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VII.* AUTOOXIDATION OF N-ANIONS OF 3-AMINOINDAZOLES 

T.  P .  F i l i p s k i k h  and.  A .  F .  P o z h a r s k i i  UDC 547.779 : 542.943 

The N-anions of 3-aminoindazole  and its 1-subst i tuted derivat ives  a re  oxidized by a i r  oxygen 
to give 3 , 3 ' - a z o -  and in some cases  3,3v-azoxyindazoles.  

A few y e a r s  ago one of us and co -worke r s  observed the ability of poly-N-anions  of 2-aminobenzimi-  
dazoles to undergo autoxidation under unusually mild conditions (in liquid ammonia) to give 2 ,2 , -azo-  and, 
of par t i cu la r  interest ,  2-n i t rebenzimidazoles  [2]. In the p resen t  r e s e a r c h  we attempted to extend this re -  
action to 3-aminoindazoles ,  which a re  i somers  of 2-aminobenzimidazoles .  

One equivalent of butane is evolved in the react ion of 3-aminoindazole (I) with excess  n-butyll i thium 
in e ther  at  room temperature;  this consti tutes evidence for  the format ion of a monolithium salt  (II). The 
latter,  like the monolithium sal t  of 2-aminobenzimidazole  [3], is oxidized ext remely  slowly in air .  Another 
two equivalents of butane a re  evolved when the tempera ture  is ra ised  to 35-40~ i.e., salt  III is converted 
to tr i l i thium salt  IT[. An intense c r imson  coloration,  which is associa ted  with the format ion of the dianion 
of 3,3,-azoindazole,  develops a lmost  ins tantaneously under the influence of pure oxygen o r  a i r  oxygen. The 
yield of yellow azo compound IV is a lmost  quantitative. 
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Pr imar i l y  the dianion is evidently formed in the react ion of amine I with potass ium amide {3 moles) 
in liquid ammonia  [4]. Autooxidat ionofthedianion also leads to IV in 88% yield. CIose results  a re  obtained 
in the case of the action of sodium metal  on 1-benzyl -3-aminoindazole  (Ya) in liquified ammonia.  These re -  
sults make it possible to a s sume  that the c r imson  colorat ion that appears  when an alkaline solution of 3- 
aminoindazole is heated [5] is also due to autooxidat ionofthe N-anions,  whiehare  formed in smal l  amounts 
and exist  in equilibrium. However, we were  unable to isolate IV af ter  t rea tment  of I with aqueous alkali. 

The oxidation of the anions of 1-methyl -3-aminoindazole  (Vb) proceeds  in a more  pecul iar  manner.  
Two substances - a yellow substance with 262-263 ~ and a lemon-yellow substance with mp 219-220 ~ (in 32 
and 25% yields,  respectively) - a re  fo rmed by the action of 2 moles of KNH z in liquid ammonia on amine Vb 
and subsequent autooxidation of anions VI (possibly a mixture of the mono-  and dianion). The f i r s t  of these 
compounds is also fo rmed by oxidation of amine Vb with sodium hypochlorite in alkaline media and by 
methylation of the dianion of 3,3,-azoindazole.  On the basis  of this it can be concluded that the compound is 

* See [1] fo r  communicat ion VI. 
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1,1 , -dhnethyl -3 ,3 , -azoindaz61e  (VII). Judging f r o m  the resu l t s  of e l emen ta ry  ana lys i s ,  the color  (kmax 395 
rim), and the IR s p e c t r u m  (from the absence  of ~NH and vNO 2 bands), the second compound is 1 ,1 ' -d imethy l -  
3 ,3 ' - azoxyindazo le  (VIII). A c h a r a c t e r i s t i c  d i f ference  between the azoxy compound and the azo compound is the 
absence  in the UV s pec t rum  of the f o r m e r  of the band at  261 nm (log ~ 4.0) that  is cha rac t e r i s t i c  fo r  VII. 

