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The intramolecular cyclization of 2-indoylhydrazones of aromatic aldehydes leads to 1- 
aryl-l ,2-dihydropyridazino[4,5-b]indol-4-ones.  The chemical propert ies  of the compounds 
obtained were studied. 

The synthesis of a heterocyclic system containing condensed indole and pyridazine rings - the aza 
analog of carbolines - has been accomplished by a number of investigators by closing of 3-formyl- or 3- 
aroylindole-2-carboxylic acid and its derivatives with hydrazine hydrate and substituted hydrazines [1-4]. 
In the present research we have synthesized the dihydro derivatives of this system via a new path by means 
of the reaction 

R 4 R 4 

NH--N~CH --R~ N--R ~ 

I_-'XI XXX-XXXII 

q N _ N ~ C H  R4 

0 0 
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The azomethine group here acts as an intramolecular eleetrophilic agent as in the Pictet-Spengler 
reaction for the formation of tetrahydroisoquinolines. The reaction of indole with azomethines to give 
di(3-indolyl)phenylmethanes is described in [5, 6]. The absence of the deactivating effect of the carboxyl 
group on the adjacent position facilitates eleetrophilie substitution reactions at the C(3 ) position. Cycli- 
zation products I-XI, in contrast to the starting hydrazones, do not undergo acid and alkaline hydrolysis. 
The UV spectra of cyclization product III and starting anisaldehyde 2-indoylhydrazone, which are charac- 
teristic for the investigated compounds, are presented in Fig. i. The cyclic hydrazides (I-XI) of indole- 
2-carboxylic acid have the same spectra as indole-2-carboxylic acid hydrazide (kma x 298 nm, log ~ 4.20). 

The PMR spectra of I-XI in dimethyl sulfoxide (DIVISO) contain a 5-H proton at 11.8 ppm (absent in 
the spectra of N(5)-methylated compounds) and an amide proton at 8.75 ppm. Spin-spin coupling leading 
to splitting into two doublets (JAx =8 Hz) appears between I-H (6.0 ppm) and 2-H (5.3 ppm). 

The stretching vibrations of the carbonyl group of I-XI lie at 1643-1650 cm -i, while the frequency 
increases to 1660 cm -I in N(5)-methylated derivatives II, IV, and VI because of the absence of an intra- 
molecular hydrogen bond. The stretching vibrations of the NH groups are expressed by two - and some- 
times three - peaks at 3170-3280 cm -i, while a peak at 3260 cm -I is characteristic for the hydrochlorides. 

Leningrad Pharmaceut ical-Chemistry  Institute. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 12, pp. 1654-1658, December, 1973. Original art icle submitted September 25, 1972. 

�9 19 75Plenum 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 of  this article is available from the publisher for $15.00. 

1497 



tg~ 
4~7, 

4,4 /J'~ 
4,3 

4,1 X X  /%. / "l 

\ \ / , \  ': 
3~g ~.. 
3 , 8  " k~ '//' "~'J 

Y"z �9 
3,7 

3~6 ~2 
I 2 _  ' ' ' i f ; l t I I I 

220 240 260 280 300 320 340 ~.jnm 

Fig. i. UV spectra: i) anisaldehyde 2- 
indoylhydrazone; 2) Ill; 3) XXXL 

Acylation of I -XI  with the anhydrides  of acet ic  and 
benzoic acids and benzoyl chloride leads to the format ion 
of mono-  and diacyl de r iva t ives  XII-XX. The f i r s t  acyl 
res idue  is added to the secondary  amino group in the 2 
position. A new band at  1685 cm -1 appea r s  in the IR spec -  
t rum.  The second acyI  res idue  is  included under m o r e  
seve re  conditions at  the imino group of the py r ro l e  ring; 
this is  conf i rmed by the ba thochromic  shift  of the ab so rp -  
tion m a x i m u m  in the UV spec t rum f rom 300 to 315 nm and 
by the appearance  of a new band in the IR spec t rum at  
1725 cm -1. Alkylation of I -XI  with alkyl hal ides  and a r e n e -  
sulfonic acid e s t e r s  was unsuccessful ,  and only ethylene 
chlorohydrin and epichlorohydrin  in alkal ine media  under -  
went reac t ion  to give the co r respond ing  hydroxy-  (XXI- 
XXIV) and dihydroxyalkylated (XXV) de r iva t ives  in 40-55% 
yield. 

