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RECENT DEVELOPRENTS I N  THE CHERISTRY OF YLIDENE AZOLONES 
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Depar tment  o f  Chemis t ry ,  F a c u l t y  o f  Science, C a i r o  U n i v e r s i t y ,  

Giza, A.R. E g y p t  

A b s t r a c t  - The r e c e n t  deve lopments  i n  t h e  c h e m i s t r y  o f  y l i d e n e  

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

d iscussed .  

INTRODUCTION: 

K,O-Unsaturated a z o l o n e s  a r e  v e r s a t i l e  r e a g e n t s  a n d  t h e i r  c h e m i s t r y  has, i n  t h e  

p a s t ,  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n .  I n t e r e s t  i n  t h e  c h e m i s t r y  o f  t h i s  c l a s s  o f  

compounds h a s  r e c e n t l y  been revived1-' .  Y l i d e n e  a z o l o n e s  h a v e  r e c e n t l y  r e v e a l e d  

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

9 s y n t h e s i s  . D e r i v a t i v e s  o f  t h e  t y p e  1  a r e  g e n e r a l l y  o b t a i n e d  v i a  c o n d e n s a t i o n  o f  
w 

a c t i v e  m e t h y l e n e  h e t e r o c y c l e s  w i t h  a ldehydes ,  ketones,  o r t h o e s t e r s ,  a m i d i n e s  o r  

n i t r i l e s .  Such approaches  a r e  w e l l  f a m i l i a r  and known d e r i v a t i v e s  o f  s e v e r a l  h e t -  

e r o c y c l i c  r i n g  sys tems a s  w e l l  a s  t h e i r  methods of p r e p a r a t i o n  h a v e  been p r e v i -  

i o u s l y  surveyedq0.  I n  t h e  p r e s e n t  m a n u s c r i p t  we a r e  g o i n g  t o  s u r v e y  r e l e v a n t  i m -  

p o r t a n t  deve lopments  a n d  u t i l i t i e s  o f  t h i s  c l a s s  o f  compounds. I t  was n o t  t h e  

P l a n  t o  make a n  e n c y c l o p e d i c  scan  f o r  t h e  s u b j e c t  b u t  r a t h e r  t o  s u r v e y  i n  one  

a r t i c l e  t h e  l i t e r a t u r e  o n  t h i s  c l a s s  o f  compounds. T h i s  s u r v e y  seems t o  b e  u s e f u l  

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

CHEmICAL PROPERTIES AND REACTIONS: 

I n  compounds 1  t h e  p r e s e n c e  o f  a  k a t o  g r o u p  ad jacen t  t o  an & , a - u n s a t u r a t e d  l i n k -  .., 
age a c t i v a t e s  t h e  l a t t e r  t o w a r d  n u c l e o p h i l i c  reagents.  Thus, such  d o u b l e  bonded 

sys tems behave  l i k e  cha lkones ,  enamino k e t o n e s  and t h e  0 - k e t o  e n o l s  ''-l4. A l s o  



t h e  p r e s e n c e  o f  t h e  & , & u n s a t u r a t e d  l i n k a g e  a c t i v a t e s  t h e  h e t e r o  r i n g  t o w a r d  a va r -  

i e t y  o f  r e a g e n t s .  The r e a c t i o n s  t h a t  a r e  g o i n g  t o  b e  s u r v e y e d  a r e  t h o s e  which t a k e  

p l a c e  a t  t h e  d o u b l e  bond, a t  t h e  r i n g  c a r b o n y l  o r  on  b o t h  m o i e t i e s .  

1- R e a c t i v i t y  t o w a r d  a c t i v e  m e t h y l e n e  r e a g e n t s :  

The e x o c y c l i c  d o u b l e  bond i n  a r y l i d e n e  a z o l o n e s  h a s  been  o b s e r v e d  t o  b e  h i g h l y  

a c t i v e  a c c e p t o r  i n  N i c h a e l  a d d i t i o n  r e a c t i o n ~ ! * ~ " ~ ~ ~ ~ h u s ,  m a l o n o n i t r i l e ,  e t h y l  

c y a n o a c e t a t e  a n d  b e n z o y l a c e t o n i t r i l e  h a v e  been  r e p o r t e d  t o  a d d  t o  t h e  e x o c y c l i c  

Chart 1 
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d o u b l e  bond i n  4-arylidene-2-isoxazolin-5-one d e r i v a t i v e s  17 ,18  ( z a )  a n d  i n  4-ary- 

l i d e n e 2 - p y r a z o l i n - 5 - o n e  d e r i ~ a t i v e s l ~ ' ~ ~  ( z c ) .  Harhash e t  a l l 7  h a v e  a s s i g n e d  t h e  

a c y c l i c  s t r u c t u r e  3  f o r  t h e  f o r m e d  p r o d u c t s .  R e c e n t l y ,  0 t t o - ~ c h m e l t z l ~  a n d  E l n a g d i  
rJ 

e t  a14*1g h a v e  p r o v e d ,  b a s e d  o n  'H-NRR d a t a ,  t h a t  t h e s e  a d d u c t s  a r e  i n  f a c t  t h e  

i s o m e r i c  c y c l i c  e n a m i n o p ~ r a n s  5 a n d  2. A c e t y l a c e t o n e  a f f o r d e d  t h e  p y r a n o  [2,3-dl- 

i s o x a z o l e  d e r i v a t i v e s  5 o n  r e a c t i o n  w i t h  a r y l i d e n e - i s o x a z o l o n e s  u n d e r  s i m i l a r  r e -  

