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Abstract - The title compounds pyrano[3,2-d]pyraroles ( 2 )  were 

obtained by the action of polyphosphoric acid on the 3-methyl-4- 

( l - a r y l - 3 - a r y l - 3 - o x 0 p r o p y l ) - 2 - p y r d ~ o l i n - 5 - n e ,  after neutralisa- 

tion with sodium bicarbonate. Interaction o f  phosphorous penta- 

sulphide with the starting compounds (Z )  in dry xylene gives 

rise to thiopyrano[3,2-dlpyrazoles 1 4  but pyrido[3,2-dlpyraro- 

les ( I )  were obtained by the action o f  ammonium acetate on the 

compound (2) in the presence of glacial acetic acid. - 

In a previous work1 we have reported the synthesis of 3 - m e t h y l - 4 1 1 - a r y l - 3 - a r y l ) - 3 -  

oxopropy1)-2-pyrarolin-5-ones ( 2 )  and this encourged us to test such compound far 

the synthesis o f  the unknown binuclear heterocyclic compounds: a )  4H-pyrano[3,2-d] 

pyrdroles ( 3 1 ,  b )  thiopyrano[S,4-bIpyraroles(4) and c )  pyrido[3,2-d]pyraroles (5). 

The ability o f  the amidic carbonyl participate in heterocyclisatian of oxopropyl- 

pyrarolones (1) was  tested under the influence of different reagents as follows: 

a )  Action o f  polyphosphoric acid, followed by neutralisation: 

Interaction o f  the 1,s-diketones (1) with e x c e s s  polyphosphoric acid at 60-80°C 

gave after neutralisation and working up the corresponding pyrano 3,2-d pyraroles 

(3). The reaction can be represented a s  follows: 

- H z 0  I 
11 PPA H 3 a A r  H - 21 neutralisation 

1 3  1 



Whare 

Ar A< 

P - C Y C ~ H I .  I -naphthyl 
p - C I  CgH4  I- naphthyl 

As a confirmations for a part of the above scheme, we were able to obtain thiopyrans 

(4) starting f r o m  pyrane derivatives (3) by heating with phosphorous pentasulphide 

in dry xylene. The data f o r  the prepared thiopyranes are indicated in Table 2. The 

structure o f  these products was confirmed using elemental as well a s  IR and m a s s  

spectral analyses. 

Table 2. Physical properties o f  thiopyrano[5,4-blpyrazole derivatives (4) 

Compd. Solvent of mp Yield Molecular Analysis(Calcd.Found) 
No. AT A r '  1%) 
14) crystn. 'C 1 %  Formula 

mlr 
C H N S 

a C6H5 p-CH3C6H4 aq. ethanol 157 94.3 C20H18N2S 75.47 5.60 8.80 10.06 
75.30 5.50 8.30 10.40 

b p-CH3C6H4 I-naphthyl aq. ethanol 162 81.3 C2,+HZ0N2S 78.20 5.40 7.60 8.69 
77.7 5.40 7.30 8.45 

c p-C1C6H4 I-naphthyl aq. acetic 132 78.1 C2JH,7C1N2S 71.13 4.38 7.12 8.24 388 
acid 71.20 4.40 7.10 7.95 
(1:l) 

C )  Reaction of 1,5-diketones with nitrogenous reagents (preparation o f  4H-pyrido 

[3,2-dlpyrazoles (5). 

The reactivity of our prepared 1,5-diketones (1) towards nitrogenous reagents was 

tested by using ammonium acetatelacetic acid as the choiced reagents. The reaction 

was  found to take place smoothly and the pyrido[3,?-dlpyraroles were isolated by 
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T h e  s t r u c t u r e  o f  p y r a n o [ 3 , 2 - d l p y r a r o l e s  ( 3 )  w a s  c o n f i r m e d  b y  e l e m e n t a l  a s  w e l l  a s  

I R  a n d  m a s s  s p e c t r a l  a n a l y s e s  ( c f .  T a b l e  1 ) .  

T a b l e  1 .  3 - M e t h y l - 4 - A r - 6 - A r - 4 H - p y 1 ~ a n 0 [ 3 , Z - ~ ] p y ~ - a z 0 1  d e r i v a t i v e s  ( 3 ) .  

