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B E N Z I N D O L E S .  2 1 . *  N I T R A T I O N  O F  3 -  

F O R M Y L [ 4 ,  5 ] - A N D  3 - F O R M Y L [ 6 , 7 ]  

B E N Z I N D O L E S  

O. D.  Z h i l i n a ,  L.  B .  S h a g a l o v ,  
A.  M. V a s i l ' e v ,  a n d  N. N. S u v o r o v  

UDC 547.759.3:542.958.1 

It was es tab l i shed  that products  of monosubst i tut ion of 4 -n i t ro -  and 7 - n i t r o - 3 - f o r m y l  [ 4,5] 
benzindoles  and products  o f  disubst i tut ion of 4 ,8-d in i t ro-  and 7 ,8 -d in i t ro -3 - fo rmy l  [ 4, 5] 
benzindoles  a re  fo rmed  in low yields  in the ni t ra t ion of 3 - formyl [4 ,5 ]benz indole  with sodium 
ni t ra te  in concent ra ted  sulfur ic  acid. S imi lar  n i t ra t ion of 3 - fo rmy l  [6,7]benzindole leads to 
9 -n i t ro -  and 5 ,6 -d in i t r o -3 - fo rmy l [6 ,7 ]benz indo l e s .  The 3- formyln i t robenz indoles  obtained 
were  conver ted  to ni t rovinyl  de r iva t ives  by condensat ion with ni t romethane.  

The regularities in the behavior of indole in electrophilic substitution reactions, particularly in nitra 2 
tion, have been studied extensively and correlated [2, 3], and the nitration of 3-formylindoles has also been 
studied [4-6]. However, the introduction of an additional benzene ring in the indole molecule has a substantial 
effect on the course of the reaction [7-9]. Not enough information is available in the literature to enable one 
to draw an unambiguous conclusion regarding the behavior of condensed indole structures in electrophilic 
substitution reactions, the orientation of the substituents, and the possibilities for their preparative utiliza- 
tion. 

The aim of the present research was to study the behavior of 3-formyl[ 4, 5]- (I) and 3-formyl[6,7]ben- 
zindole (II), which were obtained by modified methods [ I0, II], in nitration and the possibilities of the prepa- 
ration of 3-formylbenzindoles with a nitro group in the benzene ring. Considering the fact that the nitration of 
indole derivatives in weak acids leads to side reactions (addition to the C2-C 3 multiple bond, replacement of 
an acyl group by a nitro group, etc.), we carried out the nitration in concentrated sulfuric acid. Sodium ni- 
trate was used as the nitrating agent. 

Complex mixtures of compounds are formed as a result of nitration both in the case of 3-formyl[4,5] 
benzindole (I) and in the case of 3-formyl [6, 7]benzindole (II). We were able to isolate four compounds, two 
of which are monosubstituted compounds, viz., 4-nitro- (III) and 7-nitro-3-formyl [4,5]benzindole (IV), and 
two disubstituted compounds, viz., 4,8-dinitro- (V) and 7,8-dinitro-3-formyl[4,5]benzindole (VI), from the 
products  of the ni t ra t ion of benzindole I. 
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only two s table  compounds,  viz. ,  9 -n i t r o -  (VII) and 5 ,6 -d in i t ro -3 - fo rmyl [6 ,71  
benzindole (VIII), f r o m  the products  of the n i t ra t ion of benzindole II. 

*See [1] for  Communica t ion  [1]. 
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, H2so4 " ~ . / ~ . ~ J  + 