17  a c t i o n  c o n d i t i o n s  . 
The  r e a c t i o n  o f  b r o m o m a l o n o n i t r i l e  w i t h  :a a n d  $ h a s  been  r e p o r t e d  t o  a f f o r d  t h e  

c o r r e s p o n d i n g  c y c l o p r o p a n e  d e r i v a t i v e s  :a,b2O p r o b a b l y  f o r m e d  v i a  i n t e r m e d i a c y  o f  

1 7  t h e  a c y c l i c  N i c h a e l  t y p e  a d d u c t s  s i m i l a r  t o  t h o s e  p o s t u l a t e d  by H a r h a s h  e t  e l  . 
However,  t h e  p o s s i b i l i t y  t h a t  t h e  d i c y a n o c a r b e n e  is  t h e  r e a c t i v e  s p e c i e s  c a n  n o t  

b e  r u l e d  o u t 1 ?  ( c f .  C h a r t  1 ) .  I n  c o n t r a s t  t o  t h e s e  f i n d i n g s ,  S t a c h e l  e t  a l Z 1  h a v e  

r e c e n t l y  r e p o r t e d  a  n o v e l  p y r r o l e  s y n t h e s i s  v i a  r e a c t i o n  o f  2 - p h e n y l - 4 - a r y l i d e n e -  

2 - o x a z o l i n - % o n e s  (2) w i t h  e t h y l  c y a n o a c e t a t e .  The a u t h o r s Z 1  h a v e  shown t h a t  

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

d u c t  2 which c o u l d  b e  c y c l i s e d  i n t o  d i f f e r e n t  p y r r o l o n e  d e r i v a t i v e s  (10  o r  11) 
CC 

b a s e d  o n  t h e  c y c l i s a t i o n  r e a c t i o n  c o n d i t i o n s .  The r e a c t i v i t y  o f  !a t o w a r d  o t h e r  

a c t i v a t e d  m e t h y l e n e  r e a g e n t s  h a s  b e e n  r e c e n t l y  i n v e s t i g a t e d .  Whereas  t h e  r e a c t i o n  

w i t h  b e n z o y l a c e t o n i t r i l e  a f f o r d e d  t h e  a c y c l i c  a c i d  ( 1 2 ) ,  t h e  r e a c t i o n  w i t h  a c e t y l -  
dd 

a c e t o n e  y i e l d e d  t h e  pyranoI3 .2 -d ]oxazo le  d e r i v a t i u e s  1 3 2 2  ( c f .  C h a r t  2). 
4 U  
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R e c e n t l y ,  Daboun e t  a19  r e p o r t e d  t h a t  5-arylidene-4-imidazolidinone-2-thiones 'VV 

r e a c t e d  w i t h  m a l o n o n i t r i l e  t o  g i v e  p y r r o l o [ l ,  2-c] i m i d a z o l e s  ( ~ z )  o r  p y r a n o  [2, > d l -  

i m i d a z o l e s  (;%) a c c o r d i n g  t o  t h e  a b s e n c e  o r  p r e s e n c e  o f  s u b s t i t u e n t s  a t  p o s i t i o n  1. 

The d o u b l e  bond i n  a r y l i d e n e  a z o l o n e s  h a s  b e e n  a l s o  r e p o r t e d  t o  a d d  t o  t h e  a c t i v e  

m e t h y l e n e  a z o l o n e s  23-25 t o  a f f o r d  b i r a d d u c t s  a s  shown from t h e  f o l l o w i n g  example:  

Sir n i l  ar t o  t h e  b e h a \  r i o u r  o  

C6H5 

f  b e n z y l i d e n e  I 

a m i n o m e t h y l e n p 2 - p y r a z o l i n - E o n e  r e a c t e d  w i t h  a c t i v e  m e t h y l e n e  r e a g e n t s  t o  g i u e  

t h e  p y r a n o  [ z ,  s c l p y r a z o l i n e  d e r i v a t i v e s  ( ~ 5 )  p r o b a b l y  f o r m e d  v i a  m i c h a e l  t y p e '  
2  

a d d i t i o n ,  e l i m i n a t i o n  o f  d i m e t h y l a m i n e  a n d  c y c l i s a t i o n  ( c f .  C h a r t  3) .  
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Jns w i t h  d i ;  met 

Chart 3 

5-ones (Bc)  and 1,3-diphenyl-5-arylidene-4-imidazolidinone-Z-thione (;$c) r e a c t e d  
N 

w i t h  d iazomethane  t o  a f f o r d  t h e  c o r r e s p o n d i n g  cyclopropane d e r i v a t i v e s  22, 20a, b, d  
N I  

and 21  respective^^^^-^^. On t h e  o t h e r  hand, m e t h y l a t i o n  as  w e l l  as  c y c l o p r o p a n e  
-&., 

f o r m a t i o n  were o b s e r v e d  when 2-phenyl -4 -ary l idene-2- imidazo l in -5 -ones  ( z c ,  R = H )  
34 

