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Only a few d e r i v a t i v e s  of i n d o l e - 2 - c a r b o x y l i c  ac id  h y d r a z i d e  (I) have been  d e s c r i b e d  in the  l i t e r a -  
t u r e .  N e v e r t h e l e s s ,  compounds  which have  c a r c i n o s t a t i c  [1], a n t i n f l a m m a t o r y  [2], and a n t i t u b e r c u l o s i s  
a c t i v i t y  [3] a r e  found among  t h e m .  On the o t h e r  hand,  the  r e a c t i o n s  of a l d e h y d e s  [4-6] and ke tone s  [7, 8] 
wi th  indo le  and i t s  1 , 2 , 3 - s u b s t i t u t e s  have been  s tud ied  in m o r e  d e t a i l .  In the  p r e s e n t  w o r k  we i n v e s t i -  
ga ted  the  r e a c t i o n  of a r o m a t i c  a l d e h y d e s  with compound  I, which,  a s  might  be  expec t ed ,  should  l e a d  to 
the  f o r m a t i o n  of new c y c l i c  i n d o l e - c o n t a i n i n g  s y s t e m s ,  s i n c e  the  o r i g i n a l  m o l e c u l e  of compound  I con ta ins  
two r e a c t i v e  c e n t e r s  (pos i t ions  1 and 3) and the amino  group  of the  h y d r a z i d e  chain ,  which  is  fou r  a t o m s  
away  f r o m  them.  A t e n d e n c y  t o w a r d  c y c l i z a t i o n  in p o s i t i o n  1 with the  f o r m a t i o n  of 5 - k e t o - 4 ,  5 - d i h y d r o -  
i n d o l d i a z i n e - ( 1  : 4) o r  in p o s i t i o n  3 wi th  the  f o r m a t i o n  of 2 - k e t o - l - m e t h y l - 2 ,  3 - d i h y d r o - f f - c a r b o l i n e  was  
noted  e a r l i e r  in b i s - ( 2 - e t h o x y ) - e t h y l a m i d a i n d o l e - 2 - c a r b o x y l i c  a c id  [9], In our  e x p e r i m e n t s ,  compound I 
in r e a c t i o n s  with b e n z a l d e h y d e ,  aubep ine ,  p - d i m e t h y l a m i n o b e n z a l d e h y d e ,  p i p e r o n a l ,  s a l i c y l a l d e h y d e ,  
van i l l i n ,  i s o v a n i l l i n ,  o - c h l o r o b e n z a l d e h y d e ,  v e r a t r i c  a ldehyde ,  and o t h e r s  p r o d u c e d  n o r m a l  r e a c t i o n s  
p r o d u c t s :  the  2 - i n d o l o y l h y d r a z o n e s  of the  c o r r e s p o n d i n g  a l d e h y d e s  (Table  1), which  a r e  c o l o r l e s s  c r y s -  
t a l l i n e  compounds  r e a d i l y  s o l u b l e  in a lcoho l  and dioxaneo T h e i r  h y d r o c h l o r i d e  s a l t s ,  which l o s e  a m o l -  
e c u l e  of a c id  when w a s h e d  with w a t e r ,  can be  r e c o v e r e d  f r o m  a b s o l u t e  e thanol  con ta in ing  e t h e r  when d r y  
h y d r o g e n  c h l o r i d e  i s  bubb led  th rough .  The  h y d r o l y s i s  of compound  I and 1 - m e t h y l i n d o l e - 2 - e a r b o x y l i c  
a c id  h y d r a z i d e  (II) in 0 .1  N h y d r o c t f l o r i c  a c id  t a k e s  p l a c e  v e r y  s l owly  even at  a t e m p e r a t u r e  of 50~ A 
c o n d e n s a t i o n  r e a c t i o n  t a k e s  p l a c e  wi th  l iqu id  a l d e h y d e s  when the r e a g e n t s  a r e  m i x e d  at  r o o m  t e m p e r a t u r e  
o r  when h e a t e d  to 80 ~ in an a l c o h o l i c  m e d i u m .  A l d e h y d e s  con ta in ing  a pheno l i c  h y d r o x y l  (van i l l i n ,  i s o -  
van i l l i n ,  and  m - o x y b e n z a l d e h y d e )  r e a c t e d  when the  r e a g e n t s  w e r e  fused .  The  s t r u c t u r e  of the  i n d o l o y l -  
h y d r o z o n e s  which w e r e  ob ta ined  (IV-XV) d id  not  evoke  doubt .  The  a b s o r p t i o n  band of the  c a r b o n y l  g roups  
of compounds  IV-XV l i e s  in the  r e g i o n  of 1640-1660 c m  -1, and a s t r o n g  a b s o r p t i o n  band of C =N v a l e n c e  
o s c i l l a t i o n s  i s  found in the  r e g i o n  of 1530-1540 c m  -1 and i s  a b s e n t  f r o m  the  o r i g i n a l  h y d r a z i d e s .  The  UV 
s p e c t r a  of compounds  IV-XV, t aken  in a l c o h o l i c  so lu t ion ,  have one m a x i m u m  in the  r e g i o n  of 330-350 nm, 
and in th i s  ca se ,  as  should  be  expec t ed ,  e l e c t r o n - d o n o r  s u b s t i t u t e s  in the  a l d e h y d e  p a r t  of the  m o l e c u l e  