II VII VIII 

Thus, in the ca se  of n i t r a t ion  of the a ldehydes  indica ted  above, the subs t i tuent  (the ni t ro  group)  in the 
monosubs t i tu t ion  p roduc t s  is i n c o r p o r a t e d  in the second benzene  r ing.  The o r i en ta t ion  of the subs t i tuent  is  
the s ame  as in the n i t r a t ion  of naphthalene,  i .e . ,  in the a posi t ion.  The fo rmat ion  of two produc ts  of n i t r a t ion  
with a subs t i tuen t  in the a pos i t ion  is  p o s s i b l e  for  an u n s y m m e t r i c a l l y  subs t i tu ted  naphthalene,  and this is  
ac tua l ly  r e a l i z e d  in the ca se  of 3 - fo rmy l [4 ,5 ]benz indo l e .  In addit ion,  the p o s s i b i l i t y  of e l ec t roph i l i c  a t tack  on 
the second benzene r ing  to give d i subs t i tu t ion  produc ts  is  r e a l i z ed .  An analogy with naphthalene i s  a l so  ob-  
s e r v e d  here .  A s  in the n i t r a t ion  of 2 ,3 -d ime thy l [6 ,7 ]benz indo le  [ 1], the fo rmat ion  of only one mononi t ro  de -  
r i va t i ve  was noted in the ca se  of 3 - fo rmy l [6 ,7 ] be nz i ndo l e  (II). 

The low y ie lds  make i t  i m p o s s i b l e  to d raw an unambiguous conclus ion as to whether  only subs t i tu t ion  
produc ts  a r e  fo rmed  under  the n i t r a t ion  condi t ions.  However,  the other  components  of the r eac t ion  mix tu re  
we re  uns table  and decomposed  dur ing i so la t ion .  

The n i t r o - 3 - f o r m y l b e n z i n d o l e s  (III and V-VIII)  obtained were  conver ted  to n i t rovinyl  de r iva t i ve s  IX- 
XIII in 44-64% y ie lds  by condensa t ion  with n i t romethane .  

R - - C ~ :  + CH3NO 2 ~ R--CH=CH--NO~ 

Ill, V-VI I I  IX-Xl l I  

= ~  ~ O~N~.~ 
IX R V, R= ; ; X Xl R = : ""  v,. o, 

H H It 

VII, Xll ~NO~ E R= vnl,  xn i  ~= o ~ , ~ _ _ . ~  

The s t r u c t u r e s  of the compounds we re  e s t ab l i shed  on the b a s i s  of the r e s u l t s  of e l e m e n t a r y  ana lys i s  and 
data f rom IR, PMR, and mass  s p e c t r o s c o p y  (Tables 1-3).* The UV s p e c t r a  were  not r e c o r d e d  because  of the 
low so lub i l i t i e s  of the compounds obtained.  

The chemica l  shif ts  and s p i n - s P i n  coupling cons tants  (SSCC) in the I)MR s p e c t r a  of the produc ts  of the 
n i t r a t i on  of benz indoles  I and II a r e  p r e s e n t e d  in Table  2. The a s s ignmen t  of the s igna ls  of the pro tons  in a l l  
of the inves t iga ted  compounds was made by c o m p a r i s o n  with the s p e c t r a  of s t a r t i ng  benzindoles  I and II [ 12] 
and f rom a p r i o r  eva lua t ion  of the mul t ip l i c i ty  and chemica l  shif ts  of the s igna ls  of each pro ton  for  a l l  p o s s i -  
b le  c a s e s  of r e p l a c e m e n t  of the pro tons  by a n i t ro  group [ 1]. The i n t e g r a l  i n t ens i t i e s  of the s ignals  of the 
pro tons  in the PMR s p e c t r a  of III and IV c o r r e s p o n d  to eight  pro tons  and monosubst i tu t ion.  F r o m  a p r i o r  

* The m a s s  s p e c t r a  a r e  not d i s c u s s e d  in  this  paper .  

TABLE 1. C h a r a c t e r i s t i c s  of N i t r o - 3 - f o r m y l b e n z i n d o l e s  II1-VIII 

Compound 
NH 

II1 3230 
IV 3115 
V 3340 

VI 3340 
3420 

VII 3435 c 
VIII 3400 

IR spectrum, cm -1 (KBr) 

COH 

1650 
1658 
1670 
1650 
1675 
1680 c 
1660 

1525 
1520 
1520 
1520 

1545--1520 
1545 c 
1500 

NO2 

1380--1340 
1360--t310 
1350--1320 
1350--1320 
1370--1330 
1370--1330e 
1390--1335 

/~'la 

0,24 
0,35 
0,30 
0,26 

0,81 

0,71 

M+ 

240 
240 
- b  
- b  
240 
285 

a Elution with b e n z e n e - a c e t o n e  (4 : 1). b The m a s s  s p e c t r u m  does 
not contain  a m o l e c u l a r - i o n  peak.  c IR s p e c t r u m  of the compound 
in CHC13. 
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T A B L E  2. P M R  S p e c t r a  of  N i t r o  
b e n z i n d o l e s  ( I -VI I I )  

~ I-H 2-H CHO I 4-H 5-H 

I 12,51!8,35 9,96 9,56 7,46 

Ill 12,6CI8,29 9,72[ --  8,17 
! 

