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1.- INTRODUCTION 

S i n c e  C lement  i n  1960'  and  K e a l y  i n  196Z2 f i r s t  p r e p a r e d  c o g  

pounds o f  t y p e  I, f o r  w h i c h  t h e  g e n e r i c  t e r m  d i a z a q u i n o n e s  was 

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

compounds has g i v e n  r i s e  t o  an i n c r e a s i n g  i n t e r e s t  and has  gene 

r a t e d  a  good number o f  p a p e r s  d u r i n g  t h e  p a s t  few y e a r s .  



The m a i n  s i g n i f i c a n c e  o f  t h e s e  compounds l i e s  i n  t h e i r  i n t e n -  

se  d i e n o p h i l i c  c h a r a c t e r  due t o  t h e  -N=N-  d o u b l e  bond, w h i c h  a l -  

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

t o  t h e  s y n t h e s i s  o f  h e t e r o c y c l i c  compounds. Some o f  t h e  p r o d u c t s  

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

a g e n t s  f o r  n o x i o u s  weeds3.  O t h e r  s u c h  p r o d u c t s  have  shown c y t o s  

t a t i c  a c t i v i  t y 4 .  The r o l e  o f  d i a z a q u i n o n e s  i n  t h e  chemi l u m i n i s -  

cence  o f  some c y c l i c  h y d r a z i d e s  has  been r e v i e w e d s .  

I n  a d d i t i o n  t o  t h e  s i m p l e s t  d i a z a q u i n o n e  , 3 , 6 - p y r i d a z i n e d i o -  

ne ( I I ) ,  p r e p a r e d  by  K e a l y 2 ,  i t s  d e r i v a t i v e s  4 ,5 -d ihyd ro -3 ,6 -py -  

r i d a z i n e d i o n e  ( I I I ) 6 ,  4,5-difluoro-3,6-pyridazinedione ( I V ) ~  , 
4 - c h l o r o - 3 , 6 - p y r i d a z i n e d i o n e  ( V a )  and  4 -b romo-3 .6 -pyr idaz ined io -  

ne ( V b ) 7  as w e l l  as  i t s  benzo-analog 1 , 4 - p h t h a l a z i n e d i o n e  and  de-  
r i v a t i v e s  ( V I )  a r e  known. 

( R e f .  1) 

( R e f .  8 )  

(Re f .  8 )  

( R e f .  9 )  

( R e f .  9 )  

( R e f .  9 )  
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( R e f .  10)  

( R e f ,  1 0 )  
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Diazaquinones in  which an h e t e r o c y c l i c  ring i s  fused with the 
diazaquinone r ing ,  such as VII-XI", X I I 1 2  and X I I I - X V I l 3 ,  as 
wel l  as  p o l y c y c l i c  diazaquinones X V I I  and X V I I 1 8  have a l s o  been 
descr ibed.  

V I  I  V I I I  I  X  

I 
N'. 

'3 a "l 

pJ$ \ \ 

X V I I  

X I V  

a 
\ \ ' .  

X V I  I  I  
ti 

a :  R = H  (Ref .  14) 
b :  ~ = N o , ( R e f .  10) 



The s y n t h e s i s  o f  d i a z a o r t h o q u i n o n e s  s u c h  as 3 , 4 - d i k e t o c i n n o l i -  

n e  ( X I X )  has  been  u n s u c c e s s f u l l y  a t t e m p t e d 1 5 * 1 6 .  

X I X  

2 . -  SYNTHESIS AND STABILITY OF OIAZAQUINONES 

2.1.- P r e p a r a t i o n  o f  d i a z a q u i n o n e s  

The p r e p a r a t i o n  o f  d i a z a q u i n o n e s  i s  a c c o m p l i s h e d  t h r o u g h  t h e  

o x i d a t i o n  o f  c y c l i c  h y d r a z i d e s .  
The f i r s t  d i a z a q u i n o n e  was p r e p a r e d  by  C l e m e n t 1  b y  o x i d i z i n g  

p h t h a l i c  h y d r a z i d e .  When t h e  o x i d a t i o n  w i t h  l e a d  t e t r a a c e t a t e  i s  

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

v e r y  r a p i d l y  d e p o s i  t e s  a  w h i t e ,  amorphous s o l i d ,  f o r m u l a t e d  as  a  

p o l y m e r  ( { V I a l n )  o f  1 , 4 - p h t h a l a z i n e d i o n e  

{ V I a > n  

The d i a z a q u i n o n e  i s  t h e  i n i t i a l  p r o d u c t  o f  o x i d a t i o n  and i s  

r e s p o n s i b l e  f o r  t h e  c o l o u r  b u t ,  due t o  i t s  i n s t a b i l i t y ,  i t  decom 

poses  i n  s h o r t  t i m e .  C l e m e n t  showed t h e  f o r m a t i o n  o f  1 , 4 - p h t h a l a  

z i n e d i o n e  ( V I a )  as  an u n s t a b l e  compound b y  o x i d i z i n g  p h t h a l i c  

h y d r a z i d e  i n  the presence of butadiene.The c y c l o a d d i t i o n  r e a c t i o n  a l -  

l o w s  t h e  i n t e r c e p t i o n  o f  t h e  d i a z a q u i n o n e  as  a  D i e l s - A l d e r  ad-  

d u c t .  

