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SPECTROSCOPY LETTERS, 26(6), 975-995 (1993) 

SPECTRAL CHARACTERISTICS OF THE REACTION PRODUCTS 

OF 5-PHENYL-2,3,4-FURANTRIONE WITH 0-DIAMINES. 

K e y w o r d s  : 6,7-Dimethylquinoxaline, q u i n o x a l i n e - 2 - o n e ,  

h y d r a z o n e ,  f u r a n t r i o n e ,  'H a n d  1 3 C  NHR s p e c t r a ,  

mass s p e c t r a .  

Nagwa Rashed,  Ahmed Mousaad, A d e l  Moussa 
a n d  E l  S a y e d  H. E l  A s h r y .  

C h e e i s t r y  D e p a r t m e n t ,  F a c u l t y  o f  S c i e n c e ,  
A l e x a n d r i a  U n i v e r s i t y ,  A 1  e x a n d r i  a, E g y p t .  

ABSTRACT 

The  't i  and  I 3 C  F!MR a n d  mass s p e c t r a  o f  2 - ( 2 - a m i n o - 4 , 5 -  

d i m e t  hy 1 p heny 1 ca r b a  aoy 1 - 3 - (  hy d ro xyp  heny  1 met  hy 1 ) -0,7 -d  i - 

m e t h y l q u i n o x a l i n e  ( Z ) ,  3 - ( h y d r o x y p b e n y l m e t h y l ) - 6 , 7 - d i a e t h y l -  

q u i n o x a l  i n - 2 - c a r b o x y l  i c -  x - l a c t o n e  ( 5 ) ,  3 - (  h y d r o x y p h e n y l  - 
n e t  hy  1 ) - 6 , 7  - d i  met  hy  1 q u  i n o x a  1 i n - 2  - ca  r b o  xy 1 i c a c i d p heny 1 h y d  r - 
a z i de ( 6 ) , 3- [ 2 - hy d r o x y - 2 - p  heny 1 - 1 - ( p h e n y  1 h y d r a  zono ) e t  hy 1 - 
6,7 -d  i met hy 1 -2 ( 1 H ) - q  u i no x a  1 i none 2 ,  3 - d  i h y d r o  - 6 , 7  - d i - 

m e t h y l  - 3 - p h e n y l  h y d  r a z o n o - 2 - p  h e n y l  f u r o [ 2 ,  ? - b l o u i  noxc  1 i n e  ( e )  , 

3 - (  h y d r o x y p  heny 1 me t  hy 1 )-6,7 - d i  met hy 1 - 1  - p  heny  1 f 1 A v a z o l  e ( 9 ) ,  

a n d 3 - ( a c e t  o x y  p h e  ny 1 met hy 1 - 6,7 -d  i m e t  hy 1 - 1 - p h eny 1 f 1 a va z o 1 e 

( 1 0 )  h c v e  been  s t u d i e d .  

( 7 1 ,  
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976 RASHED ET AL. 

I N T R O D U C T I O N  

T h e  r e a c t i o r :  c f  d e h y d r o - L - a s c o r b i c  a c i d  ( I !  and i t s  

- D - e r y t h r o  a n a l o g u e  I 1  w i t h  o - p h e n y l e n e d i a m i n e  g i v e s  a 

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

o f  t h e  r e a c t a n t s ' - ' * .  The s t r u c t u r e  o f  p r o d u c t s  r!ere a 

s u b j e c t  o f  c o n t r o v e r s y .  The  p r o d u c t s  r e s u l t i n c  f r o r  t h e  

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

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

was u s e d  f o r  t h e i r  d e t e c t i o n  a n d  d e t e r r i n a t i o n 1 ? - l 5 .  The 

c o r r e s p o n d i n g  d e r i v a t i v e  f r o m  t h e  D - e r y t h r o  a n a l o g u e  was 

f o u n d  t o  e x  s t  i n  t h e  c y c l i c  f o r r ?  a s  a t r i x t u r e  o f  t h e  

c o r r e s p o n d i n g  f u r a n o s y l  a n o v e r s ' @ .  The r e a c t i o n  o f  5 - p h e n y l -  

2 , 3 , 4 - f u r a n t r  one ( 2 )  and o - p h e n y l e n e d i a m i v e  was s t u d i e d 3 .  

Uhen t h e  r a t i o  o f  t h e  r e a c t a n t s  w a s  1 : 2 ,  t h e  p r o d u c t  l l a  

was a d o p t e d  f o r  t h e  p r c d u c t ,  a f t e r w a r d s  

H a s s e l q u i s t 5  p r o p o s e d  t h e  s t r u c t c r e  1 2 a ,  l a t e r  cr! b o t h  

s t r u c t u r e s  w e r e  ~ b a n d o n e d ~ ~ ~  i n  f a v o r  o f  s t r u c t u r e  2 a .  