IV 12,82 8,52 9,96110,00 7,71 
I 

v 13,08 8,60 9,751 --  
VI 13.04 8,61 9,98]10,06 
II 12,89 8,30 0,001 8,16 

I 
VII 11,64 8,25 0,04 8,40 

VIII 12,14 8,40 0,06 9,02 

T A B L E  3. C h a r a c t e r i s t i c s  of 

6-H 1 7tt 

7,46 7,91 

7,52 i8,28 

8,12 -- 

8,34 7,74 8,6C 
7,85 8,26 --  
7,64 7,95 7,51 

7,86 8,35 7,58 

--  I --  8,32 

Derivatives of 3- Formyl [ 6,7 ] 

8-H 

7,63 

7,82 

8,06 

7 , 5 1  

8,21 

7,79 

9-11 A68'9"A64'5' 

17,70 6,5 

[7,90 7,9 

7,83 14,3 

8,56 -- 
8,74 
!8,38 52,3 

- - "  53,4 

8,60 

J, Hz 

145=7,5; 146=1,9; 1~0=6,9; 
157=1,9; 167=7,5; 189=8,6; 

]56=7,5; ]67=1,2; ]67=8,3; 
]s9 = 8,7 

14s=8,3; ]46=1,2; ]48=0,5; 
]56=7,5; ]89 = 9,0 

] ~ o = 7 , 5 ;  157 = 1,2; Js7=8,3 
146=8,5; 146= 1,4:]66=7,5 
145=8,5; 167=8,1; 16s~1,3; 

]7s=6,9; ]76=1,3; J89=8,1; 
114=0,5 

1~4=0,4; 146=8,5; 167=8,7; 
]68= 1,2; 1~8~7,7 

]~4=0,5; 17s=7,7; ]79=1,2; 
Js9=8,7 

Nitrovinyl Derivatives IX-XIII 

Compound 

IX 
X 

XI 
XII 

XIII 

NH 

34i0 
3425 
3380 
3400 
3410 

JR spectrum, cm -I (KBr) 

C=C 

1620 
1640 
1625 
1630 
1630 

1530--1490 
1540--1510 
1540~15i0 
1540--1500 
1550--1500 

NO~ 

1340--1300 
1330--1300 
1360--1280 
1350--130'0 
1370--1320 

Ria 

0,3 
0,34 
0,27 
0,93 
0,71 

M+ 

283 
328 
- b  
283 
-(2 

a E lu t i on  wi th  b e n z e n e - a c e t o n e  (4 : 1). b The m a s s  s p e c t r u m  does  
not  con t a in  a m o l e c u l a r - i o n  peak .  e The r e s u l t s  of  e l e m e n t a r y  
a n a l y s i s  a r e  p r e s e n t e d  in  the  E x p e r i m e n t a l  Sec t ion .  

