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NEW SYNTHETIC APPROACH FOR P Y R A Z O L 0 1 3 . 4 - b l P Y R A Z I N E S  

AND ISOXAZOL014.5-blPYRAZINES 

M a r j a n  K o t e v a r ,  M iha  T i Z l e r :  and  B r a n k o  S t a n o v n i k  

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  E . K a r d e l j ,  61000 L j u b l j a n a  

Y u g o s l a v i a  

A b s t r a c t  - A  new s y n t h e t i c  a p p r o a c h  has  been  d e v e l o p e d  f o r  t h e  

s y n t h e s i s  o f  pyrazolol3.4-blpyrazines ( 7 )  and  i s o x a z o l o - 1 4 . 5 - b l  

p y r a z i n e s  ( 2 2 )  f r o m  t h e  c o r r e s p o n d i n g  s u b s t i t u t e d  p y r a z i n e s .  

I n  a l m o s t  a l l  s y n t h e t i c  approaches  t o  pyrazolol3.4-blpyrazines t h e  b i c y c l i c  

s y s t e m  has  been  p r e p a r e d  f r o m  4 , 5 - d i a m i n o p y r a z o l e s  and  1 , 2 - d i c a r b o n y l  compounds. 1-7 

However,  t h e r e  i s  one r e p o r t  on t h e  s y n t h e s i s  o f  t h i s  b i c y c l i c  s y s t e m  f rom 2-  

c h l o r o - 3 - c y a n o - 5 . 6 - d i p h e n y l p y r a z i n e ,  b u t  w i t h o u t  d e t a i l s . '  The p u r p o s e  o f  t h i s  

c o m m u n i c a t i o n  i s  t o  d e s c r i b e  some new s y n t h e s e s  o f  t h i s  and  a  r e l a t e d  s y s t e m  f rom 

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

g r o u p  p a r t i c i p a t i o n .  9  

The amidox ime  1 l 0 ,  when h e a t e d  i n  t h e  p r e s e n c e  of  N , N - d i m e t h y l f o r m a m i d e  

d i m e t h y l  a c e t a l  (DMFDMA) i n  t o l u e n e ,  was t r a n s f o r m e d  i n t o  a  m i x t u r e  o f  t h e  c o r -  

r e s p o n d i n g  p y r a z o l o l 3 . 4 - b l p y r a z i n e  ( 4 ) ,  f o r m a m i d i n e  ( 8 )  and  N , N - d i m e t h y l u r e a "  ( 9 ) .  

The y i e l d  o f  t h e s e  p r o d u c t s  depends on t h e  q u a n t i t y  o f  DMFDMA used. W i t h  1.2 m o l e  

o f  DMFDMA ( 3  h  u n d e r  r e f l u x )  t h e  y i e l d s  o f  compounds 4, 8  and  9 were  36%. 14% and  

8% w i t h  15% of  t h e  s t a r t i n g  compound r e c o v e r e d ,  whereas w i t h  2.3 mo les  o f  DMFDMA 
( 6  h  u n d e r  r e f l u x )  t h e  above p r o d u c t s  were f o r m e d  i n  35%. 28% and  10% y i e l d .  W i t h  

l a r g e  e x c e s s  o f  DMFDMA ( 5  m i n  a t  75 OC) and  i n  t h e  absence  o f  t o l u e n e  as  s o l v e n t ,  

o n l y  compounds 8  and  9  were  o b t a i n e d  i n  66% and 12% y i e l d .  Compound 4  h a d  mp 247- 

250 O C  ( f r o m  w a t e r ) ;  m l e  163  (M') and 8 nmr (CF3COOH) 8.56 and  8.98 ( d ,  H5 and H6, 

'5.6 = 2.6 Hz ) ,  8 .27 ( 5 ,  CHO). The compound was d e f o r m y l a t e d  w i t h  d i l u t e  h y d r o -  

c h l o r i c  a c i d  ( I : ! )  t o  g i v e  t h e  amino compound 7, mp 244-246 O C  ( f r o m  e t h a n o l ) ;  

m/e 135 (M+) and  6 nmr (DMSO-d6) 7 .92 and  8.00 ( d ,  H5 and  H6, J5,6 = 2 .1  H z ) .  T h i s  

compound c o u l d  be p r e p a r e d  a l s o  f r o m  2 - c h l o r o - 3 - c y a n o p y r a z i n e  ( 1 0 )  and h o t  e t h a -  

n o l i c  h y d r a z i n e  h y d r a t e  i n  53% y i e l d .  

