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MONONITRO-f l -CARBOLINES 

A. N. L o m a k i n  and I. V. T e r e n t ' e v a  

Kh imiya  G e t e r o t s i k l i c h e s k i k h  Soedinen i i ,  Vol. 4, No. 

UDC 547.759.3:542. 958.1:543.  544 '422.4 

By the direct nitration of harmane and 1,3-dimethyl-, 1-ethyl-, 
1-n-propyl-, and 1-isopropyl-/~-carbolines with concentrated nitric 
acid or a mixture of nitric and acetic acids, 6- and 8-nitro-l-alkyl- 
~-carbolines have been obtained. A chromatographic method for sep- 
arating the nitration products on alumina is proposed. 

In the indole  s e r i e s ,  e l e c t r o p h i l i c  subs t i tu t ion  in 
the  benzene  p a r t  of the  m o l e c u l e  has  been  s tud ied  
f a i r l y  wide ly  [1]. A l i m i t e d  n u m b e r  of i nves t i ga t i ons  
has  b e e n  devo ted  to subs t i tu t ion  in the benzene  r i ng  of 
the f l - c a r b o l i n e s  and the l aws  of o r i e n t a t i o n  in th is  
c a s e  have not  y e t  been  e s t a b l i s h e d .  It is  known tha t  
the n i t r a t i o n  of the  f l - c a r b o l i n e s  in conc HNO~ f o r m s  
ma in ly  6 - n i t r o  d e r i v a t i v e s  [2]. S t r u c t u r e  of the  i s o -  
m e r i c  compound was  not  e s t a b l i s h e d .  T h e r e  is no in -  
f o r m a t i o n  in the  l i t e r a t u r e  on the n i t r a t i o n  of f l - c a r b o -  
l i n e s  in a c e t i c  ac id .  

In o r d e r  to s tudy  this  r e a c t i o n  in de t a i l ,  we have s u b -  
j ec t ed  to n i t r a t i o n  with  conc HNO 3 o r  a m i x t u r e  of HNO~ 
and a c e t i c  ac ids ,  h a r m a n e  (Ia), 3 - m e t h y l h a r m a n e  (Ib), 
1 - e t h y l - f l - c a r b o l i n e  (Ic), 1 - i s o p r o p y l - / 3 - c a r b o l i n e  (Id), 
and 1 - n - p r o p y l - f l -  c a r b o l i n e  ( Ie) .  To n i t r a t e  compound 
Ia  with HNO~ at 40 ~ C r e q u i r e s  p r o l o n g e d  hea t ing  (up to 
5 hr) ,  p o s s i b l y b e c a u s e  of the  h e t e r o g e n e o u s  na tu re  of the 
r e a c t i o n .  The y i e ld  of n i t r a t i o n  p r o d u c t s  amounts  to 
80%. In a l l  c a s e s  the s e p a r a t i o n  of the n i t r o c a r b o l i n e s  
on a l u m i n a  could  be  e f f e c t e d  with s a t i s f a c t o r y  r e s u l t s  
in c h l o r o f o r m  o r  the  c h l o r o f o r m - - e t h e r  (3 : 1) s y s t e m .  
In the  c a s e  of the  n i t r o h a r m a n e s ,  the  m i x t u r e  was  
s e p a r a t e d  into t h r e e  s u b s t a n c e s ,  wi th  R f  0.21, 0.35, 
and 0.54 ( c h l o r o f o r m - - e t h e r )  and Rf 0.19, 0.27, and 
0.31 ( ch lo ro fo rm) .  The compounds  wi th  Rf 0.21 and 
0.35 w e r e  iden t i f i ed ,  r e s p e c t i v e l y ,  as  6 - n i t r o h a r m a n e  
[2] and the s t a r t i n g  m a t e r i a l .  The compound with R f  
0.54 p r o v e d  to be i d e n t i c a l  wi th  the 8 - n i t r o h a r m a n e  
ob ta ined  by  condens ing  7 - n i t r o t r y p t o p h a n  with  a c e t a l -  
dehyde  [3] and subsequen t  oxida t ion  by  S n y d e r ' s  m e t h -  
od [2]. The 6 - n i t r o h a r m a n e  was ob ta ined  with  a y i e l d  
of 50% and the  8 - n i t r o  i s o m e r  wi th  a y i e l d  of 20%. 
C a r r y i n g  out the r e a c t i o n  at  50 ~ C (5 hr )  o r  a t  80 ~ C 
(4 hr )  did  not  l e a d  to an i n c r e a s e  in the  y i e l d  of n i t r o -  
h a r m a n e s .  On c h r o m a t o g r a p h y  in a thin l a y e r  of a lu -  
mina ,  none of the  s t a r t i n g  m a t e r i a l  was  de tec t ed ,  but  
a c o n s i d e r a b l e  zone of an un iden t i f i ed  ye l low sub -  

