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HYDRAZONES A S  NEW !+-ELECTRONS THREE ATOMIC CENTERS I N  

CYCLOADDITION REACTIONS: A NOVEL APPROACH FOR THE 

SYNTHESIS OF PYRAZQLE DERIVATIVES 
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A b s t r a c t -  Aromatic  a l dehydes  and ace tophenone  phenylhydrazones  

undergo c y c l o a d d i t i o n  r e a c t i o n s  w i th  ma l e imides  t o  g i v e  t h e  

pyrrolo[3.4-d] p y r a z o l e  d e r i v a t i v e s  v i a  a nove l  p e r i c y c l i c  

r e a c t i o n  i n v o l v i n g  e a s i l y  a c c e s s i b l e  4lT-electrons n e u t r a l  t h r e e  

a tomic  c e n t e r s .  

S c h i f f ' s  b a s e s  have  been shown t o  undergo main ly  two t y p e s  o f  c y c l o a d d i t i o n s .  

The f i r s t  c h a r a c t e r i s t i c  f o r  S c h i f f ' s  b a s e s  d e r i v e d  from a r o m a t i c  amines  and 

this l e a d s  t o  t h e  fo rma t ion  o f  q u i n o l i n e  d e r i v a t i v e s  J by c y c l o a d d i t i o n s  w i th  

v i n y l  e t h e r s l s 2  and k e t e n  im ines3  where one  con juga t ed  T-bond from t h e  benzene 

r i n g s  p a r t i c i p a t e s  w i th  N-C i n  a  4 lLd i ene  system. The second i n t e r e s t i n g  

c y c l o a d d i t i o n  i s  termed "Dipolar  spire-~ddition"~'~ f o r  S c h i f f ' s  b a s e s  s p e c i a l l y  

d e r i v e d  from methylamine and a r o m a t i c  a l dehydes  which r e a c t  w i t h  male imides  i n  

1 : 2  molar  r a t i o  t o  g i v e  s p i r o  d e r i v a t i v e s z .  Azines ,  which might  be  c o n s i d e r e d  

a s  b i s - S c h i f f ' s  b a s e s ,  undergo a  comp le t e ly  d i f f e r e n t  and a  un ique  t y p e  o f  cyc lo-  

a d d i t i o n ,  v i z ;  "Cr i ss -Cross  Add i t i on"  y i e l d i n g  b i c y c l i c  2: l  ( d i e n o p h i l e / a z i n e )  

a d d u c t s  3, r a t h e r  t h a n  t h e  expec t ed  1 :  1 a d d u c t s  a s s o c i a t e d  w i th  butadienes5-13. 
N 

I t  seemed now o f  i n t e r e s t  t o  i n v e s t i g a t e  t h e  p o s s i b l e  c y c l o a d d i t i o n s  o f  hyd razones  

which might  be c o n s i d e r e d  a s  N-amino d e r i v a t i v e s  o f  S c h i f f ' s  b a s e s ,  w i t h  e t h y l e n i c  

compounds. To t h e  b e s t  o f  o u r  knowledge,  no p r e v i o u s  r e p o r t  on such  i n v e s t i g a t i o n s  

was c i t e d  i n  l i t e r a t u r e .  We have  now found t h a t  t h e  r e a c t i o n  o f  benza ldehyde  and 

a n i s a l d e h y d e  phenylhydrazones  (La,?) wi th  N-phenyl- and N-p-chlorophenylmaleimides 

( 5 a , b )  at 1 6 0 - 1 8 0 ~ ~  f o r  90  min l e a d s  ma in ly  t o  t h e  fo rma t ion  o f  pyr ro l id ino[ j ,4 -d] -  
#- 4 



2 pyrazol id ine-2 ,6-diones  665 and pyrrol id ino[ j ,4-dl -A -pyrazoline-2,6-diones .-..-- 7a-c. 

