
CHAPTER IV
DEVELOPM ENT OF BENZOXAZINE M ACROCYCLES FOR 

SUPRAM OLECULES/M OLECULAR NECKLACE VIA CLICK
CHEMISTRY

4.1 Abstract

M o le c u la r  n e c k la c e  b a s e d  o n  b e n z o x a z in e  m a c r o c y c le  u n i t  c o n ta in in g  
a lk y n e  g r o u p  a n d  a lk y l  c h a in  c o n ta in in g  d ia z id e  g r o u p  c o n n e c te d  to g e th e r  v ia  C l ic k  
c h e m is t ry  i s  p r o p o s e d .  B y  u s in g  p r o p a r g y l  a m in e  in  p r e p a r a t io n  o f  b e n z o x a z in e  
m o n o m e r ,  f o l lo w e d  b y  th e  r in g  o p e n in g  d im e r iz a t io n  a n d  th e  p o ly c o n d e n s a t io n  w i th  
d ia c id  c h lo r id e ,  b e n z o x a z in e  m a c ro c y c le  c o n ta in in g  m ono-- o r  d i a lk y n e  g r o u p s  c a n  
b e  o b ta in e d .  T h e  m o d i f i c a t io n  o f  d ib r o m o b u ta n e  w i th  s o d iu m  a z id e  le a d s  to  
d ia z id o b u ta n e  c o m p o u n d  w h ic h  a l lo w s  th e  f in a l s te p  o f  th e  C l ic k  c h e m is t ry  b e tw e e n  
m a c r o c y c l ic  b e n z o x a z in e  a n d  d ia z id o  c o m p o u n d  w i th  C u  c a ta ly s t  to  o b ta in  
m o le c u la r  n e c k la c e .

4.2 Introduction

S u p r a m o le c u le s  a r e  d e f in e d  in  te rm  o f  p o ly m o le c u le s  th a t  r e s u lt  f ro m  
in te r m o le c u la r  a s s o c ia t io n  b a s e d  o n  m o le c u la r  r e c o g n i t io n  o f  in d iv id u a l  m o le c u le s  a s  
h o s t - g u e s t  in te r a c t io n . 1 N o rm a l ly ,  s t r u c tu r e  o f  s u p r a m o le c u le s  c a n  b e  a c y c l ic  
s t ru c tu re ;  c h o l ic  a c id 2, c y c l ic  s t ru c tu re ;  c ro w n  e th e r  (G.w. G o k e l  et al., 2 0 0 4 ) 3, 
c y c lo d e x t r in 4, a n d  c a l ix a r e n e s 5 a n d  h ie ra r c h ic a l  s t r u c tu r e ,  s o p h is t ic a te d  m e c h a n ic a l ly  
in te r lo c k e d  c o m p o u n d s  w i th  c o m p l ic a te d  s tru c tu re s ,  s u c h  a s  m o le c u la r  s h u t t l e s 6, 
m o le c u la r  e le v a to r s 7 a n d  m o le c u la r  n e c k la c e 8.

M o le c u la r  n e c k la c e  is  d e v e lo p m e n t  o f  to p o lo g ic a l  s t r u c tu r e  b a s e d  o n  
c o n n e c te d  m a c r o c y c le s .  T h e  p r e p a r a t io n  o f  m o le c u la r  n e c k la c e  h a s  b e e n  p r o p o s e d  in  
te r m s  o f  a g g r e g a t io n 9, c o m p le x a t io n 10 a n d  c o p o ly m e r i z a t io n 11, e .g .

F o r  th e  p a s t  s e v e r a l  y e a r s ,  o u r  g ro u p  h a s  e s ta b l i s h e d  b e n z o x a z in e  
s u p r a m o lc u la r  c h e m is t r y  e s p e c ia l ly  th e  b e n z o x a z in e  d im e r - b a s e d  s u p r a m o le c u la r  
s t r u c tu r e s  a n d  m a c r o c y c l e s .12’ 13 T h e  r e a c t io n  o f  b e n z o x a z in e  w i th  a lk y l  c h a in
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c o n ta in in g  d ia c id  c h lo r id e  o r  d i to s y l  g r o u p  le a d s  to  a  q u a n t i ta t iv e  m a c r o c y c l iz a t io n  
w i th  th e  a v e r a g e  y ie ld  ( 8 0 - 8 5 % ) .

