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Electrophi l ic  substi tut ion reac t ions  - cyanomethylat ion,  brominat ion,  nitration,  and the Man- 
nich r e a c t i o n -  in the 5-azaindole  s e r i e s  were  studied. It is shown that,  despi te  the l i t e r a -  
tu re  data, 5-azaindole  behaves  like the i somer i c  4-  and 7-azaindoles in these  reac t ions .  
Conditions that  make  it poss ib le  to synthes ize  var ious  3-subst i tu ted  5-azaindoles  in high 
yields  we re  found. 

Electrophi l ic  subst i tut ion reac t ions  that lead to var ious  functional der iva t ives  with r e spec t  to the 3 
posit ion of the py r ro l e  r ing have been well  studied for  the i somer i c  7- and 4-azaindoles  [2-4]. According 
to the l i t e r a tu re  [5], s i m i l a r  reac t ions  in the 5-azaindole s e r i e s  have not given posi t ive r e su l t s ;  this was 
a sc r ibed  to the high bas ic i ty  of 5-azaindole,  which read i ly  f o r m s  a protonated fo rm in which the e lec t ron  
densi ty on C 3 is reduced [6]. 

In the p resen t  paper  we have studied var ious  electrophi l ic  substi tution reac t ions  - cyanomethylat ion,  
brominat ion,  ni t rat ion,  and the Mannich r e a c t i o n -  in 5-azaindoles ,  and we have shown that, despite  the 
l i t e r a tu re  data,  5-azaindole  (Ia) is s i m i l a r  in r eac t iv i ty  to the i somer i c  4-  and 7-azaindoles  [7]. 

Selection of the exper imenta l  conditions made it poss ible  to accompl ish  the indicated reac t ions  in 
high yields and to develop p r e p a r a t i v e  methods for the synthes is  of the prev ious ly  undescr ibed  3-subs t i tu ted  
5-aza indoles .  It  should be noted that,  as in the ca se  of the i somer i c  4-  and 7-azaindoles ,  the introduction 
of an e l ec t ron -accep to r  res idue  into the 1 posit ion of 5-azaindole hinders  e lectrophi l ic  substi tut ion p r o c -  
e s s e s .  Thus,  for  example ,  1 -phenyl -5-aza indole  (Ib) f o rms  the cor responding  azag ramine  (IVb) in 10-13~ 
yield.  
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It is known that  cyanomethyla t ion  is the mos t  sens i t ive  of the reac t ions  under cons idera t ion  to the 
magnitude of the e lec t ron  densi ty  in the molecu le  undergoing at tack.  In this connection, the d e c r e a s e  in 
e lec t ron  densi ty  of the p y r r o l e  r ing due to the e l e c t r o n - a c c e p t o r  effect of the pyridine r ing,  which is c h a r -  
ac te r i s t i c  for  all of the pyr ro lopyr id ines ,  shows up mos t  s t rongly  in p r e c i s e l y  this reac t ion .  

In the ca se  of 5-azaindole ,  the yield of ethyl 5 -aza -3 - indo ly l ace t a t e  (Va) af ter  t r e a t m e n t  of the cyano-  
methyla t ion products  with alcoholic hydrogen chlor ide  solution was 37gc. Moreover ,  Ia (25~) and b i s ( 5 - a z a -  
3- indolyl)methane (Via) (23~) we re  also i so la ted  along with Va. The cor responding  cyanomethyl  der iva t ive  
(Via) was obtained f r o m  5 - a z a g r a m i n e  (IVa) through its methiodide (VIIIa) with subsequent  t r ea tmen t  with 
po ta s s ium cyanide.  The use  of a 10-fold excess  of po tass ium cyanide made it poss ib le  to obtain VIIa in 
61.3% yield.  5 -Azaheteroauxin  (5 -aza -3 - indo ly lace t i c  acid) (IXa) was synthes ized  by saponif icat ion of e s t e r  
Va, while 5 -aza -3 - indo ly l ace t amide  (Xa) was synthes ized  by the reac t ion  of Va with liquid ammonia .  

EXPERIMENTAL 

3-Bromo-5-azaindole (IIa). A solution of 0.2 g (1.6 mmole) of la in 7 ml of dioxane was added drop- 

wise at room temperature with stirring in the course of I0 rain to a solution of 0.35 g (2.2 mmole) of bro- 
mine in 7 ml of dioxane. Stirring was continued for another I0 rain, after which the precipitated yellow 
crystals were removed by filtration and washed with dioxane, acetone, and ether to give 0.42 g of the hydro- 
bromide of IIa. The overall yield of product with mp 260-261 ~ (from isopropyl alcohol) was 0.47 g (100~ 
The product was only slightly soluble in ethyl acetate, acetone, dioxane, and chloroform but soluble in di- 
methylformamide, ethanol, and hot isopropyl alcohol. Found, %: Br 57.3; N 10.0. CTH5BrN 2 �9 HBr. Cal- 
culated, %: Br 57.6; N I0.I. Base IIa was obtained as yellow crystals with mp 184-185 ~ (from benzene). 
The base was quite soluble in ether and hot benzene, slightly soluble in ethyl acetate, alcohols, chloroform, 
and acetone, and insoluble in water and petroleum ether. Found, %: C 42.5; H 2.36; Br 40.5; N 14.4. 

