
CHAPTER IV

R E S U L T S  AND D I S C U S S I O N S

I n  t h i s  r e s e a r c h ,  6 - c h l o r o c h r o m o n e - 3 - c a r b o x y l i c  

a c i d  a n d  7 - c h l o r o - 6 - f l u o r o c h r o m o n e - 3 - c a r b o x y l i c  a c i d  

w e r e  s y n t h e s i z e d .  T h e  c y c l i z a t i o n  t o  c h r o m o n e - 3 - c a r b o x -  

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

H a c c k  R e a c t i o n  a n d  c o n v e r t e d  t o  c h r o m o n e - 3 - c a r b o a l d o x i m e  

b y  a d d i n g  h y d r o x y l a m i n e  h y d r o c h l o r i d e .  C h r o m o n e - 3 -  

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

3 - c a r b o a l d o x i m e  b y  a c e t i c  a n h y d r i d e  . T h e  

h y d r o l y s i s  o f  n i t r i l e  p r o d u c e d  c h r o m o n e - 3 - c a r b o x y 1 i c  

a c i d  w i t h  g o o d  y i e l d .

6 - C H L O R O C H R O M O N E - 3 - C A R B O X Y L I C  A C I D  ( 7 A )

T h e  7 A  w a s  s e l e c t e d  a s  a  m o d e l  f o r  s t u d y i n g  

t h e  p r e p a r a t i o n  o f  c h r o m o n e - 3 - c a r b o x y l i c  a c i d .  V a r i o u s  

i n d i v i d u a l  s t e p s  i n  t h e  o v e r a l l  s y n t h e s i s  o f  6 - c h o l r o -  

c h r o m o n e - 3 - C a r b o x y l i c  a c i d  w a s  d i s c u s s e d  a s  f o l l o w e d  ะ

1 )  4 - C H L O R O P H E N O L  ( 1 A )

1 A  w a s  s y n t h e s i z e d  f o l l o w i n g  t h e  S a n d m e y e r  

m e t h o d  w h i c h  c o n t a i n e d  t w o  s t e p s .  T h e  f i r s t  s t e p  

i n v o l v e d  a  d i a z o t i z a t i o n  r e a c t i o n  b e t w e e n  4 - a m i n o p h e n o l ,
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c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  s o d i u m  n i t r i t e  a t  

0 ° c  t o  y i e l d  4 - c h  1 0 r o p h e n o d i a z o ท i u m  c h l o r i d e .  

M e c h a n i s t i c a l l y ,  t h i s  p r o c e s s  r e s u l t e d  f r o m  t h e  

a c i d i f i e d  n i t r i t e  s o l u t i o n  p r o v i d e d  a  s o u r c e  o f  

n i t r o s o n i u m  i o n ( X X X V I I ) w h i c h  e l e c t r o p h i l i c a l l y  r e p l a c e d  

t h e  h y d r o g e n ,  i n  t h e  p r i m a r y  a m i n o  g r o u p  t o  f o r m  t h e  N -  

n i t r o s o  d e r i v a t i v e  ( X X X V I I I ) .  T h i s  h a d  a  t a u t o m e r i c  

s t r u c t u r e ,  t h e  h y d r o x y d i a z o  f o r m  ( X X X I X )  y i e l d e d  t h e  

d i a z o n i u m  i o n  ( X X X X )  u n d e r  a c i d i c  c o n d i t i o n .
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T h e  s e c o n d  s t e p  o f  r e a c t i o n  w a s  r e p l a c e m e n t  

o f  t h e  d i a z o n i u m  g r o u p  b y  c h l o r i d e .  P h e n o d i a z o n i u m  s a l t  

h a d  b e e n  r e a c t e d  w i t h  c o p p e r ( I )  c h l o r i d e  t o  y i e l d  

p h e n o d i a z o n i u m - c o p p e r ( I )  c h l o r i d e  c o m p l e x  a n d  w h e n  t h e  

t e m p e r a t u r e  w a s  r a i s e d ,  d e c o m p o s i t i o n  e n s u e s  a c c o m p a n i e d  

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

s o l i d  c o m p l e x  a n d  s e p a r a t i o n  o f  t h e  o i l y  l a y e r  o f  4 -  

c h l o r o p h e n o l . 4 - C h l o r o p h e n o l  w a s  f o r m e d  w h e n  d i a z o n i u m -  

c o p p e r  ( I )  c h l o r i d e  c o m p l e x  d e c o m p o s e d  b y  a  r a d i c a l  

m e c h a n i s m  s u m m a r i z e d  b e l o w  . C o p p e r  c a t a l y s e d  t h i s  

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

b e t w e e n  t h e  + 1  a n d  + 2  o x i d a t i o n  s t a t e s  a s  a  r e s u l t  o f  

e l e t r o n - t r a n f e r .
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T h e  I R  s p e c t r u m  o f  4 - c h l o r o p h e n o l  ( F i g u r e  9  ) 

s h o w e d  a  b r o a d  p e a k  a t  3 3 6 0  c m - 1 f o r  O - H  s t r e t c h i n g ,  p e a k  

a t  1 2 4 0  c m - 1  f o r  C - O H  s t r e t c h i n g  a n d  a  s t r o n g  p e a k  a t  