. . 
and 3 - p h e n y l - 5 - a r y l i d e n e - 4 - i m i d a z o l i d i n o n e - 2 - t h i o n e  ( 1 4 1 ~ ) ~ ~  r e a c t e d  w i t h  e t h e r e a l  

m* 



diazomethane t o  a f f o r d  20c and 2; r e s p e c t i v e l y .  
N.4 

I n  c o n t r a s t  t o  t h e  above ment ioned o b s e r v a t i o n s ,  3 - a r y l - E a r y l i d e n e - 2 . 4 - t h i a z o l i 6  

enediones (52) r e a c t e d  w i t h  e t h e r e a l  d iazomethane t o  y i e l d  t h e  c o r r e s p o n d i n g  C- 

38 rne thy la ted  d e r i v a t i v e s  (24)  . 
nrr 

Treatment o f  E a r y l i d e n e - 4 - t h i a z o l i d i n o n e - 2 - t h i a n e  ( z i b )  w i t h  gaseous d iazomethane 

gave m i x t u r e s  o f  N-methyl and S-methyl d e r i v a t i v e s  (25  and 2 ~ ) ~ ' .  A l i n e a r  co r re -  
Ir.4 Ir- 

l a t i o n  e x i s t s  between t h e  l o g  o f  t h e  r e l a t i v e  y i e l d s  (N-methyl/S-methyl) and sub- 

s t i t u e n t  c o n s t a n t s  o f  t h e  s u b s t i t u t i o n  group R'. I n c r e a s i n g  t h e  d i e l e c t r i c  cons t -  

an ts  o f  t h e  s o l v e n t s  i n c r e a s e d  t h e  r e l a t i v e  y i e l d s  o f  N-methyl d e r i v a t i v e s .  I n  

amines l i k e  t r i e t h y l a m i n e  and a n i l i n e ,  o n l y  t h e  S -me thy l t h i azo lone  d e r i v a t i v e  i s  

t he  s o l e  i s o l a b l e  r e a c t i o n  p r o d u c t  ( c f .  Cha r t  4). 

I t  has  been r e p o r t e d  a l s o  t h a t  t h e  e x o c y c l i c  doub le  bond i n  27a appears s t a b l e  
F,- 

t owa rd  t h e  a c t i o n  o f  e t h e r e a l  d iazomethane and o n l y  t h e  S-methyl d e r i v a t i v e s  L z b  

were forrned40. O n  t h e  o t h e r  hand, 2 -benzy lmercapto-5-ary l idene-2- th iazo l in -5 -ones  

(N'd) a f f o r d e d  t h e  C-methyl d e r i v a t i v e s  28 t o g e t h e r  w i t h  t h e  cyc lop ropane  d e r i v -  
NN 

41 a t i v e s  29 on  t r e a t m e n t  w i t h  t h e  same r e a g e n t  . 
IUW 
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3- R e a c t i o n s  w i t h  G r i g n a r d  r e a g e n t s :  

* , R - U n s a t u r a t e d  a z o l o n e s  a r e  w e l l  known t o  undergo  1 , b - a d d i t i o n  o f  G r i g n a r d  r e -  

a g e n t s  o n  t h e  a c t i v a t e d  d o u b l e  band l e a d i n g  t o  t h e  f o r m a t i o n  o f  s a t u r a t e d  4-ara- 

l k y l  o r  a l k y l  s u b s t i t u t e d  a z o l o n e s  (2:). 24,259 36,37942-7'3 mustafa and  ~ ~ ~ h ~ ~ h ~ 1  

h a v e  r e p o r t e d  t h a t  4 - a r y l i d e n - 2 - i m i d a z o l i n - 5 - o n e s  ( 8 c )  d r e a c t e d  w i t h  G r i g n a r d  r e -  

a g e n t s  v i a  1 , L - a d d i t i o n  o f  t h e  r e a g e n t  t o  t h e  c a r b o n y l  g r o u p  t o  a f f o r d  t h e  c o r r -  

e s p o n d i n g  n y d r o x y i m i d a r o l e  d e r i v a t i v e s  31. LN However, Awad e t  a l"  h a v e  c o r r e c t e d  

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

1 . 4 - a d d i t i o n  a f f o r d i n g  32. T h e s e  r e s u l t s  w e r e  c o n f i r m e d  l a t e r  when Asker  e t  a 1 6 6 9 7 2  

f o u n d  t h a t  phenylmagnesiurn b r o m i d e  r e a c t e d  w i t h  $c o n  t h e  c o l d  t o  g i v e  22 ( A P ' = P ~ ) .  

