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Abstract --- The 1.3-addition reaction of nitrilimines to 

3-indazolinone 11 and the acid assisted 6 n heteroelectrocyclic 

reaction of hydrazone adducts 13 have been investigated. 

Synthesis of the 1,3-substituted 1H-1.2.4-triazolo14,3-g- 

indazole system 17 cyclization of 13 is described. 

The 1,3-dipolar cycloaddition and 1.3-addition reaction of 1.3-dipoles are 

valuable methods for the synthesis of heterocyclic systems. 1 

In previous papers on this t.opic we reported the results of studies on the 

dipolaraphilic reactivity o t  the l-methylindazole2 and of the unsubstituted 

incqazole3'4 towards nitrilimines 2 .  The formation of the cycloadduct 3 by 

l,3-dipolar cycloaddition to l-methylindazole ( R ' - M ~ ) ~  and the regioselectivity 

of the 1.3-addition reaction o~ a variety of nitrilimines 2 with the 

unsubstituted indazole ( R ' = H ) ~ ' ~  have shown that the indazole system can be a 

convenient starting substrate for the annelation of the 1,2,4-triacole system. 

In fact, the hydrazone adducts 4 undergo an  acid catalyzed rearrangementS3 which 

implies an  initial 677 heteroelectrocyclic reaction5 to the intermediate dihydro- 

1,2,4-triazolo[4,3-&l indazoles 7, followed by a subsequent ring opening to 10 

throuph the N-N bond cleavage in the protonated structure 9. Moreover, a similar 

ring opening, in the protonated cycloadduct 5, gave the 1.2.4-triazole 

derivative 8. 2 

In connection with our interest in developing new synthetic methods for the 

preparation of polycondensed heterocyclic compounds through 1.3-addition and 

rearrangement  reaction^,^'^" we have investigated the reaction of 

3-indazolinone 11 with nitrilimines Za-f. 
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On the basis of the preceeding results, the 1,3-addition reaction of nitrilimi- 

nes with the hydrany form of the 3-indazolinone 11 could allow the formation of 

the 2-acylindazole arylhydrazone derivatives 13. The acid induced electrocyclic 

ring closure of the adducts 13 to 15, followed by elimination of water could 

provide a good route for the synthesis of the 1~-1,2,4-triazolo[4,3-~1indazole 

ring system 17 (see Scheme 2). 

Actually, the reaction of 3-indazolinone 11 with equimolar amounts of the 

suitable hydrazidoyl chloride i n t h e  presence of a threefold excess  of 

triethylamine for 3 h at room temperature in THF gave the corresponding 

arylhydrazone derivatives 13a-f in good yield ( s e e  Table 1). The analytical and 

the available spectral data of the obtained compounds (see Table 2 )  are in 

agreement with the structure of 2-acylindazole arylhydrazone derivatives 13. 

Nevertheless, the isomeric structure 12 was essentially excluded on the basis of 

the successive intrarnolecular cyclization into the expected 1.2.4-triazolo- 

[4,3-&l indazoles 17. 

The acid catalyzed cyclization of the arylhydrazones 13a-f was carried out by 

refluxing in alcohol containing concentrated hydrochloric acid, and the spectral 

data of the obtained compounds 17a-f are shown in Table 2. The u v  spectra 

exhibit characteristic absorptions at 263-273, 308-342 and 366-400 "m. In the ir 

spectra, the C=O stretching absorptions are found in the regions 1725-1730 and 

1670-1690 cm-', depending on the ester or acyl substituent. In the 'H nmr 

Spectra, the acetyl proton singlets of 17a-c appear at 6 2.80-2.86 and the two 

proton multiplet for the ortho protons of the benzoyl group of 17d resonates 

at 6 8.40, owing to the deshielding effect of the nitrogen atoms of the 

heterocyclic ring. 

The reported results give further confirmations of the regioselectivity of the 

1.3-addition reaction of nitrilimines 2 with the indazole system to give 

2-acylindazale arylhydrazone derivatives and represent a further evidence of the 

usefulness of the addition - rearrangement method for the synthesis of nitrogen 

containing polycondensed heterocyclic systems. 
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EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  w i t h  a K o f l e r  h o t - s t a n e  a p p a r a t u s ;  i r  s p e c t r a  

( n u j o l  m u l l )  w e r e  r e c o r d e d  on a P e r k i n - E l m e r  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  (mode l  

2 9 7 ) ;  uv  s p e c t r a  ( e t h a n o l )  w e r e  d e t e r m i n e d  w i t h  a V a r i a n  S u p e r s c a n  3 

s p e c t r o p h o t o m e t e r ;  mass s p e c t r a  were r e c o r d e d  o n  a J e o l  01SG-2 s p e c t r o m e t e r ;  

'H nmr s p e c t r a  w e r e  r e c o r d e d  o n  a V a r i a n  EM 3 6 0  s p e c t r o m e t e r .  C h e m i c a l  s h i f t s  

a r e  r e p o r t e d  a s  6 v a l u e s  ( p p )  r e l a t i v e  t o  ?PIS a s  i n t e r n a l  s t a n d a r d .  