s t a n c e  r e m a i n e d .  
The f i - c a r b o l i n e s  I c - I e  n i t r a t e  even at  40 ~ C in 2 h r  

with a y i e l d  of m i x t u r e s  of n i t r a t i o n  p r o d u c t s  of 8 0 -  
85%.  By c h r o m a t o g r a p h y  in a thin l a y e r  of a lumina ,  
the  m i x t u r e  was  s e p a r a t e d  in each  c a s e  into the s t a r t -  
ing m a t e r i a l  and two m o n o n i t r o - f l - c a r b o l i n e s .  The 
c h l o r o f o r m - - e t h e r  s y s t e m  was  u sed  fo r  the p r e p a r a -  
t ive  s e p a r a t i o n  of the n i t r a t i o n  p r o d u c t s ,  g iv ing  I I c -  
IIe with y i e l d s  of 40, 45, and 47% and I I I c - I I I e  with 
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y i e l d s  of 20, 21, and 22%, r e s p e c t i v e l y :  

H R ~ N% 
la-e~ I l a - e  Itla-e 

aR=CH a, R'=H; b R=CH3, R'=CH3;cR=C,zfl~,R'~H:d R=I-C3HT, R'=H; 
e R= n-C3H?, R'=H 

In contrast  to carbazole [4], the f l -carbol ines do 
not undergo n i t ra t ion  on being heated in a m ix tu re  of 
ace t i c  and n i t r i c  ac ids  at  60 ~ C (8 hr ) ,  which is ap -  
p a r e n t l y  due to the  p r o t o n a t i o n  of the p y r i d i n e  n i t r o -  
gen l ead ing  to a d e c r e a s e  in the nuc leoph i l i c  capac i ty  
of the  benzene  nuc leus  of the  f l - c a r b o l i n e .  When the 
r e a c t i o n  m i x t u r e  was bo i led  fo r  5 hr ,  I I a - I I e  and 
I I Ia - I I Ie  w e r e  f o r m e d  with y i e l d s  of 60 and 28%, r e -  
s p e c t i v e l y .  

The 6 - n i t r o - f l - c a r b o l i n e s  a r e  pa le  ye l low c r y s t a l -  
l ine  s u b s t a n c e s  r e a d i l y  c r y s t a l l i z i n g  f rom to luene .  
The 8 - n i t r o - f l - c a r b o l i n e s  f o r m  ye l low n e e d l e s .  They 
a r e  r e a d i l y  so lub le  in o rga n i c  so lven t s  and m e l t  con-  
s i d e r a b l y  l o w e r  than the 6 - n i t r o  i s o m e r s .  The con-  
s t an t s  and 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  of the  m o n o -  
n i t r o c a r b o l i n e s  a r e  given in the tab le .  

The IR s p e c t r a *  of the  6-  and 8 - n i t r o - f i - e a r b o l i n e s  
show a b s o r p t i o n  bands  at 1340-1330 and 1510-1480 
c m - i  c h a r a c t e r i s t i c  for  the s y m m e t r i c a l  and a s y m -  
m e t r i c a l  v i b r a t i o n s  of the n i t r o  group which,  however ,  
a r e  d i s p l a c e d  c o n s i d e r a b l y  to the  l o w - f r e q u e n c y  reg ion ,  
p o s s i b l y  b e c a u s e  of the e l e c t r o n - d o n a t i n g  inf luence of 
the indole  n i t rogen .  Bands  at  830-810  cm -1 r e l a t e  to 
CH d e f o r m a t i o n  v i b r a t i o n s  of the  a r o m a t i c  ske l e ton  of 
the f i - c a r b o l i n e s .  The 3600-2600  c m - i  r eg ion  is c h a r -  
a c t e r i z e d  by only one s t r o n g  band  at 3400-3380  cm -1 
(NH v i b r a t i o n s ) ,  whi le  in the in i t i a l  f l - c a r b o l i n e s  a 
g roup  of bands  a t  2800-3090  cm-1  c h a r a c t e r i s t i c  for  
the CH s t r e t c h i n g  v i r b a t i o n s  of an a r o m a t i c  r i n g  is 
o b s e r v e d  and the NH a bso rp t i on  is s t rong ly  d i s p l a c e d  
in the l o w - f r e q u e n c y  d i r e c t i o n  (3150 cm -1) [5]. 

