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GLYCOSYLINDOLES 

V. 1 - ( D - f l - R i b o p y r a n o s y l ) - 6 - N i t r o i n d o l e  and 1 - ( D - f l - R i b o p y r a n o s y l ) - 6 - A m i n o -  
indole* 
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Reaction of 6-nitroindoline with D-ribose gives 1-(D-3-ribopyranosyl)- 
6-nitroindoline. Dehydrogenation of the O-aeetyl derivative of the 
latter gives 1-(D-g-tri-O-aeetylribopyranosyl)-6-nitroindole, deacety- 
lation of which gives 1-(D-/3-ribopyranosyl)-6-nitroindole. The pyra- 
nose portion is shown to have a pyranoside structure. Reduction of 
1-(D-3-tri-O-acetylribopyranosyl)-6-nitroindole gives 1-(D-B-tri-O- 
acetylribopyranosyl)-6-aminoindole, and the N-acetyl and N-benzoyl 
derivatives of the latter are prepared. 

The  p r e s e n t  au tho r s  p r e v i o u s l y  r e p o r t e d  the s y n -  
t h e s i s  of 1 - g l y c o s y l a t e d  indoles :  1 - ( D - f l - g l u c o p y r a -  
nosy l ) i ndo le  [1, 2] and 1 - ( D - f l - r i b o p y r a n o s y l )  indole  
[3]. S t a r t i n g  f r o m  the fact  that  1 - g l y c o s y l i n d o l e s  a r e  
indole  ana logs  of n u c l e o s i d e s ,  i t  was of i n t e r e s t  to 
ob ta in  such d e r i v a t i v e s  of that  type as  would conta in  
in the indole  benzene  r i n g  an a m i n o  and h y d r o x y  group.  
Consequen t ly  a s tudy  was  m a d e  of me thods  of s y n -  
t h e s i z i n g  1 - r i b o p y r a n o s y l - 6 - n i t r o i n d o l e ,  and of p a s -  
s ing  f r o m  it to 1 - r i b o p y r a n o s y l - 6 - a m i n o i n d o l e .  

Reac t ion  of D - r i b o s e  with 6 - n i t r o i n d o l e  (I) [4] in 
bo i l i ng  e thanol  in the p r e s e n c e  of a m m o n i u m  c h l o r i d e  
gave  1 - ( D - f l - r i b o p y r a n o s y l ) - 6 - n i t r o i n d o l i n e  (II), a c e t -  
y l a t e d  to 1 - ( D - f l - t r i - O - a c e t y l r i b o p y r a n o s y l ) - 6 - n i t r o -  
indol ine  (liD. Compound III can be ob ta ined  without  
i s o l a t i n g  p u r e  II. Z e m p l e n  d e a c e t y l a t i o n  of III with a 
c a t a l y t i c  quan t i ty  of s o d i u m  me thox ide  in me thano l  
gave  II. To p a s s  to 1 - ( D - f l - r i b o p y r a n o s y l ) - 6 - n i t r o -  
indole  (IV), the c o r r e s p o n d i n g  n i t r o indo l i ne  III was 
r e f l u x e d  in xy l ene  with 2, 3 - d i c h l o r o - 5 ,  6 - d i c y a n o -  
benzoqu inone .  H o w e v e r  dehyd rogena t i on  d id  not then 
p r o c e e d  to comple t ion ,  and the p roduc t  was a m i x t u r e  
of s t a r t i n g  III  and 1 - ( D - f l - t r i - O - a c e t y l r i b o p y r a n o s y l ) -  
6 - n i t r o i n d o l e  (V), a s  p a p e r  c h r o m a t o g r a p h y  showed.  
The  cond i t ions  fo r  p a p e r  c h r o m a t o g r a p h y  of a e e t y l  
d e r i v a t i v e s  of g l y c o s y l i n d o l e s  w e r e  p r e v i o u s l y  a s c e r -  
t a ined  [2]. Z e m p l e n  d e a c e t y l a t i o n  of a m i x t u r e  of III  
and  V g ives  a m i x t u r e  of II and IV, and by  r e c r y s t a l -  
l i z i ng  it was p o s s i b l e  to i s o l a t e  1 - ( D - f l - r i b o p y r a n o s y l ) -  
6 - n i t r o i n d o l e  (IV). P a p e r  c h r o m a t o g r a p h y  was u sed  to 
check  the p u r i t y  of r e a c t i o n  p r o d u c t s .  A r i b o p y r a -  
n o s i d e  s t r u c t u r e  f o r  the  compounds  ob ta ined  is con -  
f i r m e d  by  s o d i u m  m e t a p e r i o d a t e  [5] ox ida t ion  of IV 
g iv ing  1 m o l e c u l e  of f o r m i c  ac id .  1 - ( D - f l - T r i a c e t y l -  
r i b o p y r a n o s y l ) - 6 - n i t r o i n d o l e  (V), f r e e  f r o m  t r a c e s  of 
a c e t y l  indo l ine  d e r i v a t i v e  III, was ob ta ined  by  a c e t y l -  
a t i n g  IV. A l so  s tud ied  was the d e h y d r o g e n a t i o n  of 
r i b o s y l i n d o l i n e  II  by  2, 3 - d i c h l o r o - 5 ,  6 - d i c y a n o b e n z o -  