T h e  p r e s e n t  w o r k ,  th e r e f o r e ,  p r o p o s e s  th e  m o le c u la r  n e c k la c e  b a s e d  o n  th e  
b e n z o x a z in e  m a c r o c y c le s  l in k e d  w i th  a lk y l  c h a in s .  A s  C l ic k  c h e m is t ry  is  a  
c o n v e n ie n t  p a th w a y  to  c o m b in e  th e  m o le c u le s  w i th  a lk y n e  a n d  a z id e  g ro u p  v ia  
t r ia z o le  l in k a g e  s in c e  th e  r e a c t io n  is  a  s e le c t iv e  r e a c t io n  c a r r ie d  o u t  in  m i ld  c o n d i t io n  
a s  ro o m  t e m p e r a tu r e 14, 15, th e  p r e s e n t  w o r k  d e m o n s t r a te s  h o w  th i s  r e a c t io n  is  
p r a c t ic a l  to  o b ta in  b e n z o x a z in e  m o le c u la r  n e c k la c e  w h e n  th e  c o m p o n e n ts  o f  th e  
m o le c u le s  a r e  m o n o -  a n d /o r  d ia lk y n e  c o n ta in in g  b e n z o x a z in e  m a c r o c y c le s  a n d  
d ia z id e  c o n ta in in g  a lk a n e .

4.3 Experimental

4 .3 .1  C h e m ic a l
2 ,4 - D im e th y lp h e n o l  a n d  1,4 - d ib r o m o b u ta n e  w e re  p u r c h a s e d  f ro m  

M e r c k  M i l l ip o r e .  F o r m a ld e h y d e  s o lu t io n  w a s  p u r c h a s e d  f ro m  R C I  L a b s c a n , 
T h a i la n d .  P r o p a r g y la m in e ,  te r e p h th a lo y l  c h lo r id e  a n d  s o d iu m  h y d r o x id e  w e re  
p u rc h a s e d  f ro m  S ig m a  A ld r ic h .  D e u te r a te d  c h lo r o f o r m  (C D C I 3 ) a n d  d e u te r iu m  o x id e  
( D 2 O ) w e r e  p u r c h a s e d  f r o m  S ig m a  A ld r ic h . S o d iu m  h y d r o x id e  a n d  s o d iu m  s u lp h a te  
a n h y d ro u s  w e r e  p u r c h a s e d  f ro m  A ja x  F in e c h e m . D ic h lo r o m e th a n e ,  
d im e th ty l f o r m a m id e ,  i s o p r o p a n o l ,  1 ,4 -d io x a n e  a n d  a c e to n e  w e re  p u r c h a s e d  f ro m  
R C I  L a b s c a n , T h a i la n d .

4 .3 .2  I n s t r u m e n ts
F o u r i e r  t r a n s f o r m  in f r a re d  s p e c t r a  ( F T I R )  w e r e  r e c o r d e d  b y  a  N ic o le t  

N e x u s  6 7 0  F T - I R  s p e c t r o m e te r  in  th e  r a n g e  4 0 0 0 -4 0 0  c m ' 1 P ro to n  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r a  ( ' l I - N M R )  w e re  o b ta in e d  f ro m  a  B r u k e r  A v a n c e  n u c le a r  m a g n e t ic  
r e s o n a n c e  ( N M R )  s p e c t r o m e te r  ( G e r m a n y )  o p e ra t in g  a t  L a rm o r  f r e q u e n c ie s  o f
5 0 0 .1 3  M H z . M a s s  s p e c t r o s c o p y  w a s  a n a ly s e d  b y  a  B r u k e r  a  m ic r O T O F  II 
e le c t r o s p r a y  io n iz a t io n  m a s s  s p e c t r o m e te r  ( E S I -M S )  a n d  a  B r u k e r  A u to f le x  III  
M a t r ix - a s s i s te d  la s e r  d e s o r p t io n / io n iz a t io n - t im e  o f  f l ig h t  m a s s  s p e c t ro m e te r  
( M A L D I - T O F ) .
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4 .3 .3  S y n th e s e s
4.3.3.1 P repara tion  o f  B enzoxazine M onom er