8 3 0  c m  1  w a s  r e p r e s e n t e d  f o r  p a r a  s u b s t i t u t i o n  o n  

a r o m a t i c  r i n g .  T h e  1 H - N M R  o f  4 - c h l o r o p h e n o l  ( F i g u r e .  1 0 )  

s h o w e d  t h e  p e a k  a t  c h e m i c a l  s h i f t  4 . 6 7  p p m .  ( s i n g l e t , 1 H )  

f o r  a  h y d r o x y  p r o t o n .  T h e  p e a k  a t  c h e m i c a l  s h i f t  6 . 7 1  

p p m .  ( d o u b l e t  o f  d o u b l e t ,  2 H ,  J = 2 . 3 , 6 . 6  H z )  r e p r e s e n t e d  

f o r  a r o m a t i c  p r o t o n  o r t h o  w i t h  a  h y d r o x y  g r o u p .  T h e  p e a k  

a t  c h e m i c a l  s h i f t  7 . 1 0  p p m . ( d o u b l e t  o f  d o u b l e t ,  2 H ,  

J = 2 . 3 , 6 . 6  H z )  f o r  a r o m a t i c  p r o t o n s  o r t h o  w i t h  c h l o r o  

g r o u p .

2 )  4 - C H L O R O P H E N Y L  A C E T A T E  ( 2 A )

T h i s  s t e p  w a s  t h e  a c e t y l a t i o n ,  o f  4 - c h l o r o 

p h e n o l  w i t h  a c e t i c  a n h y d r i d e  i n  1 0  % s o d i u m  h y d r o x i d e  

s o l u t i o n .  T h e  m e c h a n i s m  f o r  t h i s  r e a c t i o n  i n v o l v e d  

n u c l e o p h i l i c  s u b s t i t u t i o n  o f  p h e n o l a t e  i o n  w h i c h  

g e n e r a t e d  b y  d i s s o l v e d  4 - c h l o r o p h e n o l  i n  1 0 %  s o d i u m  

h y d r o x i d e  s o l u t i o n ,  a n d  t h e  a c e t i c  a n h y d r i d e .

+  C H 3 C 0 “ N a +
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T h e  I R  s p e c t r u m  o f  4 - c h l o r o p h e n y l  a c e t a t e  

( F i g u r e  1 1  ) s h o w e d  a  s t r o n g  p e a k  a t  1 7 7 0  c m - 1  f o r  c = 0  

s t r e t c h i n g  o f  e s t e r  g r o u p ,  b r o a d  p e a k  a t  1 2 0 0 . c m - 1  f o r  

A r - 0 - C = 0  g r o u p  a n d  p e a k  a t  8 5 0  c m - 1  f o r  p a r a  

s u b s t i t u t i o n  o n  a r o m a t i c  r i n g .  T h e  1 H - N M R  o f  4 - c h l o r o 

p h e n y l  a c e t a t e  ( F i g u r e  1 2  ) s h o w e d  t h e  p e a k  a t  

2 . 2 3  p p m  ( s i n g l e t ,  3 H )  f o r  p r o t o n  o f  a c e t y l  g r o u p .  T h e  

p e a k  a t  c h e m i c a l  s h i f t  6 . 9 4  p p m . ( d o u b l e t  o f  d o u b l e t ,  2 H ,  

J = 2 . 2 , 9 . 0  H z )  f o r  a r o m a t i c  p r o t o n s  o r t h o  t o  a c e t y l  g r o u p  

a r i d  t h e  p e a k  a t  c h e m i c a l  s h i f t  7 . 2 5  p p m .  ( d o u b l e t  o f  

d o u b l e t ,  2 H ,  J = 2 . 2 ,  9 . 0  H z )  a r o m a t i c  p r o t o n s  o r t h o  t o  

c h l o r o  g r o u p .

3 )  5 - C H L O R O - 2 - H Y D R O X Y A C E T O P H E N O N E  ( 3 A )

T h e  s y n t h e s i s  o f  3 A  w a s  r e a d i l y  a c c o m p l i s h e d  

b y  t h e  F r i e d ' s  r e a r r a n g e m e n t  w h e n  h e a t i n g  a  m i x t u r e  

o f  4 - c h l o r o p h e n y l  a c e t a t e  w i t h  a l u m i n i u m  c h l o r i d e  a t  

1 4 0 ° c  f o r  6 0  m i n u t e s .  T h e  p r e c i p i t a t i o n  o f  5 - c h l o r o - 2 -  

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

h y d r o c h l o r i c  a c i d  ( 1 : 1 ) a n d  i c e - w a t e r  t o  d e c o m p o s e  

t h e  e x c e s s  a l u m i n i u m  c h l o r i d e  a n d  a l u m i n i u m  c h l o r i d e  

c o m p l e x .