e v a l u a t i o n  of  the  s p e c t r a  of  t h e s e  c o m p o u n d s  they  can  be  a s s i g n e d  to m o n o s u b s t i t u t e d  (in the  4 o r  7 pos i t i on ,  
r e s p e c t i v e l y ,  of  b e n z e n e  r i n g  ]3) c o m p o u n d s .  A c o m p a r i s o n  of  the  c h e m i c a l  sh i f t s  and m u l t i p l i c i t i e s  of the  
p r o t o n s  of  the  B r i n g  in  the  s p e c t r a  of  t h e s e  c o m p o u n d s  wi th  t h o s e  of the s t a r t i n g  3 - f o r m y l [ 4 , 5 ] b e n z i n d o l e  
shows  tha t  the  m u l t i p l e t  s i g n a l  wi th  a c h e m i c a l  sh i f t  of  10.0 p p m  in  the  s p e c t r u m  of  IV b e l o n g s  to the 4 -H 
p r o ton .  Th i s  s i g n a l  h a s  c o n s t a n t s  of  s p i n - s p i n  coup l ing  wi th  the p r o t o n s  of  b e n z e n e  r i n g  13 of J45 = 8.3 and 
J46 = 1.2 Hz and a s m a l l  c o n s t a n t  of 0.5 Hz of  coup l ing  wi th  one of the  p r o t o n s  of  b e n z e n e  r i n g  A, which  e v i -  
den t l y  f o r m  an  AB s y s t e m  with  the 8 -H  p r o t o n ,  a s  in s u b s t i t u t e d  n a p h t h a l e n e s  [ 1 3 - 1 5 ] .  The s i g n a l  wi th  a 
c h e m i c a l  sh i f t  of  8.12 p p m  has  a s m a l l e r  o r t h o  c o n s t a n t  than  the s i g n a l  of the 4-H p ro ton .  Not ing  tha t  J56 i s  
s m a l l e r  fo r  3 - f o r m y l  [4, 5 ] b e n z i n d o l e  than  J45, we a s s i g n  the s i g n a l  wi th  a c h e m i c a l  sh i f t  of  8.12 p p m  to the  
6 -H  p r o t o n .  The 0.43 p p m  and 0.13 p p m  c h a n g e s  in the  c h e m i c a l  sh i f t s  of the 8 -H and 9 -H  p r o t o n s ,  r e s p e c -  
t i ve ly ,  a s  c o m p a r e d  wi th  the c h e m i c a l  sh i f t s  of  3 - f o r m y l [ 4 , 5 ] b e n z i n d o l e  c o n f i r m s  s u b s t i t u t i o n  in  the  7 p o s i -  
t ion  in the  c a s e  of  IV. The l o w e s t - f i e l d  m u l f i p l e t  s i g n a l  wi th  a c h e m i c a l  sh i f t  of  8.28 p p m ,  J o r t h o  = 8.3 ppm,  
and J m e t a  = 1.2 Hz in the  s p e c t r u m  of  III  cannot ,  as  in  the c a s e  of  IV, be  a s s i g n e d  to the  4 -H p r o t o n  on the 
b a s i s  of a c o m p a r i s o n  wi th  the  c h e m i c a l  sh i f t  of  the 4 -H p r o t o n  in  the s p e c t r u m  of  3 - f o r m y l [ 4 , 5 ] b e n z i n d o l e  
(9.56 p p m ) .  We t h e r e f o r e  a s s i g n  th is  s i g n a l  to the 7 -H  p r o t o n  and the o t h e r  m u l t i p l e t  s i g n a l  a t  8.17 p p m  wi th  
J o r t h o  = 7.5 Hz to the  5-H p ro ton .  An u n c e r t a i n t y  r e m a i n s  in  the  a s s i g n m e n t  of  the  s i g n a l s  of  the  8 -H and 
9-H s i g n a l s ,  which  f o r m  an  A]3 s y s t e m ,  b e c a u s e  of  the  s m a l l  d i f f e r e n c e  in  t h e i r  c h e m i c a l  s h i f t s .  H o w e v e r ,  
the  a s s i g n m e n t  m a d e  s e e m s  c o r r e c t  to us  i f  i t  i s  a s s u m e d  tha t  the  n i t ro  g r o u p  in  the B r i n g  c h a n g e s  the  c h e m -  
i c a l  sh i f t  of  the  c l o s e s t  p r o t o n  of the  a d j a c e n t  r i n g ,  i . e . ,  the  8 -H p ro ton ,  to the g r e a t e s t  ex ten t .  

