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Schiff bases in the angular benzindole se r ies  that were obtained f rom 3-formyl[4 ,  5]- and 
-[6,7]benzindoles and a romat ic  amines ,  on the one hand, and 3-amino[4,  5]- and - [6 ,7]ben-  
zindoles and sal icylaldehyde,  on the other,  a r e  descr ibed.  It is shown that the conformations 
in each of the [6,7] and [4, 5] i somers  a re  identical and a r e  independent of the substituent; this 
is a consequence of their  nonplanar s t ruc tu res .  

The very  small  amount of data on Schiff bases  in the indole ser ies  pertains p r imar i ly  to skatolideneanil-  
ine, which was used in the synthesis  of the indole analog cephalosporin [2]. An attempt to use it for the p repa-  
ration of tryptophan and its N-substi tuted analogs has been described [3]. 

The a im of the present  r e s e a r c h  was to study the effect of the type of fusion of the second benzene r ing 
with the indole molecule in angular  3-formylbenzindoles  on the react ivi ty of the formyl  group in condensation 
react ions  with a romat ic  amines and to compare  the spect ra l  charac te r i s t i c s  of the compounds obtained with 
the data for azomethines synthesized f rom 3-amino[4 ,6] -  and -[6,7]benzindoles with salicylaldehyde. 

t I i 
H ~ N - ~ H a R ' P  N CH'~C~H4OH o 

IV-IX X, I I  

For  the synthesis  of the lat ter  we tested two methods: i) conversion of the hydrazines of 3-carboxyl ic  
acid through the azides with subsequent r ea r rangement  to the isocyanates  and conversion to 3-amino[4 ,5] -  
and - [6,7]benzindoles and 2) reduction of the 3-n i t roso  der ivat ives  obtained by nitrosation of the benzindoles. 

Scheme 1 

RH . RCOCOC|  RCOCOOH ~ RCOOH RCOOCH.  

- R C O N H N H  2 ~ RCON 3 - R N ~ C = O  ~ RNH2.HCI 

[6,7]Benzindole-3-carboxylic  acid was obtained by decarbonylation of [6,7]benzindol-3-ylglyoxylic acid 
with hydrogen peroxide (Scheme 1). [4 ,5]Benzindole-3-carboxylic  acid is not formed under these conditions, 
and we reso r t ed  to the Grignard react ion (Scheme 2) for its preparat ion;  this procedure  with methyl ch loro-  
carbonate gives the corresponding es ter  in 58% yield; 

Scheme 2 
R'COOH ~ R ' t l  ~ R 'COOCH 3 

\ 
R ' C o c O C I  �9 R 'COCOOH 

R = [ 6 , 7 ]  b e n z i n d o l - 3  - y l  ; R ' =  [ 4 , 5 ]  b e n z i n d o  1 - 3  - y l  

* See [1] for communication 18. 
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T A B L E  2. 

Com- 
pound 

I 
II 

III 
IV 

V 

VI 
VII 

VIII 

IX 

XI 

Spectral Characteristics of the Schiff Bases 

IR Spectrum, cm ~ 

Indole 

Indole 

~,  ~ benzindole 

[6.7] benzindole 

o-Hydroxybenzylidene- 
[4, 5]benzindol-3-yl- 
amine 

o-Hydroxybenzylidene- 
[6, 7] benzindol-3-yl- 
amine 

H 

H 

OCtt3 

ctl. 
OCtt~ 

CI 

I':, Br pellets 

1615, 1600, 2700-- 
3200 br, 1615, 
2700, 3200br 

1625, 3385 

1623, 3425, 3450 i 

1615, 2800--3200b~ 

1625, 1640 sh, 
3240 w, 3380 sh 
3420, 3480, 3560 

1610, 1625 int, 
1640, 3240, 3380, 
3415, 3480, 3565 

Mineral 
oil 

1620, 3185 w, 
1625, 3440 

1610, 3170 
1615, 3100 

1618, 3080 

1615, 3110 
1625, 3330 

1615, 3430 

1615, 3110 

3450--3200br 
3060, 1625 

3400, 1610 

CHCI~ 

1650, 3380 

1645 

1650 

1625, 34801 

[615, 1625, 
3465 

UV Spectrum (in ethanol), 
Xmax, nm (e- lOa) 

224 (22,8), 270 (10,7), 335 (17,6), 221 
(23,6), 269 (11,5), 330 (20.0) 