T A B L E  1. 2-  I n d o l o y l h y d r a z o n e s  of A l d e h y d e s  

Q 

IV 
v 
Vl 
vi i  
VIII 
IX 
x 
xI 
xII 
xIII 
XlV 
xv  

Ar 

C~H5 
p- CHaOC6H 4 
m -CHaOC6H 4 
o-CIC6H4 

p- HO- m .CHsOC~H 3 
p- (CH3)~NC6H, 
o-HOC6H4 

m-HGC6Ht 
P- NO~C6H4 
m -NQC~H4 
?- (CICH~CH~)2NC6H ~ 
3,4-[--O--CH2--O--]C~H: 

92 
94 
94 
92 
93 
92 
96 
96 
92 
91 

Melting N found 

grees) 

184--5 16,04 
220--22 14,28 
180--81 14,31 
218--20 14,12 
198--9 13,68 
219--21 18,42 
286--8 14,95 

195 15,08 
289--90 18,12 
268--70 18,03 
13~2~-~3 13,60 

13.53 

I Empirical formula 
N 
computed 
(in %) 

C~6HlaN30 15,96 
C 17H15Nao: 14,33 
Ct ~HIsNaO2 14,33 
C16Hl~CINaO 14,14 
C1 ~H15N3Os 13,59 
C18HlsN40 18,30 
C~eH13NaO 2 15,05 
C~6HlaNaO 2 15,05 
CI~HI~N~O 3 18,18 
C~H12N40 a 18,18 
C.,oH~oCI2N40 13,8 
C~ ~HlaNaO 8 13,68 
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cause a bathochromie shift. For  some compounds (IV, VIII) a discontinuity in the curve is  observed 
close to 280 nm which corresponds  to the absorption of the indole chromophore.  

The capacity of compound I to reac t  with excess aldehyde in boiling amyl alcohol at a temperature  
above 130 ~ with the production of compounds whose e lementary composition indicated that two aldehyde 
residues are  included in the newly formed molecule with the loss of two molecules of water was very  
unexpected. The hydrazide yield was 40-60%. The molecular  weight of the compounds obtained was 
determined spectrophotometr ical ly,  based on the extinction of the indole chromophore,  which in the com- 
pounds obtained was 1.6" 10-4 l i t e r /mole .  The extinction of the indole chromophore in I, in 3-methyl-  
indole-2-carboxyl ic  acid hydrazide (III), and in II was f i rs t  shown and was also 1.6- 10 -a l i t e r /mole .  
Determination of the molecular  weight by Ras t ' s  method produced a scat ter  of more than 30~, and in 
some cases could not be car r ied  out at all in view of the fact that the compounds did not dissolve in a 
camphor melt. 