T h r e e  d i f f e r e n c e  m e c h a n i s m s  f o r  t h e  F r i e d ' ร 

r e a r r a n g e m e n t  h a v e  b e e n  d e s c r i b e d  ( B l a t t ,  1 9 4 2 ) .  I n  o n e  

o f  t h e m ,  t h e  e s t e r  w a s  a s s u m e d  t o  r e a c t  w i t h  a l u m i n i u m  

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

k e t o n e  .
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I n  a n o t h e r  m e c h a n i s m ,  i t  w a s  p r o p o s e d  t h a t  

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

m o l e c u l e .
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I n  t h e  t h i r d  m e c h a n i s m ,  t h e  F r i e d ' s  R e a c t i o n  

w a s  c o n s i d e r e d  t o  b e  a  t r u e  i n t r a m o l e c u l a r  

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

f r o m  t h e  o x y g e n  a t o m  t o  c a r b o n  a t o m  o f  t h e  r i n g .
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T h e  I R  s p e c t r u m  o f  5 - c h l o r o - 2 - h y d r o x y a c e t o -  

p h e n o n e  ( 3 A )  ( F i g u r e  1 3 )  s h o w e d  t h e  p e a k  a t  3 4 0 0  c m - ^  

f o r  O - H  s t r e t c h i n g ,  t h e  p e a k  a t  1 6 6 0  w a s  a s s i g n e d  f o r  

c= 0  s t r e t c h i n g  o f  k e t o  g r o u p .

T h e  ^ H - N M R  s p e c t r u m  o f  3 A  ( F i g u r e  1 4  ) 

s h o w e d  t h e  p e a k  a t  c h e m i c a l  s h i f t  2 . 5 9  p p m . ( 3 H ,  s i n g l e t )  

r e p r e s e n t s  f o r  a c e t y l  p r o t o n .  T h e  p e a k  a t  c h e m i c a l  s h i f t  

6 . 9 0  p p m .  ( d o u b l e t ,  1 H ,  J = 9  H z )  f o r  a r o m a t i c  p r o t o n

p o s i t i o n 3 , t h e  p e a k a t  c h e m i c a l s h i f t  7 . 3 5  p p m .

( d o u b l e t o f d o u b l e t , 1 H ,  J = 2 . 6 , 9 . 0 H z )  f o r  a r o m a t i c

p r o t o n  p o s i t i o n  4  a n d  t h e  p e a k  a t  c h e m i c a l  s h i f t  7 . 6 6  

p p m .  ( d o u b l e t ,  1 H ,  J =  2 . 6  H z  ) f o r  a r o m a t i c  p r o t o n  

p o s i t i o n  3 .  T h e  h y d r o x y  p r o t o n  w a s  s h o w e d  t h e  p e a k  a t

1 2 . 1 1  p p m .

4 )  6 - C H L O R O C H R O M O N E - 3 - C A R B O X A L D E H Y D E  ( 4 A )

T h e  s y n t h e s i s  o f  4 A  w a s  s y n t h e s i z e d  f o l l o w e d  

t h e  m e t h o d  o f  V i e l s m e i ' e r - H a c c k  r e a c t i o n .  T h e  s y n t h e s i s  

o f  4 A  s t a r t e d  b y  r e a c t i o n  o f  5 - c h l o r o - 2 -

h y d r o x y a c e t o p h e n o n e , N , N - d i m e t h y 1 f b r m a m i d e  a n d  

p h o s p h o r o u s ■ o x y c h l o r i d e . T h e  p r o p o s e d  m e c h a n i s m  o f  t h i s  

r e a c t i o n  i n v o l v e d  t h e  c h l o r i n a t i o n  o f  N , N - d i m e t h y l

f o r m a m i d e  b y  p h o s p h o r o u s  o x y c h l o r i d e  t o  y i e l d  t h e  

i n t e r m e d i a t e  ( X X X X I )  w h i c h  h a d  t w o  m e s o m e r i c  f o r m s  . 

T h e  5 - c h l o r o - 2 - h y d r o x y a c e t o p h e n o n e  w a s  f o r m y l a t e d  w i t h

t w o  m o l e s  o f  t h i s  i n t e r m e d i a t e  t o  f o r m  t h e  i n t e r m e d i a t e
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( X X X X I I ) . T h e  c y c l i z a t i o n  w a s  f o l l o w e d  b y  a d d i n g  i c e -  

w a t e r  t o  o b t a i n  6 - c h l o r o c h r o m o n e - 3 - c a r b o x a l d e h y d e .
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The IR s p e c t r u m  o f  6 - c h 1 0 r Oc h r 0 ๓One - 
c a r b o x a l d e h y d e  (4A) ( F i g u r e  15) showed t h e  a l d e h y d e  
p r o t o n  a t  2860 cm s t r o n g  peak a t  1700 cm- -1- and 
1660 cm ^ r e p r e s e n t s  fo r  c=0 s t r e t c h i n g  of  a ldehyde and 
pyrone ,  r e s p e c t i v e l y .

The ■ '"H-NMR spect rum of 6 -ch lo rochromone-3-  
ca rboxa ldehyde  (Figure  16) showed t h e  c h a r a c t e r i s t i c  
p r o t o n  a t  chemica l  s h i f t  7.43 ppm. ( d o u b l e t , 1H, J=9 
Hz) was i d e n t i f i e d  fo r  p r o t o n  p o s i t i o n  8. P ro ton  
p o s i t i o n  7 was found t h e  peak a t  chemica l  s h i f t  
7 . 6 0  ppm. ( d o u b l e t  of  d o u b l e t ,  1H, J  = 2 , 9  Hz) . The 
peak  a t  8 .2 3  ppm. ( d o u b l e t ,  1H, J =2 Hz) was 
a s s i g n e d  f o r  p r o t o n  p o s i t i o n  5.  The p e a k  a t  c h e m i c a l  
s h i f t  8.52 ppm. ( s i n g l e t ,  1H) was i d e n t i f i e d  f o r  p r o t o n  
p o s i t i o n  2 and peak a t  1 0 .3 5  ppm. ( ร i n g l e t  , 1H) f o r  
a ldehyde p r o t o n .

