
11. R . A . Z i n g a r o a n d W .  E. Tolberg ,  J .  Am. Chem. Soc., 81, 1353 (1959). 
12. I. Haque and J .  L. Wood, Spect rochim.  Acta, A, 23, 959, 2523 (1967). 
13. N . O .  Saldabol, L. L. Ze l igman and S. A. Gi l ler ,  Inventor ' s  Cer t i f i ca te  No. 407897 (1973); Byul. Izobr . ,  

No. 47, 82 (1973). 
14. M. Por te l l i  and G. Bartol ini ,  Ann. Chim. (Rome), 53, 1180 (1963). 
15. Norwich P h a r m .  Co., US Patent  No. 3105834 (1963) ; Chem. Abs t r . ,  59, 8761 (1963). 
16. E. Corey  and J .  P. Schaefer ,  J .  Am. Chem. Soc., 82, 918 (1960). 
17. J.  Toul lec and J .  E. Dubois, Te t rahedron ,  29, 2851 (1973). 
18. L . M .  Litvinenko and L. A. P e r e l ' m a n ,  Reakts .  Sposobn. Org.  Soedin., 8, 331 (1971). 
19. L . M .  Litvinenko, A. F. Popov, Zh. P. Gel 'b ina ,  and E. V. Kir i l lov,  Reakts .  Sposobn Org.  Soedin., 10, 175 

(1973). 
20. N . O .  Saldabol, S. A. Gi l ler ,  L. N. Alekseeva ,  and B. A. Br izga ,  K h i m . - F a r m a t s .  Zh., No. 2, 27 (1967). 
21. N . O .  Saldabol, S. A. Gi l ler ,  L. N. Alekseeva ,  and I. V. Dipan, K h i m . - F a r m a t s .  Zh., No. 6, 16 (1972). 
22. N . O .  Saldabol and Yu. Yu. Popel is ,  Khim. Getero ts ik l .  Soedin., No. 5, 691 (1972). 
23. N . O .  Saldabol, L. N. Alekseeva ,  B. A. Br izga ,  L. V. K r u z m e t r a ,  and S. A. Gi l ler ,  K h i m . - F a r m a t s .  Zh., 

No. 7, 19 (1970). 
24. K . S .  Dhaka, V. K. Chadra ,  and H. K. Pu ja r i ,  Aust ra l .  J .  Chem.,  26, 436 (1973). 
25. N . O .  Saldabol and S. A. Gi l ler ,  Izv. Akad. Nauk LatvSSR, No. 11, 91 (1958). 
26. N . O .  Saldabol, L. L. Zel igman,  and L. A. Ri tevskaya ,  Khim. Geterots ik l .  Soedin., No. 9, 1208 (1975). 

I S O M E R I Z A T I O N  O F  P Y R I D A Z I N O [ 4 , 5 - b ] I N D O L E S  

T O  P Y R R O L O [ 3 , 4 -  b] I N D O L E S  

N.  A.  K o g a n  a n d  M. I .  V l a s o v a  UDC 547.759'75:542.952.1 

The  d ihydropyr idaz ine  r ing undergoes  contract ion to a d ihydropyr ro le  r ing to give 1 -pheny l -2 -  
benzyl ideneaminodihydropyr ro lo[3 ,4-b] indol -3-ones  when 1-phenyldihydropyr idazino[4,5-b] indol-  
4 -ones  a r e  t rea ted  with a romat i c  aldehydes under acid ca ta lys i s  conditions.  The reac t ion  mech-  
an i sm cons i s t s  i n t h e f o r m a t i o n  of a (3-indolyl)phenylmethyl  cation,  which leads to opening of the 
pyr idaz ine  r ing  and subsequent  development  of a bond between the carbonium cen te r  and the 
amide  nitrogen atom. 