The compounds obtained are color less  highly fusible crystal l ine substances which are poorly sol-  
uble in a major i ty  of organic solvents and moderately  soluble in dioxane and ethanol. On the basis of the 
chemical proper t ies  and UV and IR spectra,  a 1, 2-substi tuted 1, 2-dihydropyrrolo(3,  4-b)indolone-3 s t ruc-  
ture was proposed for  these compounds. There are  two repor ts  in the l i terature  about the finding of a 
heterocycl ic  sys tem of 1, 2-dihydropyrrolo(2,  4-b)indole. This system was f i rs t  obtained in the synthesis 
of indoles by F i she r ' s  react ion f rom 2, 3-dioxopyrrolidines [10], and recent ly  by the same react ion f rom 
3-ketopyrrol idine [11]. The compounds (XVI-XXII; Table,2) undergo slow acid hydrolysis  with the split-  
ting off of an aldehyde molecule. The reduction of XVI, XX, and XXI with Raney nickel in boiling dioxane 
causes rupture of the N-N bond with the splitting off of one aldehyde residue, which is indicated by the 
elementary analysis  and the molecular  weight of the products isolated. In this case, frequencies char -  
ac ter is t ic  of the N-N (1450 cm -1) and C =N (1540 cm -1) bonds disappeared f rom the IR spectrum, and the 
maximum in the region of 330-350 nm, which ref lects  the absorption of the benzylidene part  of the mol-  
ecule, disappeared f rom the UV spectrum. In comparison with the unredueed compound, a bathochromic 
shift in the absorption maximum to 300 nm takes place (see Fig. 1), which confi rms the proposed s t ruc -  
ture,  since the absorption maximum of III is at 295 nm, and of the amide of indole-2-carboxyl ic  acid is 
at 296 nm. The extinction of all three compounds is 1o 6.10 -4 l i t e r /mole .  

The carbonyl frequencies of compounds XVI-XXII is 30-40 cm -i  higher than that of the cor respond-  
ing indoloylhydrazones IV-XV and are 1660-1680 em -1 as a result  of the formation of a f ive-member  
cyclic system. 

The increase  in the carbonyl frequency of the N-methylated derivative of XVII to 1690 cm -1 in com-  
parison with XVI indicates the existence of a hydrogen bond between the imino group of the pyrro le  ring 
and the carbonyl group of compounds XVI-XXII. The N-H valence oscillations of compounds XVI, XVIII- 
XXII are 3160-3200 cm -I and their  absence f rom the spectrum of the N-methyl derivative of XVII con-  
f i rms  the cor rec tness  of the proposed s t ructure  of compounds XVI-XXII. 

The mechanism of the production (see Scheme 1) of pyrrolo(3, 4-b)indolones-3,  in our opinion, 
must  involve the in t ramolecular  reaction of the hydrated form of indoloylhydrazone (a) with the produc-  
tion of a cyclic s ix -member  hydrazide, which, as is known [12], is rapidly regrouped into f ive -member  
cyclic N-aminoimides under the influence of tempera ture  and excess aldehyde. This d iagram is con- 
f i rmed by the following experimental  data. In absolute (anhydrous) amyl alcohol, the formation of py r -  
rolo(3, 4-b)indolones does not take place, whereas the addition of several  drops of water leads to the 
desired reaction. It should be noted that the amide of indole-2-carboxyl ic  acid does not enter into such 
react ions.  

When position 3 of the indole ring is occupied, cyclization is accomplished through the imino group 
of the indole ring, which is indicated by the absence of absorption in the region of 2900-3600 cm -1 f rom 
the IR spectrum of compound XXVIII. 