Methylation of IV in alkal ine media  gives all  three  poss ib le  i somer s :  1 ,1 ' -d ime thy l -  (VII), 1 ,2 ' -d ime thy l -  
(IX), and 2 , 2 ' - d i m e t h y l - 3 , 3 ' - a z o i n d a z o l e  (X) in 25, 36, and 34% yields ,  r espec t ive ly .  These i s o m e r s  a r e  eas i ly  

d i s t inguished  by means  of the i r  co lors  and UV spec t r a .  I s o m e r s  VII and IX absorb  a t  ~ max 398 and 430 rim, 
r e spec t ive ly .  It is known [6, 7] that the long-wave bands in the s p e c t r a  of 2 -subs t i tu ted  indazoles,  which have 
a quinoid s t ruc tu re ,  a re  found, as a rule ,  in the longer -wave  region than those of the ] - subs t i t u t ed  compounds.  
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Thus our  study showed that the N-anions of 3 -aminoindazoles ,  like the N-anions of 2 -aminobenz imida -  
zoles ,  readi ly  undergoautooxidat ion.  However,  in con t r a s t  to the la t ter ,  they do not f o r m  nitro compounds and 
in some  cases  a r e  conver ted  to azoxy compounds,  the fo rmat ion  of which has not been obse rved  in the 2 -amino -  
benz imidazole  s e r i e s .  

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

rhe  IR spec t r a  of mine ra l  oil suspens ions  and ch lo ro fo rm solutions of the compounds were  measu red  
with a UR-20 s p e c t r o m e t e r .  The UV s pec t r a  of methanol  solutions were  r eco rded  with an SF-4A sP~ectropho- 
tome te r .  The PMR s p e c t r a  of solutions of the compounds (0.4 m o l e / l i t e r )  were  obtained with a Tes ia  spec-  
t r o m e t e r  (80 MHz) with hexamethyldis i loxane as the in ternal  s tandard.  

1 -Methy l -3 -amino indazo le  (Vb). A 5.15-g (0.03 mole) sample  of 1 -me thy l indazo le -3 -ca rboxy l i c  acid [8] 
was ref luxed in 50 ml  of thionyl chlor ide fo r  1.5 h, a f t e r  which the excess  SOCI 2 was r emoved  by disti l lation, 
and the res idue  was dissolved in 70 ml  of acetone.  A solution of 14 g (0.3 mole) of sodium azide in 70 ml of 
w a t e r  was added with ice cooling to the resul t ing solution of the acid chloride,  and the mix tu re  was s t i r r e d  fo r  
2 h. Crushed  ice was then added, and the 1 -me thy l -3 - indazo ly l  azide that p rec ip i t a ted  in the course  of 1.5 h 
was r emoved  by f i l t ra t ion,  washed with water ,  and dr ied in a vacuum des icca to r  a t  room t e m p e r a t u r e  to give 
5.23 g (86%) of s and -co lo red  c r y s t a l s  with mp 100-101 ~ (from aqueous alcohol o r  octane).  IR spec t rum (min- 
e r a l  oil): vNO 3 2150 cm -1. Found: C 5.40; H 3.8; N 35.0%. CgHTN50. Calculated: C 53.7; H 3.5; N 34.8%. 

A 4.5-g (0.022 mole) sample  of 1 -me thy l -3 - indazo ly l  azide was refluxed in 230 ml  of alcohol fo r  22 h, 
a f t e r  which half of the solvent  was r emoved  by dis t i l la t ion without isolating the urethane,  70 ml  of 30% po ta s s i -  
um hydroxide solution was added, and the mix tu re  was ref luxed fo r  another  20 h. The alcohol was r emoved  by 
dist i l lat ion,  the res idual  oil was t r i t u ra t ed  with water ,  and the solid was r emoved  by f i l t ra t ion and dried.  It 
was pur i f ied  by ch romatography  with a column fil led with a luminum oxide (elution with chloroform) with col lec-  
tion of the f rac t ion  with R f  0.35. The product  f r o m  this f rac t ion  was c rys t a l l i zed  f r o m  hexane to give snow- 
white needles  with mp 97-98 ~ The yie ld  was 2.6 g (81%). IR s p e c t r u m  (CHC13): Vas 3448, Ys 3380, and 6NH 2 
1617 cm -~. Found: C 65.6; H 6.3; N 28.2%. CgHgN 3. Calculated:  C 65.3; H 6.2; N 28.5%. 

] - B e n z y l - 3 - a m i n o i n d a z o l e  (Va). This compound was obtained as white needles  with mp 116 ~ (from etha-  
nol) by the method in [9]. 