The i n t e g r a l  i n t e n s i t i e s  of the  s i g n a l s  of  the  p r o t o n s  in  the  s p e c t r a  of  V and VI c o r r e s p o n d  to s e v e n  p r o -  
tons  and d i s u b s t i t u t i o n .  The s i g n a l s  of  the  p r o t o n s  of  the B r i n g  of t he se  c o m p o u n d s  have  i d e n t i c a l  m u l t i p l i c i -  
t i e s  a s  c o m p a r e d  wi th  the  s i g n a l s  of the  a n a l o g o u s  p r o t o n s  in  the s p e c t r a  of  III  and IV. The c h e m i c a l  sh i f t  of  
the  p r o t o n  of  the  f o r m y l  g r o u p  u n d e r g o e s  the m o s t  p r o n o u n c e d  change  in  the  c a s e  of  V, a s  in  the  c a s e  of  IIL 
This  p r o v i d e s  a b a s i s  fo r  the  a s s u m p t i o n  tha t  the  n i t r o  g roup  in V i s  l o c a t e d  in  the  4 p o s i t i o n .  The s i m u l t a n e -  
ous  p r e s e n c e  of  a m u l t i p l e t  s i g n a l  a t  10.06 p p m  and the s l i g h t  change  in  the  c h e m i c a l  sh i f t  of  the f o r m y l  p r o -  
ton  in  the  s p e c t r u m  of  VI m a k e  i t  p o s s i b l e ,  a s  in  the  c a s e  of IV, to a s s i g n  s u b s t i t u t i o n  of  the  p r o t o n  in  the 7 
p o s i t i o n  b y  a n i t ro  g r o u p .  In add i t ion ,  the  s p e c t r a  of  V and VI con ta in  a s i n g l e t  wi th  an i n t e n s i t y  of  one p r o t o n  
uni t .  I t  h e n c e  fo l lows  tha t  r e p l a c e m e n t  of  a p r o t o n  b y  a n i t r o  g r o u p s  t a k e s  p l a c e  not  on ly  in  the  B r i n g  bu t  a l so  
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in the A ring in e i ther  the 8 or  9 position. The absence in the spec t rum of VI of the constant of s p i n - s p i n  
coupling of the 4-H proton with the 8-H proton that is charac te r i s t i c  for substituted benzindoles indicates 
substitution in the 8 position. The chemical  shifts of the 1-H proton in the spec t ra  of V and VI vir tually coin- 
cide, on the basis of which it may  be assumed that the substitution in the indole pa r t  of these compounds is 
identical. 

F r o m  the integral  intensit ies of the signals of the protons,  we assign the nitro derivat ives  (VII and VIII) 
of 3 - formyl  [6,7]benzindole to mono-  and disubstituted compounds, respect ively.  A pre l iminary  evaluation of 
the multiplicit ies and chemical  shifts for  VII suggests  substitution in the 9 position. The change of more  than 
1 ppm in the chemical  shift of the 1-H proton as compared  with 3- formyl[6 ,7]benzindole  consti tutes evidence 
in favor  of the proposed s t ructure .  The ass ignment  of the multiplet signals [at 8.35 ppm (Jortho = 8.7 Hz) and 
8.21 ppm (Jortho = 7.7 Hz) to the 6-H and 8-H protons,  respect ively,  does not contradict  this. 

The signals of the indole protons in VII, which form an AB sys tem,  were assigned on the basis  of the 
J14 constant  that is cha rac te r i s t i c  for indoles [16] and benzindoles [12]. The distr ibution of the multiplet s ig-  
nals of the B ring in VIII indicates rep lacement  of the proton in the 6 or  9 position by a nitro group. However, 
the change in the chemical  shift of the 1-H proton as compared  with the chemical  shifts of 3- formyl[6 ,7]  
benzindole and VII makes it possible to assume substitution in the 6 position. The spec t rum of VIII does not 
contain signals of an AB quar te t  of indole 4-H and 5-H protons but does contain a signal with a chemical  
shift of 9.02 ppm and J ~ 0.5 Hz f rom coupling with the 1-H proton. This signal is evidently f rom the 4-H pro-  
ton. 