Heating 1-phenyld ihydropyr idaz ino[4 ,5-b] indol -4-ones  (I) with a romat ic  aldehydes leads to the addition of 
1 mole  of aldehyde to 1 mole  of indole compound with the loss  of a molecule  of water .  The change in the UV 
spec t rum (Fig. 1) on pass ing  f rom s ta r t ing  I, which have kmax 300 rim, to condensat ion products  II, the s p e c t r a  
of which contain the long-wave m ax i m um  at 340 nm that is c h a r a c t e r i s t i c  for 2- indoylhydrazones  of a romat i c  

aldehydes containing a ~-N--4:~ f ragment ,  is s ignif icant .  Compounds II a r e  capable  of undergoing 

O 

slow acid hydrolys is  with r egenera t ion  of the aldehyde [according to gas- l iquid chromatography  (GLC) data], 
but the second hydrolys is  product  eannot be isolated in pure  form in this ease .  The inc rease  in the frequency 
of the s t re tch ing  v ibra t ions  of the ea rbonyl  group f rom 1630 em -1 in the spec t rum of I to 1680 cm -1 in the spec -  
t r a  of I Ia - f  indicates the fo rmat ion  of a f i v e - m e m b e r e d  cyclic  amide .  

Leningrad P h a r m a c e u t i c a l - C h e m i s t r y  Inst i tute.  T rans la t ed  f rom Khimiya Getero ts ik l icheskikh  Soedi- 
nenii, No. 10, pp. 1406-1408, October ,  1976. Original  a r t ic le  submit ted September  9, 1975; rev i s ion  sub-  
mitted F e b r u a r y  2, 1976. 

This material is protected 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 $ Z 50. 

1162 



I I  Ar 
\ /  Ar I .~r [ 

H - - I - - - H  

I ,i I II I 
R 0 R 0 R 

I I I  I I I  a 

A convincing proof  for the exocyclic orientation of the benzylideneamino group is provided by its cleavage 
when II is t reated with pyrophoric  nickel. The 1-phenyldihydropyrrolo[3,4-b] indol-3-one (lid formed during 
hydrogenolysis  retains  the high frequency of the s tretching vibrations of the carbonyl  group (1680 era-l), which 
ref lects  retention of the f ive-membered  ring. The long-wave absorption at 340 nm vanishes in its UV spectrum,  

and the maximum at 300 nm charac te r i s t i c  for the ~ chromophore  appears .  The contraction of the 
I I[ 

o 

s ix -membered  pyridazine ring to a f ive-membered  r ing with migrat ion of an amino group to the exocyclic posi-  
tion under the influence of aldehydes is well known for cyclic hydrazides of phthalic acid [2]. The latter reac t  
with aldehydes to give benzylidene derivat ives of N-aminophthalimides.  1-Aryldihydropyridazino[4,5-b]indol-  
4-ones are  also cyclic hydrazides,  but the mechanism of contract ion of the pyridazine ring in them is evidently 
explained by the effect of the phenyl group (in the 1 position) on the ease of cleavage of the C(0--N bond. Under 
acid cata lys is  conditions, cleavage of the c a r b o n - o x y g e n  and c a r b o n - h a l o g e n  bonds in 1 -me thy l -2 -ea rboxy-3 -  
(c-X-benzyl) indoles  (IV), where X = C1, Br, OAc, and OAlk, leads to the formation of (3-indolyl)phenylmethyl 
cations [3], which have a UVspectrum with a charac te r i s t i c  form with a maximum at 440-460 nm. 