* F o r  P a r t  IV s e e  [lJ 

quinone in d i m e t h y l f o r m a m i d e .  A pure  p roduc t  of 
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dehydrogena t i on  of IV was not ob ta ined  by c h r o m a t o -  
g raph ing ,  but  a c e t y l a t i o n  gave  a c e t y l a t e d  r i b o p y r a -  
n o s y l - 6 - n i t r o i n d o l e  V in low y ie ld .  

H ydroge na t i ng  V at  r o o m  t e m p e r a t u r e  and a t m o s -  
p h e r i c  p r e s s u r e  us ing  A d a m s  c a t a l y s t  in the p r e s e n c e  
of t r i e t h y l a m i n e  [6], g ives  1 - ( D - f l - t r i - O - a c e t y l r i b o -  
p y r a n o s y l ) - 6 - a m i n o i n d o l e  (VI). Ace ty l a t i on  of VI 
gave  the 6 - a c e t a m i n o  d e r i v a t i v e  VIII, b e nz oy l a t i on  
the 6 - b e n z o y l a m i n o  d e r i v a t i v e  IX. Z e m p l e n  d e a c e t y l a -  
t ion of 1 - ( D - f l - t r i - O - a c e t y l r i b o p y r a n o s y l ) - 6 - a m i n o i n -  
dole  (VI) gave 1 - ( D - f l - r i b o p y r a n o s y l ) - 6 - a m i n o i n d o l e  
(VII). The  f o r m a t i o n  of compounds  VIII and IX by 
a c y l a t i o n  of VI shows that  when 5 was h y d r o g e n a t e d  
us ing  A d a m s  c a t a l y s t  in the p r e s e n c e  of t r i e t h y l a m i n e ,  
the r i b o p y r a n o s e  s t r u c t u r e  is  p r e s e r v e d .  F r o m  the 
r e s u l t s  of e a r l i e r  work  [1, 2] a f? conf igu ra t ion  could  
be  a s c r i b e d  to the compounds  p r e p a r e d ,  but  u n f o r t u -  
n a t e l y  it was not  p o s s i b l e  to c o n f i r m  these  da ta  by  
a n a l y s i s  of the IR s p e c t r a ,  b e c a u s e  C F -H d e f o r m a t i o n  
v i b r a t i o n s  (890-900 cm-1),  c h a r a c t e r i s t i c  of fl s u g a r s ,  
(axia l  hyd rogen  at  the g lucos ide  ca rbon  a tom)  h e r e  
m a s k e d  the o u t - o f - p l a n e  d e f o r m a t i o n  v i b r a t i o n s  of 
C- -H in the 1, 2, 4 - t r i - s u b s t i t u t e d  benzene  r i ng  [7]. 