B e n z o x a z in e  m o n o m e r  w a s  p r e p a r e d  a c c o r d in g  to  th e  p r e v io u s  
r e p o r t  ( L a o b u th e e  et a l ,  2 0 0 1 ) .  In  b r ie f ,  p r o p a g y la m in e  ( 0 .5 4  m L , 0 .0 1  m o l)  a n d  
f o r m a ld e h y d e  s o lu t io n  ( 3 .0 6  m L , 0 .0 4  m o l )  w e r e  d i s s o lv e  in  d io x a n e  (2 0  m L )  a n d  
s t i r r e d  w h i le  b e in g  c h i l le d  in  a n  ic e  b a th  f o r  3 0  m in . 2 ,4 - D im e th y lp h e n o l  (1 .2 0  m L ,
0 . 0 1  m o l)  w a s  a d d e d  in to  th e  r e a c t io n  m ix tu r e  a n d  s t i r r e d  f u r th e r  a t  1 1 0  ๐c  fo r  1 2  h r . 
T h e  s o lu t io n  o b ta in e d  w a s  d i s s o lv e d  in  d ie th y l  e th e r ,  a n d  w a s h e d  w i th  0 .1  M  s o d iu m  
h y d r o x id e  ( N a O H )  a n d  d i s t i l l e d  w a te r  s e v e r a l  t im e s . T h e  s o lu t io n  w a s  d r ie d  o v e r  b y  
s o d iu m  s u l fa te  a n h y d r o u s ,  a n d  th e  s o lv e n t  w a s  r e m o v e d  to  o b ta in  th e  1 , 3 ,4 - d ih y d ro -  
6 ,8 - d im e th y l - 3 - p r o p a r g y l - 2 H - l ,3 - b e n z o x a z in e .

4.3 .3 .2  P repara tion  o f  B enzoxazine D im er
B e n z o x a z in e  d im e r ,  a s  r e p o r te d  in  th e  p a s t ( L a o b u th e e  et a l ,

2 0 0 1 ) .  In  b r ie f ,  2 ,4 - d im e th y lp h e n o l  (1 .2 0  m L , 0 .0 1  m o l)  w a s  a d d e d  in to  s o lu t io n  o f  1 
(2 .0 1  g , 0 .01  m o l )  in  2 0  m L  o f  d io x a n e  a n d  a l lo w e d  s t i r r in g  a t  1 1 0  ๐c  f o r  2 0  h r . T h e  
s o lv e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  th e  c r u d e  p r o d u c t  w a s  c r y s ta l l iz e d  
in  a  1 : 1  i s o p r o p a n o l /c h lo r o f o r m  m ix tu r e  to  o b ta in  a  c o lo r le s s  c r y s ta l l in e  p r o d u c t ,  2 ,
N ,  N - b i s ( 3 ,5 - d im e th y l - 2 - h y d r o x y b e n z y l ) p r o p a r g y la m in e .

4.3.3.3 P repara tion  o f  B enzoxazine M acrocycle
B e n z o x a z in e  m a c r o c y c le  w a s  p r e p a r e d  b y  in te r fa c ia l  