S i r i l a r l y ,  t h e  s t r u c t u r e s  o f  t h e  p r o d u c t s  f r o m  t h e  L - t h r e o  

and - D - e r y t h r c  a n a l o g u e s  w e r e  d e t e r s i n e d  a n 6  t h e  s t r u c t u r e s  

l i k e  S c h i f f ' s  b a s e  d e r i v a t i v e s  o r  h a v i n g  t r i c y c l i c  r i n c s  

w e r e  r u l e d  o u t " .  The  mode o f  t h e  r e a c t i o n  c i  t h e  -. D - e r v t h r o  

a n a l o g u e  w i t h  c - d i a p i n e s  was d e d u c e d  f r o r ?  i t s  s e q u e n t i a l  

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

p l a y e d  s m s j o r  r o l e  or! t h e  c y c l i s a t i o n  c f  t h e  s e c o n d  av-in0 

g r o u p 1 6 9 1 7 .  The main o b j e c t i v e  o f  t h e  p r e s e n t  work w a s  t o  

s t u d y  t h c  s p e c t r a l  c h a r a c t e r i s t i c s  o f  t h e  p r o d u c t s  f r o r ?  t h e  

r e a c t i o n  o f  3 w i t h  o - d i a n i n e .  

= 

- 

c 

- 

- 

- 

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



SPECTRAL CHARACTERISTICS OF REACTION PRODUCTS 917 

1 11 

RESULTS AND DISCUSSIOE! 

S t r u c t u r e  of 5-phenyl-2,3,4-furantrione. E x a m i n a t i o p  c\f t h e  

s t r u c t u r e  o f  5 - p h e n y l - 2 , 3 , 4 - f u r a n t r i o n e  ( A )  b y  p r o t c n  d e -  

c o u p l e d  ‘’C N M R  s p e c t r o s c o p y  i n d i c a t e d  t h e  p r e s e n c e  o f  i t s  

c a r b o n y l  G r o u p s  i n  t h e  h y d r a t e d  f o r r  a s  i n  3 .  I t  d i s p l a y e d  

a r e s o n a n c e  a t  6, 1 7 2 . 0 5  w h i c h  was a s s i g n e d  t o  c a r b c n y l  

c a r b o n  C-2, w h e r e a s  t h e  s i g n a l s  o f  C-4 a n d  C-3 a p p e a r e d  a t  

6 92.27 a n d  96.50 i n d i c a t i n g  t h e i r  h y d r a t i c n  a n d  r u l i n g  

o u t  t h e i r  p r e s e n c e  as  c a r b o n y l  g r o u p s  a s  i n  A .  T h e  r e s o n a n c e  

a t  6 ,  87.07 was  a s s i g n e d  t o  C-5. T h e  c a r b o n  a t o m s  c f  t h e  

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

T h i s  may b e  a c o n s e q u e n c e  o f  t h e  p r e s e n c e  o f  3 a s  a F i x t u r e  

o f  d i a s t e r e o i s o m e r s  a t  C-5. 

R e a c t i o n  p r o d u c t s  a n d  p a t h w a y s .  P c l o s e r  e x a m i n a t i o n  c f  t h e  

r e a c t i o n  o f  3 w i t h  4 a n d  t r a p p i n g  t h e  p r e s u m a b l y  fo r r? .ed  

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

l a t i o n  o f  7 i n  a d d i t i o n  t o  6 .  T h e i r  i s o l a t i o r !  c o u l d  b e  i n  

a g r e e m e n t  w i t h  t h e  i n t e r r r e d i a c y  o f  6 a s  p r o p o s e d  f o r  t h e  

a r a l o g o u s  p a t h w a y  o f  t h e  - D - e r y t h r o  a n a l o g u e 1 6 *  ” .  H c w e v e r ,  

t h e  s u b s e q u e n t  c y c l i s a t i o n  i n  t h e  p r e s e n t  c a s e  may t a k e  

p l a c e  w i t h  b o t h  o f  t h e  t w o  c a r b o n y l  g r o u p s  a t  C - 2  a n d  C - 4  
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SPECTRAL CHARACTERISTICS OF REACTION PRODUCTS 979 

t o  g i v e  C a n d  5 r e s p e c t i v e l y  (Scheme 1 ) .  T h i s  i s  i n  c o n t r a r y  

t c  t h e  - D - e r y t h r o  a n a l o g u e  s i n c e  t h e  l a t t e r  d o e s  n o t  g i v e  a 

p r o d u c t  a n a l o g o u s  t o  6 .  T h i s  m i g h t  b e  e x p l a i n e d  b y  t h e  

d i f f e r e n c e  i n  r e a c t i v i t y  o f  C-4 w h e r e  t h e  c c r r e s p o n d i n g  

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

a c e t a l  r i n g  g i v i n g  a b i c y c l i c  s t r u c t u r e ' * * .  

r e a c t i v i t y  @ f  C-2 a n d  C-4 t o w a r d s  t h e  c y c l i s a t i o n  c o u l d  b e  

d e d u c e d  f r o m  t h e  p e r c e n t a g e  y i e l d s  o f  7 a n d  6 r e s p e c t i v e l y ,  

w h i c h  r e f l e c t s  t h e  r e l a t i v e  f o r m a t i o n  o f  C a n d  5 .  T h i s  

i n d i c a t e d  t h e  h i g h e r  i n v o l v e m e n t  o f  C-2 i n  t h e  c y c l i s a t i o n  

s t e p .  

- 

- 
T h e  c o v p e t i t i v e  

R e a c t i o n  o f  5 o r  3 w i t h  o n e  a n d  t w o  m o l a r  e a u i v a l e n t s  

o f  4 r e s p e c t i v e l y ,  g a v e  t h e  s a r e  p r o d u c t  2 .  ! t s  f o r r a t i c n  

f r o m  3 may b e  a r e s u l t  o f  t h e  r e a c t i c r !  o f  t h e  s e c o n d  

m o l e c u l e  o f  t h e  d i a m i n e  w i t h  e i t h e r  B o r  5 t o  g i v e  2 .  I t  

s h o u l d  b e  n o t e d  t h a t  t h e  a n a l o g o u s  p r o d u c t  o f  5 h a s  n o t  

b e e n  i s o l a t e d  f r o m  t h e  D - e r y t h r o  a n a l o g u e .  Cn t h e  o t h e r  

hand ,  5 c o u l d  b e  p r e p a r e d  f r o m  2 b y  a c i d  h y d r o l y s i s .  