The o x i d a t i o n  o f  c y c l i c  h y d r a z i d e s  t o  d i a z a q u i n o n e s  may a l s o  

be a c c o m p l i s h e d  i n  o t h e r  s o l v e n t s 6 .  A c e t o n e  l i k e  a c e t o n i t r i l e  

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

z a q u i n o n e ,  s u c h  as 3 . 6 - p y r i d a z i n e d i o n e  ( 1 1 )  4 , s - d i h y d r o - 3 , 6 -  
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p y r i d a z i n e d i o n e  (111)  and 1 , 4 - p h t h a l a z i n e d i o n e  ( V I a ) ,  l a s t i n g  a  

f a i r l y  l o n g  t ime .  On t h e  o t h e r  hand, i n  me thy l ene  c h l o r i d e  t h e  
s o l u t i o n s  o f  d i a z a q u i n o n e s  a r e  v e r y  u n s t a b l e  b u t ,  i n  t h i s  c h l o -  

r i n a t e d  so l ven t , bo th  t h e  o x i d a t i o n  and t h e  r e a c t i o n  w i t h  dienes go 

much q u i c k e r .  The p r e p a r a t i o n  of I , $ - p h t h a l a z i n e d i o n e  ( V I a )  and 

3 , 6 - p y r i d a z i n e d i o n e  ( 1 1 )  was a l s o  ach ieved  by  e m p l o y i n g  l e a d  

t e t r a a c e t a t e  i n  benzene". The use o f  l e a d  t e t r a a c e t a t e  as t h e  

o x i d i z i n g  agen t  r e s u l t s  i n  u n d e s i r a b l e  s i d e - r e a c t i o n s  such  as 

f o r m a t i o n  o f  c y c l i c  a n h y d r i d e  from t h e  h y d r a z i d e '  a5 w e l l  as 

t h e  p r e v i o u s l y  men t i oned  p o l y m e r i z a t i o n  o f  t h e  d i a z a q u i n o n e .  

N e v e r t h e l e s s ,  when t h e  o b j e c t i v e  i s  t h e  i n  situ p r e p a r a t i o n  

of adduc t s  w i t h  r e a c t i v e  d i enes ,  t h i s  p r o c e d u r e  may be used 

w i t h  good r e s u l t s .  

The second p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  d i a z a q u i n o n e s ,  re 
p o r t e d  by  K e a l y 2 , i s  t o  o x i d i z e  t h e  p o t a s s i u m  o r  sodium s a l t s  

o f  t h e  c y c l i c  h y d r a c i d e s  (XX) w i t h  t - b u t y l  h y p o c h l o r i t e  i n  ace 

t one  s o l u t i o n  a t  -77°C. 

a 
X X I 

I n  t h i s  way 3 , 6 - p y r i d a z i n e d i o n e  ( I I ) ,  4 , 5 - d i f l u o r o - 3 , 6 - p y r i -  

d a z i n e d i o n e  ( I V )  and 1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  were p r e p a r e d  

and under  t hese  c o n d i t i o n s  may be o b t a i n e d  as emera l d -g reen  so-  

l u t i o n s  a f t e r  f i l t r a t i o n  of t h e  i n o r g a n i c  s a l t s  under  n i t r o g e n  

a t  -77°C. T h i s  method o f  p r e p a r i n g  d i a z a q u i n o n e s  i s  p r e f e r r e d  

t o  t h e  Clement's method because a l m o s t  no i n o r g a n i c  b y - p r o d u c t s  

a r e  o b t a i n e d  and t h e  u n r e a c t e d  h y d r a z i d e  may be removed by t h e  



f i l t r a t i o n  a t  low t e m p e r a t u r e .  E s s e n t i a l l y  p u r e  s o l u t i o n s  o f  d i a z a  

q u i n o n e s  a r e  t h u s  o b t a i n e d  and may be k e p t  a t  -77'C f o r  some 

h o u r s  w i t h o u t  d e c o m p o s i t i o n .  

I t  i s  even p o s s i b l e  t o  p r e c i p i t a t e  t h e  d i a z a q u i n o n e s  f rom 

t h e s e  s o l u t i o n s  b y  means o f  a d d i t i o n  o f  h i g h l y  c h l o r i n a t e d  so! 

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

poses s u d d e n l y  d u r i n g  t h e  i s o l a t i o n  p r o c e d u r e s 2 .  

K e a l y ' s  p r o c e d u r e  i s  w i d e l y  used  and  has  been  a p p l i e d  t o  t h e  

p r e p a r a t i o n  o f  s u b s t i t u t e d  1 , 4 - p h t h a l a z i n e d i o n e s 9 ,  d i a z a q u i n o -  

nes w i t h  a  f u s e d  h e t e r o c y c l i c  r i n g "  and p o l y c y c l i c  d i a z a q u i -  

nones ' 0 .  

When K e a l y ' s  me thod  f a i l s ,  t h e  o x i d a t i o n  of c y c l i c  h y d r a z i -  

des w i t h  c h l o r i n e  i n  1 , 2 - d i m e t h o x y e t h a n e  a t  -50°C has been s u c -  
c e s s f u l l y  employed1" .  The use o f  n i c k e l  p e r o x i d e  as t h e  o x i d a n t  

a n d  m e t h y l e n e  c h l o r i d e  as t h e  s o l v e n t  has a l s o  been r e p o r t e d l e .  

2 . 2 . -  S t a b i l i t y  o f  d i a z a q u i n o n e s  

K e a l y  has  s t u d i e d 2  t h e  d e c o m p o s i t i o n  r e a c t i o n s  o f  d i a z a q u i n o  

nes  11, I V  and  V I a .  When t h e  a c e t o n e  s o l u t i o n s  o f  d i a z a q u i n o n e s  

a r e  s l o w l y  warmed, d e c o m p o s i t i o n  t a k e s  p l a c e  w e l l  b e l o w  room 

t e m p e r a t u r e ,  as shown by  t h e  g r a d u a l  f a d i n g  o f  t h e  g r e e n  c o l o u r  

a n d  t h e  e v o l u t i o n  o f  n i t r o g e n .  3 . 6 - P y r i d a z i n e d i o n e  ( 1 1 )  and  

4,5-difluoro-3.6-pyridazinedione ( I V )  decompose q u i c k l y  a t  

-30°C. The s o l u t i o n s  o f 1 , 4 - p h t h a l a z i n e d i o n e  r e t a i n  t h e i r  c o l o u r  

even  up t o  room t e m p e r a t u r e .  