React ion of n-Butyl l i th ium with 3-Aminoindazole .  A 0.67-g (5 mmole)  s ample  of 3-aminoindazole  [10] 
was added slowly at room t e m p e r a t u r e  under  n i t rogen to butyll i thium obtained in e the r  f rom 0.45 g (0.06 g -  
atom) of li thium. Bubbles of butane gas  began to evolve immedia te ly  and w e r e  col lected under  a l aye r  of a so -  
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dium chloride solution. Under these conditions,  110 ml  of butane was col lected,  whe reas  230 ml  were  col lected 
upon subsequent  heating of the mix tu re  on a w a t e r  bath; the total  volume of butane was the re fo re  340 ml, in 
a g r e e m e n t  with the fo rma t ion  of a t r i l i th ium sa l t  (the theore t i ca l  y ie ld  of butane is 336 ml).  At the end of gas  
evolution, the e the r  was evapora ted ,  and the dry res idue  was oxidized with a i r  fo r  24 h. Wate r  (30 ml) was  
then added, and the mix tu re  was f i l t e red  to give 0.65 g (quantitative yield) of l ight-brown 3 ,3 , -azoindazole .  
Orange c ry s t a l s  with mp 330-331 ~ (dec.) w e r e  obtained by c rys t a l l i za t ion  f r o m  a l c o h o l - d i m e t h y l f o r m a m i d e  
(DMF). UV spec t rum:  •max 390 ran (log ~ 4.11). Found: C64.3; H 4.1; N 31.9%. CI4HIoN 6. Calculated:  
C 64.1; H 3.8; N 32.1%. 

Reaction of P o t a s s i u m  Amide with 3-Aminoindazole .  A 1.33-g (0.01 mole) s ample  of I was  added to a 
suspens ion of 1.65 g (0.03 mole) of KNH~ in 60 ml  of liquid ammonia .  The initially intensely red suspens ion 
turned brown at  the end of the f i r s t  hour. The mix tu re  was s t i r r e d  a t  - 80 ~ fo r  1 h and a t  room t e m p e r a t u r e  
fo r  1 h, a f t e r  which the ammonia  was evapora ted ,  and the res idua l  mix tu re  was allowed to stand in a i r  for  24 h 
fo r  oxidation. The dry res idue  in the f lask  was t r ea t ed  with 50 ml  of wate r ,  and the mix ture  was f i l t e red  to 
give 0.96 g of IV. Another 0.2 g of the s a m e  produc t  was i so la ted  f r o m  the neut ra l  f i l t ra te  fo r  an ove ra l l  y ie ld  
of 88%. The produc t  had mp 330 ~ 

React ion of Sodium with 1 -Benzy l -3 -amino indazo le .  A 0.38-g (0.015 g-a tom)  of Na was added in sma l l  
por t ions  to a suspens ion of 1.1 g (5 mmole)  of Va in 60 ml  of liquid ammonia ,  and the reac t ion  was c a r r i e d  out 
under  the s tandard  conditions.  The NH 3 was then evapora ted ,  and the res idue  was oxidized for  20 h. Wate r  
(30 ml) was  added to the dry  res idue ,  and the mix tu re  was f i l t e red  to give 0.15 g of solid. Neutra l iza t ion of 
the f i l t r a te  with HC1 gave  ano ther  0.28 g of the s a m e  product .  Crys ta l l i za t ion  f rom alcohol containing DMF 
gave  Orange needles  (66%) that  we re  identical  to IV with r e s p e c t  to the i r  mel t ing point and the resu l t s  of thin- 
l aye r  ch romatography  (TLC). A total  of 0.15 g (23%) of unsubst i tuted 3-aminoindazole  was ex t rac ted  f r o m  the 
neut ra l  solutions with ethyl ace ta te .  

1 , I ' - D i m e t h y l - 3 , 3 ' - a z o i n d ~ z o l e  (VII). A total  of 2 ml  of a dilute solution of sodium hypochlori te  was 
added with cooling to a solution of 0.15 g (1 mmole)  of Vb in 6 ml  of alcohol.  After  15 rain, the mix ture  was 
f i l t e red  to give 0.12 g (80%) of a yel low solid with mp 262-263 ~ (from benzene).  UV spec t rum:  k m a x  398 nm 
(log ~ 4.13). Found: C 66.3; H 5.2; N 28.7%. C16H14N 6. Calculated:  C 66.2; H 4.9; N 29.0%. 