- - 

T h e  h y d r a z o n e  7 c o u l d  b e  d e h y d r a t e d  i n  t w c  w a y s .  T h e  

a c y l a t i n g  a g e n t s  c o n v e r t  i t  t o  t h e  f u r c q u i n o x a l i n e  8 .  T h i s  

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

On t h e  o t h e r  hand,  t h e  a c t i o n  o f  d i l u t e  a l k a l i  on  7 g a v e  

t h e  f l a v a z o l e  9 w h i c h  u p o n  a c e t y l a t i o n  g a v e  10 (Scheme 2). 

' H  NMR S p e c t r a .  The  ' H  NMP. s p e c t r a  ( T a b l e  1 )  o f  t h e  r e a c t i o n  

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

6 2 . 1 9 - 2 . 2 0 ,  a n d  2 . 4 2 - 2 . 6 1  d u e  t o  t h e  m e t h y l  g r o u p s .  C l o s e r  
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e x a m i n a t i o n  o f  t h e s e  c h e m i c a l  s h i f t s  l e d  t o  t h e  c o n c l u s i o n  

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

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

a m i d e ,  l a c t o n e ,  q u i n o x a l i n o n e  o r  q u i n o x a l i n e  r i n g s .  The H-5 

(6 5 . 4 5 )  o n  t h e  p a r e n t  r i n g  3 a p p e a r e d  a t  t h e  same r a n g e  

o f  t h e  c o r r e s p o n d i n q  p r o t o n  (6 5 . 4 8 )  o f  1 .  The p r o d u c t  7 
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982 RASHED ET AL. 

showed t h a t  p r o t o n  a t  6 5 . 9 1  w h e r e a s  t h e  o t h e r  p r o d u c t s  

r a n g e  

v e v e n t  

2, 6,  8 a n d  9 s h o w e d  i t  a t  l o w e r  f i e l d  i n  t h e  

6 6 . 2 3 - 6 . 7 0 .  T h i s  c o u l d  b e  a c o n s e q u e n c e  o f  t h e  i n v o  

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

h y d r o g e n  b o n d i n g  w i t h  t h e  n i t r o g e n  o f  t h e  q u i n o x a l  

f l a v a z o l e  r i n g s  as  i n  2 ,  6 a n d  9 r e s p e c t i v e l y ,  o r  

e i t h e r  

n e  a n d  

i c  a 

c y c l i c  f o r r  as  i n  8 .  O n  t h e  o t h e r  h a n d ,  t h a t  h y d r o x y l  

g r o u p  ir! 7 c o u l d  n o t  f o r m  s u c h  t y p e  o f  h y d r o g e n  b o n d i n ?  

as  a c o n s e q u e n c e  o f  i n v o l v e m e n t  o f  t h e  N F  c f  t h e  h y d r a z o n e  

r e s i d u e  i n  h y d r o g e n  b o n d i n 9  w i t h  t h e  n i t r o g e n  o f  t h e  q u i n -  

o x a l i n e  r i n s .  R u p t u r e  o f  t h i s  t y p e  o f  h y d r o g e n  bonc ! i ng  i n  7 

o r  8 b y  t h e  s o l v e n t ,  w h i c h  was u s e d  f o r  m e a s u r i n o  t h e  

s p e c t r a ,  may c a u s e  t h e  a p p e a r a n c e  c f  t a u t c m e r i c  f o r m s  i n  

i t s  s c l u t i o n .  T h e  a z o - e n e  s t r u c t u r e  o f  t y p e  D o r  F r a y  be  

p r o p o s e d  a s  g i v e n  by K u r a s a w a ' '  f o r  s i m i l a r  compounds .  

H o w e v e r ,  s y n -  a n d  a n t i - s t r u c t u r e s  o f  t h e  t y p e  7 + E a n d  8 

L G may b e  g i v e n  a s  r e p o r t e d  f o r  t h e  c o r r e s p o n d i n g  m e t h y l  

a n a l o g u e  19  . 

T h e  t w o  p r o t o n s  o f  t h e  q u i n o x a l i n e  r i n g  a r e  c h a r a c -  

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

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

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

a g r e e d  w i t h  t h e  s t r u c t u r e s .  