5) 6-CHLOROCHROMONE-3-CARBOALDOXIME (5A)

The s y n t h e s i s  of  5A was a c c o m p l i s h e d  by 
r e a c t i o n  of  6 - c h l o r o c h r o m o n e - 3 - c â r b o x a l d e h y d e  and 
h y d r o x y l a m i n e  h y d r o c h l o r i d e  i n  a b s o l u t e  e t h a n o l .  The 
r e a c t i o n  mechanism i n v o l v e d  n u c l e o p h i l i c  a t t a c k  o f  
a n i t r o g e n  atom of  hydroxylamine h y d r o c h l o r i d e  on a 
p a r t i a l  p o s i t i v e - c h a r g e  c a r b o n  o f  a l d e h y d e  g r o u p  and 
s u b s e q u e n t l y  l o s t  one m o l e c u l e  o f  w a t e r  t o  form
aldoxime d e r i v a t i v e .
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The IR s p e c t r u m  o f  6 - ch 1 o r o c h r o m o n e -3  - 
carboaldoxime (5A) (Figure 17) showed t h e  broad peak of 
O-H s t r e t c h i n g  a t  3200 cm"'1' ,  t he  s t r o n g  peak a t  1650 cm 
f o r  c=0 s t r e t c h i n g  of pyrone and C=N s t r e t c h i n g .
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The 1H-NMR s p e c t r u m  o f  5A ( F i g u r e  18) 
showed the  peak a t  chemical  s h i f t  7.64 ppm. ( d ou b l e t ,  
1H, J= 9 Hz) f o r  p r o t on  p o s i t i o n  8, t h e  peak a t  chemica l  
s h i f t  7.77 ppm. (doublet  of  do u b le t ,  1H, J= 2 . 4 , 9  Hz) 
f o r  p r o t on  p o s i t i o n  7, t he  peak a t  chemica l  s h i f t  8.07 
(d ou b l e t ,  1H, J =2.4 Hz) f o r  p r o t on  p o s i t i o n  5. The 
s i n g l e t  peak a t  ch em ic a l  s h i f t  8 . 5 3  ppm. (1H) was 
a s s i g n e d  as p r o t o n  p o s i t i o n  2.  The peak a t  chemica l  
s h i f t  10.53 ppm. ( s i n g l e t , 1H) f o r  hydroxy p r o t o n  of
aldoxime group and the  peak a t  chemical  s h i f t  8.17 ppm. 
( s i n g l e t ,  1H) f o r  p r o t on  a d j a c e n t  t o  C=N group.

6) 6-CHLOROCHROMONE-3-CARBONITRILE(6A)

The s y n t h e s i s  of  6A was a c c o m p l i s h e d  by 
d e h y d r a t i o n  o f  6 - c h l o r o c h r o m o n e - 3 - c a r b o a l d o x i m e  w i t h  
a c e t i c  a n h y d r i d e .  The m e c h a n i s m  f o r  t h i s  r e a c t i o n  
inv o l ve d  a c e t i c  anhydr ide  a$ d e h y d r a t in g  agent  which 
p r ob ab ly  a f f e c t e d  on i n i t i a l  a c e t y l a t i o n  of oximino 
group fo l lowed by e l i m i n a t i o n  of  a c e t i c  a c i d .  Moreover,  
t h e  r e a c t i o n  was most s u c c e s s f u l  when t h e  H and O-H atom 
of oximino group were in o p p o s i t e  d i r e c t i o n .



The IR spectrum of 6 -ch lo rochromone-3 -  
c a r b c n i t r i l e  (6A) (Figure 19) showed t h e  peak of  C-H 
s t r e t c h i n g  v i b r a t i o n  between 3000-3100 cm- ^ , t h e  s t r o n g  
peak a t  2240 cm"^ fo r  C=N s t r e t c h i n g  and s t r o n g  peak a t  
1660 cm- -*- f o r  c=0 s t r e t c h i n g  of  pyrone .

The ■ '■ H-NMR s p e c t r u m  o f  6A ( F i g u r e  20)  
showed t h e  peak a t  chemical  s h i f t  7.73 ppm. ( d o u b l e t ,  
1H, J= 9 Hz) f o r  p ro ton  p o s i t i o n  8, peak a t  chemica l  
s h i f t  7 .85 ppm. (doublet- of  d o u b le t ,  1H, J= 2 . 4 , 9  Hz) 
f o r  p r o t o n  p o s i t i o n  7, t h e  peak a t  chemica l  s h i f t  7.92 
ppm. ( d ou b l e t ,  1H, J=2.4 Hz) f o r  p r o t on  p o s i t i o n  5. The 
s i n g l e t  peak  a t  ch em ic a l  s h i f t  9 . 1 7  ppm. (1H) was 
i d e n t i f i e d  f o r  p r o t o n  p o s i t i o n  2.
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7 )  6 - C H L O R O C H R O M O N E - 3 - C A R B O X Y L I C  A C I D  ( 7 A )