On t h e  o t h e r  h a n d ,  compound 52 t o g e t h e r  w i t h  i t s  o x i d a t i o n  p r o d u c t s  2; a n d  25 
w e r e  o b t a i n e d  when t h e  r e a c t i o n  was c o n d u c t e d  a t  t h e  b o i l i n g  p o i n t  o f  t h e  s o l v e n t .  



w h e r e a s  t h e  o x a m l o n e  r i n g  i n  2-phenyl-4-arylidene-2-oxazolin-5-ones(~a) i s  r e a d -  

i ly  o p e n e d  by t h e  a c t i o n  o f  a r y l m a g n e s i u m  h a l i d e s  t o  g i v e  1 , l - d i a r y l - 2 - b e n z o y l -  

aminoc innamyl  a l c o h o l  d e r i v a t i v e s  ($2) t o g e t h e r  w i t h  2 -pheny l -4 -a ry l idene-5 ,5 -d i -  

a r y l - 2 - o x a z o l i n e s  ( 2 2 ) , 7 1 9 7 3 * 7 4  1 , 4 - a d d i t i o n  o f  t h e  r e a g e n t  t o  t h e  d o u b l e  bond 

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

R 

a l k y l -  a n d  a r a l k y l r n a g n e s i u m  h a l i d e s  t o  g i v e  2 ~ ~ ~ ' ~ ~ .  No t e r t i a r y  a l c o h o l  ( o r  t h e  

c o r r e s p o n d i n g  t h i a z o l i n e ) ,  which would h a v e  been  f o r m e d  by t h e  l , 2 - a d d i t i o n  c o u l d  

b e  d e t e c t e d .  

4 - F r i e d e l - C r a f  t s  r e a c t i o n s :  

T r e a t m e n t  o f  2-phenyl-5-arylidene-5(4H)-oxazolones ( 8 a )  w i t h  a r o m a t i c  h y d r o c a r b o n s  
N 

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

:p, f o r m e d  by 1 , 4 - a d d i t i o n  o f  t h e  h y d r o c a r b o n  t o  t h e  4 , R - u n s a t u r a t e d  s y s t e m ,  o r  

39, f o r m e d  v i a  a r y l a t i o n  a n d  a r y l i d e n e  c l e a v a g e ,  d e p e n d i n g  upon s e v e r a l  f a c t o r s .  
N* 

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

r e a c t i o n  a n d  t h e  p r e s e n c e  o f  t r a c e s  o f  m o i s t u r e .  62 ,  75 ,76  

When 4-arylidene-2-isoxazolin-5-ones (2a) 56*57 a n d  2-pheny l -4 -ary l idene-5 (4H)-  
N 

t h i a z o l o n e  ( ~ b ) ~ '  were  t r e a t e d  w i t h  b e n z e n e  i n  t h e  p r e s e n c e  o f  a n h y d r o u s  a l u m i n i u m  

c h l o r i d e ,  l , 4 - a d d i t i o n  t o  t h e  & , 0 - u n s a t u r a t e d  c a r b o n y l  s y s t e m  t o o k  p l a c e  w i t h  t h e  

f o r m a t i o n  o f  $4 and 22b.  No p r o d u c t s  r e s u l t i n g  f r o m a r y l a t i o n  o r  a r y l a t i o n  a n d  

6  1 b e n z y l i d e n e  c l e a v a g e  h a v e  b e e n  i s o l a t e d  . 
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S n i d e r  e t  a177 r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  5-arylidene-4-thiazolidinone-2-thione 

( 2 ; )  w i t h  b e n z e n e  a n d  24 mol o f  a lumin ium c h l o r i d e  c l e a v e d  t h e  a r y l i d e n e  s u b s t i t -  

u e n t  t o  g i v e  4 - t h i a z o l i d i n o n e - 2 - t h i o n e  ( 4 2 )  a n d  t r i p h e n y l c a r b i n o l .  
^)w 

Under  s i m i l a r  c o n d i t i o n s ,  2 , 3 - d i p h e n y l - 5 - a r y l i d e n e - 4 - t h i a z o l i d i n o n e s  ( 4 3 )  a d d e d  
-LM 

b e n z e n e  t o  t h e  u n s a t u r a t e d  l i n k a g e  t o  g i v e  t h e  2 , 3 , 5 - t r i p h e n y l - 5 - a r y l m e t h ~ l - 4 -  

t h i a z o l i d i n o n e  d e r i v a t i v e s  $2. 7  7  

5- R e a c t i v i t y  i n  d i p o l a r  c y c l o a d d i t i o n  r e a c t i o n s :  

Y l i d e n e  a z o l o n e s  seem t o  b e  i n t e r e s t i n g  d i e n e s  and d i e n o p h i l e s .  I n  t h i s  r e s p e c t  

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

r e a c t i o n s .  The  u t i l i t y  o f  t h e s e  r e a g e n t s  i n  t h e  l a t t e r  r e a c t i o n s  h a s  r e c e i v e d  

r e l a t i v e l y  l i t t l e  a t t e n t i o n .  An i n t e r e s t i n g  r e a c t i o n  o f  3 -pheny l -4 -benzy l idene-  

2 - i s o x a z o l i n - 5 - o n e  w i t h  M - c h l o r o b e n z a l d e h y d e  p h e n y l h y d r a z o n e  l e a d i n g  t o  t h e  form- 

a t i o n  o f  1,3,4-triphenylpyrazole-5-carboxylic a c i d  (52) h a s  been  r e p o r t e d 7 ' .  The  

r e a c t i o n  is  b e l e i v e d  t o  p r o c e e d  v i a  t h e  i n t e r m e d i a c y  o f  t h e  s p i r o  compound $2 
7 8  which c o u l d  n o t  b e  i s o l a t e d  . 