222 (35,7), 249 i (16,5), 2,79 (17,2), 
315 (10,7), 347 (6,3) 

222 (42,0), 286 (19,5), 323 (18,5), 345 
(t5,5) 

215,5 (28,4), 263 (32), 285 i (20,6). 
319 (20,0), 328 (20,0), 343 (16,2) 

206 (27,4), 217 i (25.3), 265 (28,7), 
332 (22,0), 343 i (21,0) 

207,5 (28,7), 218 i (23,0), 253 (24,8), 
280 i (17,8), 319 i (18,4), 328 
(18,7), 343 i (17,3) 

h o w e v e r ,  t he  r e a c t i o n  g i v e s  the  p r o d u c t  in only 9% y i e l d  with d r y  i c e .  F u s i o n  of [4 ,5 ] -  and  [ 6 , 7 ] b e n z i n d o l e s  
wi th  s o d i u m  e t h y l c a r b o n a t e  g a v e  p o s i t i v e  r e s u l t s  only  in t he  c a s e  of [6 ,7 ]benz indo le ;  the  y i e l d  of b e n z i n d o l e - 3 -  
c a r b o x y l i c  a c id  was  31%, whi le  [ 4 , 5 ] b e n z i n d o l e  was  r e c o v e r e d  unchanged  f r o m  the  r e a c t i o n  m i x t u r e .  

The  h y d r a z i d e s  of t he  b e n z i n d o l e c a r b o x y l i c  a c i d s  w e r e  ob ta ined  by hea t ing  the  e s t e r s  wi th  e x c e s s  h y d r a -  
z i n c  h y d r a t e  a t  145~ H o w e v e r ,  m e t h y l  [ 4 , 5 ] b e n z i n d o l e - 3 - c a r b o x y l a t e  does  not  f o r m  a h y d r a z i d e  u n d e r  t h e s e  
cond i t i ons  and i s  r e c o v e r e d  f r o m  the  r e a c t i o n  m i x t u r e .  U n d e r  the  s a m e  cond i t ions  [4 ,5 ] -  and [ 6 , 7 ] b e n z i n d o l e -  
2 - c a r b o x y l i c  a c i d  e s t e r s  w e r e  c o n v e r t e d  to  the  h y d r a z i d e s  in 50% y i e l d s .  

The  s u b s e q u e n t  c o n v e r s i o n  of [ 6 , 7 ] b e n z i n d o l e - 3 - c a r b o x y l i c  ac id  h y d r a z i d e  to the  a z i d e  and i s o c y a n a t e  
p r o c e e d s  qu i t e  s m o o t h l y .  The  C u r t i u s  r e a r r a n g e m e n t  i s  a c c o m p a n i e d  by c o n s i d e r a b l e  r e s i n i f i c a t i o n ,  and 
3 - a m i n o [ 6 , 7 ] b e n z i n d o l e  was  i s o l a t e d  in the  h y d r o c h l o r i d e  f o r m .  The  a m i n o b e n z i n d o l e s  ob ta ined  by the  s econd  
me thod  by r e d u c t i o n  of 3 - n i t r o s o b e n z i n d o l e s  with b i s u l f i t e  a r e  a l s o  c h a r a c t e r i z e d  by  e x c e p t i o n a l  i n s t a b i l i t y ,  
and they  w e r e  t h e r e f o r e  s u b j e c t e d  to  condensa t i on  with  s a l i c y l a l d e h y d e  wi thout  a d d i t i o n a l  p u r i f i c a t i o n .  

The  condensa t i on  of 3 - f o r m y l  [4 ,5 ] -  and - [ 6 , 7 ] b e n z i n d o l e s  with a r o m a t i c  a m i n e s  was  c a r r i e d  out  u n d e r  
d i f f e r e n t  cond i t i ons  (Table  1). A s  e x p e c t e d ,  the  r e a c t i o n  with  p - a n i s i d i n e  p r o c e e d s  m o s t  r e a d i l y ,  and  3 - f o r m y l -  
[ 6 ,7 ]benz indo l e  i s  m o r e  a c t i v e  in condensa t i on  r e a c t i o n s  wi th  a r o m a t i c  a m i n e s  than the  [4,5] i s o m e r .  TMs 
m a y  be  a s s o c i a t e d  with the  e f fec t  of s t e r i c  f a c t o r s  tha t  h i n d e r  n u c l e o p h i l i c  add i t i on  to  t he  c a r b o n y l  g r o u p  in 3 -  
f o r m y l [ 4 , 5 ] b e n z i n d o l e ,  whi l e  th i s  s o r t  of e f fec t  of the  s econd  b e n z e n e  r i n g  i s  exc luded  fo r  the  [6,7] i s o m e r .  