A cha rac t e r i s t i c  pecul ia r i ty  of 1 - a r y l - l , 2 - d i h y d r o -  
pyr idaz ino[4 ,5-b] indol -4-ones  was the i r  abil i ty to under -  

go oxidation in alcohol solutions in a i r  to 1 -a ry lpyr idaz ino[4 ,5-b] indol -4-ones ,  which we p rev ious ly  e r -  
roneous ly  took for i somer iza t ion  of the cycl izat ion products  [7]. F o r  p r epa ra t i ve  purposes ,  the oxidation 
was c a r r i e d  out with K1VInO 4 in dioxane. The PMR spec t ra  of the oxidation products  (XXXI, for  example)  
contain only a mul t ip le t  of a rom a t i c  protons  and two singlets  at  3.8 (OCH 3) and 3.95 (N-CH 3) ppm. Thei r  
IR spec t r a  a r e  c lose  to those of the 1-unsubst i tuted pyr idaz ino[4 ,5-b] indol -4-ones  desc r ibed  in [1]. The IR 
spec t rum of the 3 ,5-dimethyl  der ivat ive  (XXXII) does not contain bands of N - H  s t re tch ing  vibra t ions .  

The reac t ion  of X-XI  with a ldehydes gave the p rev ious ly  desc r ibed  [8] 1 - a r y l - 2 - a l k y l i d e n e a m i n o -  
1 ,2-d ihydropyrro lo[3 ,4-b] indol -3-ones  (XXVI, XXVII). Reduction of I and III with Raney nickel  in dioxane 
leads to the loss  of one nitrogen a tom,  and the UV spec t r a  of products  XXVIII and XXIX a re  s imi l a r  to the 
spec t rum of indo le -2 -ca rboxamide .  The p re sence  in the PMR spec t rum of a mul t ip le t  at 7.4 ppm and a 
s inglet  at 4.4 ppm of two proton units makes  it poss ib le  to consider  the reduced  product  to be 3 - b e n z y l - 2 -  
carboxamidoindole  (XXVIII, XXIX). 

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

1-Pheny l - l ,2 -d ihydropyr idaz ino[4 ,5 -b ] indo l -4 -one  (I). A 2.63-g (0.01 mole) sample  of benzaldehyde 
2- indoylhydrazone was d isso lved  in 15 ml  of amyl  alcohol at  125 ~ and a s t r e a m  of hydrogen chloride was 
passed  through the solution. After  3 min, the hydrochlor ide  of I precipi ta ted .  It  was washed with aqueous 
pyridine until i t  gave a negat ive reac t ion  for chloride ions and was then worked up to give 2.12 g (80~0) of 
I.* Compounds I I -XI  were  s i m i l a r l y  obtained. PMR spec t rum of IV in CF3COOH , 6, ppm: 7.2 (a romat ic  
protons) ,  6.36 ( l -H) ,  4.03 (N-CH3) , 3.82 (OCH3). 

1 -Pheny l -2 -ace ty l - l , 2 -d ihydropyr idaz ino [4 ,5 -b ] indo l -4 -one  (XII). A mix tu re  of 2.63 g (0.01 mole) of 
I and 5.4 g (0.05 mole} of acet ic  anhydride was ref luxed in benzene for  30 rain. Compound XII prec ip i ta ted  
a f t e r  all  of the solid had dissolved.  Compounds XIII-XVI were  s i m i l a r l y  obtained. 

1 - (p -Methoxyphenyl ) -2 -benzoyl - l ,2 -d ihydropyr idaz ino[4 ,5 -b] indo l -4 -one  (XVII). A solution of 1.54 g 
(0.011 mole} of benzoyl chloride in 5 m l  of toluene was added to a cooled (to 10 ~ mix tu re  of 2.93 g (0.01 
mole} of III in 30 m l  of toluene and 0.9 ml  of pyridine,  and the mix tu re  was heated at 90 ~ for  45 min.  I t  
was then cooled, and the prec ip i ta ted  c r y s t a l s  were  r emoved  by f i l t rat ion to give 2.14 g of XVII. Compound 
XVIII was s i m i l a r l y  obtained. 

1 -Pheny l -2 ,5 -d iaee ty l - l , 2 -d ihydropyr idaz ino[4 ,5 -b ] indo l -4 -one  (XIX). A 2.63-g (0.01 mole) sample  
of I was heated  at 110 ~ in 15 ml  of acet ic  anhydride for 2 h, a f te r  which the acet ic  anhydride was r emo v ed  
by vacuum dist i l lat ion to give a v iscous  m a s s ,  which was t r i tu ra ted  in e ther .  The product  was pur i f ied by 
c rys ta l l i za t ion  f rom ethanol to give 1.6 g of  XIX. The same method was used  to obtain XX. 

1 -Pheny l -2 - (2 -hydroxye thy l ) - l , 2 -d ihydropyr idaz ino[4 ,5 -b ] indo l -4 -one  (XXI). A 55.3-g (0.4 mole) 
sample  of K2CO 3 was added at 140 ~ to a solution of 2 . 6 3 g  (0.01 mole} of I in 64.4 g (0.8 mole} of ethylene 

* Here  and e l sewhere ,  the c h a r a c t e r i s t i c s  of the compounds synthes ized  a r e  l is ted in Table  1. 
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chlorohydrin,  and the mix tu re  was held at  140 ~ for  4 h. I t  was then poured into ice water ,  and the resu l t ing  
c r y s t a l s  were  r em oved  by f i l t rat ion.  The product  was purif ied by c rys ta l l iza t ion  f rom isopropyl  a l c o h o l -  
water  (1:3)  to give 1.7 g of XXI. 