However,  t h e  r e a c t i o n  a f  t h e  same b e n z ~ l i d e n e  with b e n z o n i t r i l e  o x i d e  ' a f f o r d e d  

t h e  i s o l a b l e  s p i r o  i s o x a z o l e  d e r i v a t i v e  $17' ( c f .  C h a r t  5 ) .  

O t h e r  s p i r o  p y r a z o l o n e i s o x a z o l i n e s  (28 and  $ 2 )  h a v e  b e e n  a l s o  i s o l a t e d  f r o m  t h e  

r e a c t i o n  o f  4-benzy l idene-5 -pyrazo lones  w i t h  N-oxides 80-82 



47 
w* 

46 ..,& 
Chart 5 

The e x o c y c l i c  d o u b l e  bond i n  5 - ( a r o y l m e t h y l i d e n e ) - 4 - t h i a z o l i d i n o n e - 2 - h o n e  added  

2 , L d i m e t h y l b u t a - l , 3 - d i e n e  t o  g i v e  t h e  t h i a z o l i d i n o n e  s p i r o c y c l o h e x e n e  d e r i v a t -  

i v e s  50. 8 3 
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6- A c t i o n  o f  s u l p h u r  compounds: 

I t  has  been r e p o r t e d  t h a t  t h i o p h e n o l s  undergo I , & - a d d i t i o n  t o  t h e  a c t i v a t e d  exo- 

c y c l i c  doub le  bond o f  4-arylidene-5-pyrazolones and 4 - a r y l i d e n e - 3 , 5 - p y r a z o l i d i n e -  

d iones  t o  g i v e  t h e  c o r r e s p o n d i n g  adduc t s  25 and 2 ;  r e s p e c t i v e l y 2 5 9 6 9 .  However, 

when 2-pheny l -4 -a ry l idene-2-oxazo l in -5 -ones  (9) were t r e a t e d  w i t h  hydrogen s u l -  

S R' 
I 

SR' 
I SR' 

Ar-CH Ar -CH I Ar-CH-CH-COSR' 
I 

R NHCOR 

R 53 
52 

,-,-I 

2 ,-,w 

p h i d e  or w i t h  t h i o l s ,  t h e y  underwent  s ima l taneous  a d d i t i o n  o f  t h e  s u l p h u r  compound 

t o  t h e  e x o c y c l i c  doub le  bond f o l l o w e d  by h e t e r o - r i n g  open ing  t o  g i v e  p r o d u c t s  such 

as 5&62984985 On t h e  o t h e r  hand, t r e a t m e n t  o f  2-e thy lmercapto -4 -benzy l idene-2 -  

t h i a z o l i n - % o n e  w i t h  hydrogen s u l p h i d e  i n  t h e  p resence  o f  m e t h a n o l i c  t r i e t h y l a m i n e  

a f f e c t e d  t h e  f o r m a t i o n  o f  4 - t h i o c a r b o x y - S p h e n y l - 2 - t h i a r o l i d i n e t h n  (54) ,  p rob -  
P-2 

a b l y  fo rmed by l , 4 - a d d i t i o n  and h e t e r o - r i n g  opening f o l l o w e d  by r e c y c l i s a t i o n  v i a  

l o s s  o f  e thy lme rcap tan  86987. Compound $5 was also o b t a i n e d  upon t r e a t m e n t  o f  2- 

c a r b o x y m e r c a p t o - 4 - b e n z y l i d e n e - 2 - t h i a z o l i n - 5 - o n e  w i t h  hydrogen s u l p h i d e  under t h e  



same r e a c t i o n  c o n d i t i o n s B 6 .  S i m i l a r  b e h a v i o u r  h a s  b e e n  a l s o  r e p o r t e d  w i t h  2 - e t h y l -  
8 7  

m e r ~ a p t 0 - 4 - i ~ o ~ r o p ~ l i d e n e - Z - t h i a z o l i n - L o n e  . 
T h i o g l y c o l l i c  a c i d  r e a c t e d  w i t h  4 - a r y l i d e n e - 2 - i s o x a z o l i n - S o n e s  t o  a f f o r d  t h e  

s p i r o  p r o d u c t s  d7. T h e  r e a c t i o n  p r o b a b l y  p r o c e e d s  v i a  a d d i t i o n  o f  t h e  r e a g e n t  t o  

t h e  e x o c y c l i c  d o u b l e  bond f o l l o w e d  by w a t e r  e l i m i n a t i o n .  