The  band of t he  v i b r a t i o n s  of  the  C = N bond i s  found a t  1610-1640 c m  -1 in the  11~ s p e c t r a  of the  Schiff  
b a s e s  o b t a i n e d ,  i nc lud ing  o - h y d r o x y b e n z y l i d e n e  [4 ,5 ] -  and - [ 6 , 7 ] b e n z i n d o l - 3 - y l a m i n e s  (Table  2,  X and XI).  
The  change  in the  f r e q u e n c i e s  of the  NR g r o u p  in the  so l id  s t a t e  in the  IR s p e c t r a  of t h e s e  compounds  a s  c o m -  
p a r e d  with  the  s p e c t r a  of s o l u t i o n s  d e p e n d s  on the  c r y s t a l  pack ing  and i n d i c a t e s  the  f o r m a t i o n  of d i f f e r e n t  t y p e s  
of i n t e r m o l e c u l a r  hydrogen  bonds :  In t he  c a s e  of a c o n s i d e r a b l e  d e c r e a s e  in the  f r e q u e n c y  of t he  NH g r o u p  (to 
3100-3200 c m  -1,  T a b l e  2, I V - V I  and IX) one can a s s u m e  the  f o r m a t i o n  of a hydrogen  bond be tween  the  p ro ton  
of t he  NH g r o u p  and the  n i t r o g e n  a t o m  of the  C = N bond.  The  s m a l l  changes  in UNH (A ~ 50-80 c m  -1,  T a b l e  2,  
VII  and VIII) i n d i c a t e  i n t e r a c t i o n  of the  NH g r o u p  with  the  ~r s y s t e m  of the  a r o m a t i c  p a r t  of t he  m o l e c u l e .  

The  UV s p e c t r a  of t he  a z o m e t h i n e s ,  v i z . ,  3 - f o r m y l [ 6 , 7 ] b e n z i n d o l e  d e r i v a t i v e s ,  conta in  i n t e n s e  bands  a t  
205,  265,  and 330 nm.  The  i n t e n s e  band a t  265 n m  i s  ev iden t l y  r e l a t e d  to  the  b e n z i n d o l e  p a r t  of the  m o l e c u l e  
[4]. The  l o n g - w a v e  a b s o r p t i o n  band tha t  c h a r a c t e r i z e s  i n t e r a c t i o n  of the  doub le  bonds  i s  l o c a t e d  a t  r a t h e r  high 
f r e q u e n c i e s  fo r  a l l  of t he  compounds  of t he  i n d i c a t e d  s e r i e s  i f  one t a k e s  in to  accoun t  t he  o v e r a l l  l ength  of t h e  
con juga ted  ~ s y s t e m .  In a d d i t i o n ,  the  s p e c t r a  r e m a i n  v i r t u a l l y  unchanged  when e l e c t r o n - a c c e p t e r  g r o u p s  a r e  
i n t r o d u c e d  in t he  p a r a  p o s i t i o n  of the  b e n z e n e  r i n g ,  i . e . ,  the  ef fec t  of t he  s u b s t i t u e n t s  i s  t r a n s m i t t e d  weak ly  
t h r o u g h  the  con juga ted  chain  (Table  2,  IV and VI) .  A l l  of t h e s e  f ac t s  can be  exp la ined  by d i s r u p t i o n  of the  c o -  
p l a n a r i t y  of t he  m o l e c u l e  s i m i l a r  to  tha t  which  o c c u r s  in the  c a s e  of b e n z a l a n i l i n e  [5-7].  At  the  s a m e  t i m e ,  in 
the  c a s e  of [ 6 , 7 ] b e n z i n d o l - 3 - y l a z a - p - c h l e r o b e n z e n e ,  which i s  i s o e l e c t r o n i c  wi th  r e s p e c t  to  IX and ,  a c c o r d i n g  
to  t h e  d a t a  f r o m  the  UV s p e c t r u m ,  has  a p l a n a r  s t r u c t u r e  [8], the  l o n g - w a v e  a b s o r p t i o n  band i s  found a t  435 n m  
(e 25,000).  
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TABLE 3. Pa rame te r s  of the PMR Spectra of Azomethines IV-XI 
in DMSO 

