e d  HBA-pa d e r iv a t iv e s
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6.3.6 Preparation of dibenzo-monoaza-13-crown-2 diacetylene dimer 
(13c2-Da)

T M E D A  ( 0 .0 1 4 7  g ,  0 .1 2 6  m m o l)  a n d  C u C l  ( 0 .0 1 2 5  g ,  0 .1 2 6  m m o l)  

w e r e  d i s s o l v e d  in  1 m l  p y r id in e  w i t h  O 2 b u b l in g . A f t e r  s t ir r in g  f o r  15 m in ,  13c2-pa 
( 0 .0 9 5 9  g , 0 . 2 5 4  m m o l)  in  p y r id in e  ( 2  m l)  w a s  a d d e d  d r o p w i s e l y ,  a n d  s t ir r e d  a t 5 0 ° c  

fo r  8  h  , S c h e m e  6 .3 .  T h e  p r o d u c t  w a s  r e p r e c ip i ta te d  in  w a t e r  to  o b t a in  w h i t e  p o w d e r ,  
f o l l o w e d  b y  r e c r y s t a l l i z a t io n  in  m i x e d  s o lv e n t  ( c h lo r o f o r m :  2 - p r o p a n o l ,  4 : 1 v / v )  to  

o b t a in  n e e d l e - l i k e  c r y s t a l .

6.3.7 Preparation of dibenzo-monoaza-14-crown-3 diacetylene dimer 
(14c3-Da)

14c3-Da w a s  p r e p a r e d  b y  o x id a t iv e  c o u p l in g  r e a c t io n  o f  14c3-pa in  

th e  s a m e  p r o c e d u r e  a s  p r e p a r in g  13c2-Da to  o b ta in  n e e d l e - l i k e  c le a r  c r y s ta l ,  ( y i e ld  

c a . 6 0 .3 % )  'H  N M R  (C D C I3 ), p p m : Ô =  3 .2 2  (ร , N - C H 2- C = C ) ,  3 .8 7  (ร , N - C H 2-A r ) ,  
3 .9 5  (t ,  C - 0 - C H 2- C - 0 ) ,  4 . 0 4  ( t ,  A r - C H 2- C - 0 ) ,  6 .9 2  (ร , H  A r )  a n d  7 .0 1  (ร , H  A r ) . 13c  

N M R  (C D C I3 ) p p m : Ô =  3 8 .2 9  ( N - C * - C = C ) ,  5 4 .2 2  ( N - C - A r ) ,  7 1 .4 5  ( - C = C * - C * s C - )  

a n d  7 4 .1 2  ( - C * s C H ) .

Scheme 6.3 S y n t h e s i s  o f  d i b e n z o - m o n o a z a - c r o w n  d i a c e t y l e n e  m o n o m e r s

H , c

O. ÇH

พ ฯ
H ,c

CH ,

Pyridine, 0 2 
ch3 50°c, 8 hours

CH,

1 3 c 2 - p a C H , 1 3 c 2 - D A

1 4 c 3 - p a 1 4 C 3 - D A
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6.3.8 Structural Characterization
F T - I R  s p e c tr a  w e r e  c o l l e c t e d  w i t h  a  r e s o lu t io n  o f  3 2  c r r f 'o n  a  B o m e m  

M i c h a l e s o n  M B  1 0 0  e q u ip p e d  w i t h  d e u te r a t e d  t r ig ly c in e  s u l f i d e  ( D T G S )  d e te c to r  

u s in g  K B r  p la te ,  *H a n d  l3C  N M R  s p e c tr a  w e r e  a c q u ir e d  in  d e u te r a t e d  c h lo r o f o r m  

(C D C 1 3 )  o n  a  V a r ia n  N M R  at a  p r o t o n  f r e q u e n c y  o f  2 0 0  M H z  a n d  a  V a r ia n  O x fo r d  

A S 6 0 0  a t a  c a r b o n  f r e q u e n c y  o f  1 5 0 .9  M H z .