The p r o d u c t s  o f  t h e s e  d e c o m p o s i t i o n  r e a c t i o n s  have been i s o -  

l a t e d  and  i d e n t i f i e d .  1,4,6,9-TetraketopyridazinoI1,Z-alpyrida- 
z i n e  ( X X I )  i s  t h e  p r i n c i p a l  p r o d u c t  f rom t h e  d e c o m p o s i t i o n  o f  

3 . 6 - p y r i d a z i n e d i o n e  ( 1 1 )  and t h i s  a c c o u n t s  f o r  t h e  o b s e r v e d  n i -  

t r o g e n  e v o l u t i o n .  The s o l u t i o n s  o f  1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  

I I X X I  
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decompose w i t h  l i t t l e  gas e v o l u t i o n  and  fo rm t h e  p o l y m e r  { V I a I n ,  

p r e v i o u s l y  r e p o r t e d  by  C lement1 ,  w h i c h  i n  t u r n  l o o s e s  n i t r o g e n  

b y  t h e r m a l  d e c o m p o s i t i o n  t o  y i e l d  5 , 6 , 1 1 , 1 2 - t e t r a k e t o p h t h a l a z i n o -  

I 2 , 3 - b l - p h t h a l a z i n e  ( X X I I ) .  T h i s  compound i s  a l s o  o b t a i n e d  when 

t h e  i s o l a t i o n  o f  1 . 4 - p h t h a l a z i n e d i o n e  ( V I a )  b y  p r e c i p i t a t i o n  

w i t h  c h l o r i n a t e d  s o l v e n t s  i s  a t t e m p t e d .  

The d i a z a q u i n o n e s  a r e  v e r y  s u s c e p t i b l e  t o  a t t a c k  b y  w a t e r  g i -  

v i n g  t h e  b i s h y d r a z i d e s  X X I I I 2 .  Thus,  d u r i n g  t h e  p r e p a r a t i o n  and 

h a n d l i n g  o f  d i a z a q u i n o n e  s o l u t i o n s  i t  i s  d e s i r a b l e  t o  e x c l u d e  as  

m o s p h e r i c  m o i s t u r e .  However, a t t a c k  by  w a t e r  i s  o n l y  o f  m i n o r  i m  
p o r t a n c e  i n  t h e  d e c o m p o s i t i o n  o f  I 1  and V Ia .  On t h e  o t h e r  h a n d  

t h e  d e c o m p o s i t i o n  o f  4,5-difluoro-3,6-pyridazinedione ( I V )  appe-  

a r s  t o  p r o c e e d  e x c l u s i v e l y  v i a  a t t a c k  by  w a t e r ,  l e a d i n g  t o  a  

b i s h y d r a z i d e  X X I I I .  

I X X I  I I 

Some 1 , 4 - p h t h a l a z i n e d i o n e s  ( V I )  a r e  more s t a b l e  t h a n  t h e  1,4- 

p h t h a l a z i n e d i o n e  i t s e l f  ( V I a ) .  Thus, t h e  v i o l e t  a c e t o n e  s o l u t i o n s  

of VId, V k  and V I f  can  be k e p t  a t  5'C w i t h o u t  d e c o m p o s i t i o n g  and  



V I c  can even be i s o l a t e d  as a  d e e p v i o l e t  c r y s t a l l i n e  s o l i d 8 .  

On t h e  o t h e r  hand, t h e  d i a z a q u i n o n e s  w i t h  a  f u s e d  h e t e r o c y c l i c  

r i n g  a r e  v e r y  u n s t a b l e .  Compounds V I I - X I "  and X I I 1 2  c a n n o t  b e  
i s o l a t e d  and t h e y  decompose when t h e i r  s o l u t i o n s  a r e  warmed. I n  

t h e  d e c o m p o s i t i o n  o f  V I I I  a  b i s h y d r a z i d e  X X I I I  has been i s o l a -  

t e d " .  The d i a z a q u i n o n e s  X I I I - X V I  a r e  n e i t h e r  s t a b l e  i n  s o l u t i o n  

n o r  can t h e y  be i s o l a t e d  f r o m  t h e i r  s o l u t i o n s .  These s o l u t i o n s  

r a n g e  i n  c o l o u r  f rom o range  ( X I I I ) ,  t o  y e l l o w  ( X I V )  a n d  r e d  (XV 

and XV1)13.  

P o l y c y c l i c  d i a z a q u i n o n e s  a r e  much more s t a b l e .  Compound X V I I I  

can  be i s o l a t e d  as v i o l e t  c r y s t a l s 8  and  X V I I a  i s  i s o l a t e d  as ma- 

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

have been c a r r i e d  out1 '+ .  I t  show a  c a r b o n y l  band  a t  1715 cm- I  i n  
t h e  i n f r a r e d  and t h r e e  maxima i n  t h e  UV: 425 nm ( l o g e  3 . 5 1 ,  296 

( 4 . 0 )  a n d  242 ( 4 . 8 ) .  

3 . -  REACTIONS OF DIAZAQUINONES 
Due t o  i n s t a b i l i t y  o f  t h e  d i a z a q u i n o n e s ,  t h e i r  r e a c t i o n s  m u s t  

be c a r r i e d  o u t ,  w i t h o u t  p r e v i o u s  i s o l a t i o n ,  i n  t h e  r e a c t i o n  rne- 

d i u m  where t h e y  a r e  p r e p a r e d  by  o x i d a t i o n  o f  c y c l i c  h y d r a z i d e s  , 
a l t h o u g h  i n  some i n s t a n c e  t h e y  have been i s o l a t e d  p r i o r  t o  t h e  re 
a c t i o n l g .  When K e a l y ' s  p r o c e d u r e z  i s  employed, t h e  d i a z a q u i n o n e  

i s  f i r s t  p r e p a r e d  and  t h e n  t h e  o t h e r  r e a c t a n t  i s  added t o  t h e  fi! 
t e r e d  s o l u t i o n  a t  -77'C. When C l e m e n t ' s  p r o c e d u r e 1  i s  used,  t h e  

o x i d a t i o n  o f  t h e  c y c l i c  h y d r a z i d e  i s  p e r f o r m e d  a t  O°C w i t h  t h e  

o t h e r  r e a c t a n t  o r e s e n t .  