Corn- Chemical shifts of the protons, 5, ppm relative | 
pound to hexamethyldisiloxane "1 

[4,merS]Iso- N--H 2-H 8-H f-H, 7-H I =c-H 12,-H, 6"-HI3'-H, 5'- 

IV 
V 

VI 

12,18 
12,17 

12,20 

8,10 
8,06 

8.11 

10,02 
10,10 

10,00 

7,63 
7,65 

7,64 

8,81 r 
8,86 7,26 6,92 

80CH, = 3,69 
8,82 7,29 I 7,37 

I 
[6,merT]Iso- N--H 2-H 4-H 5-H =C~HI2'-H, 6'-H; 3"-H, 5'-I-1 

12,57 
12,49 

12,61 

8,46 
8,45 

8.46 

VII 
VIII 

IX 

7,60 
7,57 

7,59 

8,01 
7,96 

8,03 

8,75 I 8,73 7,19 6,89 
80CH, = 3,72 

8,73 7,20 [ 7,37 
t 

Spin coupling 
constants, J, Hz 

1h2=3,2 
/1,2=0,5; I2',3' =8,8 

],,2=0,5; 12'.3' =8,8 
16.7=9,0 

11,2=2,6; 14,s=8,4 
11,2=2,6; ]4,s=8,4; 

/ 2,,3, =8,8 
11.~= 1,7; /4,5=8,4; 

]2',3'~8,7 

A s imilar  situation was observed for the [4,5] i somers  of azomethines:  The presence  of a substituent 
in the para position of the benzene ring leads to a certain increase  in the intensity but to only a slight shift of 
the long-wave band {Table 2, IV-VI). Thus, judging f rom the UV spect ra ,  the conformations in each of the 
two ser ies  of compounds obtained a r e  identical and do not depend on the substituent. 

A comparison of the chemical  shifts in the PMR spectra  of each of the t r iads  of [4,5]- and [6,7]beuzin- 
dole derivat ives (Table 3) confirms this conclusion. In the case of the [4,5]benzindole derivat ives the chemical  
shifts of the benzindole 2-H and 8-H protons and the = C - H  proton of the substituent a r e  the most  cha rac te r i s -  
tic and sensit ive to the conformation. The significant deshielding of the 2-H and 8-H protons in azomethines 
of [4,5]benzindole evidently may be the resul t  of their nonplanar s t ruc tu re ,  in which the nitrogen atom of the 
substituent is in the immediate proximity of the 8-H atom. In this case the 2-H proton may be located in the 
plane of the phenyl ring of the amine and experience the deshielding effect of its ring ~ current .  

The UV spect rum of [6,7] derivat ive XI, in which the benzindole component acts  as an amino component,  
is s imi lar  to the spectrum of Schiff base VIII; however,  the spectrum of o-hydroxybenzylidene[4,5]benzindol-3-  
ylamine {X) has qualitatively different charac ter :  The introduction of an OH group in the ortho position of the 
benzene ring leads to a rigid coplanar s t ruc ture ,  evidently creating better conditions for interaction of the un- 
shared pair  of electrons of the nitrogen atom of the N= C bond with the sys tem of ~ electrons.  As a resul t ,  
the neighboring band of the 7r-~ transit ion is shifted to 390-420 nm, and weak absorption at 470-500 nm, which 
can be assigned to an n - ~  t ransi t ion,  appears .  

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

The IR spectra  of mineral  oil suspensions of the compounds (in other cases  the solvent is specially indi- 
~-~ted) were recorded with a UR-10 spec t rometer .  The UV spectra  of solutions in ethanol were obtained with 
a Shimadzu MPS-50 spectrophotometer .  

[4,5]Benzindol-3-yiglyoxyl Chloride. A 1.9-g (0.012 mole) sample of oxalyl chloride was added dropwise 
with cooling to a conical flask containing a solution of 2 g (0.012 mole) of [4,5]benzindole in 60 ml of absolute 
ether,  after which the flask was sealed with a calcium chloride tube and allowed to stand in a r e f r ige ra to r  over -  
night. The result ing precipitate was removed by filtration and washed on the fil ter with ether to give 1.85 g 
(66%) of product.  IR spectrum: 3370, 3320, 1795, and 1640 cm -1. Found: C 65.6; H 3.5; N 5.3%. C14HsC1NO 2. 
Calculated: C 65.2; H 3.1; N 5.4%. 