The f i n a l  p roduc t  of  t h i s  d e r i v a t i v e  7A was 
s y n t h e s i z e d  by  h y d r o l y s i s  6 - ch 1 o r o c h r o m o n e -3  - 
c a r b o n i t r i l e  w i th  55% s u l f u r i c  a c i d .  The mechanism of  
t h i s  h y d r o l y s i s  i n v o l v e d  i n i t i a l  a t t a c k  o f  w a t e r  on 
n i t r i l e  group which was c a t a l y s e d  by a c i d .  The r e a c t i o n  
p roceeded  v i a  t h e  fo rmat ion of  an amide i n t e r m e d i a t e  , 
which was f i n a l l y  h y d r o l y z e d  t o  o b t a i n e d  6 - c h l o r o -  
ch ro m on e-3 -c a r box y l i c  ac id .

o

H +
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The IR spectrum of  6 -ch lo rochromone-3 -
c a r b o x y l i c  a c i d  (Figure 21) showed C-H s t r e t c h i n g
v i b r a t i o n  a t  3080 cm- 1 , t h e  b road  peak in  t h e . r e g i o n
2600 - 3150 cm-1 was a s s ig ned  f o r  O-H of  c a r b o x y l i c
a c i d  wi th  i n t r a m o l e c u l a r  hydrogen bonding.  The peak a t
1 7 7 0  cm- 1 and 1 6 5 0  cm-1 was i d e n t i f i e d  f o r  c = 0  s t r e t c h i n g
of  c a r b o x y l i c  a c i d  and ca rbony l  group of  pyrone r i n g ,
r e s p e c t i v e l y .  The peak a t  1140 cm- -1- was a s s i g n e d  f o r

0ARC-OH group.

The ^H-NMR spect rum of 6 -ch lo rochromone-3 -  
c a r b o x y l i c  a c i d  (Figure  22) showed t h e  peak a t  chemica l  
s h i f t  7 .50  ppm. ( d o u b l e t ,  1H, J= 9 Hz) f o r  p r o t o n  
p o s i t i o n  8,  t h e  p e a k  a t  c h e m i c a l  s h i f t  7 . 7 5  ppm. 
( d o u b l e t  o f  d o u b l e t ,  1H, J = 2 . 4 , 9 . 0  Hz) f o r  p r o t o n  
p o s i t i o n  7,  t h e  p e a k  a t  c h e m i c a l  s h i f t  8 . 3 0  ppm.  
( d ou b l e t ,  1H, -2.4 Hz) fo r  p r o t o n  p o s i t i o n  5. The s i n g l e t  
peak a t  chemica l  s h i f t  9.00 ppm. (1H) was a s s i g n e d  f o r  
p r o t o n  p o s i t i o n  2.

The mass spectrum of 7A (F igure  23) showed 
peak a t  m/e 224 f o r  molecu lar  i on peak.  The fragment  ion  
peak a t  m/e 180 e x h i b i t e d  t h e  l o s s  of  C02 . The 
c h a r a c t e r i s t i c  peak a t  m/e 63, 75, 98, 110, 126, 138,
154 were p roposed  as fo l lows  ะ
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m/e 224 (4.13 %) m/e 180 (61.57 %) m/e 154 (14.26 %)

m/e 138 (9.54 %) m/e 126 (7.88 %)

m/e 110 (3.06 %) m/e 98 (2.80 %)

m/e 75 (3.81 %) m/e 63 (9.29 %)

Scheme I I  Fragmentation p a t te rn  in  e i  mass spectrum

of 6 -C h lorochrom one-3-carboxy lic  ac id



5 7

7-CHLORO-6-FLUOROCHROMONE-3-CARBOXYLIC ACID (6B)

The 7 - c h l o r o - 6 - f luo ro c hr om o ne -3 -c a rb o xy l i c  ac id  
(6B) was s y n t h e s i z e d  by the  pathway s i m i l a r  t o  
t h a t  of  6 - c h lo ro ch r om o ne -3 -c a rb ox y l i c  a c i d  . This  
d e r i v a t i v e  was s e l e c t e d  as a new compound f o r  p o t e n t i a l  
a n t i m i c r o b i a l  a g e n t .  The o v e r a l l  s y n t h e s i s  o f  7-  
c h l o r o - 6 - f luorochromone-3-  c a r b o x y l i c  a c i d  was d i s c u s s e d  
as fo l lows  ะ

1) 3-CHLORO-4-FLUOROPHENYL ACETATE (IB)

This  s t e p  was th e  a c e t y l a t i o n  of  3 - c h l o r o - 4 -  
f l u o r o p h e n o l  w i t h  a c e t i c  a n h y d r i d e  i n  10 % s o d i u m  
h y d r o x i d e  s o l u t i o n .  The mechani sm f o r  t h i s  r e a c t i o n  
i n v o l v e d  n u c l e o p h i l i c  s u b s t i t u t i o n  of. p h e n o l a t e  i o n  
which g e n e r a t e d  by d i s s o l v i n g  3 - c h l o r o - 4 - f l u o r o p h e n o l  in 
10 %sodium hydrox ide  s o l u t i o n ,  and t h e  a c e t i c  a n hy dr id e .