3.1.- {4+2) C y c l o a d d i t i o n  r e a c t i o n s  

The m o s t  c h a r a c t e r i s t i c  r e a c t i o n s  o f  d i a z a q u i n o n e s  a r e  t h e  

D i e l s - A l d e r  c y c l o a d d i t i o n s .  The d i a z a q u i n o n e s  a re ,  t o g e t h e r  w i t h  

1,2,4-triaz0lin-3,5-diones20-~~, among t h e  m o s t  p o t e n t  d i e n o p h i -  

l e s  known. They u n d e r g o  c y c l o a d d i t i o n  r e a c t i o n s  even a t  -77'C 

w i t h  a  g r e a t  v a r i e t y  o f  d i e n e s .  Use o f  t h e  d i a z a q u i n o n e s  i n  t h e  

D i e l s - A l d e r  r e a c t i o n  has made some o t h e r w i s e  d i f f i c u l t l y  a c c e s s i -  

b l e  r i n g  sys tems  r e a d i l y  a v a i l a b l e .  
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3 . 1 . 1 . -  C y c l o a d d i t i o n s  w i t h  o p e n  c h a i n  d i e n e b  
3 , 6 - P y r i d a z i n e d i o n e  ( 1 1 )  r e a c t s  w i t h  b u t a d i e n e  and i t s  de r i va t i ves  

t o  q i v e  t h e  a d d u c t s  X X I V .  

X X I V  
a :  Rl=R2=R3=Rq=H ( R e f .  2,3,6) 

b:  R1=R3=R4=H; R2=CH3 ( R e f .  23 )  

c :  R,=R,=H; R2=R3=CH3 (Re f .  2,3) 

d :  R1=R3=R4=H; R2=Cl (Re f .  23 )  

e: R1=R4=H; R2=R3=C1 (Re f .  23 )  

f :  Rl=Rk=Ph; R2=R3=H (Re f .  1 8 )  
4,5-Dihydro-3,b-pyridazinedione ( 1 1 1 )  and  4 , 5 - d i f l u o r o - 3 , b -  

p y r i d a z i n e d i o n e  (SV) behave i n  a n a l o g o u s  f a s h i o n  when t h e y  r e a c t  

w i t h  b u t a d i e n e  and  i t s  d e r i v a t i v e s 2 . 6 .  

I t  m u s t  be p o i n t e d  o u t  t h a t ,  of t h e  two p o t e n t i a l l y  d i e n o p h i -  

l i c  d o u b l e  bonds o f  11, o n l y  t h e  -N=N-  d o u b l e  bond  r e a c t s  and n o  

r e a c t i o n s  i n v o l v i n g  t h e  -C=C- d o u b l e  bond a r e  known. A t t e m p t s  t o  

b r i n g  t h e  -C=C- d o u b l e  bond i n t o  r e a c t i o n  by t r e a t i n g  t h e  ad- 

d u c t s  X X I V  w i t h  excess  d i e n e  have been u n s u c ~ e s s f u l ~ ~ .  However,  

some compounds r e l a t e d  t o  11, s u c h  as X X V ,  f o rm a d d u c t s  (XXVI )  

w i t h  t h e  -C=C- d o u b l e  bond2S. 

X X V  X X V I  

The r e a c t i o n s  o f  1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  w i t h  b u t a d i e n e  and 

d e r i v a t i v e s  f o l l o w  t h e  same p a t t e r n  as I 1  and made i t  p o s s i b l e  t o  

o b t a i n  t h e  a d d u c t s  X X V I I ,  r e p r e s e n t a t i v e s  o f  t h e  p y r i d a z i n o { l , 2 - b l -  

phtha.1az ine h e t e r o c y c l i c  s y s t e m  n o t  p r e v i o u s l y  known. 



+$-dk9 4 a R3 

V I a  X X V I  I 
Rl 

a:  Rl=Rz=R3=R,=H (Ref .  1,2) 

b:  R1=R3=R4=H; R,=CH3(Ref. 18,26) 

C :  R1=R4=H; R2=R3=CH3(Ref. 2,3) 

d :  R1=R3=CH3; R2=R4=H(Ref.  26 )  

e :  Rl=OAc; R ~ = R ~ = R , , = H ( R ~ ~ .  26) 

f :  Rl=Rt+=OAc; Rz=R3=H(Ref. 26 )  

g: R1=R4=Ph; RZ=R3=H (Re f .18 )  
Some c h e m i c a l  t r a n s f o r m a t i o n s  o f  a d d u c t s  X X I V  and X X V I I  have  

been  s t u d i e d .  H y d r o g e n a t i o n  o f  a d d u c t  X X V I I a  a f f o r d s  1,2,3,4-te- 

trahydropyridazino{l,Z*b> p h t h a l a z i n e - 6 , l l - d i o n e  ( X X V I I I ) '  and  

h y d r o g e n a t i o n  o f  XXIVa g i v e s  1,2-succinoylhexahydropyridazine 

(XXIX)  as w e l l  as  2-butyl-6-hydroxy-3(2H)-pyridazinone (XXX)2.  

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

X X X I  b ,d ,eZ3.  

XXVI Ia  X X V I I I  

XXIVa X X I X  X X X  
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D i a z a n a p h t h o q u i n o n e  X X X I I ,  whose UV s p e c t r u m  i n d i c a t e s  t h e  p r g  

sence o f  t h e  a r o m a t i c  t e n  l l - e l e c t r o n  r i n g  system,  was p r e p a r e d  by  

b r o m i n a t i o n  o f  t h e  a d d u c t  XXIVa f o l l o w e d  b y  t r e a t m e n t  w i t h  1,5- 

d i a z a b i c y c l o { 4 . 3 . 0 ) n o n - 5 - e n e 2 7 .  