C h a r a c t e r i s t i c  of the e l e c t r o n i c  s p e c t r a * *  of the 
n i t r o - f l - c a r b o l i n e s  s tud ied  is  a c o n s i d e r a b l e  i n c r e a s e  
in the i n t ens i t y  of the a b s o r p t i o n  m a x i m a  as  c o m p a r e d  
wi th  the i n i t i a l  compounds ,  obv ious ly  b e c a u s e  of the 
leng then ing  of the chain  of conjuga t ion .  They  d i f f e r  

s u b s t a n t i a l l y  f r o m  one ano ther  and can  be  u s e d  to 
c h a r a c t e r i z e  the a b s o r p t i o n  of the  n i t r o  group.  The 

*The IR spectra were recorded on a UR-10 spectro- 

p h o t o m e t e r ,  the  1650-710  c m -  1 r eg ion  in pa ra f f i n  oi l  
and the 3600-2600  c m  -1 r e g i o n  in M-1 f l u o r i n a t e d  oil .  

** The UV s p e c t r a  we re  taken  on an S F - 4  i n s t r u m e n t  

in e thanol .  
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M o n o n i t r  o - f l - c a r b o l i n e s  

Com- 
pound 

IIb 
I l lb  
l i e  

l I Ie  
l id  

l l l d  
I le  

I I Ie  

Mp, ~ 

395--308 
224--226 
230--232 
146--147 
218--219 
160--162 
267---268 
117--118 

Solvent for crystallization 

Ethanol 
Ethanol 
Toluene 
Isooctane 
Toluene 
Isooetane 
Toluene 
Petroleum e t h e r  

Found, % 

c " 1  
I 

64.55* 4.62 I 
64.41" 4.48 I 
64.61" 4.50 
64.49* 4.68 
6.5.69** 5.061 
65.72** 5.21 

4.88 65.59** 5.11 
65.71"* 

*Calculated for C13H11N302, %: C 64.72; H 4.59. 
**Calculated for CI4HI3N302, %: C 65.87; H 5.13; N 16.46. 

m 

i~2 
16.31 

Yield, % 

50 
20 
40 
20 
45 
22 
50 
22 
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8 - n i t r o - / ~ - c a r b o l i n e s  h a v e  t h r e e  m a x i m a :  X 229, 

300, and  393 n m  ( log e 4 .75 ,  3 .99,  and  3 .89) ,  w h i l e  

t h e  s p e c t r u m  of t h e  6 - n i t r o  i s o m e r s  i s  c h a r a c t e r i z e d  

by f o u r  m a x i m a :  X 230, 270, a n d  345 n m  ( log  e 4 .68 ,  

4 .49 ,  4 .36 ,  a n d  4 .13) .  In t h e  s p e c t r a  of I I I a - I I I e  t h e r e  

i s  a c o n s i d e r a b l e  b a t h o e h r o m i c  d i s p l a c e m e n t  of  t h e  

l o n g - w a v e  b a n d  a s  c o m p a r e d  w i t h  t he  s p e c t r a  of I I a -  

IIe.  

EXPERIMENTAL 

1-Meth'yltetrahydro-~-carboline-3-carboxylic acid [6]. A mix- 
ture of 1.0 g (4.9 mM) of tryptophan [7], 10 ml of a 0.4% solution 
of HzSO4, and 2 ml of acetaldehyde was left overnight. Then the pre- 
cipitate was filtered off. Yield 0.8 g (80%). 

3-Methylharmane (Ib). A mixture of 0.1 g (0.51 mM) of 3,4-di- 
hydro-3-methylharmane [8], 0.1 g of 13% Pd/C, and 1 g of biphenyl 
was heated at 290-295 ~ C for 1 hr 30 rain. The reaction product was 
isolated in a similar manner to that reported in the literature [8]. 
Colorless crystals with mp 173-174 ~ C (from ethanol). Yield 71% . 

1-Isopropyl-/3-carboline (Id). A mixture of 0.5 g (2.4 mM) of 
tryptophan, 5 ml of 2% H2SO 4 , and 1 ml of isobutyraldehyde was left 
overnight. The solution was made alkaline with ammonia and ex- 
tracted with ether. The ammoniacal solution was neutralized, water 
was added to bring the volume up to 100 ml, and it was oxidized with 
potassium bichromate [2]. Yield 0.4 g (80%1. Colorless crystals with 
mp 159-160 ~ C (from n-hexane), readily soluble in ether, chloroform, 
and benzene. Found, %: C 80.14; H 6.68; N 18.11%. Calculated 
for CI4H14N2, %: C 80.00; H 6.66; N 13.33. 