OH ONa



58

The IR spectrum of 3 - c h l o r o - 4 - f l u o r o p h e n y l  
a c e t a t e  (IB) (Figure  24) showed a s t r o n g  peak a t  1775 
cm 1 fo r  c = 0  s t r e t c h i n g  of e s t e r  group,  peak a t  1190 cm’ 1 
fop Ar-O-CCH^ group  . The ^H-NMR of  IB ( F i g u r e  25) 
showed th e  peak a t  chemical  s h i f t  2 .27 ppm. ( s i n g l e t , 3H) 
f o r  p r o t on  of  a c e t y i  group.  The' peak a t  chemica l  s h i f t  
6 .9 4  - 7 .3 6  ppm. ( m u l t i p l e t ,  3H) was i d e n t i f i e d  f o r  
p r o t o n s  on a romat i c  r i n g .

2) 4-CHLORO-5-FLUORO-2-HYDROXYACETOPHENONE (2B)
The s y n t h e s i s  of 2B was r e a d i l y  accompl ished 

by F r i e d ' s  r e a r r a n g e m e n t  by h e a t i n g  a m i x t u r e  o f  3-  
c h l o r o - 4 - f luo rop he ny l  a c e t a t e  wi th  anhydrous aluminium 
c h l o r i d e  a t  120 °c fo r  15 mi nu tes .  The p r e c i p i t a t i o n  of  
4 - c h l o r o - 5 - f lu o ro -2 -hydroxyace tophenone  was o b t a i n e d  by 
adding  d i l u t e d  h y d r o c h l o r i c  a c i d  (1:1) and i c e -  
wa te r  t o  decompose the  excess  aluminium c h l o r i d e  and 3- 
c h l o r o - 4 - f l uo ro p he no la t e -a l um in iu m  c h l o r i d e  complex.
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T h r e e  d i f f e r e n t  m e c h a n i s m s  f o r  t h e  F r i e d  
r e a r r a n g e m e n t  had been r e p o r t e d .  I n  one o f  t h e m ,  t h e  
e s t e r  was assumed t o  r e a c t  wi th  aluminium c h l o r i d e  t o  
g ive  a c i d  c h l o r i d e  and phenoxy aluminium c h l o r i d e  which 
combine t o  form a d e r i v a t i v e  of hy dr o x y k e t o n e .
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In  an o t he r  mechanism, i t  was p roposed t h a t  
one molecule  of  phenyl  e s t e r  i s  a c e t y l a t e d  by an o t h e r  
m o l e c u l e .

o
Ï

O C C H

0
1

O C C H
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In  t h e  t h i r d  mechanism, t h e  F r i e d  r e a c t i o n  
was co n s id e r e d  t o  be a t r u e  i n t r a m o l e c u l a r  r ea r r a ng em en t  
i n  which a c e t y l  g roup  s h i f t  d i r e c t l y  f rom t h e  oxyg en  
atom t o  carbon atom of the  r i n g .

o

OH D i l . HC1

The IR  spec t rum of  4 - c h l o r o - 5 - f l u o r o -2 - 
hydroxyacetophenone (2B) (Figure  26) showed the  peak a t  
3000 cm- 1 fo r  O-H s t r e t c h i n g  wi th  i n t r a m o l e c u l a r  hydrogen
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b o n d in g ,  t h e  peak  a t  1 6 4 0  cm-1 f o r  c  = 0  s t r e t c h i n g  o f  
ke tone  group.

The ■ '■ H-NMR of  2A (Figure  27) was found t h e  
peak  a t  c h e m i c a l  s h i f t  2 . 3 0  ppm. ( s i n g l e t ,  3H) f o r  
p r o t o n  of  a c e t y l  group.  The peak a t  chemica l  s h i f t
7 .01  ppm. ( d o u b l e t .  1H, J = 6 Hz) was i d e n t i f i e d  f o r  
p r o t o n  p o s i t i o n  3, t h e  peak a t  chemica l  s h i f t  
7.42 ppm. (d o u b l e t ,  1H, J= 9 Hz) f o r  p r o t o n  p o s i t i o n  6 
on a romat i c  r i n g .  The hydroxy p r o t on  was found t h e  peak 
a t  chemica l  s h i f t  12.03 ppm. ( รi n g l e t , 1H).

3) 7-CHLORO-6-FLUOROCHROMONE-3-CARBOXALDEHYDE
(3B)

The s y n t h e s i s  of  3B was fo l l o w i n g  t h e  method 
of  V i e l m e i e r - H a c c k  R e a c t i o n  . I t  s t a r t e d  by t h e  
r e a c t i o n  of 4 - c h l o r o - 5 - f l uo ro - 3 - hy dr ox yac e t oph en on e ,
N, N-dimethylformamide and phosphorous o x y c h l o r i d e .  The 
mechanism of  t h i s  r e a c t i o n  invo lved  t h e  c h l o r i n a t i o n  of 
N, N- d i m e t hy l f o r m am i de  by p h o s p h o r o u s  o x y c h l o r i d e  t o  
y i e l d  the  intermediate(XXXXI)which had two mesomerics .  
The 4 - c h l o r o - 5 - f l u o r o - 2 - h y d r o x y a c e t o p h e n o n e  was 
fo rmy la t e d  wi th  two moles of  t h i s  i n t e r m e d i a t e  t o  form 
t h e  in t e rmedia te (XXXXIII ) .  The c y c l i z a t i o n  was o c c u r r e d  
by adding i c e - w a t e r  t o  o b t a i n  7 - c h l o r o - 6 - f l u o r o -  
chromone-3-carboxaldehyde .
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Cl
(CH2 ) N-CH + P