7- R e d u c t i o n :  

R e d u c t i o n  o f  4 - b e n z y l i d e n e - 2 - i m i d a z o l i n - L o n e  a f f o r d e d  d i f f e r e n t  p r o d u c t s  d a p e n 6  

i n g  upon t h e  a p p l i e d  r e a c t i o n  c o n d i t i o n s .  Thus,  r e d u c t i o n  u s i n g  z i n c  d u s t  a n d  

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

56". When u s i n g  p a l l a d i u m  o x i d e  i n  t h e  p r e s e n c e  o f  h y d r o g e n  a n d  e t h a n o l ,  s a t u r a t -  
nu 

i o n  o f  t h e  e x o c y c l i c  d o u b l e  bond t a k e s  p l a c e  t o  a f f o r d  55". On t h e  o t h e r  hand,  

s a t u r a t i o n  o f  b o t h  r i n g  a n d  e x o c y c l i c  d o u b l e  b o n d s  t o o k  p l a c e  on u s i n g  sod ium 

amalgam i n  e t h a n o l  t o  y i e l d  2 - p h e n y l - & - b e n z y l - 5 h i d a z o l i d o n e  (55)". Compound 

58 c o u l d  a l s a  b e  o b t a i n e d  by r e d u c i n g  1-hydroxy-4-benzyl idene-2- imidazol in-5-one 
I"* 

w i t h  sod ium amalgam i n  e t h a n o l g o  ( c f .  C h a r t  6) .  

58 
,.,4 

Chart 6 
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T r e a t m e n t  o f  t h e  4 - n i t r o b e n z y l i d e n e - 5 - i m i d a z o l o n e  d e r i v a t i v e s  w i t h  z i n c  d u s t  a n d  

a c e t i c  a c i d  a f f o r d e d  t h e  i m i d a z o l i n o q u i n o l i n e  d e r i v a t i v e s  2% 9 1 , 9 2  

K a m e t a n i  e t  e l g 3  f o u n d  t h a t  t r e a t m e n t  o f  2-phenyl- a n d  2 - m e t h y l - 4 - ( 4 , 5 - d i a l k o x y - 2 -  

n i t r o b e n z y 1 i d e n e ) o x a z o l - 5 - o n e s  (s) w i t h  t r i e t h y l  p h o s p h i t e  a f f o r d e d  t h e  c o r r e s p -  

o n d i n g  2-phenyl-  a n d  6 , 7 - d i a l k o x y - 2 - m e t h y 1 0 ~ a ~ 0 1 0  [5,4-b] q u i n o l i n e s  (,62), r e s p e c t -  

i v e l y .  T h e  s i m p l e s t  mechanism a c c o u n t i n g  f o r  t h e  f o r m a t i o n  o f  62 i n v o l v e s  i n i t i a l  

r e d u c t i o n  o f  t h e  n i t r o  g r o u p  a n d  f o r m a t i o n  of t h e  n i t r e n e  61 f o l l o w e d  by o n e  o r  
NU' 

Route A Route S ' I l-1 Rou te C 

Chart 7 



more of t h e  r o u t e s  A, B and C ( c f .  C h a r t  7 ) .  

Recent ly ,  t h e  p o l a r o g r a p h i c  b e h a v i o u r  o f  2-phenyl-4-benzylidene-2-oxazolin---one 

and f r b e n z y l i d e n e - 4 - i m i d a z o l i d i n o n e - 2 - t h i o n e  h a s  been r e p o r t e d  94p95.  The r e a c t i o n s  

64 ..,- 
Chart 8 

were s u g g e s t e d  t o  p r o c e e d  a c c o r d i n g  t o  t h e  mechanism shown i n  C h a r t  8. The r e d u c t -  

i o n  p r o d u c t s  63, 5% a n d  56 were i s o l a t e d ,  by c o n t r o l l e d  p o t e n t i a l  e l e c t r o l y s i s  

exper iments ,  a n d  t h u s  i d e n t i f i e d .  

B- Act ion of  ammonia d e r i v a t i v e s :  

It h a s  been  r e p o r t e d  t h a t  2-phenyl-4-arylidene-2-oxazolin-5-one d e r i v a t i v e s  (9) 
r e a c t  w i t h  h y d r o x y l a m i n e  w i t h  r i n g  o p e n i n g  t o  g i v e  t h e  a c y c l i c  hydroxamic a c i d  der- 

i v a t i v e s  6 5 3  a n d  iz .  I n  some c a s e s  r i n g  c l o s u r e  o f  t h e  fo rmed hydroxamic  a c i d  der- 

i v a t i v e s  66s t o o k  p l a c e  w i t h  t h e  f o r m a t i a n  o f  t h e  c o r r e s p o n d i n g  i m i d a z o l o n e  d e r i v -  

a t i v e s  66. The n a t u r e  o f  t h e  end p r o d u c t s  was f o u n d  t o  b e  dependent  o n  t h e  a p p l i e d  

r e a c t i o n  ~ o n d i t i o n s ~ ~ * ~ ~ ~ ~ ~ .  On t h e  o t h e r  hand, f l u s t a f a  e t  a l e e  i e p o r t e d  t h a t  o n  

u s i n g  N-phenylhydroxylamine,  r i n g  e x p a n s i o n  t o o k  p l a c e  w i t h  t h e  f o r m a t i o n  o f  t h e  
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2,6-diphenyl-4-arylidene-2,3-dihydro-4H-1,2,5-oxadiazin-3-0ne d e r i v a t i v e s  (69) .  
4 d  

The a u t h o r s  sugges ted  t h a t  t h e  r e a c t i o n  proceeds v i a  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  

;s (c f .  Cha r t  9). 

