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SOME REACTIONS OF PYRIO0[4,3-bIlNOOLE (y-CARBOLINE) 
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Abs tmc t  ------Nitpation, N-or idat ion and N-minat ion  of pyr idd4.3-bl indole (I- 

cnrbot ine l  mtd reactions of the 2-ol ide w i t h  phosphorus oqchZoride, ace t i c  an- 

hydride, phenyZ i s m y a t e  mtd cymwgen bmmide were described. 

Recently 3-amino-1-methyl- (la) and 3-amino-1.4-dimethylpyrido[4,3-blindole (l&) were iso-  

1 l a ted  as very potent mutagens i n  a pyrolysate o f  L-tryptophan and proved t o  be carcinogenic. 
2 

3 These compounds were synthesized and b io log i ca l  studies are i n  progress.4'5 On the other hand, 

chemical study on pyrido[4,3-blindole (2; y-carbol ine) i s  very poor compared t o  t ha t  on pyr ido- 

[3,4-blindole (2; 0-carboline). Only the synthesis o f  the ske le ta l  compound has been reported. 
6 

This paper reports on some react ions o f  y-carbol ine (2) and synthesis of amino-y-carbolines i n  

r e l a t i o n  t o  the potent mutagens. 
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NITRATION As the most fundamental e l e c t r o p h i l i c  subst i tu t ion ,  n i t r a t i o n  of y-carbol ine (1) 

was undertaken. N i t r a t i o n  w i t h  fuming n i t r i c  ac id  i n  acet ic  ac id  a t  90-95Y proceeded smoothly 

t o  g ive  a mixture of mono-ni t ro-y-carbol ines.  The major product was proved t o  be 8-ni t ro-Y- 

carbol ine (4; 58%) [mp >300DC] by NMR analysis and f i n a l l y  by an independent synthesis from 

3-formyl-5-nitroindole and 2,2-diethoxyethylamine. The minor isomer was deduced t o  be 6-n i t ro -  

y-carbol ine (5) [mp 29O0C] because i t s  NMR spectrum showed the presence o f  three adjacent hy- 

drogens, one o f  whi,:h i s  a cha rac te r i s t i c  hydrogen a t  the 9-pos i t ion  appea r i y  a t  a very low 

magnetic f i e l d  (6 9.60 ppm). 



According t o  the Lindemann's procedure which was reported f o r  the n i t r a t i o n  o f  carbazole, 
7 

2 was f i r s t  t rea ted  w i t h  sodium n i t r i t e  i n  ace t i c  acid,  and the r e s u l t a n t  5-ni t roso-y-carbol ine - 

was n i t r a t e d  by fuming n i t r i c  ac i d  i n  ace t i c  a c i d  a t  90-95'C fo l lowed by hydro lys is  by potassium 

hydroxide. N i t ro -y -carbo l ines  obtained i n  t h i s  way consisted o f  4 (58%) and 5 (26%). 

The n i t ro -y -carbo l ines ,  4 and 5, were reduced t o  amines, 8-amino- imp 230-23l0C] and 
. . 

6-amino-Y-carboline [mp 240-24l%j', respec t ive ly ,  w i t h  z inc o r  i r o n  powder i n  CF3COOH-CH3COOH. 

These amines were i so l a ted  as c r y s t a l s  b u t  unstable. Carbamoylation by e thy l  chloroformate 

gave 8- [mp 218-22OoC1 and 6-carbamyol e t hy l  es te r  [mp 245"CI. 

- 
N Y-Carboline can be ox id ized  w i t h  m-chloroperbenzoic 

a c i d  i n  r e f l u x i n g  ethanol-chloroform, and ?-oxide ( 6 )  [mp 300"CI 

w + ' O  

H 
was i so l d ted  i n  good y i e l d ,  bu t  could no t  be prepared w i t h  30% 

6 
hydrogen peroxide-acet ic  ac i d  a t  8 0 Y .  - 

REACTION OF 2-OXIDE WITH ELECTROPHILES N i t r a t i o n  o f  the 2-oxide (6) was performed accord- 

i n g  t o  the Lindemann's procedure. The major product was 8-n i t ro -y -carbo l ine  2-oxide imp 283'CI 
. . 

i n  75% y i e l d .  Deoxygenation by phosphorus t r i c h l o r i d e  gave 8-n i t ro -y -carbo l ine  (4). 

Heating the 2-oxide ( 6 )  i n  phosphorus oxych lo r ide  a t  80-90PC f o r  60 h y i e l ded  l -ch lo ro-  

y -carbo l ine  ( I )  [mp' 2 6 9 1 2 7 0 ~ ~ 1  i n  73% y i e l d .  could be subs t i t u t ed  by amnonia a t  200-230°C 

t o  g i ve  I-amino-y-carboline (8) [mp 231-232'CI. The f o l l ow ing  1-amino-y-carbolines were a lso  

prepared by the  same way; 1-(N,N-dimethylamino). [mp 58-6O0C], 1-benzylamino- [mp 176-178'Y], 

1-isopentenylamino- [mp 164-165"CI and 1-ani l ino-y-carbol ines [mp 239-24OoC1. 