[6,7]Benzindol-3-ylglyoxyl Chloride. This compound was s imilar ly  obtained and had mp 178~ (rap 178- 
180~ [9]). IR spectrum: 3340, 1780, and 1640 cm -1. 

[6,7]Benzindol-3-ylglyoxylic Acid. A mixture of 2.5 g (0.01 mole) of [6,7]benzindol-3-yiglyoxylic acid 
chloride, 0.8 g (0.015 mole) of sodium hydroxide, and 50 ml of water was refluxed for 1 h, af ter  which the 
mixture was fi l tered,  and the f i l t rate was acidified with dilute hydrochloric  acid. The precipitate was sepa-  
rated,  washed with water ,  and dried to give 1.77 g (65%) with mp 200-201~ IR spectrum: 3360, 1720, and 
1640-1650 cm -~. Found: C 65.8; H 4.4; N 5.3%. C14HsNO3-H20. Calculated: C 65.4; H 4.3; N 5.4%. 
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[4, 5]Benzindol-3-ylglyoxylic Acid. Hydrolysis  of 3.4 g of [4,5]benzindol-3-ylglyoxyl chloride gave 0.75 g 
(24%) of the acid with mp 193-195~ IR spect rum:  3240, 1720, and a doublet at 1620-1640 cm -1. Found: C 
70.6; H 4.1; N 5.7%. C14HgNO 3. Calculated: C 70.3; H 3.9; N 5.8%. 

[6,7]Benzindole-3-  carboxylic Ac id .  A) A 2.1-g (0.01 mole) sample of [6,7]benzindol-3-ylglyoxylic acid 
was heated in 40 ml of 30% hydrogen peroxide for 3 h, during which foaming and a change in the color of the 
precipi ta te  f rom yellow to gray  were observed.  The precipi tate  was removed by fil tration and dissolved in 
sodium carbonate solution, and the solution was acidified with dilute hydrochlor ic  acid. Workup and pur i f ica-  
tion gave 1.2 g (40%) of a product  with mp 290-291~ IR spect rum:  3300 and 1630 cm -1. Found: C 67.7; H 4.5; 
N 6.0%. C13HsNO2.H2 O. Calculated: C 68.1; H 4.8; N 6.1%. 

B) A mixture of 1.6 g (0.01 mole) of [6,7]benzindole and 11.2 g (0.1 mole) of sodium ethylcarbonate was 
fused on a metal  bath at 220~ in a f lask equipped with a Wurtz t rap  and a descending condenser.  The s ta r t  of 
the react ion was determined f rom the liberation of alcohol. The fusion was car r ied  out for  20 h, af ter  which 
60 ml of water was added, and the result ing solution was washed with ether and acidified with dilute hydro-  
chloric acid. The precipi ta te  was removed by fi l trat ion and purified by reprecipi tat ion f rom sodium carbonate 
solution to give 0.68 g (31%) of a product with 290-291~ that was chromatographical ly  identical to the com-  
pound obtained by method A (chromatography on Silufol with elution with ether). 

[4 ,5]Benzindole-3-carboxyl ic  Acid. A solution of 1 g (0.006 mole) of [4,5]benzindole in 15 ml of absol -  
ute ether was added to methylmagnesium iodide obtained f rom 0.2 g of Mg and 0.85 ml of methyl iodide in 10 
ml of absolute ether ,  and the mixture was maintained at room tempera tu re  for 30 rain, af ter  which it was 
cooled to 0~ Dry ice was then added slowly with s t i r r ing .  When CO 2 evolution was complete,  20 ml of wa- 
ter  was added carefully in the cold, and the mixture  was acidified with dilute acet ic  acid. The ether layer 
was separated and washed with sodium carbonate solution, which was then acidified. The resul t ing white p re -  
cipitate was removed by fi l tration and dried to give 0.23 g (9%) of a product  with mp 158-160~ (from water). 
IR spect rum:  3170 and 1700 cm -1. Found: C 73.7; H 4.1; N 6,7%. C13HgNO 2. Calculated: C 73.9; H 4.3; N 6.6%. 