6.4 Results and Discussion
6.4.1 Synthesis of HBA-pa

HBA-pa o b t a in e d  fr o m  o x a z in e - r i n g - o p e n i n g  r e a c t io n  o f  2 ,4  

d im e t h y p h e n o l  a n d  2,4DM-pa w h ic h  w a s  p r e p a r e d  f r o m  p r o p a r g y la m in e .  
f o r m a ld e h y d e  a n d  2 ,4  d i m e t h y lp h e n o l  a s  s h o w n  in  S c h e m e  7 .1 .  A s  s h o w n  in  F ig u r e  

6 .1 ,  th e  s p e c t r u m  ( b )  s h o w s  a n  a p p e a r a n c e  o f  O H  f u n c t io n a l  g r o u p  at 3 4 0 0  c m ' 1 a n d  

th e  d is a p p e a r a n c e  o f  C - O - C  o f  o x a z i n e  r in g  a t 1 2 1 6  c m ' 1 a n d  9 3 6  c m 1. T h e  s p e c tr u m  

i m p l i e s  t h e  r i n g - o p e n i n g  r e a c t io n  o f  2,4DM-pa to  b e  d i - p h e n o l i c  HBA-pa. . In 

a d d it io n ,  th e  s t r o n g  p e a k  a t 3 2 9 0  c m ' 1 c o r r e s p o n d in g  to  a b s o r p t io n  o f  c = c  is  

o b s e r v e d ,  in d ic a t in g  a n  a v a i la b i l i t y  o f  p r o p a r g y l  m o ie t y  in  HBA-Pa. I3C  N M R  

s p e c t r u m  s h o w s  th e  c h a r a c t e r i s t ic  p e a k s  a t 7 7 .8 2  p p m  ( f )  a n d  7 7 .6 7  p p m  ( e ) ,  a n d  th e  

u n iq u e  m a n n ic h - b r id g e  c a r b o n  a p p e a r s  a t 5 4 .5 8  p p m  ( c )  ( F ig u r e  6 .2 ( A ) ) .  A l s o ,  E S I -  

m a s s  s p e c t r u m  s h o w s  th e  p a r e n t  p e a k  ( M + H +) a t m / z  =  3 2 4 .2 2  ( C a l .3 2 4 .2 0 )  w h ic h  

c o n f ir m s  th e  s t r u c tu r e  o f  HBA-pa (F ig u r e  6 .2 ( B ) ) .
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Figure 6.1 F T - I R  s p e c tr a  o f  (a) 2,4DM-pa, a n d  (b) HBA-pa.
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Figure 6.2 l3C NMR (A) and ESI-mass (B) spectra of HBA-pa.
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6.4.2 Synthesis of dibenzo-monoaza-crown based HBA-pa derivatives
T h e  d i b e n z o - m o n o a z a - c r o w n  c o m p o u n d s  w e r e  s y n t h e s iz e d  fr o m  

HBA-pa a n d  d i t o s y la t e d  c o m p o u n d s  a s  r e p o r te d  e l s e w h e r e .  A f t e r  th e  r e a c t io n  fo r  

th r e e  d a y s ,  th e  c r u d e  p r o d u c t s  w e r e  r e c r y s t a l l iz e d  to  o b t a in  n e e d l e - l i k e  c r y s ta l  
w it h o u t  a n y  c o m p l i c a t e d  p u r i f ic a t io n .  A s  c o m p a r e d  to  th e  F T -I R  s p e c tr a  o f  1 , a n d  

HBA-pa, th e  s p e c t r u m  o f  13cl2-pa s h o w s  th e  c h a r a c t e r is t ic  p e a k  o f  C s C  at 3 2 9 0  

c m ' 1 a s  o b s e r v e d  in  a n d  th e  p e a k  o f  A r - O - C , e th e r  b o n d s  in  a z a - e t h e r  c r o w n  a t 1 0 8 0  

c m ' 1 . F u r t h e r m o r e , it a l s o  s h o w s  th e  d i s a p p e a r a n c e s  o f  th e  p e a k s  a t 1 3 5 6  c m ' 1 a n d  

1 1 7 8  c m ' 1 w h i c h  a r e  t y p ic a l  c h a r a c te r is t ic  p e a k s  o f  - S O 2-  a s  a  r e s u lt  o f  n u c le o p h i l i c  

s u b s t i t u t io n  o f  d i - p h e n o l  m o ie t i e s  in  HBA-pa w it h  t o s y la t e - l e a v i n g  g r o u p s  in  1 
( F ig u r e  6 .3 ) .