C 1  

poc13 NH3 
6 - -&- H ~ H 

When 5 was re f l uxed  i n  ace t i c  anhydride, 1-acetoxy-y-carboline (9) [mp 264-266"Cl was 

obtained i n  60% y i e l d .  Hydrolys is o f  2 gave 1-hydroxy-y-carboline (10) [mp 300°C] which was 

a lso  obtained by hydroxydediazoniation o f  I-amino-y-carboline (8). 
?Ac OH 
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When the 2-oxide (6) was t r ea ted  w i t h  phenyl isocyanate i n  N,N-dimethylformamide a t  40-C, 

1 -an i l ino-y -carbo l ine  (11) [mp 234-240°C] was i s o l a t e d  as the  so l e  product i n  28% y i e l d .  

Though the i d e n t i f i c a t i o n  o f  o t he r  products o r  intermediates f a i l e d ,  the format ion of 11 i s  

i n t e rp re ted  by 1,3-addi t ion of  phenyl isocyanate t o  6. 8 

YHPh 

PhNCO 
6 - - 

H 

The reac t ion  o f  b w i t h  cyanogen bromide was very complex. When an ethanol  s o l u t i o n  of 

6 and cyanogen bromide (1.6 equ iv )  was re f l uxed  f o r  8 h, the  products i s o l a t e d  were y -carbo l ine  - 

(15%), 6 (15%), and 2-(ethoxycarbony1amino)-2-carbolinium bromide (g; 3%) [mp 236-237"CI. 

12 was i d e n t i c a l  w i t h  the sample prepared from 2-amino-y-carboline (14) lvide infrai. If - 

the reac t ion  was ca r r i ed  ou t  i n  the presence o f  add i t i ona l  potassium i s ~ c y a n a t e , ~  another 

product, 2-y-carbolinium2-(cyanoaminate) (13) [mp 276-277"C], was i s o l a t e d  i n  10% y i e l d .  UV 

spectrum o f  13 i s  very colse t o  t h a t  o f  6. 

N-AMINATION Amination o f  y -carbo l ine  w i t h  0-mesitylenesulfonylhydroxylamine (MSH) i n  

methylene ch l o r i de  gave 2-amino-y-carbolinium mesi ty lenesul fonate (14) [mp 193'CI i n  94% 

y i e l d .  The amino group could be e a s i l y  carbamoylated, and t reatment o f  the  product  w i t h  

hydrogen bromide gave 12. 
y-Carbol ine was t r ea ted  w i t h  sodium hydr ide  i n  tetrahydrofuran,  and then a s o l u t i o n  o f  

MSH i n  N,N-dimethylformamide was added a t  0°C fo l lowed by warming up t o  room temperature t o  

g ive  5-amino-Y-carboline (12) [mp 167-168YI  i n  28% y i e l d ,  whose UV spectrum was s i m i l a r  t o  

t h a t  of y-carbol ine.  Reaction of E w i t h  e t h y l  chloroformate gave the  5-carbamoyl e t hy l  

es te r  [mp Z13"C]. 



T ~ e a t n k n t  of the  y -ca rbo l ine  2-oxide (5) w i t h  d imethyl  s u l -  

fa te  i n  to luene a t  80°C gave the  2-methoxy methyl s u l f a t e  (16) [mp 151-152"Cl. UV spectrum o f  

16 i s  s i m i l a r  t o  t h a t  o f  12. React ion o f  x w i t h  potassium cyanide i n  d imethyl  su l fox ide  gave - 

1-cyano-y-carbol ine (11) [rnp 260PC] i n  68% y i e l d .  When the  r e a c t i o n  was performed i n  dioxane, 

the  i s o l a t e d  products were y -ca rbo l ine  (30%) and 11 (32%). 

(CH3) 2S04 
6 - t o l u e n e  , m ' 0 c H 3  - DMso KCN , & 

H CH3SOq H 

The 2-methoxy s a l t  (16) was t r e a t e d  w i t h  excess ammonia i n  the  presence o f  potassium 

hydroxide a t  100-120'C t o  g i v e  1-amino-y-carbol ine (8; 15%). b u t  even a t r a c e  o f  3-amino-y- 

c a r b o l i n e  was n o t  detected. D i r e c t  i n t r o d u c t i o n  o f  an amino group t o  N-alkoxy s a l t  i s  excep- 

t i o n a l ,  o n l y  the  example be'lng found i n  t h e  r e a c t i o n  of a -ca rbo l ine  N-alkoxyl  s a l t .  
10 
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