+ 
I +  H 

H Ar  I H Ar  I 

c 

_ H  + 
- II 

The stability of the (3-indolyl)phenylmethyl cations increases  as the e lect ron-donor  proper t ies  of the subst i -  
tuents in the phenyl ring increase .  The lat ter  c i rcumstance  explains the ease of r ing contract ion on passing 
from I to II for derivat ives with e lee t ron-accep tor  substituents (I, Ar=p-C6H4OCH3, o-C6Hr , C6H 5) and the 
unsuccessful  attempt to rea l ize  this sor t  of t ransformat ion  for derivat ives containing e lec t ron-accep tor  sub- 
stituents (I, Ar = o- ,  p-CGH~NO2). The scheme of the contract ion of the dihydropyridazine ring to a dihydro-  
pyr ro le  r ing includes the following s teps:  protonation, r ing opening to give carbonium ion C, react ion of the 
hydrazide group with the aldehyde, and formation of a f ive-membered  r ing by nucleophilic attack by the amide 
nitrogen atom on the carbonium center .  The effect of acid cata lys is  on the react ion rate  is followed by the use 
of bases and the hydrochlor ides  of I. In the f i rs t  case  the react ion in refluxing amyl alcohol is complete in 3-4 
h, whereas in the second case  it is complete  in 5-15 rain. The UV spect rum of 1-phenyl-5-methyld ihydropyr ida-  
zino[4,5-b]indol-4-one (Fig. 1, curve  4), recorded  in 80% sulfuric acid, the form and position of the :kma x (462 
nm) of which are  c lose  to those in the UV spect rum of 1-methyl-2-carboxy(3- indolyl)phenylmethyl  cation (Fig. 
1), served as a di rect  proof  of the development of carbonium ion C. Experiments  on the synthesis of 1 -ary ld i -  
hydropyrrolo[3 ,4-b] indol-3-ones  (III) from amides and anilides of 1 -methy l -3 - (a -ch lorobenzy l )  indol -2-carbox-  
ylic acid (IV) [4] served as proof for the last  step of the above scheme - nueleophilic attack on the carbonium 
center  by the amide nitrogen atom: 

II A r  I 

N H  2 

CH 3 O 

H Ar 

NH2 I 

CH 3 

Ar I 

- - H  

[ U 
Cl t  3 0 

I v  IH b 

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

The UV spect ra  of 0.1-0.5 �9 10 -~ M ethanol solutions of the compounds were recorded  with an SF-16 spec-  
t rophotometer .  The IR spec t ra  of mineral  oil suspensions of the compounds were recorded  with A UR-20 
spec t romete r .  

1-Phenyl -2-benzyl idenedihydropyrro lo[3 ,4-b] indol -3-one  (IIa). A mixture of 3 g (0.01 mole) of 1-phenyl-  
dihydropyridazino[4,5-b] indol-4-one hydrochloride [5] and 1 g (0.01 mole) of benzaldehyde in 25 ml of amyl 

1163 



T A B L E  1. 1 - P h e n y l - 2 - b e n z y l i d e n e a m i n o d i h y d r o p y r r o l o [ 3 , 4 - b ] -  
i n d o l - 3 - o n e s  (ID 

llb 
IIc 
lid 
lie 
ilf 

Ar ~ Ar-' mp, Empirical 
R "C formula 

Found, % Calculated, % 

H 
p-OCHa 
p-OCHa 
p-OCHa 
p-OCHa 
o-Cl 

H H 290 C%H 7NzO 78,5 
p-OCHz H 271 C]sH21N3Oz 79':~1 
~_iCl H _'265 C:,H,sCINaO. 6.~:~! 

H [260 C,~H:~NaO: , 'o , , i  
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Fig.  1. UV s p e c t r a :  1) 1 -pheny l -  
d ihyd ropy r  idazino[4,5-b]  indo l -4 -  
one [5]; 2) 1 - p h e n y l - 2 - b e n z y l i -  
d e n e a m i n o d i h y d r o p y r r o l o [ 3 , 4 - b ] -  
i ndo l -3 -one  [6]; 3) 1 -pheny ld ihy-  
d r o p y r r o l o [ 3 , 4 - b ]  i ndo l -3 -one  in 
a lcohol  [4]; 4) 1 - p h e n y l - 4 - m e t h y l -  
d i h y d r o p y r i d a z i n o [ 4 , 5 - b ] i n d o l - 4 -  
one in 80% H2SO 4 [5]; 5) the 1- 
m e t h y l - 2 - c a r b o x y  (3- indolyl)phenyl-  
me thy l  ca t ion  in 80% H2SO 4 [3]. 

a lcohol  was re f luxed  until  a p r ec ip i t a t e  began to f o r m  (15 rain). The p rec ip i t a t e  was c r y s t a l l i z e d  f r o m  dioxane 
to give 1.54 g (54%) of IIa. Compounds  I Ib - f  w e r e  s i m i l a r l y  obtained f r o m  the c o r r e s p o n d i n g  d i h y d r e p y r i d a z i n o -  
indoles I and a r o m a t i c  a ldehydes  (see Tab le  1). 