It should be noted that the proton in the pa ra  position relat ive to the nitro group has the g rea tes t  Jor tho 
constant  in all of the investigated compounds. The signal of the 2-H proton in the investigated compounds is 
broadened (the half width is ~ 1 Hz at 100-Hz scanning). The rate  of exchange of the pyr ro le  proton with the 
protons of the water  that is p resen t  in the d6-DMSO solvent is evidently such that this constant averages  out 
to values less  than 1 Hz. The ass ignment  of the signal of the 2-H proton was made by means of an experiment  
involving double resonance  in the case  of super imposi t ion of the resonance field on the 1-H proton. 

The react ion mixtures  were  separa ted  by th in- layer  chromatography (TLC) on sil ica gel. In an attempt 
at separat ion on aluminum oxide with a c e t o n e - b e n z e n e  as the eluent in the case of 3-formyl  [6,7]benzindole 
we isolated a compound with a PMR spec t rum in which we observed signals of vinyl protons at 6-8 ppm 
[AS(AB) = 116.8 Hz; the ~ - H  and fl-H signals a re  observed at 6.80 and 7.97 ppm]wi tha  s p i n - s p i n  coupling 
constant  of 17 Hz, which is cha rac te r i s t i c  for  their  t rans orientation. An absorpt ion band at 1600 cm -t, which 
is related to the s t re tching vibrations of an exocyclic double bond, and the band of a carbonyl  group at 1682 
em -1, in cont ras t  to the band at 1660 cm -1 that is p resen t  in the spec t rum of the s tar t ing aldehyde, appear in 
the IR spec t rum of this compound. All of these data, including the resul ts  of e lementary  analysis,  indicate 
that erotonic condensation with acetone to give 5,6-dini trobenzoskatyl ideneacetone (XIV) occurred.  

O 
o 2 N ~ H  c~O ~'H CH3--C--CH a O11 .O~N~T~/CH =CH--~--CH ~ ~ . 

O2N\ hl~O 3 % N ~ - ~ H N /  

VIII XlV 

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

The PMR spec t ra  of solutions of the compounds in d6-DMSO were recorded  at 31.5~ with a Varian 
HA-100D high-resolut ion spec t rome te r  with hexamethyldisiloxane as the internal  standard. The IR spec t ra  
were recorded  with a UR-10 spec t romete r .  The compounds were separated by th in- layer  chromatography 
(TLC) on plates (12 by 18) in a loose l aye r  of s i l ica gel (L 40/100 #, Chemapol, Czechoslovakia);  the thick- 
ness  of the adsorbent  l ayer  was 1.5 ram. An MKh-1303 mass  spec t romete r  with d i rec t  introduction of the sam-  
ples into the ion source  at ioniz ing-e lec t ron energies  of 16 to 50 eV was used for the mass - spec t roscop ic  
studies. 

3 -Formyl [4 ,5]benz indole  (I). 1) A 3.0-ml (0.033-mole)sample of phosphorus oxychloride (d 1.675) was 
added dropwise with vigorous s t i r r ing  at - 5 ~  to 2.5 ml (0.033 mole) of dimethylformamide (DMF) (d 2~ 0.95), 
and 3 g (0.018 mole) of [4,5]benzindole, with mp 35-36~ in 9 ml of DMF was added at - 5 ~  to the result ing 
complex. The mixture was then s t i r r ed  at this tempera ture  for  1 h and at room tempera ture  for  1.5 h. The 
resul t ing precipi ta te  was removed  by filtration, washed with 4 ml of DMF, and dissolved in 500 ml of water.  
The mixture was decomposed with a 1 N solution of potass ium hydroxide and air  dr ied to give 1.79 g (51%) of 
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I with mp 195-196~ [mp 185-186~ (from alcohol) [ 10, 11] and 192~ (from aqueous methanol [17]). The 
DMF mother  liquor was poured into 500 ml of water  and was also decomposed with alkali. The precipi tate  
was worked up as in the case descr ibed  above to give 1.6 g (46%) of I with mp 183-185~ 

2) The react ion mixture was poured into 500 ml of water  and decomposed with alkali as descr ibed 
above. The product  was r ec rys ta l l i zed  f rom 50% aqueous ethanol to give 1.92 g (83.5%) of I with mp 190- 
191~ 