I t  h a s  been found t h a t  when t h e  r e a c t a n t s  were mixed i n  a molar r a t i o  compounds 

6  a n d 1  were obta ined i n  20-25% and 40-50% y i e l d  r e s p e c t i v e l y .  However, i n c r e a s i n g  
d 

t h e  r a t i o  of maleimides l e a d s  t o  i n c r e a s i n g  t h e  y i e l d  o f  compounds2 and when two 

moles o f  t h e  maleimide were used on ly  compounds,7~,& were t h e  s o l e  r e a c t i o n  

products .  We a l s o  found t h a t  h e a t i n g  e i t h e r  ofd:,? with any o f  t h e  maleimides 

5a,h at  1 6 0 - 1 8 0 ~ ~  f o r  s h o r t  t ime (30-60 min) l e a d s  t o  t h e i r  convers ion i n t o  t h e  
#I-' 

2 corresponding C) -pyrazol ine  d e r i v a t i v e s  7a,b. Blthough we p r e d i c t e d  t o  i s o l a t e  --- 
N-arylsuccinimides,  y e t  we could not  d e t e c t  any of t h e s e  compounds among t h e  

r e a c t i o n  products ,  and most of t h e  maleimides were recovered.  Thus i t  seems t h a t  

2  maleimides on ly  c a t a l y z e  hydrogen e x t r u s i o n  from? i n t o  t h e i r A  -PYrazolines 7. ,-. 
~ l t h o u g h  compounds 6a ,h  and 7a ,b  were r e a d i l y  s e p e r a b l e  from t h e i r  r e a c t i o n  --- -- - 
mixtu res  by f r a c t i o n a l  c r y s t a l l i z a t i o n ,  no a t tempt  could be a b l e  t a  s e p e r a t e  

compound 6c f r o m 2 2  and always they were contaminated with each o t h e r  a s  i n d i c a t e d  
*- 

1 i n  t h e i r  H NMR, MS and I R  s p e c t r a .  S t r u c t u r e s  of  55-2 and 7a-5 were i n f e r r e d  

from t h e  f a c t  t h a t :  ( i )  a l l  compounds gave c o r r e c t  molecular i o n s  i n  mass s p e c t r a ,  

( i i )  whereas compounds 565 showed NH s t r e t c h i n g  v i b r a t i o n  a t  3300 cm-l, 7a-c 
1 d i d  no t ,  ( i i i )  H NMR (Sppm) o f  6a ,b  (CDC13): 3.96, 4.05(t11H, J= 8Hz, Ha);  

.-dm- 

4.3-4.79(mrhr, NH and Hh); 4.93(d,lH, J: 8Hz, Hc) and 7-7.5, 6.6-7.6(m, ArHts). 

NMR o f  7 a , b  (CDC1 ) :  4.8(d,lH, J= 12Hz, Ha);  5 . l (d , lH,  J= 12Hz. Hb) and 6.9- 
-d 3 

7.5, 6.9-7.9(m, ArHts),  ( i v )  compounds 7a ,b  were independent ly  syn thes i sed  v i a  --- 
t h e  r e a c t i o n  of 5a ,b  r e s p e c t i v e l y  with d i p h e n y l n i t r i l e  imine (2) genera ted  i n  

--.d 

s i t u  by t h e  a c t i o n  o f  t r i e t h y l a m i n e  on diphenylhydraeoyl c h l o r i d e  i n  e ther14.  

I n  an a t tempt  t o  conver t  t h e  mixture  o f  ,f& and 75 completely  into?^, t h e  mixture  

was heated  e i t h e r  a lone  o r  with maleimides o r  i n  n i t robenzene f o r  8  h r  (TLC 

moni tored) ,  and i n  each case  t h e  same product  was i s o l a t e d .  Th i s  w a s  a s s igned  

t h e  pyrrolo[3,4-d]pyrazole s t r u c t u r e j ; ,  which showed i n  i ts  NMR ( Sppm) 