Cl

+ /(CH3 ) 2N=c + P02c l 2
Cl

Cl

The IR s p e c t r u m  o f  7 - c h l o r o - 6 -
f luo rochromone-3-carboxaldehyde  (Figure  28) showed t h e
a ldehyde p r o t o n  a t  2880 cm-1 . The s t r o n g  peak a t  
1710 cm  ̂ and 1650 cm- -*-, were a s s ig n e d  f o r  c = 0  s t r e t c h i n g  
of  aldehyde,  and ke tone  of pyrone r i n g ,  r e s p e c t i v e l y .

The ■ '■ H-NMR s p e c t r u m  o f  7 - c h l o r o - 6 -
f luo rochromone-3-carboxaldehyde  (Figure  29) e x h i b i t e d
t h e  c h a r a c t e r i s t i c  p ro ton  a t  chemical  s h i f t  7.58 ppm.
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(d o u b l e t ,  1H, J=6 Hz) f o r  t h e  p r o t o n  p o s i t i o n  8, The
peak a t  chemica l  s h i f t  7.92 ppm. ( d o u b l e t ,  1H, J=9 Hz) 
f o r  t h e  p r o t o n  p o s i t i o n  5. The s i n g l e t  peak a t  chemica l  
s h i f t  8.45 ppm. (1H) and 10.28 ppm. (1H) were i d e n t i f i e d  
f o r  t h e  p r o t o n  p o s i t i o n  2 an d  a l d e h y d e  p r o t o n ,  
r e s p e c t i v e l y .

4) 7-CHLORO-6-FLUOROCHROMONE-3-CARBOALDOXIME
( 4B )

The s y n t h e s i s  o f  4B was accompl i shed by the  
r e a c t i o n  of  7 - c h l o r o - 6 - f luorochromone-3 -ca rboxa ldehyde  
and hydroxylamine h y d r o c h l o r id e  i n  a b s o l u t e  e t h a n o l .  
The r e a c t i o n  mechanism invo lv ed  n u c l e o p h i l i c  a t t a c k  of 
n i t r o g e n  atom of  hydroxylamine h y d r o c h l o r i d e  on p a r t i a l  
p o s i t i v e  charge- carbon atom of a ldehyde group and t hen  
i t  l o s t  one m o le c u l e  of  w a t e r  t o  form a l d o x i m e  
d e r i v a t i v e .

o



65

The IR s p e c t r u m  o f  7 - c h l o r o - 6 -  
f luorochromone-3-carboaldoxime  (F igure  30) showed t h e  
b road  peak a t  3200 cm-1 f o r  O-H s t r e t c h i n g  of  aldoxime 
group,  t h e  s t r o n g  peak a t  1620 cm-1 and 1650 cm-1 f o r  
c=0 s t r e t c h i n g  of  c a r b o n y l  o f  p y r o n e  r i n g  and C = N 
s t r e t c h i n g  of  aldoxime group,  r e s p e c t i v e l y .

The ^H-NMR s p e c t r u m  o f  7 - c h l o r o - 6 -  
f luorochromone-3-carboaldoxime  (Figure  ' 31) showed t h e  
peak a t  chemica l  s h i f t  7.93 ppm. ( d o u b l e t ,  1H, J = 9 .0
Hz) f o r  t h e  p r o t o n  p o s i t i o n  5, t h e  p e a k  a t  c h e m i c a l  
s h i f t  8.18 ppm. (d oub le t ,  1H, J = 6 .0 Hz) f o r  t h e  p r o t o n
p o s i t i o n  8.  The s i n g l e t  peak  a t  c h e m i c a l  s h i f t  1 1 . 4 9  
ppm. (1H),  8 .70  ppm. (1H) and 8 . 0 3  ppm. (1H) were
a s s i g n e d  f o r  t h e  hy dr ox yp ro t on , p r o t on  p o s i t i o n  2 and 
p r o t o n  a d j a c e n t  t o  oximino group,  r e s p e c t i v e l y .

5) 7-CHLORO-6-FLUOROCHROMONE-3-CARBONITRILE (5B)

The s y n t h e s i s  o f  5B was p r e p a r e d  by 
d e h y d r a t i o n  o f  7 - c h 1 o r o - 6 - f 1U o r o c h r o m o n e -3  -
c a r b o x a l d o x i m e .  The d e h y d r a t i n g  a g e n t  was a c e t i c  
anhydr ide  which p robab ly  i n i t i a t e d  t h e  a c e t y l a t i o n  of 
oximino group fo l lowed by e l i m i n a t i o n  of  a c e t i c  a c i d .  
Moreover,  t h e  r e a c t i o n  was most s u c e s s f u l  when th e  H and 
O-H of  oximino group were on th e  o p p o s i t e  s i d e .
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The IR s p e c t r u m  o f  7 - c h l o r o - 6 -  
f l u o r o c h r o m o n e - 3 - c a r b o n i t r i l e  (5B) (F igure  32) showed 
t h e  peak of  C-H s t r e t c h i n g  v i b r a t i o n  between 3060-3090 
cm t h e  s t r o n g  peak a t  2240 cm f o r  ChN s t r e t c h i n g .  
The c= 0  s t r e t c h i n g  of ca rbony l  of  pvrone r i n g  was found 
t h e  peak a t  1660 cm- 1 .

