
6-Ni t ro -8 -ch lo ro -4 -hydroxyqu ino l ine  (VI). Repeated c rys ta l l i za t ion  of the p rec ip i t a t e s  obtained by evap-  
ora t ion  of the alcohol mothe r  l iquors a f t e r  separa t ion  of cycl iza t ion product  V gave l ight-brown c r y s t a l s  of VI. 
PMR spec t rum:  6.67 (Ha, d, J = 7.5 Hz, 1H), 7.05 (Hfl, d, J = 7.5 Hz, i l l ) ,  8.23 (Harom , d, J = 2.5 Hz, 1H), and 
8.52 ppm (Harom , d, J = 2.5 Hz, 1H). UV spec t rum,  k m a  x (log e): 332 (4.78), 317 (4.83), and 250 (4.04). The 
2,4-  d ini t rophenylhydrazone of VI was obtained as br ight -  red  c r y s t a l s  with mp 325-327~ (from ethanol). Found: 
N 20.8%. C15HgC1N606. Calculated:  N 20.8%. Compound V was obtained in 8% yield,  and VI was obtained in 
14.5% yield  in the case  of m o r e  prolonged cycl iza t ion  of IV (20 h). 
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C O N D E N S A T I O N  R E A C T I O N S  B A S E D  ON 3 - F O R M Y L I N D A Z O L E  

V.  V .  D i k o p o l o v a  a n d  N.  N~ S u v o r o v  UDC 547.779.07 : 542.953 

The chemica l  p r o p e r t i e s  of 3 - fo rmyl indazo le  we re  studied in the case  of nucleophilic addition 
reac t ions  (Knoevenagel, Rodionov, and crotonic  condensat ions) .  The poss ibi l i ty  of the p r e p a -  
r a t i ono f  Schiff ba se s  in the unsubsti tuted 3 - fo rmyl indazo le  s e r i e s  was invest igated.  3- Inda-  
zo ly lac ry l ic  and/3- (3- indazolyl) - f l -aminopropionic  acids ,  the products  of crotonic  condensa-  
tion, and azometh ines  were  synthesized.  

Despi te  the in te res t  cu r ren t ly  being displayed in the c h e m i s t r y  of indazole, up until now very  little data 
on the chemica l  behav io r  of 3 - fo rmyl indazo le  have been avai lable .  

The chemica l  p r o p e r t i e s  of 1 - m e t h y l - 3 - f o r m y l i n d a z o l e  have been studied [1], and the inc reased  r e a c -  
t ivity of the f o r m y l  group with r e s p e c t  to nucleophilic r eagen t s  and the impossibi l i ty  of ca r ry ing  out s i m i l a r  
r eac t ions  with 3 - fo rmyl indazo le  [2] have been noted. In this connection, it s e emed  of in te res t  to study the 
chemica l  p r o p e r t i e s  of unsubst i tuted 3 - fo rmyl indazo le  under the conditions of nucleophilic addition reac t ions  
(the Knoevenagel  and Rodionov reac t ions  and crotonic  condensation).  In addition, the possibi l i ty  of the p r ep a -  
ra t ion  of Schiff b a s e s  in the unsubst i tuted 3 - fo rmyl indazo le  s e r i e s  was studied. 

We have es tab l i shed  that  unsubsti tuted 3 - fo rmyl indazo le  also quite readi ly  undergoes  condensation with 
malonic  acid in the p r e s e n c e  of pyr idine and cata lyt ic  amounts  of p iper idine  (a modif ied Knoevenagel  r e -  
action). 

In the PMR s p e c t r u m  of 3 - indazo ly lac ry l ic  acid (I) the protons  of the ethylene group f o r m  an AB s y s t e m  
(7.39 and 6.79 ppm) with a s p i n - s p i n  coupling constant  (SSCC) of 16 Hz; this conf i rms  the t r ans  configurat ion 
of the compound.* 

When we c a r r i e d  out the condensation of 3 - fo rmyl indazo le  with malonic acid in the p r e s e n c e  of an a lco-  
hol solution of ammonia  (the Rodionov react ion) ,  we i so la ted/~-(3- indazoly l ) - f l -aminopropionic  acid (II) in 25% 
yield.  The f l -amino acid was obtained in somewha t  h igher  yie ld  (33%) by means  of the Johnson modification.  