1 3 C  N M R  S p e c t r a .  T h e  p r o t o n  d e c o u p l e d  I3C F!VR s p e c t r a  ( T a b l e  

2 a n d  3 1  o f  t h e  r e a c t i o n  p r o d u c t s  c a n  b e  d i v i d e d  i n t o  t w o  

t y p e s  w h e r e  t h e  d i a r r i n e  s o i e t y  i s  a t t a c h e d  t o  C - 2  a n d  C - 3  

o r  C - 3  a n d  C - 4  o f  t h e  f u r a n t r i o n e .  T h e  s i g n a l s  a t  a h i g h  
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SPECTRAL CHARACTERISTKS OF REACTION PRODUCTS 983 

f i e l d  i n  t h e  r a n g e  6, 19.95-2C.el w e r e  a s s i g n e d  t o  t h e  

m e t h y l  g r o u p s .  C o m p a r i n g  t h o s e  o f  5 w i t h  t h e  f c u r  s i g n a l s  

o f  2 i n  t h a t  r e o i o n ,  h e l p e c !  i n  i d e n t i f y i n c  t h e  r e s o n a n c e s  

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

t o  t h a t  r e g i o n  i s  t h e  r e s o n a n c e  ( 6, 2 1 . 2 1 )  o f  t h e  a c e t y l  

m e t h y l  o f  1 0 .  T h e  I3C r e s o n a n c e  o f  t h e  c a r b o n y l  c r o u p s  

l y  i d e n -  

r e s p e c t i v f  

a p p e a r e d  a t  t h e  l o w e s t  f i e l d  r e g i o n  a n d  were r e a d  

t i f i e d .  T h e  C-5 o f  3 a p p e a r e d  a t  6, 8 3 . 0 7  a n d  t h e  

e 2  c a r b o n  o f  5 a n d  8 a p p e a r e d  a t  6 ,  t ? 1 . 2 ?  a n d  

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

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

i n  t h e  r a n g e  6, 71.52-74.51. T h e y  may b e  d i v  

t y p e s ;  when t h a t  c a r b o n  a t t a c h e d  t o  a q u i n o x a l  

a p p e a r s  a t  a lower m a g n e t i c  f i e l d  [ 6, 73.57 

e 3 .  T h e  

o n ?  t e  u n -  

a n d  a D p e a r e d  

d e d  t o  t w o  

n e  r i n g ,  i t  

a n d  74.51) 

t h a n  t h e  r e s p e c t i v e  c a r b o n  ( 6, 7 1 . 5 2  a n d  7 1 . 7 1 )  a t t a c h e d  

t o  t h e  f l a v a z o l e  r i n g .  

E x a m i n a t i o n  o f  t h e  r e p o r t e d "  a s s i g n m e n t  c f  t h e  c a r b o n  

s p e c t r u m  o f  a m o d e l  c o m p o u n d  6 , 7 - d i m e t h y l q u i n o x a l i n e  ( 1 3 )  

i n d i c a t e d  t h a t  t h e  mos t  d e s h i e l d e d  c a r b o n s  w e r e  C-3 a n d  

C-3. A t e n t a t i v e  a s s i g n m e n t  o f  c a r b o n s  o f  t h e  s t u d i e d  

c o m p o u n d s  c o u l d  b e  d o n e  by c o n s i d e r i n g  t h e  s u b s t i t u e n t s  o n  

t h o s e  p o s i t i o n s  i n  t h e  f i r s t  s e r i e s  2 ,  5 a n d  6 ( T a b l e  2 )  

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

a r o m a t i c  c a r b o n  a t o m s  o f  m o n o s u b s t i t u t e d  b e n z e n e  w h i c h  c a n  

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

a d d i t i v i t y .  T h u s ,  c o m p o u n d  6 h a s  - C H O H  o n  C-7 a n d  -COF!HI!HPh 

on  C-2. The  f o r m e r  may c s u s e  a s u b s t a n t i a l  d o w n f i e l d  s h i f t  
Pb 
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984 RASHED ET AL. 

T a b l e  2 .  

1 3 C  NMR s p e c t r a  f o r  compounds 2 - 6 .  

Compound No. 

A s s i g n m e n t  13a  2 5 6 
--- 

Me 
Me 
Me 
Me 
H - C - O -  
c = o  

Q u i n o x a l i n e  r i n g  - .- 
c - 2  1 4 3 . 7 7  
c - 3  1 4 3 . 7 7  
c - 5 c  1 2 8 . 1 6  
C-6b 1 4 0 . 2 3  
C - 7 b  1 4 0 . 2 3  
C -8' 1 2 8 . 1 6  

c - 1 c  1 4 1 . 7 4  
c -.9 1 4 1 . 7 n  

P h e n y l  g r o u p  

C ' - 1  
C ' - 2 , 6  
C ' - 3 , 5  
C '  - 4  

1 8 . 7 9  
1 9 . 4 0  
2 0 . 4 0  2C .50  2 0 . 3 2  
2 0 . 6 4  2 0 . 8 1  2 0 . 5 e  
7 4 . 5 1  8 1 . 2 8  7 3 . 5 7  

162  . 6 8  1 6 6 . 4 5  1 6 4 . 4 4  

1 5 5 . 5 8  
1 5 8 . 0 2  
1 3 8 . 5 8  
142  . e 2  
1 4 2 . 7 0  
1 3 8 . 3 7  
1 4 3 . 7 1  
1 4 5 . 2 8  

1 4 5  . 3 6  
1 5 8 . 0 4  
1 2 9  - 7 2  
1 4 3 . 3 3  
1 1 6 . 8 8  
1 2 9 . 4 1  
1 4 2 . 8 7  
1 4 3 . 4 5  

147 . 2 8  
1 5 5 . 1 3  
1 2 9 . 8 0  
1 4 1  . e 5  
1 4 0 . 6 7  
1 3 0 . 6 0  
1 4 2 . 2 6  
1 4 3 . 8 3  