Compound mp* Yield Molecular A n a l y s i s  (Ca lcd .  /Found)  
No. Ar Ar' (4) 
( 3 )  O C  (%) Formula C  H N mlr 

* C r y s t a l l i s e d  f rom e t h a n o l  

b )  A c t i o n  o f  s u l p h u r o u s  r e a g e n t s :  

T h e  c h a r a c t e r  o f  t h e  c h e m i c a l  t r a n s f o r m a t i o n  o f  1 , s - d i a r y l p e n t a n e d i o n e s  i n  r e a c t -  

i o n s  w i t h  n u c l e o p h i l i c  r e a g e n t s  h a s  r e c e n t l y  b e e n  t h e  s u b j e c t  o f  i n t e n s i v e  s t u d y 2 ' !  

I n  r e a c t i o n  w i t h  s u l p h u r o u s  r e a g e n t s  ( P 2 S 5 )  t h i o p y r y l i u r n  s a l t s  a r e  f o r m e d  * t w o  

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

4 1 , 5 - d i c a r b o n y l  c o m p o u n d s  a n d  t h e  r e a c t i o n  c o n d i t i o n s  . One m i g h t  h a v e  e x p e c t e d  

t h a t  1 , s - d i a l k y l -  o r  1 - a l k y l - 5 - a r y l p e n t a d i o n e s  *auld d i s p l a y  c e r t a i n  s p e c i f i c  

c h d r a c t e r i s t i c s  u n d e r  a c i d  c a t a l y s i s  c o n d i t i o n s 5 .  

C h i c k e n k o v a  e t  f o u n d  t h a t  t h e  s t a r t i n g  1 . 5 - d i k e t o n e s  m u s t  h a v e  n o  m e t h y l  o r  

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

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

s u l p h u r i s a t i o n  t a k e s  p l a c e  when  s u c h  p o s i t i o n s  a r e  b l o c k e d  by t e r t - b u t y l  q r o u p s .  

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

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

t a n c e 7 ,  we s u b j e c t  o u r  1 , 5 - d i k e t o n e s  t o  s u l p h u r i s a t i o n .  T h i s  w a s  d o n e  by h e a t i n g  

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

was  p r o v e d  t o  b e  t h i o p y r a n s  a n d  no c a r b o c y c l i s a t i o n  o c c u r r e d  e v e n  t h e  s t a r t i n g  

c o m p o u n d s  p o s s e s s e s  o n e  m e t h y l e n e  g r o u p  i n  a n  0 - p o s i t i o n  t o  o n e  o f  t h e  k e t o n i c  

g r o u p s .  

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

( 4 )  v i a  p y r a n  p r e c u r s o r s  ( 3 )  b y  s u b s t i t u t i o n  o f  o x y g e n  w i t h  s u l p h u r 8 .  T h e  r e a c t i o n  

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



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

As i n  c a s e  o f  t h i o p y r a n s  ( 4 ) ,  p y r i d o [ 3 , 2 - d ]  p y r a r o l e s  ( 5 )  were p r e p a r e d  s e p a r a t e l y  by - 

t h e  a c t i o n  o f  ammonium a c e t a t e l a c e t i c  a c i d  r e a g e n t  o n  p y r a n o - p y r a z o l e s  ( 3 ) .  T h e  

r e s u l t s  a r e  l i s t e d  i n  T a b l e  3 .  

T a b l e  3 .  P h y s i c a l  p r o p e r t i e s  o f  b H - ~ y r i d o [ 3 , 2 - ; ?  I n y r a r o l e  d e r i v a t i v e s  ( I )  

Compound C r y s t a l -  
mp lized Yield Molecular  Ana lys i s (Ca lcd . lFound)  N O .  A r  Ar ' 

( 5 )  
mlr 

OC f rom ( % I  formula r u hl 

a C6H5 p-CH3C6H4 227 t o l u e n e  83.0 C20H19NJ 79.70 6.30 1 3 . 9 0  
79.20 6 .30  13 .8  

b  p-CH30C6H4 1-naph thy l  215 e t h y l  81.9 C24H20N30 78.6 5.4 1 1 . 4  
a l c o h o l  78.1 5.5 11 .6  

c p-ClC6H4 2-naph thy l  230 e t h y l  91.0 CZ3H18N3C1 74.39 4 . 8 5  11.32 
a l c o h o l  74.40 4.95 11.60 371,373 

E X P E R I M E N T A L  

A l l  mps were u n c o r r e c t e d  a n d  d e t e r m i n e d  e i t h e r  o n  a s u l p h u r i c  a c i d  a p p a r a t u s  

o r  o n  a Kof ler  m e l t i n g  p o i n t  a p p a r a t u s .  I n f r a r e d  s p e c t r a  were d e t e r m i n e d  w i t h  a 

Beckman 117 2 0  i n f r a r e d  s p e c t r o p h o t o m e t e r  u s i n g  K B r  W a f e r  t e c h n i q u e .  M a s s  s p e c t r a  
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were o b t a i n e d  u s i n g  a n  AET MS-9 mass  s p e c t r o m e t e r  o p e r a t i n g  a t  7 0 - e V .  