1) B r 2  
2 )  1 , 5 - d i a z a b i -  *b 
c y c l o ~ 4 . 3 . 0 l n o n -  8 

XXIVa 5 - e n e / H e a t  
X X X I  I 

The o x i d a t i o n  o f  t h e  a d d u c t s  X X I V  and X X V I I  w i t h  s e l e n i u m  d i o  

x i d e  i n  d i o x a n e  l e a d s  t o  t h e  h y d r o x y -  and k e t o - d e r i v a t i v e s  , w i t h  

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

dehydes formed t h r o u g h  r i n g  o p e n i n g .  Thus, XXVI Ib  l e a d s  t o  

X X X I I I ,  X X X I V  and X X X V Z 6 .  

8 
~ 3 ~ 3 s e 0 2  - =:xH3 N 

D i o x a n e  \ 
+ 

OH 
tl 8 

XXVI Ib  X X X I  I I 
0 OH q X H 3 +  %I I kdH;"O 

X X X I V  x x x v  

The s u b s t i t u t e d  d e r i v a t i v e s  o f  1 , 4 - p h t h a l a z i n e d i o n e  ( V I )  show 

a l s o  a  s t r o n g  d i e n o p h i l i c  c h a r a c t e r .  V I c ,  V I d  and V I e  f o r m  D i e 1 2  
A l d e r  a d d u c t s  w i t h  b u t a d i e n e ,  2 , 3 - d i m e t y l b u t a d i e n e  o r  1 , 4 - d i p h e -  

n y l b ~ t a d i e n e ~ . ~ ~  and  V I f ,  V I g ,  V I h  and V I i  behave i n  t h e  same 

manner w i t h  2 , 3 - d i m e t h y l b u t a d i e n e 9 . ' 0 .  D i a z a q u i n o n e  V Ib ,  when 

p r e p a r e d  by  K e a l y ' s  method, a f f o r d s  t h e  compound X X X V I  by  r e a c -  

t i o n  w i t h  2,3-dimethylbutadiene:. 

X X X V I  



The p resence  o f  he te roa toms  i n  t h e  r i n g  fused  t o  t h e  d i a z a q u i  

none r i n g  does n o t  a p p r e c i a b l y  m o d i f y  i t s  d i e n o p h i l i c  c h a r a c t e r  

and t h u s  b u t a d i e n e  o r  2 , 3 - d i m e t h y l b u t a d i e n e  undergo  c y c l o a d d i -  

t i o n  w i t h  d i a z a q u i n o n e s  V I I - X I "  and X I I 1 2 .  The a d d u c t  o f  X I1  

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

t h e  n o v e l  2,3,5a,9a-tetraazaanthracene h e t e r o c y c l i c  system. 

0 

X X X V I  I 

Bu tad iene ,  2 - m e t h y l b u t a d i e n e  and 2 , 3 - d i m e t h y l b u t a d i e n e  r e a c t  

a l s o  w i t h  p o l y c y c l i c  d i a z a q u i n o n e s  X V I I a  and XVI Ib10,29.  The r e -  

a c t i o n  o f  N-b ro rnosucc in im ide  w i t h  a d d u c t s  o b t a i n e d  f r o m  X V I I a  

has been r e p o r t e d  t o  y i e l d  d i f f e r e n t  a d d i t i o n  o r  s u b s t i t u t i o n  

p r o d u c t s  depend ing  on t h e  s o l v e n t  and t h e  r e a c t i o n  c ~ n d i t i o n s ~ ~ .  

3 . 1 . 2 . -  C y c L o a d d i f i o n A  w i i h  c y c L i c  d i e n e b  
3 , 6 - P y r i d a z i n e d i o n e  ( 1 1 )  a l s o  f o rms  adduc t s  w i t h  c y c l i c  d i e -  

nes such  as c y c l o p e n t a d i e n e  ( X X X V I I I )  and c y c l o h e x a d i e n e  

( X X X I X ) 2 $ 3  and t h e  same was obse rved  w i t h  1 . 4 - p h t h a l a z i n e d i o n e  

( V I a )  and i t s  d e r i v a t i v e s  V Ib ,  V I d  and V I f ,  i n  w h i c h  t h e  s u b s t i -  

t u e n t s  do n o t  p r e v e n t  t h e  r eac t i ong .30 .  

0 0 

a 
n = l :  X X X V I I I  
n.2: XXXIX 

P o l y h e t e r o c y c l i c  d i a z a q u i n o n e s  V I I ,  V I I I ,  X I I I ,  X I V  and X V I  

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

c o r r e s p o n d i n g  D i e l s - A l d e r  a d d u c t ~ l l . ~ ~ ,  b u t  X V  f a i l s  t o  do s o l 3 .  

D e a c t i v a t e d  c y c l o p e n t a d i e n e  d e r i v a t i v e s ,  such as 5 - ( 3 ' , 3 ' - d i -  

methylallenyl)-1,5-bis(carbomethoxy)cyclopentadiene (XL )  fo rms  

t h e  c y c l o a d d u c t s  XLI  w i t h  1 , 4 - p h t h a l a z i n e d i o n e  (V Ia )S1 ,  b u t  hex2 
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c h l o r o c ~ v c l o ~ e n t a d i e n e  f a i l s  t o  r e a c t  w i t h  d i a z a q u i n o n e s " .  