I n  a n o t h e r  a p p r o a c h ,  2-amino-3-(1,2,4-oxadiazolyl-3)pyrazines 11 o r  12 were 

u s e d  as s t a r t i n g  m a t e r i a l .  These compounds were p r e p a r e d  from1 b y  a c y l a t i o n  o f  t h e  

amidox ime  f u n c t i o n a l  g r o u p  w i t h  a c e t i c  a n h y d r i d e  o r  b e n z o y l  c h l o r i d e  ( i n  c h l o r o f o r m  

s o l u t i o n  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e )  a t  room t e m p e r a t u r e  t o  g i v e  2  o r  3, b o t h  

i n  97% y i e l d . 1 0  These compounds, when h e a t e d  i n  g l a c i a l  a c e t i c  a c i d  were t r a n s f o r -  

med i n t o  t h e  o r a d i a z o l y l  d e r i v a t i v e s ,  i . e .  11 i n  72% y i e l d  (mp 217-219 O C  ( f r o m  

e t h a n o l ) ;  m/e 177 ( M + )  and  12 i n  86% y i e l d  ( c y c l i z a t i o n  t o  12 was p e r f o r m e d  p r e -  



f e r e n t i a l l y  i n  t h e  P resence  o f  h o t  p o l y p h o s p h o r i c  a c i d ) ,  mp 220-223 O C  ( f r o m  
e t h a n o l  a n d  N ,N-d ime thy l fo rmamide) ;  m/e 239  (M'). These t w o  o x a d i a z o l y l  d e r i v a -  

t i v e s ,  11 and 12, c o u l d  be t r a n s f o r m e d  i n t o  t h e  c o r r e s p o n d i n g  p y r a z o l o / 3 , 4 - b l p y -  
r a z i n e s  5  and 6  upon h e a t i n g  i n  N,N-d imethy l formamide i n  t h e  p r e s e n c e  o f  sod ium 

e t h o x i d e  ( y i e l d  60% and  95%, r e s p e c t i v e l y ) .  Compound 5  h a d  mp 300-303 O C  ( d e c )  

( f r o m  m e t h a n o l  and  N,N-d imethy l formamide;  m/e 1 7 7  (M') and  6 nmr (DMSO-d6) 8.57 

( s ,  H5 and H6),  2.10 ( s ,  Me) and  compound 6  had mp 231-234 'C ( f r o m  e t h a n o l ) ;  

m/e 239 (M+) and 6 nmr (DMSO-d6) 8.56 ( s ,  H5 and  H e ) ,  and  Ph g r o u p  8.00 (m, Hz. 

and  H6.). 7.55 (m, H3.and H4.and H 5 . )  Upon h y d r o l y s i s  w i t h  10% aqueous s o d i u m  

h y d r o x i d e  ( 1  h  u n d e r  r e f l u x )  compound 5  was t r a n s f o r m e d  i n t o  t h e  amino  compound 7.  

3-Aminopyrazolol3.4-gpyrazine 7  i s  a  u s e f u l  s y n t h o n  and  can be t r a n s f o r m e d  

i n t o  a  s t a b l e  d i a z o  compound ( 1 3 ) ,  mp 180 O C  ( d e c )  ( f r o m  c h l o r o f o r m  and  p e t r o l e u m  
e t h e r ) ;  m/e 146 ( M + )  and  6 nmr (C0C l3 )  8.31 and  8.41 (d ,  H5 and  H6, J5,6 = 2.1 Hz)  

T h i s  compound, upon t r e a t m e n t  w i t h  48% aqueous h y d r o b r o m i c  a c i d ,  i s  c o n v e r t e d  i n  

84% y i e l d  i n t o  t h e  3-bromo compound ( 1 4 ) .  mp 278-281 O C  ( f r o m  e t h a n o l ) ;  m/e 198 