3-Formyl [6 ,7]benz indole  (II). A 4.6-ml (0.05 mole) sample of phosphorus oxychloride (d 2~ 0.675) was 
added dropwise with vigorous s t i r r ing  at - 5 ~  to 3.85 ml (0.05 mole) of DMF (d 2~ 0.95), and a solution of 
4.56 g (0.027 mole) of [6,7]benzindole, with mp 179~ was added to 27 ml of DMR was added to the result ing 
complex at - 5 ~  at such a ra te  that the t empera tu re  did not r i se  above 10~ The mixture was s t i r red  at 
room tempera tu re  for  1 h, and the precipi ta te  was removed by filtration, washed with 6 ml of DMF, and dis-  
solved in 1 l i ter  of water .  The aqueous mixture was decomposed with a 1 N solution of potass ium hydroxide, 
and the solid was removed  by filtration, Washed with water  until the wash waters  were neutral,  and a i r  dried 
to give 4.88 g (92%) of formylbenzindole II with mp 172-173~ 

Nitration of 3-Formyl[4 ,5]benzindole .  A 1.64-g (8.4 mmole) sample of I was dissolved in 15 ml of cold 
concentrated tt2SO4, and a solution of 0.723 g (8.5 mmole)  of sodium nitrate in 10 ml of concentrated H2SO 4 

was added dropwise to the cooled (to - 1 0 ~  solution at such a ra te  that the tempera ture  did not r i se  above 
- 8 ~  The mixture  was s t i r red  at this t empera ture  for 20 rain, af ter  which it was poured into ice water ,  and 
the solid mater ia l  was removed by filtration, washed with water  until the wash waters  were neutral,  and air  
dr ied to give 1.87 g of a mixture of substances.  A 1.07-g sample of this mixture was decomposed on plates 
with a loose layer  of s i l ica gel; for this, a solution of 10 mg of the substance in 0.2 ml of acetone was mixed 
with si l ica gel, and the mixture was air  dried and applied in a 3 -mm-widegroove  at a distance of 1.5 cm 
f rom the lower edge of the plate (elution with diethyl e ther) .  The colored bands of si l ica gel were removed,  
the identical f ract ions were  combined, and the si l ica gel was washed with acetone. The acetone solution was 
evaporated,  and the residue was dried o v e r  H2SO 4. The fractions containing severa l  spots were  resepara ted  
on plates by the method descr ibed above and recrys ta l l i zed  to give 28 mg of III, with mp 220-223~ (twice 
f rom absolute alcohol) ,  17 mg of IV, which decomposed at 270~ (from acetone) ,  20 mg of V, with mp 240- 
243~ (twice f rom absolute alcohol),  and 60 mg of VI, which decomposed at 285~ (twice f rom absolute a lco-  
hol). 

Nitration of 3-Formyl[6 ,7]benz indole .  A 3-g (15.4 mmole)  sample of II was dissolved in 50 ml of cold 
concentrated H2SO4, and a solution of 1.43 g (16.9 mmole) sodium ni t rate  in 17 ml  of concentrated 
H2SO 4 was added to the solution at - 1 4 ~  at such a rate that the tempera ture  did not r i se  above - 1 0 ~  The 
mixture  was s t i r red  at - 5 ~  after  which it was poured into a mixture of ice and water,  and the precipi tate  
was removed by filtration, washed with water  until the wash waters  were  neutral ,  and air  dr ied to give 2.95 g 
of yellow c rys ta l s ,  which were  identified as a mixture of react ion products.  The mixture was separa ted  by 
TLC on plates with a loose layer  of s i l ica gel. For  this, 30-40 mg of the mixture was applied to a plate by 
the method descr ibed  above. Elution with ben zene -ace tone  (4 : 1) as in the preceding exper iment  gave 170 mg 
of nitro derivat ive VII, with mp 188-189~ (from acetone),  and 160 mg of VIII, which decomposed at 280~ 
(from acetone) .  