CTHsBrN 2. Calculated, %: C 42.6; H 2.5; Br 40.6; N 14,2. 

3-Nitro-5-azaindole (IIIa). A 0.2-g (1.6 mmole) sample of la was added in portions in the course of 
I0 rain to 2 ml (3.2 mmole) of cooled (to 0 ~ fuming nitric acid (sp. gr. 1.52), after which the mixture was 
held at 0 ~ for 1 h and poured over 20 g of ice. The light-yellow precipitate was removed by filtration, 
washed with ice water, and dissolved in 20 ml of boiling water. The solution was made alkaline to pH 9 
with 25% ammonium hydroxide, and IIIa was removed by filtration to give 0.27 g (100%) of a product with 
mp 296-297 ~ [from water-dimethylformamide (I0:I)]. The light-yellow crystals were only slightly soluble 
in ordinary organic solvents but soluble in dimethylformamide. Found, %: C 51.3; H 3.1; N 25.9. 

C7H5N302. Calcula ted,  %: C 51 .5 ;H 3.1; N25 .8 .  

5 -Azagramine  (IVa). A mix tu re  of 1 g (8.5 mmole)  of Ia, 2.07 g (25.4 mmole)  of d imethylamine  
hydrochlor ide ,  0.29 g (10 mmole)  of pa ra fo rma ldehyde ,  and 16 ml  of butanol was ref luxed for  15 rain and 
vacuum evapora ted  to d r y n e s s .  The res idue  was d isso lved  in 15 ml  of 10~c hydrochlor ic  acid, and the non- 
bas ic  impur i t i e s  we re  ex t rac ted  with four 25-ml  port ions of e ther .  The aqueous layer  was made alkaline 
with 50% po tass ium carbona te  solution and ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm was r emoved  by 
dist i l lat ion,  and the res idue  (1.48 g) was dissolved in 5 ml  of anhydrous benzene and acidified with a lco-  
holic hydrogen chlor ide  to pH 1. The co lo r l e s s  c r y s t a l s  of the dihydrochlor ide  of IVa were  r emoved  by 
f i l t ra t ion and washed with alcohol and e ther  to give 1.95 g (92%) of a product  with mp 236-237 ~ ( f rom ben-  
z e n e - a l c o h o l ) .  The product  was quite soluble in wa te r  but only sl ightly soluble in o rd ina ry  organic so l -  
vents .  Found, %: C 48.0; H 6.3; C1 28.8; N 17.2. C10H13N 3 ' 2HC1. Calculated,  ~c: C 48.4; H 8.0; C1 28.6; 
N 16.9. 

The methiodide of IVa (VIIIa) was obtained as c o l o r l e s s  c r y s t a l s  with mp 100 ~ (dec.). Found, ~ :  I 
40.5; N 13.6. CI1HIGIN 3. Calculated,  %: I 40.1; N 13.3. 

1 - P h e n y l - 5 - a z a g r a m i n e  (IVb). A mix tu re  of 0.5 g (2.6 mmole)  of Ib, 2.1 g (26 mmole)  of d imethyl -  
amine hydrochlor ide ,  and 0.39 g (13 mmole)  of pa ra fo rma ldehyde  was ref luxed for  30 rain in 10 ml of di-  
ethylene glycol .  The solution was then vacuum evapora ted  (200~ mm),  and the res idue  was made alkaline 
with 10 ml  of 25% po tass ium carbona te  solution and ex t rac ted  with benzene.  Compound IVb was ext rac ted  
f r o m  the benzene ex t rac t  with p h o s p h a t e - c i t r a t e  buffer  solution [evaporat ion of the res idual  benzene ex-  
t r ac t  gave  0.28 g (56%) of Ib]. The buffer  solution was made alkaline with 50~c po tass ium carbonate  so lu-  
tion, and IVb was ex t rac ted  with e ther  and conver ted  to the dihydrochlor ide  by t r e a t m e n t  with an alcoholic 
hydrogen chlor ide  solution to give 0.11 g (13.1~) of a product  with mp 273-274 ~ Found: C 59.2; H 6.2; C1 
2 2 . 2 ; N 1 3 . 2 .  Cl~H17N 3 "2HCI.  C a l c u l a t e d , ~ :  C 59 .2 ;H 5.9;C1 21.9; N13 .0 .  
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5-Aza-3- indolylacetoni t r i le  (VIIa). A mixture of 2.5 g (8 mmole) of VIIIa, 4.87 g (75 mmole) of 
potass ium cyanide, and 25 ml of water was heated at 90 ~ for 1 h. It was then cooled to room tempera ture ,  
and VIIa was extracted repeatedly with ether (about 1 liter),  after which it was crys ta l l ized  f rom ethyl 
acetate to give 0.76 g (61.3~c) of a product  with mp 162-163 ~ The product was quite soluble in acetone and 
alcohols but only slightly soluble in ether,  benzene, and petroleum ether.  Found, ~ :  C 68.5; H 4.2; N 27.0. 
CgHTN 3. Calculated, %: C 68.8; H 4.5; N 26.7. 