W avenum ber/ cm 1

Figure 6.3 F T - I R  s p e c tr a  o f  ( a )  HBA-pa, (b )  1 a n d , ( c )  13c2-pa.
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H o w e v e r ,  th e r e  a re  t w o  p o s s i b l e  s tr u c tu r e s  w h i c h  a r e  [1 +  1] a n d  [ 2 + 2 ]  

f r o m  th is  c o u p l in g  c y c l i z a t io n .  T o  v e r i f y  th e  s tr u c tu r e  o f  th e  c y c l i c  c o m p o u n d s ,  E S I -  

m a s s  s p e c t r o s c o p y  w a s  u s e d .  T h e  r e s u lt s  c le a r ly  s h o w  th e  p a r e n t  p e a k  ( M + H " )  at 

m / z  =  3 7 8 .2 6  ( C a l .3 7 8 .2 5 )  a n d  m / z  =  3 9 4 .2 6  ( C a l .3 9 3 . 2 3 )  in d ic a t in g  a  [1 +  1] c y c l i c  

s tr u c tu r e  fo r  b o t h  13cl2-pa a n d  14c3-pa, r e s p e c t i v e ly .  It i s  im p o r ta n t  to  n o t e  th a t a  

s p e c i f i c  m a c r o c y c l i z a t io n  m ig h t  b e  b a s e d  o n  th e  s y n e r g i s t i c  e f f e c t  o f  m e ta l  t e m p la t e ,  
i .e .  N a + io n  f r o m  N a O H , a n d  H - b o n d s  o f  H B A  d e r iv a t iv e  c o m p o u n d s  a s  s e e n  in  th e  

c a s e  o f  H B A  d e r iv a t iv e s  a n d  d i t o s y la t e d - p r o p a n e  w h i c h  w a s  r e p o r te d  p r e v io u s l y .22 

F u r th e r m o r e , th e  c h e m ic a l  s tr u c tu r e  o f  th e  m a c r o c y c l i c  p r o d u c t s  w e r e  c o n f ir m e d  b y  

' h  N M R  a s  s h o w n  in  F ig u r e  6 .5  fo r  13cl2-pa w h ic h  i s  a lm o s t  s im i la r  to  14c3-pa. A s  

s h o w n  in  th e  s p e c t r u m  ( a ) ,  (b ) ,  a n d  ( c ) ,  th e  s in g le t  p r o t o n  a t M a n ic h  b r id g e  r e s o n a n c e  

at 3 .8 1  p p m  ( e  in  ( a ) )  a n d  th e  d o u b le t  p r o t o n s  N - C H 2 - C - C  r e s o n a n c e  a t 3 .3 1  p p m  ( f  

in  ( a ) , )  o f  HBA-pa, s l i g h t ly  s h i f t e d  to  3 .9 8  p p m  ( e  in  ( c ) )  a n d  3 .1 6  p p m  ( f  in  ( c ) ) ,  
r e s p e c t i v e ly ,  a r e  o b s e r v e d .  T h e  r e s o n a n c e  p r o t o n s  o f  1 ( 3 .7 7  p p m  ( h  in  ( c ) )  a n d  2 .0 2  

p p m  ( i  in  ( c ) )  a r e  a l s o  c l e a r ly  s e e n .  T h e s e  c o n f ir m  th e  s u c c e s s f u l  p r e p a r a t io n  o f  