Similar  separat ion of a 1.3~-g sample of a mixture of products  obt~tined by nitrat ion of II on plates with 
aluminum oxide [Brockmann neutral  grade (Hungary)] in a b e n z e n e - a c e t o n e  sys tem (4: 1) gave 0.24 g of 
5,6-dinitro [6,7]benzoskatyl ideneacetone (XI), which decomposed at 275-276 ~ (from acetone) and had Rf 
0.59. IR spec t rum (KBr):  3290 (NH); 1682 ( C = O ) ;  1600 (C- -C) ;  1520-1540, 1310-1360 cm -1(NO2). PMR 
spect rum (d6-DMSO): 11.93 (s, NH); 2.33 (s, COCH3); ~.80 and 7.97 ppm (AB q, J = 17 Hz, A5 = 11~.8 Hz, 
a - H  and fl-H); 8.15 (br s, 2-H);  9.10 (br s, 4-H);  8.28 (dd, 7-H);  7.75 (dd, 8-H);  8.61 ppm (dd, 9-H);  g12 = 

0.3,  J89 = 8.4, J78 = 7.6, and J79 = 1.2 Hz. Found: C 59.2; H 3.6; N 13.0%. CI~HIINaO 5. Calculated: C 59.1; 
H 3.4; N 12.9%. 

4-Ni t ro-3-n i t rovinyl [4 ,5]benzindole  ( IX) .  A mixture  of 0.07 g (0.29 mmole)  of III, 0.4 g (5.2 mmole)  of 
ammonium acetate,  and 7 ml of ni t romethane was refluxed for 45 rain, after  which the solution was evaporated 
and the residue was washed with water  and rec rys ta l l i zed  f rom methanol to give 0.053 g (64%) of IX, which 
decomposed at 187~ Chromatographic  monitoring of the course  of the react ion was rea l ized here  and sub- 
sequently. 

4 ,8-Dini t ro-3-ni t rovinyl [4 ,5]benzindole  (X). A mixture of 0.048 g (0.17 mmole)  of V, 0.3 g (3.9 mmole)  
of ammonium acetate,  and 10 ml of ni t romethane was refluxed for  50 rain, a f te rwhich  it was cooled, and the 
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c rys t a l s  were  removed  by f i l t rat ion,  washed with water  and ni t romethane,  a i r  dr ied,  and r ee rys t a l l i z ed  f rom 
ni t romethane to give O. 029 g (53%) of X, which decomposed at 200 ~ C. 

7 ,8-Din i t ro-3-n i t rov inyl [4 ,5]benz indole  (XI). A mixture  of 0.1 g (0.35 mmole)  of VI, 0.15 g (2.2 mmole)  
of ammonium aceta te ,  and 10 ml of n i t romethane was ref luxed for  3.5 h, a f t e r  which it  was cooled, and the 
prec ip i ta te  was removed  by f i l t rat ion,  washed with wate r  and ni t romethane,  a i r  dr ied,  and r ec rys t a l l i zed  f rom 
acetone to give 0.056 g (49%) of XI, which melted with decomposit ion at 280-285~ 

9-Ni t ro-3-n i t rov inyl [6 ,7]benz indole  (XII). A mixture  of 0.08 g (0.33 mmole)  of VII, 0.1 g (1.3 mmole)  
of ammonium aceta te ,  and 15 ml of n i t romethane was refluxed for  2 h, a f te r  which it  was evaporated in vacuo, 
and the res idue was washed with water ,  a i r  dr ied,  and r ec rys t a l l i zed  f rom ni t romethane to give 0.047 g (50%) 
of XII with mp 223-225~ 

5 ,6-Dini t ro-3-n i t rovinyl [6 ,7]benzindole  (XIII). A mixture  of 0.07 g (0.24 mmole)  of VIII, 0.053 g (0.7 
mmole)  of ammonium aceta te ,  and 15 ml of n i t romethane was refluxed for  35 rain, af ter  which it  was cooled, 
and the c rys t a l s  were  removed  by f i l t rat ion,  washed with wate r  and ni t romethane,  a i r  dried,  and r e c r y s t a l -  
l ized f rom ni t romethane to give 0.035 g (44%) of XIII, which mel ted with decomposi t ion at 295 ~ C. Found: 
C 51.0; H 2.6; N 17.2%. C14HsN406. Calculated: C 51.2; H 2.5; N 17.1%. 
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