EXPERIMENTAL 

All IR spectra were determined with a UR-10 instrument, using 
vaseline mulls, and UV spectra were determined with a SF-4 instru- 
ment, on EtOH solutions. 

1-(D-8-Rtbopyranosyl)-6-nttrotndoline (II). a) A mixture of 2. 64 g 
6-nitroindoline I, 1.8 g ribose, 0.8 g ammonium chloride and 70 ml 
absolute EtOH was stirred and refluxed for 1 1/2 hr, then left for 24 
hr at room temperature. The products were column chromatographed 
on alumina (22 x 2.5 cm). Elution with absolute EtOH gave a first 
portion containing unreacted 6-nitroindoline (0.94 g), after which II 
was eluted out. Recrystallization from absolute gtOH gave 2.18 g 

(61, 3~ orange II. Sometimes it was possible to isolate II without 
chromatographing, by evaporating the products to small volume, then 
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cooling. The substance was recrystallized from EtOH and EtOH--ether, 
mp 109~ * C. Found: C 52.87; H 5.69%, calculated for ClsHleOeNz: 
C 52.70; H 5 .45% IR spectrum: 3550 cm -1 (OH), 1520 cm "1 (NC~). 
UV spectrum: kmax 256 nm in MeOH. (lg ~ 4. 18), kmax 394 nm in 
MeOH (lg s 3. 28). Rf 0.62. Ehrlich's reagent as the visualizer gave 
a yellow spot. 

Vol. of 
alkali used 

Time, in titrating, 
hr ml  

0.5 0.85 
1 0.90 
2 095 
4 095 

24 0.95 

b) 0 .5  g 1-(D-B-tri-O-acetylribopyranosyl)-6-nitroindoline III 
was suspended in dry MeOH, and a solution of MeONa added dropwise, 
with stirring, until the solid dissolved completely.  The solution was 
evaporated to small  volume, and cooted, when 0.26 g (72.4%) orange 
II was obtained, mp 115~ * C, undepressed mixed mp with the 
compound prepared by method a, and Rf, and the IR and UV spectra 
were also identical. 

l -(D-l~-Tti-O-aeetylr ibopyranosyl)-6-nltrolndoline (III). 1 g II was 
dissolved in 20 ml dry pyridine, the solution stirred, and 20 ml  Ac20 
added. The products were left for 24 hr at room temperature, then 
poured onto ice, and the yellow crystalline precipitate of III filtered 
off. Yield 1.26 g (88%), mp 198.5"-199" C (ex MeOH), Found: 
C 54. 35; H 5.26; N 6.52%, calculated for C19H22NzOs: C 54. 00; H 5.25; 
N 6.64%. UV spectrum 1750 cm '*  (CO): 1520 cm-* (NOt) nm in MeOH 
in cyclohexane on paper impregnated with f o r m a m i d e - a c e t o n e  
(I:I) .  

1-(D-l~-Ribopyranosyl)-6-nitrotndole (IV). 1.26 g Triacetylindoline 
derivative III was dissolved by heating with 40 ml xylene, the solution 
stirred, and 0.75 g 2, 3-dichloro-5, 6-dicyanobenzoquinone added. The 
mixture was refluxed for 4 hr, the products cooled and the dark 
precipate of dichlorodicyanohydroquinone removed by filtration. 
The xylene filtrate was evaporated to dryness, and the residue re- 
crystallized from EtOH, to give 0.75 g mixed tr iacetates of ribo- 
pyranosyl-6-nitroindole (V) and -indoline (III). (Chromatography 
on paper impregnated with f o r m a m i d e - a c e t o n e  1:1, with eyclo- 
hexane as the mobile phase, gave 2 spots, R] 0.07 and 0.21). A 
MeONa solution was added dropwise to a stirred suspension of mixed 
V and II in 10 ml EtOH until  the solid dissolved completely.  The 
solution was vacuum evaporated to small  volume, then on cooling 
crystals of 1-(D-B-ribopyranosyl)-6-nitrolndole IV were obtained. 
Yield of orange crystals mp 213,5"-215" C, 0.17 g (19.3%). Found: 

C 53. 26; H 4. 63; N 9. 60%, calculated for CI~-II4NzO6: C 53. 3-0; 
H 4. 79; N 9.52%. U V  spectrum: ~-max 248 nm in MeOH (lg a 3. 98), 
)~nax 326 nm in MeOH (lg s 3. 90). R~ 0.62.  Erlich's reagent as 
the visualizer gave a raspberry-red spot. 