Methyl [4 ,5]Benzindole-3-carboxylate .  A solution of 1.66 g (0.01 mole) of [4,5]benzindole in 5 ml of ab-  
solute ether was added dropwise in the cold to a Grignard reagent  obtained f rom 0.48 g (0.02 mole) of Mg and 
2.83 g (0.02 mole) of methyl iodide in the presence  of a catalytic amount of iodine, and the mixture was s t i r red  
at room tempera tu re  for 30 rain. A 1.4-g (0.015 mole) sample of methyl chlorocarbonate  was then added, and 
the mixture  was maintained at room tempera tu re  for  30 rain. It was then decomposed cautiously with dilute 
acetic acid,  and the ether layer  was separa ted ,  washed with sodium carbonate solution, and dried over sodium 
sulfate. The solvent was removed by evaporation to give 2.24 g (58%) of 3-carbomethoxy[4,5]benzindole with 
rap 189-190~ IR spect rum:  3320 and 1700 cm -1. Found: C 75.5; H 5.3; N 6.3%. C14HI~NO 2. Calculated: C 
74.7; H 4.9; N 6.2%. 

[4 ,5]Benzindole-2-carboxyl ic  Acid Hydrazide.  A solution of 0.5 g (0.5 mmole) of 2 -carbomethoxy[4 ,5] -  
benzindole in 20 ml of hydrazine hydrate was refluxed for 20 h, af ter  which it was cooled, and the precipi tate  
was separa ted ,  washed with alcohol,  and dried to give 0.25 g (50%) of a product with mp > 300~ Found: C 
68.8; H 4.9; N 18.7%. C13HllN30. Calculated: C 69.3; H 4.9; N 18.7%. 

[6,7]Benzindole-2-carboxyl ic  Acid Hydrazide.  Similarly,  0.5 g (50%) of [6,7]benzindole-2-carboxylic  
acid hydrazide,  with mp > 290~ was obtained by refluxing a solution of 1 g (0.004 mole) of 2 -carbomethoxy-  
[6,7]benzindole in 25 ml of hydrazine hydrate for  20 h. Found: C 68.7; H 5.0; N 18.4%. Ci3HllN30. Calculated: 
C 69.3; H 4.9; N 18.7%. 

[6,7]Benzindole-3-carboxyl ic  Acid Hydrazide.  A 0.25-g (0.001 mole) sample of methyl [6,7]benzidole- 
3-carboxyla te  was heated in 20 ml of hydrazine hydrate at 145~ for 4 h, af ter  which the mixture was cooled, 
and the result ing precipi tate  was removed by fil tration and crystal l ized f rom alcohol to give 0.13 g (52%) of a 
product with mp 272-273~ IR spectrum: 3380 and 1680 cm -I. Found: C 69.3; H 4.9; N 18.6%. Ci3HiiN30. 
Calculated: C 69.3; H 4.9; N 18.7%. 

[6,7]Benzindole-3-carboxylic Acid Azide. A solution of 0.7 g (0.003 mole) sample of the hydrazide in 
30 ml of glacial acetic acid was cooled to 0~ and 0.21 g (0.003 mole) of sodium nitrite in 2 ml of water was 
added with vigorous stirring. The resulting precipitate was rapidly removed by filtration, washed with water, 
and dried in vacuo to give 0.65 g (88%) of a product with mp 154-155~ IR spectrum: 3320, 2150, and 1660 
cm -I. Found: C 65.5; H 3.5; N 23.7%. CI3HsN40. Calculated: C 66.1; H 3.5; N 23.7%. 

3-Isocyanato[6,7]benzindole. A solution of 0.6 g (0.002 mole) of [6,7]benzindole-3-carboxylic acid azide 
in 30 ml of absolute benzene was heated on a water bath for 4 h, after which the benzene was evaporated in 
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vacuo at  40~ to give 0.45 g (79%) of a product  with mp 125-126~ IR spec t rum:  3420 and 2300 cm -1. Found: 
N 14.4%. C13HsN20. Calculated: N 13.5%. 