V I a  X L XLI  
3 , 6 - P y r i d a z i n e d i o n e  and 6 , 6 - d i m e t h y l f u l v e n e  g i v e  an a d d u c t  

( X L I I )  w h i c h  u n d e r g o  r e a r r a n g e m e n t  i n  t h e  s o l i d  s t a t e  t o  an i s 9  

r n e r i c  p r o d u c t  ( X L I I I )  t h r o u g h  an a l l y l i c  s h i f t  o f  h y d r o g e n 2 .  
OH 

I I X L I I  X L I I I  
Vapour  phase p y r o l y s i s  o f  c y c l o p e n t a d i e n e  a d d u c t  X X X V I I I  a f -  

f o r d s b e n z o c y c l o b u t e n e d i o n e  ( X L V ) 3 2 .  T h i s  p r o c e s s  r e p r e s e n t s  a  

u s e f u l  s y n t h e t i c  r o u t e  t o  b e n z o c y c l o b u t e n e d i o n e  and can be r a -  

t i o n a l i s e d  as a  r e t r o - D i e l s - A l d e r  r e a c t i o n  f o l l o w e d  b y  n i t r o g e n  

e x t r u s i o n  f rom 1 , 4 - p h t h a l a z i n e d i o n e .  The b i s - k e t e n e  XLIV c o u l d  

t h e n  c l o s e  t o  g i v e  b e n z o c y c l o b u t e n e d i o n e .  

q { o  \ -f$~ --a:- . 
XLIV X X X V I  I I - p0 

\ ' 0  

XLV 

D i e l s - A l d e r  c y c l o a d d i  t i o n s  o f  3 , 6 - p y r i d a z i n e d i o n e  ( 1 1 )  and  

1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  t o  s t e r o i d a l  d i e n e s  have been s t u -  

d i e d 3 3 - 3 5 .  Thus, 1 . 4 - p h t h a l a z i n e d i o n e  ( V I a )  r e a c t s  w i t h  16-me- 

thylpregna-4,14,16-triene-3,20-dione t o  g i v e  t h e  two p o s s i b l e  

a d d u c t s  XLVI and X L V I I ,  t o  w h i c h  t h e  148,178 and 14a, 17a  con-  



f i g u r a t i o n s  were  a s s i g n e d .  

&%&-yyJ 0 --. - -N 

0 ' d 
XLVI 6 ' XLVI I 

S u b s t i t u t e d  d i a z a t e t r a c y c l i c  compounds r e f e r a b l e  t o  t e t r a c y -  

c l i n e s  o f  known a c t i v i t y  have been  s y n t h e s i z e d  b y  D i e l s - A l d e r  

r e a c t i o n  o f  s u b s t i t u t e d  p h t h a l a z i n e d i o n e s  VId,g,h w i t h  1 , 2 - d i -  

m e t h y l e n e c y c l o h e x a n e  ( X L V I I I )  and 1,2-dirnethylene-A'-cyclohexe- 
ne (1L) 'O.  

N 

R 8 
X L V I I I  

V I  

R=N02, C1, OH 

I L  

E p o x i d a t i o n  o f  a d d u c t s  XLVIII from 5 - h y d r o x y -  and 5 - c h l o r o p h t h a  

l a z i n e - 1 , 4 - d i o n e  f o l l o w e d  b y  s o l v o - l y t i c  o p e n i n g  o f  t h e  o x i r a n e  

r i n g  i n  a c i d  medium has  been  c a r r i e d  o u t  i n  o r d e r  t o  m o d i f y  

t h e i r  b i o l o g i c a l  b e h a v i o u r  b y  i n t r o d u c i n g  a  1 , 2 - d i o l  g r o u p  a t  a ?  

g u l a r  p o s i t i o n s .  Compounds L  a r e  t h u s  o b t a i n e d 3 ' j .  A t t e m p t s  t o  05 
t a i n  t h e  d i o l  d e r i v a t i v e s  L  b y  s o l v o l y t i c  o p e n i n g  o f  t h e  o x i r a n e  

r i n g  when R=OH i n  a l k a l i n e  medium a f f o r d  a  new condensed 1,4-ox! 

z e p i n e  d e r i v a t i v e ,  name ly  4-carboxy-8,8a,9,10,11,12-hexahydro- 

5H.12H,12bH-8a-hydroxy-5-oxophthalazine~8a,2bc>benzoff~~l,4~oxa- 
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zep ine  ( L I ) ,  whose s t r u c t u r e  was e s t a b l i s h e d  by s i n g l e  c r y s t a l  X -  

r a y  d i f f r a c t i o n   technique^^^.^^. - 

Y' 
L @Am-pm R 8 

X L V I I I  R = O H ,  C1 y&;oH 11 

NH 
OH 

The d i e n o p h i l i c  r e a c t i v i t y  of  d i azaqu inones  a l l o w s  them t o  un- 

d e r g o  c y c l o a d d i t i o n  r e a c t i o n s  w i t h  such u n r e a c t i v e  d i e n e s  as 1.3- 

c y c l ~ o c t a d i e n e ~ ~ ~ ~ ~ ~ ~ .  The compound L I I ,  fo rmed w i t h  1 ,4 -ph tha la -  

z i n e d i  one (V1a)  39,  i s  t h e  f i r s t  r e p o r t e d  D i e l s - A l d e r  a d d u c t  o f  

1 , 3 - c y c l o o c t a d i e n e  and i t s  f o r m a t i o n  a t  l ow  t e m p e r a t u r e  emphasi -  

zes t h e  p o t e n t  d i e n o p h i l i c  c h a r a c t e r  o f  d i azaqu inones .  

Via L I I  

T rea tmen t  o f  t r o p o n e  w i t h  3 , 6 - p y r l d a z i n e d i o n e  ( 1 1 )  does n o t  g i  - 
ve any p r o d u c t ,  b u t  1 . 4 -ph tha l az i ned ione  ( V I a )  forms t h e  a d d u c t  

L I I I  w i t h  t r o p o n e Q O .  I r r a d i a t i o n  o f  t h e  compound L I I I  i n  me thano l  

and i n  a c e t o n i t r i l e / w a t e r  gave LVa and LVb r e s p e c t i v e l y ,  fo rmed 

by  a d d i t i o n  o f  w a t e r  o r  methano l  t o  t h e  i n i t i a l l y  fo rmed k e t e n e  

L IV .  



