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A new synthes is  of 5-aza indole  and its de r iva t ives  has been developed, which cons is t s  in the reac t ion  of 
6-oxo-2,  3 -d ihydro-5-azabenzofuran  with p r i m a r y  amines,  followed by e l iminat ion of the substi tuent in the 
6-posi t ion and dehydrogenation of the resul t ing  5-aza indol ines  with a pal ladium catalyst .  E lec t rophi l ic  
substi tution reac t ions  in the 6 -oxo-5 -aza indo le s  a r e  invest igated.  

5-Azaindole  and its de r iva t i ve s  a re  of grea t  in te res t  both f rom the point of view of the invest igat ion of the 
chemica l  p r o p e r t i e s  of a sys tem consis t ing of condensed v -e lec t ron-def ic i en t  and v - e l e c t r o n - r i c h  r ings,  and alse for 
the examinat ion of the effect  on biological  act ivi ty of the Introduction of the aza group into var ious  posi t ions of 

he t e roa roma t i c  molecules .  

P r ev ious  communica t ions  in this s e r i e s  [2, 3] have desc r ibed  the genera l  method of c losure  of the pyr ro le  r ing 
by reac t ion  of 3-( f l - ch lo roe thy l ) -4 -ch lo ropyr id ines  with amines  or  ammonia  giving, via  the 2, 3 -d ihydro-de r iva t ives ,  
va r ious  d e r i v a t i v e s  of 5-azaindole ,  which until now have been v i r tua l ly  inaccess ib le .  

In continuation of this  work, we have developed a new synthetic route  to 5-azaindole  and its de r iva t i ve s  based on 
the reac t ion  of 5 -azabenzofurans  with amines  [4]. One of the s tar t ing m a t e r i a l s  fer  this synthesis ,  6-oxo-2,  3-dihydro-  
5-azabenzofuran  (I), is readi ly  obtained f rom butyrolactone and malonyl  chloride,  which is conver ted  by a p rev ious ly -  
desc r ibed  method into 4 - ch lo ro -6 -oxo -2 ,  3 -d ihydro-5-azabenzofuran  (II) [5], which is fur ther  dehalogenated with a 

pal ladium catalyst .  

Invest igat ion of the reac t ion  of I with var ious  p r i m a r y  amines  showed that the ease  of r ep lacemen t  of the oxygen 
in the dihydrofuran r ing by ni t rogen was s t rongly dependent on the nature of the amine involved. For  example,  with 
aniline,  other  condit ions remain ing  constant, heating at 190 ~ C afforded 43% of 1 -pheny l -6 -oxo-5-aza indo l ine  (IIIa), 
while r a i s ing  the t e m p e r a t u r e  to 250 ~ C increased  the yield of IIIa to 78.8%. Use of such amines  as p-anis id ine  and p- 
toluidine, whose nucleophil ic  p r o p e r t i e s  are  enhanced by e l ec t ron -donor  groups in the p-posi t ion,  r e su l t s  in high yields 
of the cor responding  5-azaindol ine  de r iva t ives  IIIc and IIId (71.5-83.2%) at t e m p e r a t u r e s  as low as 190 ~ C. The 
reac t ion  of I with benzylamine  at 190 ~ C goes equally smoothly (72% yield), but in this case  an inc rease  in t empe ra tu r e  
to 250 ~ C r e su l t s  in a drop in yield to 57.6% as a resu l t  of the the rmal  instabil i ty of IIIb. On the other  hand, I fails  to 
r eac t  with al iphatic amines  even under v igorous  conditions. For  example,  heating I with a large  excess  of butylamine 
in a sealed tube for  17 hr  at 250 ~ C led only to the r e c o v e r y  of s tar t ing ma te r i a l  I. 
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In a s i m i l a r  way to the analogous 6 -oxo-2 ,3 -d ihydro -5 -azabenzofu rans  [6], the 6 -oxo-5-aza indo l ines  have 
inc reased  e lec t ron  densi ty in the 7-posit ion,  resu l t ing  in the occu r r ence  of e lec t rophi l ic  substitution reac t ions .  An 
example  is the breminat ion  of IIIb, which p roceeds  in ch lo ro fo rm at room t empera tu r e  to give a 55.7% yield ef 1- 
b e n z y l - 6 - e x o - 7 - b r o m o - 5 - a z a i n d o l i n e  (IVb). The posit ion of the b romine  atom in this compound was es tabl i shed by 
NMR spectroscopy.  