React ion of P o t a s s i u m  Amide with 1 -Methy l -3 -aminoindazo le .  A 0.9-g (6 mmole)  sample  of Vb was 
added to a suspens ion  of 0.66 g (12 mmole)  of KNH 2 in 90 m l  of liquid ammonia ,  and the reac t ion  was c a r r i e d  
out under  the s tandard  condit ions.  The ammonia  was evapora ted ,  and the res idue  was al lowed to stand for  24 h. 
The oxidized dry  res idue  in the f lask  was  t r ea ted  with 30 ml  of water ,  and the mixture  was f i l t e red  to give 0.61 
g of undissolved reac t ion  produc t  consis t ing of VII (Rf 0.95) and a subs tance  with R f  0.5, which were  s epa ra t ed  
by ch romatography  with a column fi l led with A1203 (elution with chloroform)  to give 32% VII and 25% of a lemon-  
yel low subs tance  with mp 219-220 ~ (from isopropyl  alcohol), which was identified as VIII. UV spec t rum:  k m a x  
395 nm (log ~ 4.29). PMR s p e c t r u m  (in C6HsNO2): 5C~ 4.05 ppm. Found: C 62.7; H 4.6; N 27.2%. Cl~H14N60. 
Calculated:  C 62.8; H 4.6; N 27.4%. Extract ion of t he '~eu t r a l  solution with ch lo ro fo rm gave 0.21 g (22%) of 
s ta r t ing  amine  Vb. 

Methylat ion of 3 ,3 ' -Azoindazole .  A 0.5-g (2 mmole)  s ample  of IV was ref luxed in a mix tu re  of 7 ml  of 
alcoholic a lkal i  (4 mmole)  and 0.26 m l  (4 mmole)  of CH3I fo r  10 min, a f t e r  which the mix tu re  was cooled, and 
the p rec ip i t a t e  was  r em oved  by f i l t ra t ion  and washed  with alcohol  to give 0.2 g (34%) of red  c r y s t a l s  of 2 ,2 , -d i -  
me thy l -3 ,3 ' - a zo indazo l e  (X) with mp 245-246 ~ (from alcohol containing DMF). Found: C 65.9; H 5.0; N 28.9%. 
C16HI4N 6. Calculated:  C 66.2; H 4.9; N 29.0%. UV spec t rum:  k m a x  500 um ( loge  4.67). The addition of wa t e r  
to the f i l t r a t e  gave 0.35 g of a p rec ip i ta te ,  f r o m  which 0.14 g (25%) of yellow c r y s t a l s  of VII (with mp 262 ~ was 
ex t r ac t ed  with benzene in a Soxhlet appara tus .  The res idua l  o range-ye l low c r y s t a l s  [0.21 g (36%)], with mp 
187-188 ~ (from alcohol),  w e r e  identified as  u n s y m m e t r i c a l  azoindazole  IX. UV spec t rum:  X max 430 nm (log 
4.38). T h e  PMR s p e c t r u m  of a CCI 4 solution contains s ignals  of two different  CH 3 groups at 5 4.02 and 4.40 
ppm.  Found: C 66.5; H4 .7 ;  N28.9%. CI6H14N 6. Calculated:  C 66.2; H4 .9 ;  N29.0%. 
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P Y R A Z O L O A N T H R O N E  D E R I V A T I V E S  