I t  has  been r e p o r t e d  3 7 9 g 8 9 9 g  t h a t  t h e  r e a c t i o n  of 2-phenyl -4-benzyl idene-2-oxazol -  

in-5-one ($, Ar=CsH5) w i t h  h y d r a z i n e  h y d r a t e  under m i l d  r e a c t i o n  c o n d i t i o n s  a f f -  

o r d e d  t h e  a c y c l i c  h y d r a z i d e  70 (R=H). Subsequent t r e a t m e n t  o f  1' w i t h  h y d r a z i n e  
d.+ 

h y d r a t e  i n  b o i l i n g  e t h a n o l  y i e l d e d  e i t h e r  t h e  hyd raz ino -oxa ro le  d e r i v a t i v e s  71 o r  
.v* 

69 
N", 

Chart 9 

t h e  p y r a z o l o n e  d e r i v a t i v e s  72  (R=H)  (c f .  r o u t e  a  i n  Cha r t  10). On t h e  o t h e r  hand, 
rlly 

t h e  r e a c t i o n  p r o d u c t  o f  !a w i t h  p h e n y l h y d r a z i n e  uas found t o  be  dependent on t h e  

a p p l i e d  r e a c t i o n  c o n d i t i o n s .  Thus, :a r e a c t e d  w i th  p h e n y l h y d r a z i n e  i n  b o i l i n g  eth-  

a n o l  t o  g i v e  t h e  a c y c l i c  h y d r a z i d e  27 ( R = c ~ H ~ ) .  When t h e  r e a c t i o n  was worked up i n  

b o i l i n g  g l a c i a l  a c e t i c  a c i d  t h e  a n i l i n o  d e r i v a t i v e s  L; were t h e  s o l e  r e a c t i o n  p r o -  

ucts.  Compounds '77 c o u l d  be, however, conve r ted  i n t o  7 3  o n  b a i l i n g  i n  g l a c i a l  
N,., 

88 a c e t i c  a c i d  . 
I y e n g a r  e t  a l l o o  r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  :a w i t h  s u b s t i t u t e d  h y d r a z i n e s  

(pheny l ,  p y r i d y l ,  q u i n o l y l  and I - i s o q u i n o l y l )  l eads  t o  t h e  f o r m a t i o n  o f  t h e  p y r -  

azo lone  d e r i v a t i v e s  72  o r  t h e  i s o m e r i c  25. The f o r m a t i o n  o f  72  p roceeds  v i a  t h e  ** MW 



C h a r t  10 

in termediacy  o f  t h e  i s o l a b l e  N i c h a e l  a d d u c t s  70 ( r o u t e  a )  whereas  compounds zz 
were formed, more p r o b a b l y ,  v i a  t h e  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e s  Lt ( r o u t e  b )  

( c f .  Chart 10). 

5-Aryl idene-4- imidazo l idone-2- th iones  were c o n v e r t e d  i n t o  t h e  h y d r a z i d e s  z! o n  

treatment  w i t h  h y d r a z i n e  h y d r a t e .  The l a t t e r  27 c o u l d  b e  c o n v e r t e d  back i n t o  t h e  

101 s t a r t i n g  m a t e r i a l s  when t r e a t e d  w i t h  a c e t i c  a c i d  . 
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NH2NH2 Ar-CHwO 7 
H N ~ N H  

CH3-C02H A r - C H ~ C 0 N H N H 2  H N y ~ ~ 2  

S S 

14a 
^r* 

76 
NN 

R e c e n t l y ,  Daboun and 1 b r a h i m l o 2  r e p o r t e d  an i n t e r e s t i n g  r e a r r a n g e m e n t  r e a c t i o n  o f  

l -ary l -2 -methylmercapto-4-ary l idene-2- imidaz~l in-5-ones  ( )  i n t o  1-amino-2-aryl- 

i m i n o - 4 - a r y l i d e n e - E i m i d a r o l i d i n o n e s  ( 7 8 ) .  The r e a c t i o n  was s u g g e s t e d  t o  p r o c e e d  
+d 

80 
m 4  

79 
NY 

78 
N W  

Chart 11 

v i a  t h e  mechanism d e m o n s t r a t e d  i n  C h a r t  11. The formed p r o d u c t s  ,75 were d e a m i n a t e d  

t o  2: by t h e  a c t i o n  o f  n i t r o u s  a c i d .  Compounds 2; were a l s o  o b t a i n e d  v i a  indepen-  

d e n t  s y n t h e s i s  by t h e  a c t i o n  o f  a r o m a t i c  amines  on t h e  2 - m e t h y l m e r c a p t o - 4 - a r y l i 6  

ene-2- imidazol in -5-one  d e r i v a t i v e s  80. 
Nd 

5 - A r y l i d e n e 2 , 4 - t h i a z o l i d i n e d i o n e s  r e a c t  w i t h  h y d r a z i n e  t o  undergo  r i n g  c l e a v a g e  

f o l l o w e d  by c y c l i s a t i o n  t o  y i e l d  5-aryl-3-pyrazol inones (21) i n  55-70s y i e l d s .  On 

t h e  o t h e r  hand,  E a r y l i d e n e - 4 - t h i a z o l i d i n o n - 2 - t h i o n e s  o n  t r e a t m e n t  wi th  h y d r a z i n e  

1 0 3  g a v e  2-amino-4-aryl idene-4-thiazol inones (55) i n  35-50s y i e l d s  . 