*For par t  XXIX, see [1] 
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The NMR spect rum of IIIb showed two t r ip le t s  due to the - -CHy-CH2 grouping of the pyrro l ine  r ing  (2.44 and 
3.17 ppm, separat ion ~8 Hz), a singlet  at 4.15 ppm due to the CH 2, a se r i e s  of signals from 6.85 to 7.42 ppm due to 
the aromat ic  benzene r ing of the benzyl  group, and also two s inglets  with chemical  shifts of 5.71 and 6.75 ppm which 
apparent ly  correspond to the protons  in posi t ions 7 and 4 of the 1 -benzy l -6 -oxo-5-aza indo l ine  molecule.  Conversion to 
the corresponding bromo der ivat ive  IVb caused a shift of the pyr ro le  --CHs--CH 2 s ignals  ( t r iplets  at 2.67 and 3.50 ppm, 
separa t ion  ~8 Hz), the benzyl CH 2 (singlet  at 4.77 ppm), and the 4-proton to lower field, appearing with the mult iplet  
due to the phenyl protons  at 6.70-7.05 ppm. No signal is  observed in the spect rum of IVb from 4.77 to 6.70 ppm, which 
could be due to the absence of the proton at C 7 of the 6-oxo-5-aza indol ine  system. 

It is in te res t ing  that the rule  which we discovered previously  [6], according to which the separat ion of ~8 Hz 
which is  cha rac te r i s t i c  for the t r ip le t s  of the cyclic 2 ,3 -d ihydro-5-azabenzofurans  holds also in the 5-azaindoles  (as 
d is t inc t  from the t r ip le t s  of 3-(f l-subst i tuted ethyl)pyridines,  where the--CHz---CH 2 grouping is  not par t  of a ring, when 
the separat ion is  only about 6 Hz). This rule  may be used to ass ign  the compounds under investigation ei ther  to the 
mono- or to the bicyclic s e r i e s  of pyr idine der ivat ives ,  on the bas is  of their  NMR spectra.  

1 -Benzy l -6 -oxo-7 -ch lo ro -5 -aza indo l ine  (Vb), which was examined as for the above-ment ioned bromo der ivat ive 
(IVb), was obtained by heating IIlb with a mixture  of phosphorus pentachloride and phosphoryl chloride at 120 ~ C. 

If the react ion of III with phosphoryl chloride is  ca r r i ed  out at higher t empe ra tu r e s  (140-150 ~ C), conversion to 
6 -ch loro-5-aza indole  (VI) occurs .  Subsequent reduct ion of Via in the presence  of a pal ladium catalyst  gave 1-phenyl-  
5-azaindol ine  (VIIa), and VIb gave 5-azaindol ine,  identical  with those synthesized previously [3]. 
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Fig. i. UV Spectra: i) l-phenyl-5-azainodline; 
2) l-phenyl-5- az aindole. 

Dehydrogenation of the 5-azaindol ine  der iva t ives  occurred with somewhat g rea te r  difficulty than in the case of 
the 7 - i somers ,  and the most  convenient  method for the convers ion of 1-subst i tu ted 5-aza indol ines  into the 
corresponding 5-azaindoles  is by heating with palladized charcoal  at 255-265 ~ C, as in the case of the 5, 7- 
d iazaindol ines  [7]. 
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Fig. 2. UV Spectra: 1) 5-azaindoline; 2) 5- 
azaindole. 

It is  in teres t ing  that the hypsochromic shift of the long-wavelength maximum and the s imultaneous increase  in 
in tensi ty  (Fig. 1)which is  observed in pass ing  from 1-phenyl -5-aza indol ine  (VIIa) to 1-phenyl -5-aza lndole  {which is  
also charac te r i s t i c  of other azaindoline and indoline compounds [2, 7, 8, 9, 10]), is r eve r sed  in passing from the 1- 
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unsubs t i tu ted-5-aza indol ine  (VIIe) to 5-azaindole  (VIIIe). In this case,  the corresponding maximum in VIIIe is shifted 
by 6 nm towards the long-wavelength region and the value of lg e falls from 4.01 to 3.65 (Fig. 2). Similar  behavior  has 
been noted previous ly  [11] for 5- isothiocyanatoindol ine and 5-isothiocyanatoindole.  