(CDC1 ) on ly  methoxy p ro tons  at  3 .85(s ,  3H) and A r H ' s  at  6.88-8,22(m, 14H). 3 
S i m i l a r l y ,  each o f  2 a n d J 2  when r e f l u x e d  i n  n i t rohenzene f o r  8 h r  gave t h e  

same f i n a l  pyrazole  d e r i v a t i v e  9% 
Under similar c o n d i t i o n s  ( h e a t i n g  at  1 6 0 - 1 8 0 ~ ~  f o r  90 min) acetophenone phenyl- 

h ~ d r i z o n e  (25) r e a c t e d  with each o f  >a& t o  g ive  t h e  pyrrolidino[3,4-d]pyrazolid- 

ine-2 ,6-diones  lOa,b r e s p e c t i v e l y  i n  60-70% y ie ld .  
w- d 
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Compounds lOa ,b  gave  t h e  c o r r e s p o n d i n g  m o l e c u l a r  i o n s  i n  mass s p e c t r a  and a l s o  - Nd 

NH s t r e t c h i n g  v i b r a t i o n  a t  3260 cm-I i n  t h e i r  I R  s p e c t r a  ( K B r ) .  'H  NMR ( s p p m )  

o f  l O a , b  ( c D c ~ ~ )  1.62, 1.6(s,3H, CHJ); 3.84, 3 .85(d31H,  J= 8Hz. H a ) ;  4 .5 (br , lH,  
-4-- 

NH); 4.82(d, lH,  J= 8Hz, Hb) and 6.9-7.52, 6.85-7.63(m, ArH's) .  

Assignment  o f  Ha, Hb a n d  Hc and t h e i r  c o u p l i n g  c o n s t a n t s  f o r  5, and 12 i s  

c o m p l e t e l y  c o n s i s t e n t  w i t h  r e p o r t e d  d a t a  f o r  similar s y s t e m s  15,16.  

The new c y c l o a d d i t i o n  r e a c t i o n  r e p o r t e d  h e r e  f o r  h y d r a z o n e s ,  where t h e  e l e c t r o -  

p h i l i c  C-N d o u b l e  bond i s  c o n j u g a t e d  w i t h  t h e  l o n e  p a i r  o n  n i t r o g e n ,  r e p r e s e n t s  

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

be v i s u a l l i z e d  as f o l l o w s :  



I 1,2-H shift - - 

The d i i o n i c  s p e c i e s l L i s  c e r t a i n l y  an i n t e r m e d i a t e  i n  t h i s  r e a c t i o n  followed 

by 1,2-H s h i f t  t o  g ive  i a n d  2 and as a l l  p y r a z o l i d i n e s  l i k e d  undergo f a c i l e  
2  dehydrogenation t o  g i v e  t h e  more s t a b l e  A -pYrazolines 217 i n  c a s e s  where R=H. 

However, i n  case  o f  R=CH t h e  r e s u l t i n g  p y r a z o l i d i n e s  % a r e  s t a b l e  enough t o  be 3 
t h e  s o l e  r e a c t i o n  products  under our  experimental  cond i t ions .  

Our f i n d i n g s  prove t h a t  t h e  r e a c t i o n  c o n s t i t u t e s  a new type o f  concer ted  p e r i -  

c y c l i c  r eac t ions .  This  i s  f u r t h e r  supported by t h e  f a c t  t h a t  no p roduc t s  l i k e J J  

were i d e n t i f i e d .  The l a t t e r s  would a r i s e  from a s t epwise  r e a c t i o n  i n i t i a t e d  by 

a Michael type  a d d i t i o n  v i a  i n t e r m e d i a t e L C ,  which bes ide  t h e  p l a u s i b l e  formation 

o f  6- and il should i f  not  predominantly g ive  13. -.-. 
Further  s t u d i e s  on t h e  mechanis t ic ,  s tereochemical  and s y n t h e t i c  v e r s a t i l i t y  o f  

t h i s  r e a c t i o n  i s  now underway i n  our  l abora to ry .  A l l  new p roduc t s  a r e  under 

sc reen ing  f o r  any p o s s i b l e  b i o l o g i c a l  a c t i v i t y .  
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*Satisfactory analyses fo r  the synthesised compounds were obtained; compounds a 
crystallized from acetone, from ethanol, and AOl from chloroform/ 

acetone; compounds 5.3 were obtained as inseparable mixture i n  70% (from 

acetone). 
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