Cyanomethylation of 5-Azaindole (Ia). A mixture of 2.55 g (21.6 mmole) of Ia, 2.2 g (33.7 m m o l e ) o f  
potassium cyanide, 1.76 g (23 mmole) of 40~ formalin,  0.78 g (8 mmole) of anhydrous potassium acetate, 
0.82 g (8 mmole) of aluminum oxide, and 55 ml of 90~c alcohol was heated with s t i r r ing  under nitrogen at 
120 ~ for 4 h in an autoclave. The reac t ion  mass  was then vacuum evaporated and t rea ted  with 200 ml of 
12~c aqueous potassium carbonate  solution. The precipi tate  was removed by filtration, dried, and extracted 
with three  50-ml portions of boiling methanol to give 0.61 g (23%) of Via with mp 300 ~ (dec.). The product 
was only very  slightly soluble in water and ord inary  organic solvents but soluble in dimethylformamide.  
Found, %: C 72.2; H 5.0; N 22.3. CIsH12N 4. Calculated, ~ :  C 72.6; H 4.8; N 22.6. The aqueous fi l trate 
f rom the separat ion of the precipitated VI was extracted with ten 100-ml portions of chloroform to give 
0.65 g (25.5~) of Ia with mp 109.5-110 ~ . The aqueous layer  was acidified to pH 1 with concentrated hydro-  
chloric acid and vacuum evaporated to dryness .  The res idue was dried over  P205 and subjected to two- 
stage ester i f icat ion by refluxing with 30% alcoholic hydrogen chloride solution (60 ml each time, refluxing 
for 3 h with subsequent vacuum distillation). The product was converted to the base by t rea tment  with 50~ 
aqueous potassium carbonate,  and the base was extracted with five 100-ml portions of ether to give 1.64 g 
(37.3~c) of Va as co lor less  c rys ta l s  with mp 79-80 ~ The product was quite soluble in benzene, chloroform,  
ethyl acetate,  and alcohols, less soluble in ether,  and insoluble in hexane and water .  Found, %: C 64.5; 
H 5.7; N 13.7. CiiHl2!N202. Calculated, ~ :  C 64.7; H 5.9; N 13.7. 

5-Aza-3- indolylacet ic  Acid (IXa). A 0.58-g (2.8 mmole) sample of Va was refluxed for 6 h with 7 ml 
(35 mmole) of 18~c hydrochlor ic  acid. The mixture was vacuum evaporated, and the residual  water was 
removed by distillation as an azeotrope with benzene.  The res idue was t r i tura ted  with acetone and dis-  
solved in a c e t o n e - w a t e r  (1 :1  ). The solution was f i l tered and diluted with acetone until it became turbid, 
after  which it was allowed to stand for 24 h at 0 ~ The c rys ta l s  were  removed by fi l tration and dried in a 
vacuum pistol at 100 ~ to give 0.18 g (31.1~) of the hydrochlor ide of IXa with mp 212-213 ~ The product was 
quite soluble in water but only slightly soluble in acetone and benzene. Found, ~c: C 50.9; H 4.5; C1 17.0; 
N 13.0. C9HsN202 " HC1. Calculated, %: C 50.8; H 4.2; C1 16.7; N 13.2. 

5-Aza-3- indolylacetamide (Xa). A 2.8-g (14 mmole) sample of Va in a glass  autoclave was drenched 
with 20 ml (1.2 mole) of liquid ammonia, and the mixture was heated at 100 ~ for 5 h. The ammonia was 
evaporated, and the residue was dissolved in 30 ml of alcohol. The solution was fi l tered to remove  r e s in -  
ous impuri t ies .  The result ing c rys ta l s  of Xa were separated,  washed with absolute alcohol and ether, and 
t rea ted  with a saturated alcohol solution of picr ic  acid to give 1.48 g (27~) of the pierate  of Xa with mp 
232-234 ~ (from water) .  Found, ~ :  C 44.5; H 2.9; N 20.4. C9HgN30 �9 C~H3N307. Calculated, ~c: C 45.5; H 
3.0; N 20.8. 
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