(M+)  and  6 nmr (DMSO-d6) 8.63 ( s ,  H5 and  H 6 )  W i t h  h y d r o x y l a m i n e  h y d r o c h l o r i d e  
t h e  d i a z o  compound i s  t r a n s f o r m e d  i n t o  t h e  c o r r e s p o n d i n g  a z i d e  ( 1 5 )  i n  91% y i e l d ,  

mp 163-165 O C  ( d e c )  ( f r o m  e t h a n o l ) ;  m/e 161  and 6 nmr (DMSO-d6) 8 .43  and  8.50 
( d ,  H5 and  H6, J5,6 = 2 .1  H z ) .  Upon i r r a d i a t i o n  ( h  = 254 nm) o f  a  m e t h a n o l i c  s o l u -  

t i o n  o f  t h e  d i a z o  compound t h e  p a r e n t  b i c y c l e  ( 1 6 )  was o b t a i n e d  i n  53% y i e l d ,  mp 

183-186 O C  ( s u b l i m e d  a t  150-160 Ocf1.3 kPa)  mp 198-200 OC); m/e (M') and  

6 nmr (DMSO-d6) 8 .5  (s ,H3) ,  8 .57 and  8.63 ( d ,  H5 and H6, J ~ , ~  = 2.3 H z ) .  

The d i a z o  compound c o u p l e d  w i t h  5.5-dimethylcyclohexane-1.3-dione t o  a f f o r d  

f i r s t  t h e  c o r r e s p o n d i n g  h y d r a z o n e  ( 1 7 )  ( o r  t a u t o m e r i c  f o r m ) ,  mp 190-193 O C  ( c y c l i -  

z a t i o n  i s  t a k i n g  p l a c e  a t  t h e  m p ) ( f r o m  e t h a n o l ) ;  m/e 286 (M'). The h y d r a z o n e ,  when 

h e a t e d  i n  N , N - d i m e t h y l f o r m a m i d e ,  i s  t r a n s f o r m e d  i n  70% y i e l d  i n t o  a  t e t r a c y c l i c  de-  

r i v a t i v e  ( 1 8 ) .  mp 213-216 O C  ( f r o m  e t h a n o l ) ;  m/e 268 (M'). C o n t r a r y  t o  t h e  p y r i -  

d i n e  a n a l o g ,  l3 t h i s  t e t r a c y c l e  e x i s t s  i n  s o l u t i o n  i n  an e q u i l i b r i u m  o f  b o t h  t a u -  

t o m e r i c  f o r m s  18a and  18b.  I n  d i m e t h y l  s u l p h o x i d e  t h e  r a t i o  i s  a b o u t  5:2 and  i n  

t r i f l u o r o a c e t i c  a c i d  a b o u t  l 6 : l ,  r e s p e c t i v e l y .  

14.15 T h e r e  a r e  o n l y  few r e p r e s e n t a t i v e s  o f  t h e  isoxazolol4,5-blpyrazine s y s t e m  

and t h e y  were  p r e p a r e d  f rom t h e  c o r r e s p o n d i n g  s u b s t i t u t e d  i s o x a z o l e s .  As shown abo- 

. v e ,  t h e  o r t h o  amino f u n c t i o n  i n  t h e  p y r a z i n e  r i n g  can p a r t i c i p a t e  w i t h  t h e  o x a d i a -  

z o l y l  r i n g  i n  t h e  f o r m a t i o n  o f  a  f u s e d  p y r a z o l e .  T h e r e f o r e ,  we have a n t i c i p a t e d  

t h a t  i n  t h e  same manner a  h y d r o x y l  f u n c t i o n a l  g r o u p  may be i n v o l v e d  i n  t h e  forma-  

t i o n  o f  a  fused  i s o x a z o l o  r i n g .  I n  f a c t ,  we were a b l e  t o  s y n t h e s i z e  i n  t h i s  way t h e  

isoxazolol4,5-blpyrazine r i n g  s y s t e m  as f o l l o w s .  The amidox ime  19 o r  i t s  a c e t y l  de-  

r i v a t i v e  ( 2 0 )  were  t r a n s f o r m e d  w i t h  oMFDMA i n t o  t h e  b i c y c l i c  p r o d u c t  ( 2 1 ) ,  mp 130-  