13cl2pa.
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Figure 6.5 ' h  NMR spectra of (a) HBA-pa, compound (b)l and (c) 13c2-pa
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6.4.3 Synthesis of dibenzo-monoaza-crown diacetylene dimer
T h e  d im e r iz a t io n  o f  a z a - c r o w n - b a s e d  HBA-pa c o m p o u n d s  w e r e  

f ir s t ly  s y n t h e s i z e d  b y  o x id a t iv e  c o u p l in g  v ia  H a y  c o n d i t io n 25 ( O 2, C u C l a n d  p y r id in e )  

a t r o o m  te m p e r a tu r e .  D u e  to  in s o lu b i l i t y  o f  th e  in te r m e d ia te  c o m p o u n d s ,  th e  p r o g r e s s  

o f  th e  r e a c t io n  w a s  r a th e r  s lo w  a n d  it w a s  n o t  c o m p le t e d  e v e n  fo r  7 2  h . T h e n .  
T M E D A  w a s  u s e d  a s  c h e la t in g  a g e n t  fo r  c o p p e r - c a t a ly s t  c o m p l e x  w h ic h  is  s o lu b le  in  

v a r io u s  o r g a n ic  s o l v e n t s . 26 T h e  c o u p l in g  r e a c t io n  u n d e r  t h e  s ta n d a r d  H a y  c o n d i t io n  

( O 2, C u C l  a n d  T M E D A )  s h o w s  fa s te r  r e a c t io n  ra te  w h ic h  it c a n  b e  c o m p le t e d  in  4 8
h . a t r o o m  te m p e r a tu r e .  H o w e v e r ,  th e  c o u p l in g  r e a c t io n  c a n  b e  a c c e le r a t e d  u n d e r  a n  

e l e v a t e d  te m p e r a tu r e  o f  5 0 ° c  w h i c h  th e  r e a c t io n  c a n  b e  a c c o m p l i s h e d  w i t h in  8 h . 

T h e  s u c c e s s  o f  t h e  r e a c t io n  c a n  b e  c o n f ir m e d  b y  th e  d is a p p e a r a n c e  o f  C = C H  

r e s o n a n c e  a t 2 .4 0  p p m  (b  in  A ( a ) )  a n d  s h i f t in g  o f  th e  p r o t o n s  N - C H 2- C = C  r e s o n a n c e  

at 3 .1 0  p p m  ( a  in  A ( a ) )  to  th e  h ig h e r  f i e ld  in  ' h  N M R  s p e c tr a  (F ig u r e  6 .6 A ) .  T h e  

c h e m ic a l  s t r u c tu r e  o f  14c3-DA w a s  fu r th e r  c o n f ir m e d  b y  l3C  N M R  (F ig u r e  6 .6 B )  to  

f in d  th e  d is a p p e a r a n c e  o f  th e  c a r b o n  r e s o n a n c e  o f  p r o p a r g y l  a t 8 6 .8  p p m  (b  in  B  (a ) )  

a n d  a  n e w  p e a k  a t 7 1 .5  p p m  (b  in  B ( b ) )  a s s i g n i n g  to  th e  c a r b o n  o f  c = c * -  w a s  

o b s e r v e d .  T h e  r e s u l t s  c le a r ly  c la r i f y  th e  s tr u c tu r e  o f  th e  d i b e n z o - m o n o a z a - c r o w n  

d i a c e t y l e n e  d im e r s  w h i c h  s u c c e s s f u l l y  s y n t h e s iz e d  in  h ig h  y ie ld ,  ~ 6 5 % .
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Figure 6.6 *H (A) and l3C (B) NMR spectra of (a) 14c3-pa, and (b) 14c3-DA
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6.5 Conclusions

U p  to  p r e s e n t ,  o n l y  a  f e w  s u c c e s s e s  to  s y n t h e s i z e  P D A s  c o n t a in in g  c r o w n  

e th e r s  h a v e  b e e n  r e p o r te d . H o w e v e r ,  th e  s y n t h e s i s  o f  P D A s  m o n o m e r  d e a ls  w it h  

c o m p l ic a t e d  s y n t h e s i s  a n d  p u r i f ic a t io n .  T h is  p r e s e n t  w o r k  d e m o n s t r a t e s  th e  s y n t h e s is  

o f  P D A s  m o n o m e r s  c o n t a in in g  a z a - c r o w n  e th e r s  in  a  s im p l e  a p p r o a c h . A l l  s y n t h e s i s  

s t e p s  g i v e  th e  r e a s o n a b le  y i e ld  o f  h ig h - p u r it y  p r o d u c t s ,  m o r e  th a n  4 0 % , w h ic h  o n ly  

r e c r y s t a l l iz a t io n  o f  c r u d e  p r o d u c t s  is  n e e d e d .
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