The IR spec t r a l  data  show that  the f l -amino acid obtained ex is t s  in the f o r m  of a dipolar  ion, as evidenced 
by the p r e s e n c e  of an amino acid I band at 1640 cm -1 and an amino acid II band at 1550 cm -1 due to the s y m -  

* See display at top of next page a f t e r  Table 1. 
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TABLE 1. C h a r a c t e r i s t i c s  of the Products  of Condensation of 
3 -Formyl indazo le  
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216 (4,32), 
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2O9 (4,65), 
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33 
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a F r o m  acet ic  acid. b F r o m  dilute alcohol.  CFrom methanol .  
d F r o m  d ime thy l fo rmamide .  

~ H = C H C O O H  

H 

III R'=CHs; IV R'=C6Hs; 
V R'=tl; Vl R"=NO2; VII R"=OCH 3 

It 
I! 

It 
111, IV 

N~N CH = N ' - ~  R'' 

H 
V-VII 

+ 
me t r i c a l  and a s y m m e t r i c a l  de format ion  v ibra t ions  of the NH~ group. The absorpt ion  band of an ionized c a r -  
boxyl group is found at 1618 c m  -1, and the NH3 band is found at 3080 cm -1. 

We have es tab l i shed  that  3 - fo rmyl indazo le  r e ad i l y tmde rgoes  erotonie  condensat ion under alkaline condi- 
t ions.  The products  of the r eac t ions  with acetone and acetophenone were  isolated in quanti tat ive y ie lds .  

The a , f l -unsa tu ra t ed  ketones  obtained a re  c h a r a c t e r i z e d  by a t r ans  or ienta t ion of the subst i tuents  
a t tached to the double bond; this is conf i rmed  by the PMR spec t r a l  data: The SSCC is 16 Hz. 

Informat ion  regard ing  the p r epa ra t i on  of azometh ines  of 1 -me thy l -3 - fo rmy l indazo le  is avai lable  [3]. 
The reac t ion  was c a r r i e d  out in methanol  solution in the p r e sence  of catalyt ic  amounts  of p iper idine  or  by 
fusing the s ta r t ing  compounds.  

Azomethines  of unsubsti tuted 3 - fo rmyl indazo le  were  obtained in good y ie lds  in the reac t ion  of equ imolar  
amounts  of the aldehyde and the cor responding  amine  in benzene solution by heating (Table 1). m-Ni t roben -  
zenesulfonic  acid was used as the ca ta lys t  in the reac t ion  with aniline and p-ni t roani l ine .  The reac t ion  with p-  
anisidine p roceeds  smoothly and without a ca ta lys t .  

The e lec t ron ic  s pec t r a  of I -VII  a re  c h a r a c t e r i z e d  by th ree  absorpt ion  bands of approx imate ly  equal in- 
tens i ty  (log c 4.01-4.39) at 2 06-216,250-260,  and294-350 nm due to ~ -e l ec t ron  t rans i t ions  in a conjugated 
s y s t e m  of bonds. 
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E X P E R I M E N T A L  

The PMR spec t r a  of solut ions of the compounds in dimethyl  sulfoxide (DMSO) - acetone (1 : 3) were  r e -  
corded  with a CFT-20 -16K s p e c t r o m e t e r  with t e t r~methy l s i l ane  as the internal  s tandard.  The IR spec t r a  of 
m ine ra l  oil suspens ions  of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The e lec t ron ic  s p e c t r a  
of ethanol solutions of the compounds at a l aye r  th ickness  of 1 cm were  r eco rded  with a Speeord s p e c t r o -  

pho tomete r .  