We have found that the react ion does not stop with the formation of pyrrolo(3, 4-b)indolones-3. The 
presence  in compounds XVI-XXII of mobile hydrogen atoms in position 1 leads to condensation of an alde- 
hyde molecule with two molecules of pyrrolo(3, 4-b)indolone-3 with the production of the corresponding 
di[pyrrolo(3, 4-b)indolone-3-yl-1]-phenylmethanes (Table 3). (See Scheme on following page.) 
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The IR and UV spec t r a  of the compounds obtained (XXIII-XXVI) di f fer  l i t t le f r o m  those of the co r -  
responding uncondensed products  (XVI-XXII). The spec t r a  contain the f requencies  of NH groups,  and 
during acid hydrolys is ,  compounds XXIII-XXVI spl i t  off the cor responding  aldehyde, which excludes 
condensation on the hydrogen of the azomethyne group 

Separat ion of compound XXIII f r o m  XVI is achieved by c rys ta l l i za t ion  f r o m  acet ic  anhydride in 
which XVI is read i ly  soluble.  

D 

U 

1,0 

0,9 

0,8 

0.7 

0.8 

0,5 

0,4 

0,3 

02 

OJ 

\ 

f I t ~ _ _ r  1 r I i i u 

Z5'0 ZTO ZSO ZSO 300 3,0 3ZO 230 ,?40 350,3C0 nl2l 

Fig. 1. UV spec t r a  of 1, 2 -d ihydropyr -  
rolo(3, 4-b)indolones-3 in alcoholic so -  
lution, taken on an SF-4A ins t rument .  
Concentrat ion 1.2" 10 "~ g / l i t e r .  

The compounds obtained do not undergo acylat ion with bo i l -  
ing acet ic  anhydride,  with the exception of those compounds which 
contain a phenolic hydroxyl on which a t tachment  of the acetyl  
res idue  takes  place .  The action of var ious  oxidizing agents 
at room t e m p e r a t u r e ,  hydrogen peroxide (10~) in a neutra l  
medium,  lead t e t r aace ta t e  in glacial  acet ic  acid, and po tas -  
s ium pe rmangana te  (3~) in acet ic  acid, did not cause  changes 
in the compound. 

It should be noted that when products  containing chlor ine  and 
b romine  (XX, XXI) were  t r ea t ed  with pyrophor ic  nickel in 
boiling dioxane, reduet ive dehalogenation took place .  P r e -  
l imina ry  pharmacologica l  t e s t s  showed that  compounds XXI 
and XXII have a slight hypotensive effect~ 

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

Hydrazide of indole-2-carboxylic acid (1). 5.6 g of the 
ethyl ester of indole-2-earboxylic acid and 10 g of hydrazine- 
hydrate  a re  heated with s t i r r ing  in a s t e am bath for  10 min, 
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cooled, and the crysta l l ine  precipi tate  of I f i l tered off. mp 245-246 ~ (mp 241 ~ according to the l i t e ra -  
ture).  Yield 4.6 g (8890. Hydrazides II and III are  obtained by the method indicated above f rom the 
appropriate  ethyl es te rs .  

2-Indoloylhydrazone of benzaldehyde (IV). 1.7 g of I are  mixed with 2.1 g of benzaldehyde for 10 
rain at 35-40 ~ The precipitate formed is ground in 15 ml of ethanol, filtered, and crysta l l ized f rom 
ethanol, mp 184-185 ~ Yield 2.5 g (95~ .  

2-Indoloylhydrazones V, VII, and X are obtained by the method descr ibed above. 

2-Indoloylhydrazone of m-methoxybenzaldehyde (VI). 1.7 g of I are  heated with 2.6 g of m-me th -  
oxybenzaldehyde in 10 ml of amyl alcohol with s t i r r ing  in a boiling water  bath for 15 min. The prec ip-  
itate which forms upon cooling is f i l tered off and crysta l l ized f rom ethanol. Yield 2.7 g (92%). mp 
180-181 ~ 

2-Indoloylhydrazones VIII, IX, XI, XII, and XIII are  obtained by the method indicated above. 