1 3 6 . 0 3  134 . 5 6  1 3 8 . 4 7  
1 2 7 . 5 5  1 2 6 . 7 5  1 2 7 . 1 7  
1 2 8 . 4 4  1 2 8 . 9 6  1 2 7 . 7 E  
1 2 8 . 1 4  1 2 8 . 4 2  1 2 7 . 2 3  

P h e n y l  g r o u p  o n  t h e  h y d r a z o n e  o r  d i a r n i n e  r e s i d u e s  

C " - 1  1 2 8 . 9 7  1 4 0 . 6 2  
C " - 2  134 . 5 8  1 1 3 . 4 4  
C ' I - 1  1 2 6 . 2 4  1 2 7 . 7 8  
c " -4  1 2 9 . 7 2  1 2 1  . I 2  
C " - j  1 2 7 . 2 6  1 2 7 . 7 e  
C " - 6  127  . 2 2  1 2 7 . 4 4  

a Corrpound 1 3  i s  6 , 7 - d i 1 ~ e t h y l q u i c o x a l i n e  2 0  . 

b 9 c  A s s i g n m e n t s  may b e  i n t e r c h a n g e d .  
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SPECTRAL CHARACTERISTICS OF REACTION PRODUCTS 985 

c - 1 0 .  

s t a n t  

f u s e d  

r i n ?  

a l k y l  

o f  t h e  r e s o n a n c e  o f  C - 3  c o m p a r e d  t o  t h a t  o f  C - ? ,  a n d  a 

s l i g h t  u p f i e l d  s h i f t  may b e  e x p e r i e n c e d  on C - 2 ,  C - 9  a n d  

On t h e  o t h e r  h a n d ,  t h a t  g r o u p  on  C - 3  may c a u s e  a s u b -  

a 1  d o w n f i e l d  s h i f t  o f  t h e  r e s o n a n c e  o f  C - l o .  

C o r p o u n d  5 c o u l d  b e  c @ r ! s i d e r e d  a s  6 b u t  h a v i n r  a 

l a c t o n e  r i n 9  t o  C - 2  a n d  C - ?  p o s i t i o n ; .  The  l a c t o n e  

may a f f e c t  t h o s e  p o s i t i o n s  a s  i t  d o e s  ar. e s t e r  a n d  

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

c y c l i c .  I t  c a n  b e  c o n c l u d e d  t h a t  a d o w n f i e l d  s h i f t  o f  t h e  

r e s o n a n c e  o f  C - 3  may b e  m o r e  t h a n  t h a t  o f  C - 2 .  W h i l e  t h a t  

g r o u p  o n  C - 2  may n o t  c a u s e  a n  e f f e c t  or! o t h e r  c a r b o n s ,  t h a t  

o n  C - 3  may c a u s e  a d o w n f i e l d  s h i f t  on C-10.  

T h e  c a r b o n  a t o m s  o f  2 w e r e  a s s i g n e d  by  c o m p a r i s o n  

w i t h  t h e  s p e c t r u m  o f  6 , 7 - d i m e t h y l q u i n o x a l  i n e  ( 1 3 )  a s  w e l l  

as  b y  s i m i l a r  a r g u m e n t s  t h a t  w e r e  u s e d  f o r  compound 6 .  

p o u n d s  

p h e n y l  

a n d  w 

h e  c a r b o n  a s s i g n m e n t s  o f  t h e  s e c o n d  s e r i e s  o f  c o p -  

8-10 w e r e  c o l l e c t e d  i n  ( T a b l e  3 ) .  T h e  c a r b o n s  o f  t h e  

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

t h  t h e  p a r e n t  c o n p o u n d .  T h e  c a r b o n s  o f  t h e  p h e n y l -  

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

p h e n y l  h y d r a z o n e s .  

M a s s  S p e c t r a .  The  mass s p e c t r u r  o f  7 d i d  n c t  s h o c  t h e  

m o l e c u l a r  i o n  p e a k  a t  m/z 3 9 8 ;  b u t  t h e  h i g h e s t  mass  i o n  

a p p e a r e d  a t  m/z 380 d u e  t o  t h e  l o s s  o f  a m o l e c u l e  o f  w a t e r  

(Scheme 3 ) .  T h e  s t r u c t u r e  o f  t h a t  i o n  was g i v e n  a s  8 w h i c h  
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T a b l e  3 .  

I 3 C  NMR s p e c t r a  f o r  compounds 8-10. 

C o m p o u n d  N o .  
~~ 

A s s i g n m e n t  8 9 10 

Me 1 9 . 9 5  2 0 . 2 4  2 0 . 2 8  
14 e 2 0 . 4 2  2 0 . 6 1  2 0 . 6 6  
M e 2 1 . 2 1  
t r - C - 0 -  8 2 . 8 3  7 1 . 5 2  7 1  . 7 1  
c - 0  1 7 0 . 2 4  
C -  N 1 4 3 . 3 8  1 4 7 . 3 0  1 4 4 . 4 6  

C u i n o x a l i n e  r i n o  

c - 2  
c - 3  
c - 5 c  
C-6b 
C-7b  
C - 8 ~  
c - 9  
c - 1 0  

1 3 8 . 0 1  142 .77  
1 3 7 . 7 7  142 .54  
1 2 6 . 4 6  1 2 6 . 8 3  
1 3 7 . 7 1  141  . 5 9  
137 .24 1 3 9 . 9 7  
1 2 8 . 8 1  1 2 7 . 6 6  
1 3 9 . 3 5  1 3 9 . 3 2  
1 3 7 . 7 7  1 3 9 . 2 2  