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

All the NMR spectra given in this paper were measured on a JNM-4H-100 (100MHz) spectrometer using TMS as 
internal standard. The solvents used were trifluoroacetic acid and deuteropyridine. The IR spectra were recorded on 
a UR-10 recording spectrometer, as pastes in vaseline oil, and the UV spectra were taken on an EPS-3 recording 
spectrophotometer using ethanol as solvent. We thank Yu. N. Sheinker, E. M. Peresleni, L. M. Alekseeva, N. P. 
Zosimova and Yu. I. Pomerantseva for their help in carrying out the spectral investigations. 

6-Oxo-2 ,3-d ihydro-5-azabenzofuraa  (I). 30.72 g (0.18 mole) of II [51 was dissolved in 300 ml of ethanol and 
hydrogenated at room tempera tu re  under  a p r e s s u r e  of 20-30  cm of water,  in the p resence  of a catalyst  prepared from 
3 g of pal ladium chloride. The catalyst  was  f i l tered off and the solvent removed in vacuo to give 30.8 g (92.6%) of I 
hydrochloride as co lor less  c rys ta l s ,  mp 205-206 ~ C (from alcohol). The compound was insoluble in ether and benzene,  
spar ingly soluble in alcohol, and soluble in water.  Found, %: C1 20.84; N 8.36. Calculated for CTHTNO2"HC1, ?a 

C1 20.42; N 8.08. 

Free base. Colorless crystals, mp 212-213 ~ C (from propan-2-ol). Found, %: C 61.40;H 5.05; N 9.84. Calculated 

for C?HTNO z, %: C 61.30; H 5.14; N 10.21. 

1- :Phenyl -6-oxo-5-aza indol ine  (IIIa). A mixture  of 1 g (0.0073 mole) of I and 2 g (0.021 mole) of ani l ine was 
heated for 8 hr at 250 ~ C. The excess ani l ine was dis t i l led  in vacuo to 150 ~ (2mm), and the res idue  r ec rys ta l l i zed  from 
alcohol giving 1.22 g (78.8 %) of IIIa as color less  c rys ta l s ,  mp 215-216 ~ C. The compound was sparingly soluble in 
ether,  benzene, ethyl acetate, and chloroform. Found, %: C 73.68; H 5.62; N 13.01. Calculated for C13HlzN~O, %: 
C 73.56; H 5.70; N 13.20. 

Hydrochloride.  Color less  c rys ta l s ,  mp 201-202 ~ C (from alcohol). Found, %: CI 14.20; N 11.25. Calculated for 
CI3HI2N20-HCI, %: C1 14.30; N 11.28. 

1-Benzy l -6 -oxo-5 -aza indo l ine  (IIlb). A mixture  of 3 g (0.0219 mole) of I and 7 g (0.065 mole) of benzylamine  was 
heated for 8 hr at 190 ~ C. The excess  benzylamine  was removed in vacuo at 200 ~ C (15 ram). The res idue was 
r ec rys t a l l i zed  from dioxane to give 3.56 g (72%) of IIIb as co lor less  c rys ta l s ,  mp 187-188 ~ C, insoluble in ether,  light 
petroleum, acetone, ethyl acetate, and benzene, and sparingly soluble in chloroform, alcohols, and water,  but soluble 
in hot dioxane. IR spectrum: 1670 cm -1 (--CON~-). Found, %: C 73.95; H 5.99; N 12.06. Calculated for C14HI4NzO, o/a 
C 74.30; H 6.20; N 12.40. 

Hydrochloride.  Color less  crys ta ls ,  mp 225-226 ~ C (from alcohol). Found, %: C1 13.41; N 10.82. Calculated for 
C14H~N20- HC1, %: C1 13.53; N 10.68. 