Compounds XXII-XXIV were  s i m i l a r l y  obtained. 

1 -Pheny l -2 - (2 ,3 -d ihydroxypropy l ) - l ,2 -d ihydropyr idaz ino[4 ,5 -b] indo le -4 -one  (XXV). A mix ture  of 
2.63 g (0.01 mole) of I, 140 ml  of ethanol,  30 ml  of water ,  11 ml  (0.14 mole) of epichlorohydrin,  and 9.66 g 
(0.07 mole) of K2CO 3 was  s t i r r e d  on a boi l ing-water  bath for 4 h, af ter  which the alcohol was r emoved  by 
vacuum dist i l lat ion,  and the res idue  was c rys t a l l i zed  f rom a l c o h o l - w a t e r  (1: 1) to give 1.35 g of XXV. 

1 -Pheny l -2 -benzy l ideneamino- l , 2 -d ihydropyr ro lo [3 ,4 -b ] indo l -3 -one  (XXVI). A mix tu re  of 3 g (0.01 
mole) of the hydrochlor ide  of I and 1.06 g (0.01 mole) of benzaldehyde in 15 ml  of amyl  alcohol was r e -  
fluxed until a p rec ip i ta te  formed.  The mix tu re  was worked up to give 1.54 g (54%) of XXVI with mp 290 ~ 
Found: C 78.6; H 4.9; N 11.9%. C23H17N30. Calculated: C 78.6; H 4.8; N 12.0%. 

1- (p-Methoxyphenyl ) -2- (p-methoxybenzyl ideneamino)-  1 ,2-d ihydropyrr  olo[3,4- b]indol-3-one (XXVII). 
This compound, with mp 271-272 ~ ( f rom dioxane), was obtained by the method used to p r e p a r e  XXVI. Found: 
C 72.9; H 5.0; N 10.1%; tool. wt. (by the Ras t  method) 400. C25H211~303. Calculated: C 73.0; H 5.1; N 10.2%; 
tool. wt. 411. 

3 -Benzy l indo le -2 -ca rboxamide  (XXVIII). A mix tu re  of 2.63 g (0.01 mole) of I and 52 g of Raneynicke l  
in 520 ml  of dioxane and 100 ml  of water  was ,refluxed at 75 ~ for  3 h in a s t r e a m  of ni trogen,  af ter  which it  
was f i l tered,  and the f i l t ra te  was vacuum-evapora ted  to d ryness .  The res idue  was c rys t a l l i zed  f rom ben-  
zene to give 2.15 g (86%) of a product  with mp 193-195 ~ UV spec t rum:  hma x 295 nm (log e 4.26). Found: 
C 76.7; H 5.6; N 11.1%. C16HlaN20. Calculated: C 76.8; H 5.6; N 11.2%. 

A s imi l a r  method was used to obtain XXIX (R=p-OCH 3) with mp 150-152 ~ UV spec t rum:  kma x 225, 
295 nm (log g 4.49, 4.23). Found: C 73.0; H 5.7; N 9.9%. C17H16N20 ~. Calculated: C 72.9; H 5.7; N 10.0%. 

1-Phenylpyr idaz ino[4 ,5-b] indol -4-one  (XXX). A solution of 1.58 g (0.03 g-equivalent)  of K1VInO 4 in 
10 ml  of water  was added to a solution of 2.63 g (0.01 mole) of I in 100 ml  of dioxane at 80 ~ and the m i x -  
ture  was held at  this t e m p e r a t u r e  for 40 rain and f i l tered to r emove  the MnO 2. Addition of 20 ml  of water  
to the f i l t ra te  prec ip i ta ted  XXX, which ~ a s  c rys t a l l i zed  f rom dioxane to give 2.38 g (91%) of a product  with 
mp 348-350 ~ . UV spec t rum:  kma x 230, 253, 314 nm (log g 4.58, 4.45, 3.93). Found: C 73.4; H 4.2; N 
16.0%. C1GHllN30. Calculated: C 73.6; H 4.2; N 16.1%. 

A s imi l a r  method was used to obtain XXXI (R 1 = R 2 = H, R 4= p-OCH 3) with mp 320 ~ UV spec t rum:  
kma  x 230, 260, 315 nm (log g 4.48, 4.49, 3~ Found: C 70.3; H 4.6; N 14.3%. C�94 Calculated: 
C 70.1; H 4.5; N 14.4%. 

The same  method was used to obtain XXXII (RI=R 2= CH3, R4=p-OCH3) with mp 285-287 ~ UV spec-  
t rum: kma x 235, 263, 325 nm (log g 4.50, 4.49, 3.92). Found: C 71.7; H 5.4; N 13.3%. C19H17N302. Cal-  
culated: C 71.5; H 5.3; N 13.2%. 
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