L I I I  . -7 

L I I l  A Ipb] H 8 
L; Erpb H 

CHrC-XI 
8 a:  R = H  

L I V  CH2*9R L V  b :  R = C H ~  
By t ak ing  advantage of the  r e a c t i v i t y  of d iazaquinones  towards 

I -v iny lcyc loa lkenes ,  t h e  i n t r o d u c t i o n  of the  1 , 2 - d i a z i n e  group 

i n t o  the  s t e r o i d a l  s k e l e t o n  has been accomplished i n  a  novel syn- 
t h e s i s  of  bridgehead d i a z a s t e r o i d s 4 ' , " .  T h u s ,  D ie l s -  Alder r e a c  

t i  on of 3 .6-pyr idazinedione ( 1 1 )  with 2,3,3a,4,5,7a-hexahydro-7- 

v iny l indene  y i e l d e d  L V I ,  which i s  e a s i l y  hydrogenated t o  g ive  

L V I I  i n  which the  B / C  r i n g  j u n t i o n  i s  cib. Reduction of L V I I  w i t h  

l i t h i u m  aluminium hydr ide  a f f o r d e d  the  t e t r a s u b s t i t u t e d  hydrazine  

L V I I I .  

0 
L V I  

U 

L V I I  L V I I I  
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The r e a c t i o n  has been e x t e n d e d  t o  o t h e r  v i n y l c y c l o a l k e n e s  and 

d i a z a q u i n o n e s 4 ' s b 2 .  The h y d r o g e n a t e d  a d d u c t s  o b t a i n e d  f r o m  1,4- 

p h t h a l a z i n e d i o n e  and  1 - v i n y l c y c l o h e x e n e  ( L I X )  and l - v i n y l c y c l o -  

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

t o  g i v e  t h e  spiro-compounds L X I  and L X I I ,  r e s p e c t i v e l y  . b y  r i n g  

c o n t r a c t i o n b 3 .  

L  X L X I I  

3 . 1 . 3 . -  ReacaXonA w i t h  d i e n e b  c o n t a i n i n g  hetehoatomb 
D i e l s - A l d e r  r e a c t i o n s  o f  d i a z a q u i n o n e s  have been e x t e n d e d  t o  

h e t e r o c y c l i c  d i e n e s .  C y c l o a d d i t i o n  o f  1 . 4 - p h t h a l a z i n e d i o n e  ( V I a )  

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

c y c l i c  s t r u c t u r e s  L X I I I Q 4  and a d d u c t  LX IV  i s  o b t a i n e d  f r o m  3,6- 

p y r i d a z i n e d i o n e  ( 1 1 )  and c o u m a l i c  a c i d 2 .  ,, 

V I a  L X I I I  

&TH 

8 
LXIV  



The r e a c t i o n  o f  d i a z a q u i n o n e s  w i t h  f u r a n s  has been w i d e l y  s t !  

d i e d .  Kea l y  r e p o r t e d 2  a  r a p i d  r e a c t i o n  of f u r a n  and 2,5-dime- 

t h y l f u r a n  w i t h  3 , 6 - p y r i d a z i n e d i o n e  ( 11 )  b u t  D i e l s - A l d e r  a d d u c t s  

were n o t  i s o l a t e d .  The p r o d u c t  f rom f u r a n  p r e c i p i t a t e s  f r om  so l !  

t i o n  b u t  decomposes e x o t h e r m i c a l l y  on i s o l a t i o n .  The a d d u c t  f r o m  

2 , 5 - d i m e t h y l f u r a n  (LXV) undergoes h y d r o l y s i s  d u r i n g  i s o l a t i o n  t o  

g i v e  m a l e i c  h y d r a z i d e  and 1 , 2 - d i a c e t y l e t h y l e n e .  However, more re 
c e n t l y ,  t h e  i s o l a t i o n  o f  t h e  a d d u c t  LXVI f r o m  3 . 6 - p y r i d a z i n e d i o -  

n e  (11) and f u r a n  has been c l a i m e d z 3 .  

R e a c t i o n  of 1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  w i t h  f u r a n  does n o t  

l e a d  t o  t h e  D i e l s - A l d e r  adduc th5 .  The open c o n j u g a t i o n  of v i n y l -  

f u r a n  r e a c t s  w i t h  1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  b u t  t h e  a d d u c t  i s  

t o o u n s t a b l e  t o  be i s o l a t e d h 6 .  
3 , 6 - P y r i d a z i n e d i o n e  ( 11 )  has a l s o  been t e s t e d  towards  N-me- 

t h y l p y r r o l e 2 .  The D i e l s - A l d e r  adduc t  was n o t  i s o l a t e d  b u t  i n s -  

t e a d  a  compound of s t r u c t u r e  L X V I I  was o b t a i n e d .  

I I LXV 

LXVI L X V I I  
The r e a c t i v i t y  of  d i a z a q u i n o n e s  towards  d i e n e s  c o n t a i n i n g  he-  

t e roa toms  i n  t h e i r  c o n j u g a t e d  systems was s t u d i e d  and t h e  l a c k  

o f  r e a c t i o n  between 1 . 4 - p h t h a l a z i n e d i o n e  ( V I a )  and d e h y d r o i n d i g o  

o r  d i m e t h y l f ~ r a z a n ' ~ ,  b e n z a l a z i n e ,  2.5-dimethyl-1,3,4-oxadiazol 

and c i n a m a l a n i l i n e h 6  n i t r o g e n a t e d  h e t e r o c o n j u g a t i o n s  was found.  

When d i e n e s  such as o -qu i noned ibenz im ides  a r e  used, t h e  r e a c t i o n  
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a l w a y s  t a k e s  p l a c e  w i t h  t h e  h o m o c o n j u g a t i o n  a f f o r d i n g  t h e  a d d u c t s  

L X V I I I  , l e a v i n g  t h e  h e t e r o c o n  j u g a t i o n  u n a f f e c t e d 1 7 .  