E l e m e n t a l  a n a l y s e s  a n d  a l l  t h e  a b o v e  a n a l y s e s  were c a r r i e d  o u t  a t  i n s t i t u t e  o f  

o r g a n i c  c h e m i s t r y ,  T H - D a r m s t a d t ,  Wes t  G e r m a n y .  3 - M e t h y l - 4 ( l - a r y l - 3 - a r y 1 - 3 - 0 ~ o p r o -  

1 
p y 1 ) - 2 - p y r a r o l i n - 5 - o n e s  were p r e p a r e d  a c c o r d i n g  t o  t h e  l i t e r a t u r e  p r o c e d u r e s  . 

S y n t h e s e s  o f  3 - M e t h y l - 4 - A r - 6 - A r - $ H - p y r a n o [ 3 , 2 - ~ ] p y r a ~ o l e 3 :  Genera l  P r o c e d u r e :  

A m i x t u r e  o f  3 - r n e t h y l - 4 ~ l - A r - 3 - o x 0 p r o p y 1 ) - 2 - p y ~ 1 a ~ 0 1 i n - 5 - 0  ( 0 . 0 1  r n o l . ) ,  p o l y p h a s -  

p h o r i c  a c i d  a n d  p h o s p h o r o u s  p e n t o x i d e  ( 0 . 0 1  m o l )  was  h e a t e d  on w a t e r  b a t h  a t  

6 0 - 8 0 ° C  f o r  1 - 2  h .  a f t e r  w h i c h  t h e  e x c e s s  p o l y p h o s p h o r i c  a c i d  was d e c o m p o s e d  w i t h  

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

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

e v o l v e .  The p r o d u c t  was c o l l e c t e d ,  a n d  r e c r y s t a l l i s e d  f r o m  t h e  p r o p e r  s o l v e n t .  T h e  

r e s u l t s  a r e  s u r n m a r i s e d  i n  T a b l e  1.  

S y n t h e s i s  o f  3 - M e t h y 1 - 4 - A r - 6 - A r - 4 ~ - t h i o p y r a n n I 3 , 2 - ~ ] p y 1  ( 4 ) :  G e n e r a l  

P r o c e d u r e :  

3 - M e t h y l - 4 - ( 1 - A r - 3 - A r - 3 - 0 ~ 0 p ~ 0 p y 1 ) - 2 - p y r 1 - 5 -  ( 0 . 0 1  m o i . )  a n d  p h o s p h o r o u s  

p e n t a s u l p h i d e  ( 0 . 0 1 1  r n o l . )  were d i s s o l v e d  i n  d r y  x y l e n e  ( 3 0  m l )  a n d  r e f l u n e d  o n  

a h o t  p l a t e  f o r  3 h .  A f t e r  c o o l i n g  t h e  p r e c i p i t a t e d  p r o d u c t  w a s  c o o l e c t e d  b y  

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

T a b l e  2 .  

S y n t h e s i s  o f  3 - M e t h y l - 4 - A r - 6 - A r - 4 H - p y r i d o [ 3 , 2 - ~ p y r a r l  - ( 5 ) :  G e n e r a l  P r o c e d u r e :  

A m i x t u r e  o f  3 - m e t h y 1 - 4 ( 1 - A r - 3 - A r - 3 - 0 ~ 0 p r 0 p y 1 ) - 2 - p y r a 1 i - 5 - ,  ( 0 . 0 1  r n o l . )  

ammonium a c e t a t e  ( 0 . 1 5  m o l . )  a n d  a c e t i c  a c i d  ( 2 5  r n l )  were r e f l u x e d  o n  a h o t  p l a t e  

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

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

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

T h e  r e s u l t s  a r e  s u r n r n a r i s e d  i n  T a b l e  3 .  

A p p r e c i a t i o n  i s  e x p r e s s e d  t o  P r o f .  Dr. K l a u s  H a f n e r ,  I n s t i t u t  f " r  O r g a n i s c h e  

C h e m i e ,  T e c h n i s c h e  H o c h s c h u l e  D a r m s t a d t ,  Wes t  G e r m a n y ,  f o r  e l e m e n t a l  a n d  s p e c t r a l  

a n a l y s e s .  
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