p o ly c o n d e n s a t io n .  H e r e , 0 .1 5  M  s o lu t io n  o f  2  in  w a te r  in  th e  p r e s e n c e  o f  N a O H , a n d
O . 15 M  s o lu t io n  o f  te r e p h th a lo y l  d ic h lo r id e  in  d i c h lo r o m e th a n e  in  s e p a r a te  s y r in g e s  
w e r e  a d d e d  d r o p w is e ly  in to  th e  m ix tu r e  o f  d i c h lo r o m e th a n e  (3 5  m L ) ,  w a t e r  (1 0  m L )  
a n d  h e x a d e c y l t r im e th y la m m o n iu m  b r o m id e  ( C T A B ) ,  a n d  s t i r r e d  a t  r o o m  te m p e ra tu re  
f o r  7  d a y s . T h e  s o lu t io n  o b ta in e d  w a s  w a s h e d  w i th  d i s t i l le d  w a te r  s e v e r a l  t im e s . T h e  
s o lv e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  to  o b ta in  th e  c r u d e  p r o d u c t .  T h e  c ru d e  
p r o d u c t  w a s  p u r i f i e d  b y  c o lu m n  c h r o m a to g r a p h y  to  o b ta in  b e n z o x a z in e  m a c ro c y c le
3 .

4.3.3 .4  P repara tion  o f  M olecular N ecklace based  on B enzoxazine  
M acrocycle.
B e n z o x a z in e  m a c r o c y c le ,  3 ,  ( 0 .0 7 0  m g , 0 .0 7 m o l)  w a s  

d i s s o lv e d  in  D M F  (5 m l)  c o n ta in in g  C u l /p y r id in e  c o m p le x  u n d e r  n i t r o g e n
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a tm o s p h e r e  a t  r o o m  te m p e r a tu r e  fo r  a  h a l f  h o u r .  l ,4 - D ia z id o b u t a n e ( 9 .8  m g ,0 .0 0 7  
m o l )  w a s  a d d e d  in to  s o lu t io n  m ix tu re  a n d  s t i r r e d  f u r th e r  f o r  2 4  h r .  T h e  s o lu t io n  
o b ta in e d  w a s  p o u r e d  in to  w a te r  fo r  p u r i f ic a t io n .  T h e  p r e c ip i ta t e s  w e r e  w a s h e d  b y  
d i s t i l le d  w a te r  s e v e r a l  t im e s .

4.4 Results and Discussion

4 .4 .1  B e n z o x a z in e  D im e r
B e n z o x a z in e  m o n o m e r  c o n ta in in g  a lk y n e  u n it ,  1 , w a s  p r e p a r e d  

b y  M a n n ic h  r e a c t io n  o f  2 ,4 - d im e th y l  p h e n o l ,  f o r m a ld e h y d e  a n d  p r o p a r g y la m in e  
( S c h e m e  1). P r o p a g y la m in e  w a s  u s e d  a s  a  s ta r t in g  m a te r ia l  s in c e  it  is  a  c o m m e r c ia l ly  
a v a i la b le  a m in e  c o m p o u n d  c o n ta in in g  a  a lk y n e  u n it .  F ro m  F T - I R  d a ta ,  1 s h o w s  th e  
p e a k s  a t  1 2 2 8  c m '1, 9 2 4  c m '1 ( a s y m m e tr ic  s t r e tc h in g  o f  A r - O - C  a n d  - C H  o u t  o f  
p la n e  o f  b e n z e n e  r in g  ( o x a z in e  r in g ))  a n d  3 2 6 1  c m "1 ( - C = C H  o f  p r o p a rg y l  
g r o u p ) ( F ig u r e  l a ) .  T h e  ^ - N M R  s p e c tru m  o f  c o m p o u n d  1 s h o w s  s ig n a ls  o f  
m e th y le n e  g r o u p s  o f  o x a z in e  r in g  a t  4 .0 9  a n d  4 .9 3  p p m  a s  s in g le t  r e s o n a n c e s  (F ig u re  
2 a ) . In  th e  c a s e  o f  b e n z o x a z in e  d im e r ,  2, c o m p o u n d  1 w a s  f u r th e r  r e a c te d  w i th  2 ,4 -  
d im e th y l  p h e n o l  f o r  r in g  o p e n in g  r e a c t io n  ( S c h e m e  1). T h e  F T - I R  s p e c t r a  s h o w  
d is a p p e a r a n c e  o f  th e  p e a k s  a t  1 2 2 8  c m '1 a n d  9 2 4  c m '1 im p ly in g  th e  c le a v a g e  o f  
o x a z in e  r in g  a n d  a p p e a ra n c e  o f  th e  n e w  p e a k  a t  3 4 3 3  c m '1 ( h y d ro x y l  g r o u p )  im p lie d  
to  f o r m a t io n  o f  2 (F ig u re  2 ) . T h e  * H -N M R  s p e c t r a  ( F ig u re  2 )  s h o w  a  s ig n a l  a t  3 .8 3  
p p m  ( m e th y le n e  g r o u p  in  M a n n ic h  b r id g e )  a n d  th e  d i s a p p e a r a n c e  o f  th e  s ig n a l a t
4 .9 3  p p m  ( m e th y le n e  g r o u p  in  o x a z in e  r in g ) .