1-p-Methoxyphenyl -6-oxo-5-aza indol ine  (IIIc). One gram (0.0073 mole) of I and 1.35 g (0.011 mole) of p -an i s id ine  
were heated for 8 hr at 190 ~ C. The excess  of p -an i s id ine  was removed by washing the react ion mixture  with ether,  
giving 1.47 g (83.2%) of IIIc, co lor less  c rys ta l s ,  mp 241-242 ~ C (from absolute alcohol). The compound was insoluble 
in ether,  acetone, ethyl acetate,  and benzene,  and spar ingly  soluble in chloroform, water ,  and alcohols. Found, %: 
C 69.74; H 5.95; N 11.50. Calculated for C14Hl~N202, ~: C 69.44; H 5.78; N 11.56. 

1-p-Totyl-6-oxo-5-azaindoline (IIId). Obtained as for IIIe f rom 1 g (0.0073 mole) of I and 1.17 g (0.011 mole) of 
p-toluidine.  Yield of IIId 1.18 g (71.5%), co lor less  c rys ta l s ,  mp 230-231 ~ C (from alcohol). Sparingly soluble in ether,  
benzene,  ethyl acetate, and chloroform, and soluble in hot ethanol. Found, %: C 74.28; H 5.90; N 12.66. Calculated for 
C14Hl~N20, %: C 74.34; H 6.18; N 12.40. 

1 -Benzy l -6 -oxo -7 -b romo-5 -aza indo l ine  (IVb). To a solution of 1.07 g (0.0048 mole) of IIIb in 10 ml of chloroform 
was added dropwise 1.75 g (0.0096 mole) of b romine  in 3 ml of chloroform. The react ion mixture  was kept overnight in 
the r e f r ige ra to r  (at +3~ the precipi ta te  f i l tered off, washed with chloroform, acetone and ether,  and finally 
r ec rys t a l l i zed  from propan-2-ol ,  giving 0.42 g of IVb. The mother  l iquors  were evaporated to half  their  or iginal  
volume to yield a fur ther  0.38 g of IVb. Total yield 0.80 g (55.7%), br ight  yellow crys ta ls ,  mp 180-181 ~ C. Sparingly 
soluble in acetone, ethyl acetate, benzene,  chloroform and alcohols, and insoluble in ether,  light pe t ro leum and water.  
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Found; ~ C 55.22; H 4.37; Br 26.27; N 9.11. Calculated for C14H13BrN20, ~ C 55.08; H 4.26; Br 26.23; N 9.18. 

1 -Benzy l -6 -oxo-7 -ch lo ro -5 -aza indo l ine  (Vb). 1.08 g (0.0041 mole) of IIIb hydrochloride was mixed with 1.83 g 
(0.0088 mole) of phosphorus pentachloride,  and 1.5 ml (~0.0098 mole) of phosphoryl chloride added dropwise. The 
mixture  was heated cautiously to 80 ~ C (in a bath). The vigorous reac t ion  which set in was prac t ica l ly  compIete after 
10-15 min, whereupon the mixture  was heated at 120 ~ C with s t i r r ing  for a further  4 hr  (in a bath). The react ion 
mixture  was poured onto ice, basif ied with sodium carbonate,  and extracted with chloroform. The chloroform extract  
was dried over po tass ium carbonate and evaporated in vacuo, and the res idue  was r ec rys ta l l i zed  from absolute alcohol 
giving 0.25 g (23.6%) of Vb as co lor less  c rys ta l s ,  mp 231-232 ~ C. Readily soluble in chloroform, but less  so in 
alcohols and other organic solvents,  and insoluble in water.  IR spectrum: 1680 cm -l (CONH). Found, %: C 64.62; 
H 5.30; C1 13.22; N 10.78. Calculated for CI4HI3C1N20, %: C 64.50; H 4.98; C1 13.60; N 10.77. 

1 -Pheny l -6 -ch lo ro -5 -aza indo l ine  (Via). 5.49 g (0.026 mole) of IIIa was heated in an autoclave for 5 hr at 150 ~ C 
with 55 ml  (0.61 mole) of phosphoryl chloride. The react ion mixture  was evaporated in vacuo, and 25 ml of water  
added to the residue.  The mixture  was basified with a 50% solution of potass ium carbonate,  and Via extracted with 
benzene.  The benzene extract  was evaporated in vacuo, and pure Via was isolated from the crude mate r ia l  by solution 
in boil ing heptane. Removal of the heptane left 2.35 g (39.5%) of Via as co lor less  c rys ta l s ,  mp 99-100 ~ C (from 
alcohol). The compound was soluble in ether,  choroform, benzene and acetone, hot alcohol and pentane, and insoluble 
in water.  Found, %: C 68.03; H 5.03; C1 14.98; N 11.92. Calculated for C~3H~C1N2, %: C 67.68; H 4.81; C1 15.37; N12.14. 