1 4 2 . 4 9  
1 4 2 . 4 6  
1 2 7 . 6 6  
1 3 9 . 3 6  
1 1 9 . 0 8  
1 2 7 . 6 6  
1 ? 7 . 6 @  
1 3 7 . 6 0  

P h e n y l  g r o u p  

C ' - I  1 3 5 . 1 1  1.14.91 175 . 0 6  
C ' - 2 , 6  1 2 8 . 1 1  127 . 9 0  1 2 8 . 0 3  
c ' - 3 , 5  1 2 9 . 3 6  1 2 9 . 1 1  1 2 9 . 1 1  
c ' - 4  1 2 8 . 7 1  3 2 8 . 7 1  1 2 8 . 5 5  

P h e n y l  g r o u p  on  t h e  h y d r a z o n e  

C " - 1  1 4 1  . I 3  1 4 0 . 7 5  1 4 0 . 7 2  

C " - 3 , 5  1 2 7 . 3 5  1 2 8 . 4 8  1 2 8 . 4 9  
C " - 4  1 2 2 . 0 5  125 . 5 5  1 2 5 . 6 7  

C " - 2 , 6  1 1 3 . 0 1  1 1 9 . 7 8  1 2 0 . 1 0  

b , c  A s s i c n w e n t s  R a y  b e  i n t e r c h a n g e d  
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SPECTRAL CHARACTERISTICS OF REACTION PRODUCTS 987 

Me 

Scheme 3 

i s  t h e  m o l e c u l a r  i o n  p e a k  c f  c o p p o u n d  8 .  Thus t h e  r e s t  o f  

s o e c t r a  o f  7 a n d  8 a r e  i d e n t i c a l ,  e x c e p t  f c r  a n  i o n  a t  

m/; 306  d u e  t o  t h e  l o s s  o f  PhE!P f r c r  7 ;  t h e  l o s s  o f  t h a t  

f r a o m e n t  f r o m  8 g a v e  i o n  a t  m/z 288.  T r a n s f e r  o f  a p r o t o n  

f rom t h e  h y d r a z o n e  r e s i d u e  t o  t h e  q u i n o x a l i n e  r i n g  i n  @ 

f o l l o w e d  by a l o s s  o f  P h N 2  gave  a n  i o n  a t  m/z 2 7 5  which  was 

t h e  t h i r d  l a r q e s t  peak i n  t h e  s p e c t r u m .  The l a t t e r  i o n  

__ 
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ml;t 303 

( 5  
,. 

Ph 

m l z  289 

N-MiPh 

Me MeayJ . 
303 

17 - 

OH 

1 
Ph 

f'h 

m& 380 
15 

Me 
Fh 

rnn 303 

18 
N 

Scheme 4 

underwent v a r i e t y  o f  l o s s e s  t o  g i v e  i o n s  a t  - m / z  2 5 7 ,  2 4 6 ,  

a n d  1 6 9 .  

The h y d r a z i d e  6 d i d  no t  show t h e  t r o l e c u l a r  ion peak 

a t  m/z 39@, b u t  a l o s s  o f  w a t e r  molecule  g a v e  t h e  ion a t  

- m/z 380 which c o u l d  b e  a s s i g n e d  t h e  s t r u c t u r e  1 4  o r  1 5 .  

F u r t h e r  loss o f  P h  Gave t h e  second l a r g e s t  peak a t  m / z  303 

which may have t h e  t h r e e  s t r u c t u r e s  16-18 (Scheme 4 1 .  

- 
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Me Me 

r n l t  426 - 
2 
N 

m/z 156 - 

H 8 
Me Me 

Z z  398 

mlz 290 

-5 - \ 

Me Me 

mlz 27L 

Me Me 

mlz 262 

Scheme 5 
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CHOAC 
I 
Ph 

F H O  

bh 

mtn 319 

\ 
Ph 

Ph 

p& 363 mL2 1 7 5  

Scheme 6 

The  s p e c t r a  o f  5 a n d  2 s h o w e d  t h e  h i g h e s t  mass  i o n  

a t  t h e  same __ m / z  2 9 0  w h i c h  i t  was c o r r e s p o n d i n g  t o  t h e  

m o l e c u l a r  i o n  p e a k  o f  5 .  T h e  s p e c t r u m  o f  2 s h o w e d  t h a t  i o n  

m/z  2 9 0  a s  a r e s u l t  o f  t h e  l o s s  o f  d i a m i n e  f r o m  2 .  T h e  

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

e x t r a  i o n s  f o r  2 a t  m/z 2 6 3  r e s u l t i n 9  f r o m  a c l e a v a o e  o f  

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

t h e  s i d e  c h a i n  g a v e  m/z 1 5 6  ( S c h e m e  5 1 .  A n o t h e r  s e r i e s  o f  

- 
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SPECTRAL CHARACTERISTICS OF REACTION PRODUCTS 99 1 

T a b l e  4 .  

Mass s p e c t r a  f o r  compounds 2 - 10. 

C o m p d .  
No. m /  z - 

2 4 2 6 ( 4 1 ) ,  4 0 8  
3 1 9 ( 4 0 ) ,  3 0 3  
2 6 1 ( 2 5 ! ,  2 4 5  
1 4 7 ( 9 6 ) ,  1 3 6  
and 7 7 ( 2 5 1 .  