1 - P h e n y l d i h y d r o p y r r o l o [ 3 , 4 - b ] i n d o l - 3 - o n e  (IIIa). A mix tu re  of 1 g (0.003 mole) of IIa and 10 g of Raney  
nickel  in 200 ml  of dioxane was  ref luxed with v igo rous  s t i r r i n g  in a s t r e a m  of n i t rogen for  3 h, a f te r  which the 
c a t a l y s t  was r e m o v e d  by f i l t ra t ion ,  and the f i l t r a te  was vacuum evapora ted  to d r y n e s s .  C rys t a l l i z a t i on  of  the 
d ry  r e s i d u e  f r o m  ethanol  gave 0.60 g (75%) of IIIa with mp 238 ~ . Found:  C 77.5; H 4.9; N 11.1%; M (by the 
Ras t  method) 230. C16H12N20. Ca lcu la t ed :  C 77.4; H 4.8; N 11.3%; M 248. l:R s p e c t r u m :  Xma x 300 nm, (log 
a),  4.091. A compound  ident ical  to IIIa was  obtained by the indicated t r e a t m e n t  of the c h l o r i n e - c o n t a i n i n g  de -  
r i va t i ve  IIf b e c a u s e  of r educ t i ve  dehalogenat ion.  

1 - ( p - M e t h o x y p h e n y l ) - 4 - m e t h y l - l , 2 - d i h y d r o p y r r o l o [ 3 , 4 - b ] i n d o l - 3 - o n e  (IIIb). A 10 -ml  sample  of ace t ic  acid 
sa tu ra t ed  with hydrogen  b r o m i d e  was added at 0 ~ to a mix tu re  of 1.74 g (0.01 mole) of 1 - m e t h y l - 2 - c a r b o x a m i d o -  
indole and 1.36 g (0.01 mole) of an i sa ldehyde  at 0 ~ The solut ion of  b r o m i d e  IV was cooled for  30 rain, a f ter  
which it was al lowed to s tand at r o o m  t e m p e r a t u r e  for  15 h. It was then washed t h r e e  t imes  with h e x a n e - e t h e r  
(1 : 1) and twice  with hexane and t r i t u r a t ed  in ethanol.  The  r e su l t i ng  c r y s t a l s  w e r e  r e m o v e d  by f i l t ra t ion  and 
pur i f ied  by c r y s t a l l i z a t i o n  f r o m  ethanol  to g ive  2.1 g (72%) of  IIIb with mp 221-222 ~ PMR s p e c t r u m ,  ppm:  
8 .22-7 .50 ,  9H; 5.84, 1H; 3.97, 3H (N4-CH3); 3.77, 3H (OCH3). Found:  C 74.4; H 5.5; N 8.5%. ClsHt6N202. Ca l -  

cu la ted :  C 74.0; H 5.5;  N 9.6%. 
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P Y R I M I D I N Y L F O R M A  Z A N S  

I. SYNTHESIS AND STUDY OF UNSYMMETRICAL 

i -  (4 ,6 -DIMETHY L - 2 - P Y R I M I D I N Y L ) - 5 - A R Y L F O R M A  ZANS 

I .  A .  N a s y r  a n d  V.  M .  C h e r k a s o v  UDC 547 .855 .07 :542 .958  : 541.634 

1 - ( 4 , 6 - D i m e t h y l - 2 - p y r i m i d i n y l ) - 3 - m e t h y l ( a r y l ) - 5 - a r y l f o r m a z a n s ,  the  s t r u c t u r e s  of which  depend  
on the s u b s t i t u e n t s  a t t a ched  to  3 - C ,  w e r e  ob ta ined  by d i azo  coupl ing  of a r e n e d i a z o n i u m  s a l t s  wi th  
-t,6-dimethyl-2-pyrimidinylhydrazones. 