Oxidation of l - (D-l~-dbopytanosyl)-6-ni trolndole (IV). Aqueous 
solutions of 0. 2943 g (0.0Ol M) ribosylindole (IV) and 0.6418 g 
(0.003 M) sodium metaperiodiate were mixed. The mixture was di- 
luted with 0.1 N NaOH, from t ime  to t ime,  using methyl  red as an 
indicator. 

When oxidation of IV liberates an equimolecular  amount  of formic 
acid, 50 ml solution should require I ml 0 .1  N NaOH. In the present 
case, therefore, oxidation of 1 mole IV gave 0.95 mole formic 
acid. 

l - (D-~-Tr i -O-aeety l r lbopyranosyl ) -8-n l tmlndole  (V). a) The 
ribosylindole IV was acetylated in the same way as If. Yield 88%, 
mp i68 .5" -169 .5*  C. Found: C 53. 97; H 4. 90; N 6. 63%0, calculated 
for CIsH20N~Os: C 54. 28; H 4. 79; N 6.66%. IR spectrum 1750 cm -I 
(CO). UV spectrum kma x 246 nm in cyclohexane ( lg  ~ 3. 96), kmax 
316 nm in cyclohexane (lg s 3. 90). Rf 0.07, using paper impreg-  
nated with f o r m a m i d e - a c e t o n e  (1:1). 

b) 1 g Ribosylindoline (II) and 0.8 g 2, 3-dichloro-5, 6-dicyanobenzo- 
quinone were dissolved in 50 ml freshly-distilled dimethylformamide 
and the mixture heated on a steam bath for 4 hr. The solvent was 
vacuum distilled off, the residue dissolved in absolute EtOH, an d  
column chromatographed on alumina (12 • 2. 5 cm). Elution with 
absolute EtOH gave dichlorodicyanohydroquinone, 6-nitroindoline, 
6-nitroindole, and the starting ribosylindoline II, detected by paper 
chromatographing a MeOH solution. This was followed by elution 
with MeOH, the MeOH fraction evaporated to dryness to give 0 .3  g 
material  which was acetylated in the usual way. A small  amount of 
V (0.05 g) was obtained. The two lots of compound had the same 
Rf and mp, and the same IR and UV spectra. 

l - (D-B-Tfl-O-acetylf lbopyranc4yl)-6-aminolndoie  (VI). 3. 54 g 
Nitroindole V was dissolvexl in 100 ml  EtOAc, 8.25 ml  EtsN added to 
the solution, and 0.59 g Adams catalyst added. The mixture was 
shaken with hydrogen at 1 a tm and room temperature until the re- 
action mixture was completely decolorized. The catalyst was filtered 
off, the filtrate evaporated to dryness, and the residue tecrystallized 
from EtOH. Yield 3.11 g (94. 5%0) white crystalline product, mp 
173. 5"-175" C, [a]~ + 54. 81" C (CHCI~ c 3. 78). Found: C 58.73 

H 5.68; N 6.92%0, calculated for CIsHzzNzOT: C 58.50; H 5.67; N 

7.17~. IR spectrum: 8400, 8490 cm "I (NHz), 1730-1750 cm -I 

(CO). 
1-(D-l~-Ribopyranosyl)-6-aminoindole (VII). 1 - (D-~-Tr i -O-ace ty l -  

r ibopyranosyl)-6-amtnoindole VI was deacetylated in the  same way as 
IIL 2.61 g compound VI gave 1.71 g VII (96.5%0). The compound 
darkened at about 195 ~ C, mp 208* C (decomp), [a]~q-  20.28* C, 
(dimethylformamide,  c 2.81). Found: C 59.04; H 6.40;  N 10.61%, 
calculated for CI~-IIeN204: C 59.07; H 6.10; N 10.60%. IR spectrum 

3300, 3380, 3580 cm -I (OH, NH2). 
1-(D-  B-Trl- O-acetylr lbopyranosyl)-6-aeetylamlnoindole (VIII). 