However, Raouf e t  a l l o 4  r e p o r t e d  t h e  s y n t h e s i s  o f  t h e  t r i e z i n o n e s  58 by t h e  r e a c t -  

ion o f  5 - ( s u b s t i t u t e d  benzy1idene)-2,4-thiazolidinediones with hydraz ine .  The r o u t e  

Chart 12 

through which t h e  t r a n s f o r m a t i o n  o c c u r s  i s  demonstrated i n  Chart 12.  Ring c l e a v a g e  

o f  5-(3 ,4-dimethoxybenzyl idene) -3-pheoyl -2 ,4- th iazol idenedione  can be a f f e c t e d  b y  

the a c t i o n  o f  h y d r a z i n e  t o  g i v e  l - a m i n o - 3 - p h e n y l - 5 ~ - { [ ( 3 , 4 - d i m e t h o x y p h ~  

(84) with  t h e  e v o l u t i o n  o f  hydrogen s u l p h i d e . l o 4  
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9- m i s c e l l a n e o u s :  

S e v e r a l  u n u s u a l  r e a c t i o n s  h a v e  been  r e p o r t e d  f o r  y l i d e n e  a z o l o n e s .  T h e  mos t  i n t e r s -  

t i n g  o f  t h e s e  r e a c t i o n s  w i l l  o n l y  b e  d i s c u s s e d  here.  I t  h a s  b e e n  f o u n d  t h a t  5-carb- 

o x y m e t h y l i d e n e - 2 , 4 - i m i d a z o l i d i n e d i a n e  (8:) r e a c t e d  w i t h  b o i l i n g  p o t a s s i u m  h y d r o x i d e  

s o l u t i o n  w i t h  r i n g  e x p a n s i o n  t o  y i e l d  t h e  p y r i m i d i n e  d e r i v a t i v e ,  o r o t i r :  a c i d ,  23. 
The  r e a c t i o n  p r o b a b l y  p r o c e e d s  v i a  t h e  f o r m a t i o n  of t h e  n o n - i s o l a b l e  i n t e r m e d i a t e  

s a l t  25'05"06. 
T r e a t m e n t  o f  2 - e t h y l m e r c a p t o - 4 - b e n z y l i d e n p - 5 ( 4 H ) - t h i a o l o  w i t h  sod ium h y d r o x i d e  

s o l u t i o n  a f f o r d e d  4 - c a r b o x y - E p h e n y l - 2 - t h i a z o l i d o n e  (,FJ8). T h i s  r e a r r a n g e m e n t  re- 

a c t i o n  p r o c e e d s  v i a  a h e t e r o - r i n g  o p e n i n g ,  e l i m i n a t i o n  o f  e t h y l m e r c a p t a n  a n d  sub- 

s e q u e n t  r e c y c l i s a t i o n  86,87 

2 - T r i f l u o r o m e t h y l - 4 - t r i f l u o r o a c e t y l m e t h y l e n e - ~ o x a z o l i d o n s s  (,W) a r e  c o n v e r t e d  

i n t o  t h e  2- tr i f luoromethyl -4- tr i f luoroacetamino-2 ,5 -d ihydro-5- furanone  d e r i v a t i v e s  

(:_2) when t h e y  a r e  h e a t e d  f o r  a  l o n g  p e r i o d  a t  abou t  1 0 0 ~ ~ .  The  r a t e  o f  t h e  r e a c t -  

i o n  i s  s t r o n g l y  e n h a n c e d  by t h e  a d d i t i o n  o f  a n  amine. T h e s e  r e s u l t s  make t h e  mech- 



92 ..," 
( R = c H 3 0 r  CsH5) 

C h a r t  13 

anism r e p o r t e d  i n  C h a r t  13 more  r e a s o n a b l e .  The  p r i m a r y  f o r m a t i o n  o f  an  a n i o n  i s  

v e r y  l i k e l y ,  s i n c e  i n  t h e  p r e s e n c e  o f  ammonia o r  a m i n e  s a l t s  o f  t h e  t y p e  ~;-.N+H- 

R R R a r e  i s o l a t e d .  I n  t h e  a n i o n  9 0  t h e  eno l -oxygen  i s  i n  t h e  r e q u i r e d  P o s i t i o n  1 2 3  vx  
1 0 7  f o r  a t t a c k  o n  t h e  l a c t o n e _ 9 ?  . 

An i n t e r e s t i n g  r e a c t i o n  h a s  been  r e p o r t e d  f o r  ;3 (R=H) a n d  2 - t r i f l u o r o m e t h y l - 4 -  

(bis-trifluoroacetylmethylene)-5-oxazolidone ( 9 3 )  w i t h  0 - p h e n y l e n e d i a m i n e  t o  g i v e  "* 
o n e  a n d  t h e  same compound, 3-trifluoroa~etylmethylenel,2,3,4-tetrahydroquinoxa- 

l i n -2 -one  (22). Compound 59 m o l d  a l s o  b e  p r e p a r e d  v i a  t h e  r e a c t i o n  o f  3-methyl- 

1 0 8  1 , 2 - d i h y d r o q u i n o x a l i n - 2 - o n e  (j:) w i t h  t r i f l u o r o a c e t i c  a n h y d r i d e  . 
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