1- (Phenyl ) -2-N-(benzyl idenamino)- l ,2 -d ihydropyrro lo(3 ,4-b) - indolone-3  (XVI). Method A. 1.7 
g of I and 3.2 g of benzaldehyde in 10 ml of amyl alcohol are  mixed at the tempera ture  of boiling alcohol 
until a precipitate fo rms  in the react ion solution, which is immediately fi l tered off, washed with ethanol, 
and crys ta l l ized f rom dioxane, mp 290". Mol. wt. : computed 351, found 353. Yield 1.9 g (54%). 

Compounds XVII, XVIII, XIX, XX, and XXII are  also obtained by method A. 

1- (o-Chlorophenyl ) -2-N-  (o-chlorobenzylidenamin) -11 2-dihydropyrrolo(3,  4-b)indolone-3 (XXI). 
Method B. A mixture of 1.5 g of VII and 2.1 g of o-chlorobenzaldehyde are mixed in 12 ml of water  in 
a boiling water  bath for 1 h. Four  ml of ethanol are  added to the cooled react ion mass .  The precipitate 
which fo rms  is f i l tered off and crysta l l ized f rom ethanol. The product c rys ta l l izes  with 1 mole of water .  
mp 253 ~ hardens at 273 ~ Yield 1.8 g (82%). 

Di-[1-(phenyl) -2-N-  (benzylidenamino)-l ,  2-dihydropyrrolo  (3, 4-b)- indolone-3-yl-1]-phenylmethane 
(XXIII). 1.7 g of I a re  mixed in 5.3 g of benzaldehyde at a tempera ture  of 160" for  3 h. The precipitate 
which forms upon cooling is f i l tered off, washed with ethanol, and crysta l l ized f rom dioxane, mp 289- 
290 ~ . Mol. wt . :  computed 790, found 770. Yield 1.6 g (36%). 

Compounds XXIV-XXVI are obtained by method A. 

1-Phenyl-1,  2-dihydropyrrolo(3,  4-b)indolone-3 (XXVII). One g of XVI and 20 g of Raney nickel 
are  heated with s t i r r ing  in 200 ml of dioxane and 40 ml of water in a nitrogen current  in a boiling water  
bath for 3 h. The hot react ion mass  is rapidly f i l tered off. The solvent is distilled off in vacuo. The 
dry  residue is crys ta l l ized f rom ethanol, mp 238 ~ Yield 0.58 g (75%). Found, %: C 77.48, H 4.90, 
N 11.08. CI~I12N20. Computed, %: C 77.41, H 4.83, N 11.29. Mol. wt . :  computed 248, found 230 (by 
Ras t ' s  method). 

Compounds XX and XXI are reduced in a s imi lar  way. 

1-N-(benzyl idenamino)-2-phenyl-8-methyl-1 ,  2-dihydroimidazolo-(3,  4-a)indolone-9 (XXVIII). 
1.89 g of the hydrazide III and 2.12 g of benzaldehyde are  heated with s t i r r ing  in 10 ml of boiling amyl 
alcohol for  3 h. The res idue of unreacted hydrazone which precipi tates upon cooling is f i l tered off. The 
solvent is distilled off f rom the react ion solution in vacuo. The residue is ground in pet roleum ether.  
The precipi tate  which fo rms  is dissolved in ethyl ether.  The ether solution is passed twice through a 
column containing aluminum oxide. The solvent is distilled off. The product is dried in vacuo, rap 
74-76" (decomposes). Y i e l d 2 g ( 5 5 ~ .  Found, %: C 79.11, H5 .28 ,  N l l . 4 0 .  C2tHl~N30. Computed, 
%: C 78.90, H 5 . 2 0 ,  N 11.50. 
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