1 -Benzy l -6 -ch lo ro -5 -aza tndo l ine  (VIb). Obtained as for Via, from 4.1 g (0.0182 mole) of IIlb and 41 ml (0.45 
mole) of phosphoryl chloride. Extract ion was effected with ether  (~2 l), giving 1.67 g (37.7%) of VIb as color less  
crys ta ls ,  mp 75-76 ~ C (from ethyl acetate). The compound was readi ly  soluble in benzene,  acetone, chloroform and 
alcohols, but l ess  so in ether and ethyl acetate, and insoluble in water .  Found, %: C 68.44; H 5.12; C1 14.89; N 11.7. 
Calculated for C14H13C1N2, %: C 68.70; H 5.32; C1 14.54; N 11.44. 

5-Azaindol ine (VIIe). 5.55 g (0.0226 mole) of VIb was dissolved in 100 ml  of alcohol, and hydrogenated at room 
tempera tu re  under a p r e s s u r e  of 20-30 cm of water,  in the p resence  of a catalyst  p repared  from 5 g of pal ladium 
chloride. When the hydrogenation was complete, the catalyst  was f i l tered off, the alcohol dis t i l led off, the res idue  
basified with 50% potass ium carbonate,  and VIIe extracted with ether  giving 2.25 g (82.7%) of co lor less  crys ta ls ,  mp 
102-103 ~ C. The substance did not depress  the mp on admixture with a sample of VIIe obtained by the dehalogenation 
of 6 -ch loro-5-aza indo l ine  [3]. 

1 -Pheny l -5 -aza indo l ine  (VIIa). Obtained as for VIIe by dehalogenation of 4.5 g (0.0195 mole) of Via in 150 ml of 
methanol in the p resence  of a pal ladium catalyst .  The dehalogenation product, after l iberat ion of the free base, was 
extracted with ether  and dist i l led in vacuo to give 3.24 g (84.5%) of VIIa, bp 180-182 ~ C (1.2 mm). Color less  crys ta ls ,  
mp 59-60  ~ C (from light petroleum),  readi ly  soluble in benzene,  acetone, choroform, and ethyl acetate, spar ingly 
soluble in ether and water.  UV spectrum: ~max, nm (lg e): 219 (4.09), 303 (4.34). Found, ~a C 79.33; H 6,38; N 14.09. 
Calculated for C13H12N2, %: C 79.59; H 6.13; N 14.28. 

1 -Pheny l -5 -aza indo le  (VIIIa). One g ram (0.0051 mole) of VIIa and I g of 9% pal lad ium-charocoal  were heated in 
a n i t rogen a tmosphere  at 255-265 ~ C until  evolution of hydrogen ceased (15 min). The dehydrogenation product was 
extracted from the react ion mixture  with anhydrous ether,  giving 0.8 g (80.7%) of VIIIa as co lor less  c rys ta l s ,  mp 58 -  
59 ~ C (from light petroleum).  Readily soluble in ether,  benzene, acetone, ethyl acetate, alcohols, and chloroform, but 
l ess  so in light pet roleum,  and insoluble in water.  UV spectrum: Xmax, nm (lg e): 217 (4.45), 246 (4.35), 280 (3.88). 
Found, %: C 80.51: H 5.15; N 14.80. Calculated for C13H10N z, %: C 80.50; H 5.17; N 14.43. 

5-Azatndole  (VIIIa). Obtained s imi l a r ly  by dehydrogenation of 0.9 g (0.0075 mole) of 5-azaindol ine  (VIIe) by 
heating with 0.9 g of pa l l ad ium-charcoa l  under  n i t rogen for 5 min at 215-225 ~ C, and 10 min at 260 ~ C. Yield 0.5 g 
(57.6%), mp 109.5-110 ~ C (from water).  A mixed mel t ing point with a sample of VIIIe obtained from 6 -ch lo ro -5 -  
azaindoline [2] gave no depress ion .  
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