R e l a t i v e  i n t e n s i t y ,  % )  

5 2 9 0 ( 1 0 0 1 ,  2 4 6 ( 1 6 ) ,  2 4 5 ( 1 9 ) ,  2 3 4 ( 2 1 ) ,  1 5 7 ( 4 ) ,  1 3 6 ( 6 ) ,  
1 1 6 ( 1 ) ,  1 0 5 ( 2 ) ,  8 9 ( 4 )  a n d  7 7 ( 2 5 ) .  

i o n s  appea red  in t h e  spec t rum o f  2 which r e s u l t e d  from 

t h e  l o s s  c f  H20 f r o p  t h e  m o l e c u l a r  i on  p e a k  followed b y  

l o s s  o f  CO?. 

T h e  s p e c t r a  o f  9 a n d  10 showed t h e  r e s p e c t i v e  

molec(J1ar ion peaks  a t  __ P / Z  3PO a n d  4 2 2 .  L o s s  o f  A C  a n d  
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992 RASHED ET AL. 

C P 2 = C = C  f r o n .  10 Gave  i o n s  a t  - m / z  3 7 9  a n d  3 8 C  r e s p e c t i v e l v .  

T h e  f o r m e r  i o n  was t h e  s e c o n d  l a r g e s t  p e a k  f c r  I 0  w h e r e a s  

t h a t  i o n  o f  9 was a t  - m / z  2 7 5  a n d  c o r r e s p o n d i n ?  t o  t h e  

loss  o f  t h e  s i d e  c h a i n  2 t  p o s i t i o c  3 .  T h e  i o n s  a t  - i r / z  2 7 3 ,  

2 7 4 ,  ancl 275 a r e  t h e  i o n s  a p p e a r i n g  i n  t h e  s e r i e s  o f  

n u c l e o s i d e  a n a l o g u e s  a n d  a s s i g n e d  a s  8, B t l ,  a n d  B + 2  w h e r e  

B i s  t h e  h e t e r o c y c l i c  r i n g  ( S c h e m e  6). T h e  mass  s p e c t r a l  

d a t a  c f  t h e  compounds  a r e  g i v e n  i n  T a b l e  4 .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  w i t h  a I d e l t e m p  a p p a r a t u s  

a n d  a r e  u n c o r r e c t e d .  ' H  NMR s p e c t r a  w e r e  d e t e r m i n e d  w i t h  a 

V a r i a n  EM-39[! a n d  X L  300 s p e c t r o m e t e r s  f o r  s o l u t i o n s  i n  

c h 1 o r 0  f o r m - d  or  d i m e t  hy 1 s u 1 f o x i  d e  -d  6 w i t h t e t  r a  m e t  hy 1 s i 1 a n e  

( S i M e 4 )  as a r e f e r e n c e .  I 3 C  NMR s p e c t r a  w e r e  d e t e r m i n e d  

w i t h  a V a r i a n  X L  75  s p e c t r o m e t e r .  T h e  s p e c t r a  a r e  r e p o r t e d  

w i t h  c h e m i c a l  s h i f t s  ( p p m )  d o w n f i e l d  f r o s  ( S i M e 4 ) .  M a s s  

s ~ e c t r a  w e r e  r e c o r d e d  w i t h  a F i n n i g a n  4 0 2 1 8  p a s s  s p e c t r o -  

m e t e r ,  w i t h  a n  i o n i z a t i o n  e n e r o y  o f  7C ev ,  a t  t e m p e r a t u r e  

i n  t h e  i o n  s o u r c e  2 5 0 .  T h e  d e t a i l s  o f  a p a r t  o f  t h e  e x p e r i -  

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

was made i n  t h e  U n i t  o f  P ! i c r o a n a l y s i s ,  C a i r o  Un v e r s i t y .  

2-Hydroxy-4-phenyl - te tronimide  ( 1 ) .  

I t  was p r e p a r e d  b y  m e t h o d  o f  Dahn ,  a . p .  1 7 4 - 1 7 7 '  

( l i t . -  r ? . p .  1 7 2 - 1 7 7 ' ) ;  ' H  NF!E ( H e 2 S G - d 6 )  6,: 3 . 9 5  ( b s ,  2 7 

H ,  2 O H ) ,  5 . 4 0  ( 5 ,  1 H, H-41,  7 . 2 2 - 7 . 4 1  ( m ,  5 H, P h ) ,  a n d  

8 . 7 0  ( s ,  I H, N H ) .  
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5-Phenyl-2,3,4-furantrione ( 3 1  - 
To a s u s p e n s i o n  o f  compound  I ( 1 . 9 1  9 ,  0 . 0 1  m o l )  i n  

a c e t o n e  ( ! 5  m L )  a n d  2 ?! s u l p h u r i c  a c i d  ( 2 5  c L ) ,  a s o l u t i o n  

o f  10'- s o d i c ~  n i t r i t e  ( 1 5  m L )  was a d d e d  d r o p  b v  d r o p  w i t h  

s t i r r i n o  a t  O0. T h e  r e a c t i o n  m i x t u r e  was l e f t  o v e r n i o h t .  

T h e  p r o d u c t  was w a s h e d  w i t h  w a t e r ,  d r i e d  a n d  c r y s t a l l i z e d  

f r o m  e t h a n o l ,  v . p .  1 2 6 - 1 2 9 '  ( l i t . 7  m . p .  1 2 5 - 1 3 6 ' ) ;  ' P  NMR 

(Me2SO-dg)  6 E: 3 . 6 0  ( s ,  4 H, 4 O U ) ,  5 . 4 5  ( s ,  1 t ! ,  H - 5 ) ,  a n d  

7 . 5 5  ( s ,  5 t!, P h ) .  