I. REACTIVITY OF 3-AMINOPYRAZOLOANTHRONE 

A.  M.  G a l u s h k o  a n d  N. S. D o k u n i k h i n *  UDC 547.779 : 542.951 : 543.422.25.4.6 

Benzoylat ion of 3 -aminopyrazo loan th rone  in aqueous alkal i  takes p lace  in the 1 posit ion, 
whe reas  in organic  media  the amino group is benzoylated initially, followed by benzoyla-  
tion of the 2 position; 1 -benzoy l -3 -aminopyrazo loan th rone  undergoes  quantitat ive i s o m e r i -  
zat ion to 3 -benzamidopyrazo loan throne .  Alkylation of 3 -aminopyrazo loan th rone  with butyl 
iodide in acetone containing KOH gives  initially two i somer i c  he te ror ing-subs t i tu ted  de-  
r iva t ives ,  and second alkyl res idue  becomes  at tached to the amino group, and a third alkyl 
res idue  becomes  at tached to the oxygen atom of the i s o m e r i c  f o r m  of the d ia lkyl-subst i tu ted  
compounds.  Sulfonation takes place  in the 5 posi t ion.  The effect  of the c h a r a c t e r  of the sub- 
st i tuents  in the 3 posi t ion of the pyrazoloanthrone  on the pK~ values  was invest igated,  and an 
anomalous  ef fec t  of amino and alkylamino groups that is a s soc ia ted  with the possibi l i ty  of 
t au tomer ic  t r ans fo rma t ions  was noted. 

Whereas  "an th r imide  condensation" is c h a r a c t e r i s t i c  fo r  pyrazoloanthrone ,  1-aminoanthraquinone,  
etc. ,  according to the l i t e ra tu re  data [1] and our  data, the condensat ion of 3 -aminopyrazo loan throne  {I) with 
3 -b romobenzan th rone  was unsuccessful .  To a s c e r t a i n  the reac t iv i ty  of amine I, we studied its behavior  in 
acylat ion and alkylat ion reac t ions .  (See display at top of next page.) 

One monoacyl  der iva t ive  (l'I, R 1 = 1-COC~Hs, R 2 = R s = H) was isolated in the acylat ion of amino de-  
r iva t ive  I w i t h  benzoyl chlor ide in aqueous alkali,  whereas  pyrazoloanthrone  gives a mix tu re  of two i s o m e r s  
with r e spec t  to the 1 and 2 posi t ions  with p redominance  of the la t ter .  The IR s p e c t r u m  of II contains bands 
of a carbonyl  group at 1682 cm -1 and of an amino group at 3320 and 3408 cm - l ,  but an in t r amolecu la r  hy- 
drogen bond is absent .  T h i n - l a y e r  ch romatography  (TLC) of the reac t ion  products  on Silufol shows the 
p r e s e n c e  of two compounds,  but the second substance  (III) decomposes  to give s ta r t ing  I, and this makes  it 
poss ib le  to ass ign  it to the o - acy l  der iva t ive .  Compound II undergoes  i somer iza t ion  when it is me l t ed  to 
give 3 -benzamidopyrazo loan th rone  (IV, R 1 = R 3 = H, R 2 = COC6H5) in a yie ld  close to quantitative. Benzoyla-  
tion of amino compound I in organic  media  in the p r e s e n c e  of acid-binding subs tances  (K2CO3) with 1 mole  
of C6H5COCI gave immedia te ly  3 -benzamido  der iva t ive  IV. Compound IV was also obtained by condensation 
of ] - ch lo ro -2 -benzamidoan th raqu inone  (XVIII) and hydraz ine  hydrate  in pyridine.  Dibenzoyl der iva t ive  V 
(R I = 2-COC6H5, R 2 = COCGH5) is f o r m e d  in the acylat ion of I and IV with excess  reagent  in organic  media .  
I ts  IR spec t rum contains a s t rongly  diffuse band at 3200 cm - i  (associa ted NH), whe reas  the spec t ru m of IV 
contains two bands at  3350 (NHCOC~H5) and 3065 cm - I  (associa ted NH). 

Alkylation of amino compound I with butyl iodide in acetone (in the p r e s e n c e  of KOH) leads to s t ep-  
wise  substi tution. The f i r s t  alkyl  res idue  en te rs  the heteror ing;  however,  whereas  pyrazo loan throne  gives 
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Sc ten t i f i c -Resea rch  Insti tute of Organic  In te rmed ia tes  and Dyes,  Moscow 103787. Trans la ted  f rom 
Khimiya  Gete ro t s ik l i chesk ikh  Soedinenii, No. 7, pp. 956-961, July,  1977. Original  a r t i c l e  submit ted  F e b r u -  
a ry  9, 1976; rev i s ion  submit ted  August 6, 1976. 

I Thts mater~al ts r t �9 " " p o eeted by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7.50. 

773 