Scheme 4.1

( 2 )
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Figure 4.1. F T - I R  s p e c t r a  o f  :(a )  1, a n d  (b )  2 .

Figure 4 .2 . * H -N M R  s p e c t r a  o f  :(a )  1, a n d  (b )  2 .

4 .4 .2  B e n z o x a z in e  M a c ro c y c le
In  th e  p a s t ,  m a c ro c y c l ic  a c y la te  d im e r  w a s  p r e p a r e d  b y  

in te r f a c ia l  p o ly c o n d e n s a t io n  o f  o -p h th a lo y l  d ic h lo r id e  w i th  b i s p h e n o l - A  [1 1 ] , In  o u r  
c a s e ,  b e n z o x a z in e  m a c ro c y le  w a s  s y n th e s iz e d  b y  in te r f a c ia l  p o ly c o n d e n s a t io n  o f  
te r e p h th a lo y l  d ic h lo r id e  w i th  2 . T h e  'H - N M R  s p e c t ru m  ( F ig u re  4 .3 )  s h o w s  a  p e a k  o f



19

a z a - m e th y le n e  b r id g e  a t  § H  =  3 .5 7  p p m  a n d  th e  p e a k  a t  8  =  8 .3 4  p p m  th a t  b e lo n g  

a r o m a t ic  p r o to n s  o f  d ia c a id  c h lo r id e .  T h e  l3C - N M R  s p e c t ru m  s h o w s  th e  p e a k  a t  5  =

1 6 3 .7 9  p p m  th a t  b e lo n g s  to  c a r b o n y l  g ro u p  o f  d ia c id  c h lo r id e .  M o r e o v e r ,  E S I  m a s s  
s p e c t ru m  ( F ig u re  4 .5 .)  s h o w s  th e  p a r e n t  p e a k s  ( M + N a +) a t  m/z =  9 2 9 .3 2  th a t  
c o n f i rm s  th e  s t r u c tu r e  o f  p r o d u c t  o b ta in e d  is  [2 + 2 ]  m a c ro c y c l ic ,  3 .

Figure 4 .3 . 'H - N M R  s p e c t r u m  o f  3 .
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Figure 4.4. 13C - N M R  s p e c t ru m  o f  3.

Figure 4.5. E S I  m a s s  s p e c t ru m  o f  3.

4 .4 .3  1 .4 -d ia z id o b u ta n e
1 ,4 -d ia z id o b u ta n e  w a s  u s e d  f o r  C l ic k  c h e m is t r y  s in c e  th e  

s tru c tu re  c o n ta in s  a z id e  u n it . T h e  F T - I R  s p e c t ru m  (F ig u re  4 .5 b )  s h o w s  th e  s t r o n g  
p e a k  a t  2 0 5 8  c m '1 r e f e r r in g  to  th e  c h a r a c te r is t ic  p e a k  o f  a z id e  g r o u p . T h e  'H - N M R  
s p e c tra  ( F ig u r e  4 .6 )  s h o w  th e  c h e m ic a l  s h if ts  a t  3 .4 6  p p m  ( B r C Hi) a n d  2 .0 5  p p m
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(C H 2 C / / 2 C / / 2C H 2 ) s h i f t in g  to  3 .3 4  p p m  (N CH2) a n d  1 .7 0  p p m  ( C H 2 C / / 2 C / / 2 C H 2 ), 
r e s p e c t iv e ly ,- im p ly in g  th e  s u c c e s s f u l  f u n c t io n a l iz a t io n  o f  a z id e  g ro u p .