The condensation of tryptophan with isobutyraldehyde in the pres- 
ence of 0.4% HzSO 4 under similar conditions gave Id with a yield of 
5-8~/o. 

1-n-Propyl-/~-carboline (Ie). This was obtained in a similar man- 
ner to 1-isopropyl-/~-carboline. Colorless needles with mp 209-210" C 
(from isoctane). Found, %: C 80.22; H 6.5'/; N 13.49%. Calculated 
for C14H14N2, •: C 80.00; H 6.66; N 13.33. 

1-Ethyl-~-carboline (Ic). This was obtained in a similar manner to 
1-isopropyl-g-carboline. Colorless needles with mp 190-191 ~ C (from 
isoctane). 

6- and 8-Nitroharmanes (IIa and IIIa). A) A suspension of 0.1 g 
(0.55 raM) of harmane [2] in 2 ml of cone HNO s was heated with 
stirring to 80 ~ C and kept at this temperature for 3 hr. The cooled 
solution deposited a pale yellow precipitate of the nitrate, which was 
filtered off. washed on the filter with acetone, triturated with 25% 
ammonia solution, and filtered off again. Yield 0.1 g. A mixture of 
0.1 g of the nitration product and 0.5 g of alumina was transferred to 
a column filled with 9.5 g of alumina in 10 ml of the chloroform- 
ether system and was eluted with 120 ml of the same system and then 
with 40 ml of methanol. The following fractions were collected: I 
(20 ml), did not contain /3-carbolines; II (50 ml), contained 20 mg 
(20%) of a chromatographically homogeneous substance with mp 209- 
210 ~ C (from methanol) [2], identical with 8-nitroharmane (IIIa); 
III (10 ml), contained 8 mg of a mixture of IIa and Ilia; IV (70 ml), 
contained 60 mg of chromatographically homogeneous 6-nitro- 
harmane (IIa). 

B) A mixture of 0.1 g (0.55 mM) of harmane, 0.5 ml of glacial 
acetic acid, and 0.1 ml of conc HNO s was boiled for 5 hr. The solu- 
tion was cooled, poured into ice water, and made alkaline with am- 
monia, and the precipitate was filtered off. Yield 0.1 g. Chromato- 

graphy of the mixture in a thin layer of alumina showed the presence 
of lie and IIIa and a substance with Rf 0.35, identified as harmane. 
The yield of IIa was 60% and of IIIa 23%, 

6- and 8-Nitro-3-methylharmanes (IIb and IIIb). The nitration of 
0.2 g (0.51 mM) of 3-methylharmane in acetic acid was carried out 
as for harmane. Yield 80 mg. Chromatography of the mixture on 16 g 
of alumina in the chloroform--ether system gave 20 mg of IIIb and 
50 mg of IIb. 

6- and 8-Nitro-l-ethyl-~-carbolines (IIc and IIIc). These were 
obtained similarly to the 6- and 8-nitroharmanes by heating 0.1 g 
(0.51 mM) of 1-ethyl-~-carboline with 1 ml of conc HNO s. Yield 
0.1 g. The mixture of substances was separated by chromatography on 
alumina (7 g) in the chloroform-ether (30 ml) system. The yield of 
IIc was 40% and of IIIc 20%. 

6- and 8-Nitro-l-isopropyl-~-carbolines (IId and IIId). A mix- 
ture of 0.1 g (0.47 mM) of 1-isopropyl-~-carboline and 2 ml of conc 
HNO s was heated with stirring to 40 ~ C. After 2 hr, the mixture was 
treated in a similar manner to the production of the nitroharmanes. 
Yield 0.1 g. The product (0.1 g) was chromatographed on alumina 
(15 g) and eluted with 30 ml of the chloroform--ether system. Three 
fractions were collected: I (30 ml), discarded; II (6 ml), contained 
22 mg of chromatographically homogeneous IIId; III, contained 10 mg 
of a mixture of IId and IIId; IV (10 ml), 45 mg of chromatographically 
homogeneous IId. 

6- and 8-Nitro-l-n-propyl-~-carholines (IIe and IIIe) were ob- 
tained under the same conditions as IId and IIId from 0.4 g (1.88 mM) 
of Ie and 4 ml of conc HNO s. Yield 0.4 g. The mixture was chro- 
matographed on 20 g of alumina in the same system. The following 
fractions were collected: I (20 ml), discarded; II (1t ml), contained 
87 mg of chromatographically homogeneous IIIe; III (34 ml), con- 
tained 0.2 g of a mixture of IIe and IIIe, By crystallizing the latter 
from toluene, 0.18 g of chromatographically homogeneous IIe was 
obtained. 
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