132 O C  ( f r o m  m e t h a n o l ) ;  m/e 191 (M') and  6 nmr (DMSO-d6) 8.76 ( s ,  CH) 8 .59 and  8.73 

(d ,  H5 and  Hg, J5,6  = 2.5 H z ) ,  5.16 ( s ,  Me) 3.07 (s,Me).  I n  a d d i t i o n ,  t h e  o x a d i a z o l o  

d e r i v a t i v e  ( 2 3 )  was i s o l a t e d ,  mp 194-196 O C  ( f r o m  e t h a n o l  and  N , N - d i m e t h y l f o r m a m i d e ) ;  

m/e 164 (M') and  6 nmr (CF3COOH) 9.12 ( s ,  H5.), 7.78 and  7.98 ( d ,  H5 and  H6, 

J5,6 = 3.9 HZ).  The amidox ime  ( 1 9 )  a f f o r d e d  a f t e r  s h o r t  h e a t i n g  ( 5  m i n  a t  75 OC) w i t h  

t h i s  r e a g e n t  (DMFDMA) b o t h  p r o d u c t s  i n  21% and 13% y i e l d ,  r e s p e c t i v e l y .  On t h e  o t h e r  
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hand,  i f  t h e  r a t i o  o f  r e a c t a n t s  was 1  : 2.7 and a f t e r  h e a t i n g  a  c h l o r o f o r m  s o l u -  

t i o n  f o r  1.5 h  under  r e f l u x .  o n l y  t h e  b i c y c l i c  p r o d u c t  21 was o b t a i n e d  i n  68% 

y i e l d .  S i m i l a r l y ,  t h e  a c e t y l a t e d  amidox ime ( 2 0 )  a f f o r d e d  u n d e r  t h e s e  c o n d i t i o n s  

b o t h  p r o d u c t s  i n  l o w  y i e l d  ( 6 %  o f  21 and  28% of  23 ) .  t h e  b i c y c l e  b e i n g  t h e  m i n o r  

p r o d u c t .  The f o r m a m i d i n e  ( 2 1  i s  e a s i l y  t r a n s f o r m e d  ( 1  m i n  h e a t i n g  w i t h  5% aqueous 

sod ium h y d r o x i d e )  i n t o  t h e  c o r r e s p o n d i n g  amino d e r i v a t i v e  ( 2 2 )  i n  39% y i e l d ,  mp 

207-208 O C  ( f r o m  e t h a n o l ) ;  m/e 136 (M+)  and  8 nmr (DMSO-d6) 8 .58  and  8.68 ( d ,  H5 

and  H6, J g S 6  = 2.5 H z ) .  The amino compound i s  t r a n s f o r m e d  w i t h  h o t  f o r m i c  a c i d  

a f t e r  5  m i n  i n t o  compound 23  ( 5 0 %  y i e l d )  t o g e t h e r  w i t h  a  s m a l l  amount o f  3-cyano-  

p y r a z i n - 2 - o n e ,  w h i c h  becomes t h e  o n l y  r e a c t i o n  p r o d u c t  a f t e r  p r o l o n g e d  t r e a t m e n t  

( 3  h ) .  The i s o x a z o l e  p a r t  o f  t h e  b i c y c l e  i s  a l s o  opened u n d e r  t h e  i n f l u e n c e  o f  

a c e t i c  a n h y d r i d e  and  f rom compound 22 t h e  o x a d i a z o l y l  d e r i v a t i v e  25 i s  o b t a i n e d  

i n  78% y i e l d ,  np 250-253 O C  ( d e c )  ( f r o m  m e t h a n o l ) ;  m/e 220  ( M + )  and  S nmr (DMSO-d6) 

8.77 and  8.91 ( d ,  H5 and  H6, J5,6 = 2.4 H z ) ,  2.71 ( s ,  Me), 2 .38 ( s ,  COMe). T h i s  

p r o d u c t  i s  i n  t u r n  o b t a i n e d  a l s o  by  a c e t y l a t i o n  o f  24  i n  89% y i e l d .  
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