3-Amino[6,7]benzindole Hydrochlor ide .  A solution 0.45 g of the isocyanato[6,7]benzidole  in 10 ml of 
t e t rahydrofuran  (THF) was heated with 2 ml  of concentrated HC1 for  30 rain, a f te r  which the solvent was r e -  
moved by dist i l la t ion,  and the res idue  was diluted with wate r .  The aqueous mix tu re  was extracted with e ther ,  
the water  was r emoved  by vacuum dis t i l la t ion,  and the p rec ip i ta te  was washed with e ther ,  d r ied ,  and purified 
by reprec ip i ta t ion  f r o m  a solution in alcohol by the addition of methylene chloride to give 0.2 g (43%) of a p r o -  
duct that decomposed a t  160~ Found: C 66.0; H 5.0; C116.7; N 12.8%. C12H10N2 "HC1. Calculated: C 65.9; 
H 5.1; C116.2; N 12.8%. 

3-Amino[6,7]benzindole.  A 1.16-g (0.0069 mole) sample  of [6,7]benzindole was added to a solution of 
sodium ethoxide p r epa red  f r o m  0.6 g of sodium and 10 ml  of absolute  alcohol ,  a f t e r  which the mix tu re  Was 
cooled to 0~ and 4 ml  of f resh ly  p repa red  i soamyl  n i t r i te  was added. The mix tu re  was allowed to stand in 
a r e f r i g e r a t o r  overnight ,  a f te r  which it was diluted with 50 ml of wa te r ,  and the amyl  alcohol and unchanged 
[6,7]benzindole were  extracted with e ther .  The aqueous solution of the sodium sal t  of i son i t roso [6 ,7 ]benz in -  
dole was mixed gradual ly  with a sa tura ted  solution of sodium hydrosulf i te  (a fou r -  to fivefold excess  with 
r e spec t  to the amount  of [6,7]benzindole used) until the solution became  co lo r l ess .  It was then cooled to give 
a finely d i spersed  white prec ip i ta te  of 3-amino[6,7]benzindole ,  which turned green  during isolat ion.  The mix -  
tu re  was extracted with ch loroform,  the ch loroform was removed  by dist i l lat ion at  30~ and the p rec ip i ta te  
was dried in vacuo to give 0.34 g (38% based on the converted [6,7]benzindole) with mp 146-147~ Found: N 
14.9%. C12H10N 2. Calculated: N 15.4%. 

3-Amino[4,5]benzindole.  This  compound, with mp 145-146~ was s imi l a r ly  obtained f r o m  1.66 g (0.01 
mole) of [4,5]benzindole. The yield was 0.37 g (20%). Found: N 14.7%. C12H10N2 . Calculated: N 15.3%. 

Prepara t ion  of Azomethines .  A) A mix tu re  of 0.01 mole  of 3 - fo rmy l [4 ,5 ] -  or  - [6,7]benziadole  [10] with 
0.011 mole of the corresponding a r o m a t i c  amine  in alcohol was heated in a f lask  equipped with a ref lux conden- 
se r .  The end of the react ion was de te rmined  f rom the d i sappea rance  of the spot of the s tar t ing  aldehyde [tMn- 
layer  chromatography  (TLC)]. The Schiff base  was removed  by f i l t ra t ion a f te r  the mix tu re  was cooled. The 
react ion  conditions and the cha r ac t e r i s t i c s  of the azomethines  a r e  presented  in Table  1, and t h e s p e c t r a l  data 
a r e  presented  in Table  2. 

B) A thoroughly s t i r r ed  homogeneous mix tu re  of 3 - fo rmy l  [4,5]- or - [6,7]bonzindole with a twofold ex-  
cess  of anil ine was allowed to stand overnight ,  and the resul t ing prec ip i ta te  was removed  by f i l t ra t ion and 
crys ta l l ized  f r o m  alcohol.  The yields  were  quanti tat ive (Table 1). 

C) A mix tu re  of 0.01 mole  of 3 - fo rmyl [4 ,5 ] -  or - [6,7]bonzindole with 0.011 mole  of the corresponding 
a roma t i c  amine  in 50 ml  of absolute  xylene (or toluene) was heated in the p r e sence  of one drop of fo rmic  acid 
with r emova l  of the water  by azeo t rop ic  dis t i l la t ion.  The prec ip i ta te  was separa ted  at  the end of the reac t ion .  
The yields and melt ing points of the azomethines  obtained a r e  presented  in Table  1. 