G e n e r a l  Method f o r  t h e  P r e p a r a t i o n  o f  t h e  A r y l h y d r a z o n e s  13.3-f. 

To  a s u s p e n s i o n  o f  3 - i n d a z o l i n o n e  11 ( 1 5  mmol) i n  a n h y d r o u s  TAP ( 1 0  m l ) ,  a THF 

s o l u t i o n  o f  s u i t a b l e  h y d r a z i d o y l  c h l o r i d e e  ( 1 5  m m 0 1  i n  2 0  r n l )  and  a t h r e e f o l d  

excess o f  t r i e t h y l a m i n e  ( 4 5  mm011 were added .  A f t e r  s t i r r i n g  a t  room 

t e m p e r a t u r e  f o r  3  h ,  t h e  r e s u l t i n g  i n s o l u b l e  m a t e r i a l  was  f i l t e r e d  o f f  a n d  

washed w i t h  m e t h a n o l  t o  d i s s o l v e  t h e  t r i e t h y l a r n i n e  h y d r o c h l o r i d e  ( y i e l d  8 0 - 9 0 % ) .  

The  i n s o l u b l e  m a t e r i a l  was r e c r y s t a l l i z e d  f rom t h e  a p p r o p r i a t e  s o l v e n t  t o  O ive  

a r y l h y d r a z o n e s  1%-f .  The THF f i l t r a t e  was  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  

t h e  r e s i d u e ,  a f t e r  t r e a t m e n t  w i t h  m e t h a n o l ,  gave f u r t h e r  a m o u n t s  o f  13a - f  ( s e e  

T a b l e  1 a n d  T a b l e  2 ) .  

C y c l i z a t i o n  R e a c t i o n s  o f  t h e  A r y l h y d r a z o n e s  13a-f  - s y n t h e s i s  of 3-Acvl-  a n d  

3-Alkoxycarbonyl-l-ary1-1H-1,2,4-tria~olol,3-hindazole derivatives 1 7 a - f .  

To a s u s p e n s i o n  o f  13a-d ( 3  mm011 I" n - h u t a n o l  ( 1 0 0  m l ) ,  h y d r o c h l o r i c  a c i d  ( 3 6 8 ,  

1 . 5  m11 was  a d d e d  a n d  t h e  m i x t u r e  was  r e f l u x e d  f o r  3  h  ( s e e  T a b l e  11. I n  t h e  

case o f  t h e  h y d r a z o n e s  1 3 e  and 1 3 f .  t h e  s o l v e n t  was e t h a n o l  or  1 . 4 - d i o n a n e ,  

r e s p e c t i v e l y .  E v a p o r a t i o n  u n d e r  r e d u c e d  pressure o f  t h e  r e a c t i o n  m i x t u r e  g a v e  a 

r e s i d u e  w h i c h  t a k e n  up w i t h  m e t h a n o l  ( e t h a n o l  f a r  1 3 e )  a n d  f i l t e r e d  o t t .  

R e c r y s t a l l i z a t i o n  f rom t h e  a p p r o p r i a t e  s o l v e n t  "ave  t h e  3 - acy l -  a n d  

3 - a 1 k o x y c a r h o n y 1 - 1 - a r y 1 - I ~ - 1 , 2 , 4 - t r i a z 0 1 0 ~ 4 , 3 - ~ i o 1  d e r i v a t i v e s  17a-f  ( s e e  

T a b l e  1 a n d  T a b l e  2 ) .  



TABLE 1. Synthesis of 13 and Cyclization Reactions to 17. 

Reaction 
R Ar Time yielda mp( 'C) Analysis Calcd. (Found) Molecular MS (75 eV) 

(hours) (P) (solvent) C (8) H ( % l  N (8) Formula m/e 

13e OEt C6H5 3 63 222 62.95 4.97 17.28 C H N 0 324 
(1.4-dioxane) (62.90) (5.02) (17.22) 

17e OEt C6H5 10 26 224 66.66 4.61 18.29 C H N 0 306 
lethanal) (66.59) (4.63) (18.26) l7 l4 

17f CT4e C6H5 4 50 213 65.75 4.14 19.17 C16H12N402 292 
(methanol) 165.69) (4.17) (19.23) 

a Yield calnllate.3 on recrystallized pmduct. 
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TABLE 2. S p e c t r a l  D a t a  for C o m p o u n d s  13 and 17.  

ir (nujol) uu (ethanol) 'H nmr ( c D c ~ ~ )  

v (cm-1) A man, "m (logc ) 6 ( P P ~ )  

a The very low solubility did not allow the record of the spectrum. 

In D M S O - ~ ~ .  
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