Figure 4.6. F T - I R  s p e c t r a  o f  (a )  th e  p r o d u c t  o b ta in e d  f ro m  C l ic k  c h e m is t ry  a n d  (b ) 
1 ,4 - d ia z id o b u ta n e .

C hem ica l sh ift (ppm )

Figure 4.7. 'H - N M R  s p e c t r a  o f  :(a )  1 ,4 - d ib r o m o b u ta n e ,  (b )  1 ,4 -d ia z id o b u ta n e .
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4 .4 .4  M o le c u la r  N e c k la c e  b a s e d  o n  B e n z o x a z in e  M a c r o c y c le
C l ic k  c h e m is t r y  b e tw e e n  3 a n d  1,4 - d a z id o b u ta n e  w a s  c a r r ie d  o u t  

a t  ro o m  te m p e r a tu r e  in  th e  p r e s e n c e  o f  C u (I ) . T h e  F T - I R  s p e c t r a  (F ig u re  4 .5 )  s h o w  
th a t  th e  d e c r e a s in g  o f  a z id e  p e a k  ( -N = N = N )  a t  2 0 5 8  c m 1 im p ly in g  th a t  th e  a z id e  
g ro u p  w a s  d e v e lo p e d  to  1 ,2 ,3 - t r ia z o le  l in k a g e . M o r e o v e r ,  E S I - M S  w a s  a p p l ie d  to  
c la r ify  s t r u c tu r e .  T h e  E S I  m a s s  s p e c t r u m  (F ig u re  4 .8 )  s h o w s  th e  im p o r ta n t  p a r e n t  
p e a k s  ( M + 2 C u +) a t  m/z =  2 3 5 8  r e f e r r in g  to  th e  s t r u c tu r e s  o f  4 a s  c o n n e c t in g  o f  tw o  
b e n z o x a z in e  m a c r o c y c le s  v ia  1 ,2 ,3 - t r i a z o le  l in k a g e .

4 ( M W  =  2 2 3 3 )

2358

ฟ iMAtf* เแฟนแฬเ<พฬ|เ4»1พ พ1>นเฟ เฟilฬ เฟ่ฟ*พ»ฟ >ฟ
2 1 5 0  2 2 0 0  2 2 5 0  2 3 0 0  2 3 5 0  2 4 0 0  2 4 5 0  2 5 0 0  2 5 5 0m/z

Figure 4.8. E S I  m a s s  s p e c t r u m  o f  4.

4.5 Conclusions

T h e  p r e s e n t  w o r k  s h o w e d  a n  a c h ie v e m e n t  o f  c o n n e c t in g  b e n z o x a z in e  
m a c r o c y c le s  w i th  a lk y l  c h a in  u s in g  C l ic k  c h e m is t ry .  T h e  k e y  o f  th e  s u c c e s s  w a s  th e
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u s e  o f  p r o p a r g y l  a m in e  to  o b ta in  b e n z o x a z in e s  w i th  th e  a lk y n e  g r o u p  a n d  th e  
m o d if ic a t io n  o f  d ib r o m o b u ta n e  w i th  s o d iu m  a z id e  to  o b ta in  th e  a lk y l  c h a in  w i th  
a z id e  g r o u p . T h e  f a c t  th a t  th e  p u r i f i c a t io n  o f  th e  c r u d e  m a c r o c y c le s  f ro m  in te r f a c ia l  
r e a c t io n  to  o b ta in  [2 + 2 ]  b e n z o x a z in e  m a c ro c y c l ic  w a s  d i f f ic u l t ,  th e  p r e s e n t  w o rk  
c a r r ie d  o u t  C l ic k  c h e m is t r y  b e tw e e n  [2 + 2 ]  b e n z o x a z in e  m a c r o c y c l ic .  O b ta in in g  tw o  
ty p e s  o f  th e  p r o d u c t s  4, w a s  a  p r o o f  to  th e  c o n c e p t  o f  m o le c u la r  n e c k la c e  b a s e d  o n  
C l ic k  c h e m is t r y .
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