The 1H-NMR of  5B ( F i g u r e  33) showed t h e  
peak a t  chemica l  s h i f t  7.91 ppm. (d o u b l e t ,  1H, J=9 .0  Hz) 
f o r  t h e  p r o t o n  p o s i t i o n  5, t h e  peak a t  chemica l  s h i f t  
8 .23  ppm. ( d o u b l e t ,  1H, J= 6 Hz) f o r  t h e  p r o t o n  
p o s i t i o n  8.-' The s i n g l e t  peak was found a t  chemica l  
s h i f t  9.19 ppm. f o r  t he  p r o t on  p o s i t i o n  2.
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6) 7 -CHLORO-6-FLUOROCHROMONE-3-CARBOXYLIC ACID
(6B)

This  p r oduc t  was s y n t h e s i z e d  by h y d r o l y s i s  
7 - c h l o r o - 6 - f  l u o r o c h r o m o n e - 3 - c a r b o n i t r i l e  w i t h  55 % 
s u l f u r i c  a c i d .  The m e c h a n i s m  o f  t h i s  h y d r o l y s i s  
i nv o l ve d  i n i t i a l  a t t a c k  of wate r  on t h e  n i t r i l e  group.  
The r e a c t i o n  p r o c e e d e d  v i a  t h e  f o r m a t i o n  o f  an amide  
i n t e r m e d i a t e .  Then the  amide i n t e r m e d i a t e  was f i n a l l y  
hydro lyzed  by a c i d  c a t a l y s e  t o  o b t a i n e d  7 - c h l o r o - 6 -  
f l u o r o c h ro m o n e -3 -c a r b o x y l i c  a c i d .
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The IR s p e c t r u m  o f  7 - c h l o r o - 6 -
f l u o r o c h r o m o n e - 3 - c a r b o x y 1 i c  a c i d  (6B) ( F i g u r e  34) 
showed t h e  broad peak in  t h e  r e g i on  2500 - 2700 cm- '*' f o r  
O-H . s t r e t c h i n g  o f  c a r b o x y l i c  a c i d  w h i c h  h a d  
i n t r a m o l e c u l a r  hydrogen bonding.  The peak a t  1760 cm"1 
and 1610 cm-1 were i d e n t i f i e d  f o r  c  = 0  s t r e t c h i n g  o f  
c a r b o x y l i c  a c i d  and ketone of  pyrone r i n g ,  r e s p e c t i v e l y .

The ■ '"H-NMR spectrum of 6B (F igure  35) was 
found th e  peak a t  chemical  s h i f t  7.74 ppm. ( d o u b l e t ,  1H, 
J = 5 . 7  Hz) f o r  t h e  p r o t o n  p o s i t i o n  8 ,  t h e  p e a k  a t  
chemica l  s h i f t  8.00 ppm. (dou b l e t ,  1H, J=8 .0  Hz) f o r  t h e  
p r o t o n  p o s i t i o n  5. The s i n g l e t  peak a t  chemica l  s h i f t  
8.96 ppm. (1H) and 12.96 ppm. (1H) were i d e n t i f i e d  f o r  
t h e  p r o t on  p o s i t i o n  2 and hydroxy p r o t o n  of  c a r b o x y l i c  
a c i d  group.

The mass spectrum of 6B (F igure  36) showed 
peak a t  m/e 242 f o r  molecula r  ion peak.  The fragment  ion
peak a t  m/e 198 e x h i b i t e d the l o s s of C02 g r o u p .
c h a r a c t e r i s t i c  peak a t  m/e 62, 74, 81, 93, 116, :
144, 156, 172 were proposed as fo l lows  ะ
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m/e 156 (10 .21  %)

m/e 128 (3.11 %)

m/e 93 (2 .67  %)

Scheme I I I  F ragmen ta t ion  p a t t e r n  in e i

m/e 172 (1 1 .3 2  %)

m/e 144 (8.07 %)

m/e 116 (2 .7 2  %)

V

m/e 81 (7.15%)

mass spect rum of
7 - C h i o r o - 6 - f luo rochromone-3- c a r b o x y l i e  a c i d
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T able 1 R e su lts  of th e  a n t i b a c t e r i a l  a c t i v i t y  of th e  two compounds.

Cone, of Cpd. 
A

(,«g/cup)

Types of M icroorganism

ร. aureus E. c o l i P s. a e ru g in o sa

50 + - -

100 + - -
200 + - -

Cone, of Cpd. 
B

(Ag/cup)

Types of M icroorganism

ร. aureus E. c o l i P s. a e ru g in o sa

50 - - -
100 - + -
200 - + -

Cpd. A = 6 -C h lo ro ch ro m o n e-3 -ca rb o xy lic  Acid 
Cpd. B = 7 -C h lo ro -6 - f lu o ro ch rom o n e-3 -ca rb o x y lic  Acid 

+ = th e  p re sen ce  of th e  in h ib i t io n  zone
= th e  absence of th e  in h ib i t io n  zone
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