f i - (3 - Indazo ly l )ac ry l i c  Acid (I). A mix ture  of 1.46 g (0.01 mole) of 3 - formyl indazole ,  2.08 g (0.02 mole) 
of maionic  acid, and 6 m I o f  pyridine containing th ree  to four  drops  of piper idine was ref luxed for  3 h, a f t e r  
which it was cooled and acidif ied with dilute hydrochlor ic  acid. The resul t ing prec ip i ta te  was r emoved  by f i l -  
t ra t ion ,  washed with water ,  dried,  and r e c r y s t a l l i z e d  f r o m  dilute acet ic  acid to give co lo r l e s s  c ry s t a l s .  

f i - (3- Indazoly l ) - f l -aminopropionic  Acid (l'I). A mix tu re  of 2 g (0.01 mole) of 3 - fo rmyl indazo le ,  3.1 g (0.03 
mole) of malonic  acid, and 2 g of anhydrous ammonium aceta te  was heated  on a wa t e r  bath for  5 h, a f t e r  which 
the res idue  was d isso lved  in 50 ml of 2 N hydrochlor ic  acid, and the solution was f i l te red.  The impur i t i e s  
w e r e  ex t rac ted  to the min imal  volume~ and the res idue  was t r ea t ed  with dilute ammonium hydroxide to pH 6. 
The mix ture  was then cooled to p rec ip i t a te  acid II. 

4 - (3 - Indazo ly l ) -3 -bu ten -2 -one  (III). A 0.27-g (0.004 mole) sample  of acetone and 2 ml  of a 20% solution 
of po t a s s ium hydroxide were  added success ive ly  with s t i r r ing  to a hot solution of 0.29 g (0.002 mole) of 3- 
fo rmyl indazo le  in 5 ml  of ethanol,  and the mix ture  was ref luxed fo r  15 rain, cooled, and diluted with water .  
The resu l t ing  Prec ip i ta te  was r em oved  by f i l t ra t ion,  washed  with water ,  and dr ied  to give yel low c ry s t a l s  of III. 

! - B e n z o y l - 2 -  (3-indazolyl)ethylene (IV). This  compound was p r e p a r e d  by the preceding  method by the 
addition of 0.74 g (0.004 mole) of acetophenone.  

3 -Fo rmy l ind azo l e  Anti (V). A 1.39-g (0.015 mole) sample  of aniline and a catalyt ic  amount of m - n i t r o -  
benzenesulfonic  acid w e r e  added to a solution of 1.46 g (0.01 mole) of 3 - fo rmyl indazo le  in 50 ml of benzene,  
and the mix ture  was ref luxed fo r  3 h. It was then vacuum evapora ted  to two- th i rds  of its or iginal  volume,  and 
hexane was added. The resul t ing  p rec ip i t a te  was separa ted ,  washed with benzene and e ther ,  anddr i ed  to give 
l ight-yel low c r y s t a l s  that  we re  only slightly soluble in organic  solvents .  

3 -Fo rmy l indazo l e  p -Ni t roan i l  (VI). A 2.07-g (0.015 mole) sample  of p-n i t roani l ine  and a cata lyt ic  
amount  of m-n i t robenzenesu l fon ic  acid were  added to a solution of 1.46 g (0.01 mole) sample  of 3 - fo rmyl inda -  
zole in 50 ml of benzene,  and the mix tu re  was r e f luxed fo r  1.5 h and allowed to stand overnight .  The resul t ing  
p rec ip i t a te  was r emoved  by f i l t ra t ion,  washed with benzene and alcohol, and dried to give l ight-yel low c r y s t a l s  
that  we re  only slightly soluble in organic  solvents .  

3 - F o r m y l i n d a z o l e  p-Methoxyani l  (VII). A 1.84-g (0.015 mole) sample  of p -an is id ine  was added to a solu-  
t ion of 1.46 g (0.01 mole) of 3 - fo rmyl indazo le  in 50 ml  of benzene,  and the mixture  was ref luxed for  1 h. It was  
then cooled, and the p rec ip i t a te  was r emoved  by f i l t ra t ion,  washed with alcohol, and dried.  
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