3- [ 2 -Hy d r o x y  -2 -p  h e n y  1 - 1 - ( p h e n y  1 h y d r a  z o n  e 1 e t hy 1 3 -6,7 -d i me t hy 1 - 

2 (  1 H )  - q u i n o x a  1 i n o n e  ( 7 ) a n d  3-1 h y d r o x y p h e n y l  m e t  hy l  ) -6,7 - d i  - 
m e t h y  l q u i  n o x a  1 i n - 2 - c a  r b o x y  1 i c a c i  d p heny 1 h y d r a z i d e  ( 6 )  . 

A s o l u t i o n  o f  c o r p o u n d  3 ( 2 . 5 3  g ,  0.01 p o l !  i n  

m e t h a n o l  ( I @  m L )  was  t r e a t e d  w i t h  a s o l u t i o n  o f  1 , 2 -  

d i a m i n o - 4 , 5 - d i m e t h y l b e n z e n e  ( 1  . 6  g ,  0 . 0 1  moll i n  r r e t h a n o l  

( 5  ml), t h e  m i x t u r e  w a s  b o i l e d  f o r  2 m i n .  on a w a t e r - b a t h ,  

a n d  p h e n y l h y d r a z i n e  ( 1 . 1  g ,  0 . 0 1  r r o l )  was t h e n  a d d e d .  T h e  

m i x t u r e  was f u r t h e r  b o i l e d  u n d e r  r e f l u x  f o r  I @  m i n ,  a n d  

k e p t  o v e r n i g h t  a t  r o o v  t e m p e r a t u r e .  Th? r e d  h y d r a z o n e  7 

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

f r o r ?  e t h a n o l  ( y i e l d :  3 . 0 2  g ,  8 0 % i ,  m . p .  235-237 '  ( l i t 2 ! .  

2 3 5 - 2 3 7 ' ) .  T h e  h y d r a z i d e  6 was i s o l a t e d  f r o p  t h e  w o t h e r  

l i q u o r  i n  y e l l o w  n e e d l e s  ( y i e l d  ? . 3 n  9,  1 0 % ) .  I t  was 

r e c r y s t a l l i z e d  f r o m  e t h a n o l ,  m . p .  193-195 ' :  I R  3 3 8 0  ( O H ) ,  

3280  a n d  3 0 8 0  ( N H ) ,  170P (CON), 1 6 8 @  s h  ( C = h ' )  a n d  1 6 0 2  

( C = C ) .  E l e e .  a n a l .  f o u n d  ': ( C a l c d .  f o r  C 2 n H 2 2 K q 0 2 ) :  C ,  7 2 . 6  

( 7 2 . 3 ) ;  H ,  5 . 6  ( 5 . 6 ) ;  E:, 1 3 . P  ( 1 4 . 1 ) .  
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3 - (  Hy d r o x y p  heny 1 w e t  hy 1 -6 ,7  -d  i met hy  1 -1 - p  heny  1 f 1 a v a z o l  e, ( 9 )  

was p r e o a r e d  f r o n :  7 by t h e  a c t i o n  o f  0 . 0 1  !! s o l u t i o n  o f  

sod  i urn hy d r o  x i de , 3 -  ( A c e t  o x y p  h e n y  1 met hy 1 ) - 
6,7-dimethyl-l-phenylflavazole ( was p r e p a r e d  by t h e  

a c e t y  1 a t i on o f  9 ,  m . p . 1 3 6 - 1 38'. 2 ,3 -D  i h y d r o - 6 , 7  -d  i met hy 1 - 
3 -pheny  1 h y d r a z o n o - 2  -pheny  1 f u r o [ 2 , 3 - b  I q u i  n o x a  1 i ne ( 8 )  2 1  was 

p r e p a r e d  by  t h e  a c t i o n  o f  a c e t i c  a n h y d r i d e  i n  p y r i d i n e  on 

7 ,  m.p. 225-227'.  2-(2-Arnino-4,5-dimethylphenylcarbamoyl)- 

3-(hydroxyphenylmethyl)-6,7-dimethylquinoxaline (2)" w a s  

p r e p a r e d  f r o m  3 by  r e a c t i o n  w i t h  t w o  e q u i v a l e n t s  o f  4 b ,  

m . p . I 9  2 - 1 0  5 . 3 - ( H y d r o  xy p h e n y  1 met  hy  1 ) -6,7 - d  i met  hy 1 q u i no xa 1 i n - 

2 - ~ a r b o x y l i c - ~ - 1 a c t o n e  (5j2' was p r e p a r e d  by r e f l u x i n g  B 

s o l u t i o n  o f  2 ( 0 . 1  g, 0 .23  m o l )  i n  m e t h a n o l  ( 2 0  m t )  and 

h y d r o c h l o r i c  a c i d  ( 1  rnt )  f o r  2 h .  T h e  p r o d u c t  was f o u n d  t o  

b e  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  f r o n  t h e  r e a c t i o n  o f  3 

w i t h  a m o l a r  e q u i v a l e n t  o f  4 .  I t s  m.p.  and  n i x e d  m.p. 2 0 3 -  

205'. 

m . p . 1 5  0- 1 5  3' . 
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