0 

Via LXVI ~i 
a: R,=R2=H; b:  R1=CH3, R2=H; c: Rl=R2=CH3 

3 . 1 . 4 . -  Reac.tionb u i i h  ahoma.tic hydhocahbons 

The e x t r a o r d i n a r y  r e a c t i v i t y  o f  d i a z a q u i n o n e s  as d i e n o p h i l e s  

a l l o w s  them t o  r e a c t  w i t h  a r o m a t i c  h y d r o c a r b o n s .  W i t h  3 , 6 - p y r i d a  

z i n e d i o n e  ( 1 1 )  and  a n t h r a c e n e ,  t h e  a d d u c t  LXIX i s  formed6.  T h i s  

n o r m a l  9 .10 -an th racene  a d d i t i o n  i s  a l s o  o b s e r v e d  w i t h  111 and  

V I a 6  and w i t h  p o l y h e t e r o c y c l i c  d i a z a q u i n o n e s  such  as  X I 1 1 2 .  

I I LXIX 

D i a z a q u i n o n e s  r e a c t  as  w e l l  w i t h  v i n y l a r o m a t i c  compounds Such 

as s t y r e n e ,  a n e t h o l e ,  i s o s a f r o l e k 7  and  a - m e t h y l -  and  8 - m e t h y l -  

~ t y r e n e " ~ ,  b u t  g r e a t  d i f f i c u l t i e s  a r e  f o u n d  i n  t h e  i s o l a t i o n  o f  
t h e  r e a c t i o n  p r o d u c t s .  When a d d u c t s  LXX a r e  formed, t h e s e  u n d e r -  
go r e a c t i o n  w i t h  a second  m o l e c u l e  o f  d i a z a q u i n o n e .  A c c o r d i n g  t o  

t h e  scheme be low,  1,4-phthalazinedione(V1a) l e a d s  t o  LXXIa  and  

V I a  a: R=H 
b: R=CH, LXX J . 



OH 
LXXI 

LXXIb by r e a c t i o n  w i t h  s t y r e n e  and a - m e t h y l s t y r e n e  r e s p e c t i v e l y .  

B - M e t h y l s t y r e n e  f a i l s  t o  g i v e  an adduc t  w i t h  1 , 4 - p h t h a l a z i n e d i o -  

ne ( V I a ) 4 8 .  

3.2.-  { 2 + 2 )  C y c l o a d d i t i o n  r e a c t i o n s  

A l t h o u g h  d i a z a q u i n o n e s  do n o t  e a s i l y  undergo  { 2 + 2 >  c y c l o a d d i -  
t i o n  r e a c t i o n s ,  some c y c l o a d d i t i o n s  o f  t h i s  k i n d  have been r e p o r  

t e d .  T h i s  p rocess  p r o v i d e s  a  one -s tep  s y n t h e s i s  of  d e r i v a t i v e s  

o f  d i a z a c y c l o b u t a n e .  The f i r s t  example r e p o r t e d  was t h e  r e a c t i o n  

of 1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  w i t h  i n d e n e 3 9 ,  w h i c h  a f f o r d e d  

L X X I I .  S i m i l a r l y ,  phenan th rene  seems t o  g i v e  an ana logous  a d d u c t  

b y  c y c l o a d d i t o n  i n v o l v i n g  t h e  9 , 1 0 - b 0 n d ~ ~ .  The vapour  phase p y r g  

l y s i s  o f  L X X I I  a f f o r d s  b e n r o c y c l o b u t e n e d i o n e  and i n d e n e 3 2 .  

L X X I I  

I n  some r e a c t i o n s  of d i a z a q u i n o n e s  w i t h  s t y r e n e  { 2 + 2 1  c y c l o -  

a d d i t i o n  t o  t h e  e t h y l e n i c  doub le  bond takes  p l a c e .  However, t h e  

p r o d u c t  t h u s  formed ( L X X I I I )  undergoes a d d i t i o n  o f  a  m o l e c u l e  of 

w a t e r ,  t - b u t a n o l  o r  a c e t i c  a c i d  ( o r i g i n a t e d  as b y - p r o d u c t s  i n  

t h e  p r e p a r a t i o n  o f  t h e  d i a z a q u i n o n e ) .  Thus, t h e  r e a c t i o n  o f  3,6- 

p y r i d a z i n e d i o n e  ( 1 1 )  w i t h  s t y r e n e  a f f o r d s  t h e  compounds LXXIVa,b, 

c  depend ing  upon t h e  p r o c e d u r e  used  t o  g e n e r a t e  t h e  d i a z a q u i n o -  

ne4'. 
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L X X I I I  LXXIV 

3.3.-  R e a c t i o n s  w i t h  enamines 

The a d d i t i o n  o f  e t h y l  3 - a m i n o c r o t o n a t e  t o  t h e  3 , 6 - p y r i d a z i n e -  

d i o n e  ( 1 1 )  -N=N- d o u b l e  bond  o c c u r s  e a s i l y  and  compound LXXV was 

o b t a i n e d k g .  A c i d  t r e a t m e n t  o f  LXXV a i m i n g  t o  a  c y c l i z a t i o n  a n a l 9  

gous t o  t h e  N e n i t z e s c u  r e a c t i ~ n ~ ~ * ~ '  b r i n g s  a b o u t  t h e  l o s s  o f  

t h e  amino g r o u p  and t h e  f o r m a t i o n  o f  compound LXXVI. 1 , 4 - P h t h a l a  

z i n e d i o n e  ( V I a )  behaves i n  t h e  same wayk9 .  

LXXV LXXVI 
O t h e r  e n a m i n o e s t e r s  s u c h  as L X X V I I  have been shown t o  r e a c t  

w i t h  1 , 4 - p h t h a l a z i n e d i o n e  ( V I a )  t o  g i v e  t h e  i m i n o l a c t o n e  

L X X V I I 1 5 2 .  OH 

V I  a  L X X V I I  L X X V I I I  

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

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

have been  w i d e l y  s t u d i e d  and a r e  u s e f u l  f o r  t h e  s y n t h e s i s  o f  n i -  

t r o g e n  h e t e r o c y c l e s .  Maybe f u t u r e  r e s e a r c h  on d i a z a q u i n o n e s  

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