P y r i m i d i n y l f o r m a z a n s  have been d e s c r i b e d  only in [1]. The  p r e s e n t  r e s e a r c h  was  c a r r i e d  out in o r d e r  to  
a s c e r t a i n  the  ef fec t  of the  p y r i m i d i n e  r i n g  and the  s u b s t i t u e n t s  in it on the  e l e c t r o n i c  s p e c t r a  of f o r m a z a n s .  

The  1 - ( 4 , 6 - d i m e t h y l - 2 - p y r i m i d i n y l ) - 3 - m e t h y l ( a r y l ) - 5 - a r y l f o r m a z a n s  (III-IX) w e r e  s y n t h e s i z e d  by d i azo  
coup l ing  of a r e n e d i a z o n i u m  s a l t s  II with 4 , 6 - d i m e t h y l - 2 - p y r i m i d i n y l h y d r a z o n e s  of b e n z a l d e h y d e ,  p - e h l o r o b e n -  
z a l d e h y d e ,  and a c e t a l d e h y d e  ( I a - c ) .  

c,~ 

C H /~J...N~"-.N H N = C H R 

3 

El R 

i II I l l - I X  

1--iI a R CH:. R'.-H; b R=Cdia, R'=CHa: c R=p-CIC6H4, R'=NO< III R=CHa, 
P'=II; iV R=CH:, R'=CHa; V R=CHa, R'-NO2: VI R=C6Hs; R'-H; VII R=CGH=~, 

R'-=CH;: VIII R=C.;H:, R'=NO2: IX R=p-CICaHv R'=H 

P y r i m i d i n y l f o r m a z a n s  III-LX a r e  o r a n g e  to r e d - b r o w n  o r  g r e e n i s h - b l a c k  c r y s t a l l i n e  s u b s t a n c e s  that  can  
be s t o r e d  for  a long t i m e  wi thout  d e c o m p o s i t i o n .  Deeply  c o l o r e d  so lu t i ons  of the s a l t s  a r e  f o r m e d  when t h e s e  
c o m p o u n d s  a r e  d i s s o l v e d  in a l c o h o l i c  a l k a l i .  The  s a l t s  of f o r m a z a n s  V and VIII,  which c on t a in  a n i t ro  g roup  
(Tab le  1), a r e  m o s t  d e e p l y  c o l o r e d  ( b l u e - v i o l e t ) .  The  c o l o r  of the  a l c oho l  so lu t i ons  of the  f o r m a z a n s  changes  to 
l i g h t - y e l l o w  when they  a r e  a c i d i f i e d ,  and th i s  c o l o r  v a n i s h e s  on s t and ing .  

An i n t ense  a b s o r p t i o n  band of NH s t r e t c h i n g  v i b r a t i o n s  at  3370-3380 em-* is o b s e r v e d  in the  IR s p e c t r a  of 
I I I-V with a m e t h y l  g roup  a t t ached  to 3 -C .  They  c o n s e q u e n t l y  have an open s t r u c t u r e  (p robab ly  t r a n s - a n t i  o r  
t r a n s - s y n  f o r m s  [2, 3]). 

The  s p e c t r u m  of f o r m a z a n  IX does  not co n t a in  the  band of an NH bond,  w h e r e a s  the  s p e c t r a  of VI and VII 
have a v e r y  weak  a b s o r p t i o n  band at  3360-3365 c m  -1. Th i s  p r o v i d e s  a b a s i s  for  the  a s s u m p t i o n  tha t  f o r m a z a n s  
wi th  a pheny l  g roup  a t t a c h e d  to 3-C ex i s t  in the  s - c i s  c o n f o r m a t i o n  of the  t r a n s - s y n  f o r m ,  which is s t a b i l i z e d  by 

I n s t i t u t e  of O r g a n i c  C h e m i s t r y ,  A c a d e m y  of S c i e n c e s  of the  U k r a i n i a n  SSR, Kiev .  T r a n s l a t e d  f r o m  K h i m -  
iya  G e t e r o t s i k l i c h e s k i k h  Soed inen i i ,  No. 10, pp.  1409-1411,  O c t o b e r ,  1976. O r i g i n a l  a r t i c l e  s u b m i t t e d  S e p t e m b e r  
20, 1975. 
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