Triacetylr ibopyranosyl-6-aminoindole (VI) was acetylated as in the 
case of It. Pouring the products onto ice gave an oily product which 
was extracted with CHC1 s. The extract was taken to dryness and 
the residue triturated with aqueous EtOH. The rose-colored crystals 
were filtered off and recrystallized from aqueous EtOH, using de- 
colorizing charcoal. The white crystalline product was dried in a 
vacuum desiccator over PrOs. 0 . 4  g VI gave 0.20 g (45.5%) VIII. 
Th e compound softened at 97 ~ C, mp 97"-104 * C. [ct]~ + 75" C 
(dimethylformamide,  c 1.04). [ a ] ~  + 71.72* C (CHC13, c 0.98). 
Found: C 57, 37; H 5, 61; N 6.35%, calculated for C21H24N2Os �9 0.5 H20: 
C 57.13; H 5.71; N 6. 34%. IR spectrum: 3200-3700 cm -1 (broad 
band characteristic of an associated hydroxyl group), 1750 cm -1 
(co) .  

l-(D-B-Tri-O-acetylribopyranosyl)-6-benzoylamlnolndole (IX). 

0;5 g TtiacetylribopyTanosyl-6-aminoindole VI was dissolved in dry 

pyridine and 0.4 ml benzoyl chloride added at room temperature. 

The mixture was left overnight, and the products poured onto ice, 

the oil obtained was triturated with aqueous EtOH, and the crys- 

talline material was recrystallized from aqueous EtOH, using de- 

colorizing charcoal The solid was vacuum dried at 60" C over 

P2Os. Yield 0.52 g (63.33%) IX, mp 103~ ~ C. [a]"D + 

+ 54.54 ~ C (dimethylfotmamide, c 2.42). Found: C 62.08; 

H 5.56;  N 5 . 5 1 ;  H20 1.29%% calculated for C~HsNzO s .  0.5H20; 
C 62.02;  H 5.42;  N 5.56; H20 1.79%. 1Rspectrum 3700-3200 cm -1 
(wide band characteristic of an associated hydroxyl group),1760 cm -I 
(co). 

R E F E R E N C E S  

1 .  M .  N.  P r e o b r a z h e n s k a y a  a n d  N .  N,  S u v o r o v ,  

Z h O K h ,  3 5 ,  893 ,  1 9 6 5 .  

2 .  N .  N.  S u v o r o v  a n d  M.  N.  P r e o b r a z h e n s k a y a ,  

Z h O K h ,  31 ,  2 8 3 9 ,  1 9 6 1 .  



CHEMISTRY OF HETEROCYCLIC COMPOUNDS 555 

3. M. N. Preobrazhenskaya,  M. M. Vigdorchik, 
A. S. Bobkov, and G. M. Sorokina, ZhOKh, 29, 
2541, 1959. 

4. A. P. Terent 'ev,  M. N. Preobrazhenskaya,  
A. S. Bobkov, and G. M. Sorokina, ZhOKh, 29, 
2541, 1959. 

5. L. Jackson and C. S. Hudson, J. Am. Chem. 
Soe., 61, 1530, 1939. 

6. R. Kuhn and R. StrSbele, Chem. Ber . ,  70, 
747, 1937. 

7. K. Nakanisi, Infrared Spectra and Structure 
of Organic Compounds [Russian translation], Mir, 
Moscow, 32, 42, 1965. 

16 November 1965 Ordzhonikidze AH-Union 
Chemical and Pharmaceu-  
tical Scientific Research 
Institute, Moscow 