o-Hydroxybenzyl idene[4 ,5]benzindol-3-ylamine  (X). Without additional puri f icat ion,  0.1 g (0.0005 mole) 
of 3-amino[4,5]benzindole  was dissolved in 15 ml  of absolute  alcohol ,  and the solution was refluxed with 0.6 g 
(0.005 mole) of f resh ly  disti l led sal icylaldehyde for 1 h. Reddish c rys t a l s  of azomethine  X separa ted  a f te r  
cooling. Workup gave 0.02 g (13%) of a product  with mp 276-278~ Found: C 79.4; H 4.7; N 9.7%. C19H14N2 O. 
Calculated: C 79.7; H 4.9; N 9.8%. 

o-Hydroxybenzyl idene[6 ,7]benzindol-3-ylamine  (XI). S imi la r ly ,  0.02 g (13%) of azomethine  XI, with 
mp 222-223~ was obtained f rom 0.1 g (0.0005 mole) of 3-amino[6,7]benzindole .  Found: C 79.4; H 4.7; N 9.6%. 
CI9H14N20. Calculated: C 79.7; H 4.9; N 9.8%. 
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K E T O  A C I D S  IN T H E  P Y R R O L E  S E R I E S  

V .  N .  E r a k s i n a ,  T .  M.  I v a n o v a ,  
T .  A .  B a b u s h k i n a ,  A .  M.  V a s i l ' e v ,  
a n d  N .  N .  S u v o r o v  

UDC 547.746'748'75 

The spec t r a l  p rope r t i e s  of o - (2-pyr ro ly lke to)benzoic  acid and i ts  N-methy l  and N-benzyl  analogs 
were  invest igated in o rde r  to detect  r ing-chain  t a u t o m e r i s m .  It is shown that  the invest igated 
acids  exis t  in the open keto f o r m .  The cor responding  de r iva t ives  involving the carbonyl  group  
were  obtained. The p repa ra t ion  of de r iva t ives  of the cyclic lactol  f o r m  of the 2 -py r ro ly lke toben -  
zoic acids  is desc r ibed .  

The p rev ious ly  descr ibed  [11 o- (2-pyr ro ly lke to)benzoic  acid is of in te res t  as a model  for  the study of 
va r ious  types  of t au tomer ic  t r an s fo rm a t i ons  [2-4]. We have used it for  the study of r ing-cha in  t a u t o m e r i s m ,  
in analogy with ace tophenone-o -ca rboxy l i c  acid [3, 4]. 

Keto acid I was obtained by react ion  of p y r ro ly lmagnes ium iodide with phthalic anhydride in anisole  [1]. 
However ,  the reac t ion  was complicated by cons iderab le  res in i f ica t ion  and the production of cyclic l ac tam II; 
this was evidently a consequence of ca r ry ing  out the reac t ion  a t  high t e m p e r a t u r e .  The yield of acid I was 
only 30%. We found that  the yield can be increased  to 63% if the reac t ion  is t e rmina ted  immedia te ly  a f te r  the 
addition of a hot solution of phthalic anhydride  to the py r ro ly lmagnes ium iodide; in this case  the p r e s e n c e  of 
l ac t am II is not detected even by chromatography .  Neve r the l e s s ,  the react ion  product  has a melt ing point that  
is 40~ lower than that  of pure  acid I and,  according  to ch romatography ,  is a mix tu re  of two compounds.  To 
s e p a r a t e  them we used column chromatography  on s i l ica  gel .  The pr incipal  react ion  product  is  actual ly acid I, 
which was isolated in a ra t io  of 9:1 r e l a t ive  to the second compound, which a l so  has acid c h a r a c t e r  (Ia). On 
the bas i s  of an examination of the UV (Fig. 1) and IR spec t ra  we as sumed  that we a r e  dealing with s t ruc tu ra l  
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i s o m e r s :  It  was shown by m a s s  s p e c t r o m e t r y  that the molecu la r  ion at  m / e  215 is the m a x i m u m  peak in the 
spec t r a  of both compounds and that the f ragmenta t ion  pathways of the two substances  coincide. An ana lys i s  
of the PMR spec t ra  (Table 2), which we will d i scuss  below, conf i rms  the assumpt ion made above.  
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Fig.  1. UV spec t ra  of 2 -py r ro ly lke to -  
and 3-pyrro ly lke tobenzoic  acids:  1) 
o-  (2-pyrrolylketo)benzoic  acid (I); 2) 
o- (3-pyrro ly lke to)benzoic  acid (Ia). 
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