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A study is made  of new synthet ic  routes, based on accessible  3 - fo rmyl -  
7-azaindoles, to 3-substituted 7-azaindole. 2-Phenyl-4-(l'-phenyl- 
4'-methyl-V-azaindolyl-3'-methylene)-l, 3-oxazol-5-one is synthe- 
sized, and it is converted to l-phenyl-4-methyl-7-azatryptophane, 
1-phenyl-4-methyl-7-azaindolyl-3-acetic acid, l-phenyl-3-(B, )'- 
dihydroxypropyl)-4-methyl-7-azaindol~, and l-phenyl-4-methyl-7- 
azaindolyl-3-pyrotartaric acid. 

The p r e v i o u s l y  deve loped  g e n e r a l  method  [2, 3] for  
in t roduc ing  the  f o r m y l  group at  pos i t i on  3 in  the 7 -  
aza indo le  r i n g ,  r e v e a l e d  new p o s s i b i l i t i e s  of s y n t h e s i z -  
ing 3 - s u b s t i t u t e d  7 - a z a i n d o l e s .  The a c c e s s i b i l i t y  of 3-  
f o r r n y l - 7 - a z a i n d o l e s  was  of p a r t i c u l a r  i n t e r e s t  in con-  
nec t ion  with the  f e e b l e r  a lky la t ing  p r o p e r t i e s  of 7 - a z -  
a g r a m i n e s  as  c o m p a r e d  wi th  the  ana logous  indole  d e -  
r i v a t i v e s  [4]. The r e a c t i o n  of 3 - f o r m y l - 7 - a z a i n d o l e s  
with n i t r o a l k a n e s ,  m a l o n i c  e s t e r ,  and d ie thy l  e thoxy-  
c a r b o n y l m e t h y l p h o s p h o n a t e  fo l lowed  by  t r a n s f o r m a -  
t ions  of the  r e s u l t a n t  p r o d u c t s ,  p r o v i d e d  r o u t e s  to v a r -  
ious  3 - a r n i n o a l k y l - 7 - a z a i n d o l e s  [ 4 - 6 ] ,  to d e r i v a t i v e s  
of 7 - a z a i n d o l y l - 3 - p r o p i o n i c  and a c r y l i c  ac ids  [3], as  
we l l  as  to o t h e r  a z a - a n a l o g s  of i n d o l e - s e r i e s  b i o l o g i c a l -  
ly  ac t ive  compounds .  

The  p r e s e n t  p a p e r  d e a l s  wi th  f u r t h e r  syn the t i ca l  r e -  
s e a r c h e s  b a s e d  on 1 - p h e n y l - 3 - f o r m y l - 4 - m e t h y l - 7 -  
aza indo le  (I) [3]. 

Study of the  condensa t ion  of I wi th  the  ac id  group 
showed tha t  2 - p h e n y l - 4 -  ( l ' - p h e n y l - 4 ' - r n e t h y l - 7  ' - a z a -  
i ndo ly l -3  ' - m e t h y l e n e )  - 1 , 3 - o x a z o l -  5-one  (II) is  f o r m e d  
in 54% y i e l d  by  6 h o u r s  r e f lux ing  of the  r e a c t a n t s  in 
a c e t i c  anhyd r ide  in  the  p r e s e n c e  of fused  sod ium a c e -  
t a t e .  Both cu t t ing  the  r e a c t i o n  t i m e  and l eav ing  out  
the  sod ium a c e t a t e  cut  the  y i e l d  of ]1. 

The a z a l a c t o n e  II s y n t h e s i z e d  was  used  to p r e p a r e  
a s e r i e s  of 3 - s u b s t i t u t e d  1 - p h e n y l - 4 - m e t h y l - 7 - a z a i n -  
do les .  Reduc t ion  of II  wi th  hyd r iod i c  ac id  and r e d  p h o s -  
phorus  gave  l ~ p h e n y l - 4 - m e t h y l - 7 - a z a t r y p t o p h a n e  (HI), 
i s o l a t e d  in 80% y i e l d  a s  i t s  d ihyd ro iod ide .  The  f r e e  
amino  a c i d  and i t s  d i h y d r o c h l o r i d e  w e r e  p r e p a r e d  f r o m  
HI d ihyd r iod ide .  

A c i d  o r  a lka l i ne  h y d r o l y s i s  of ]1 g i v e s  1 - p h e n y l - 4 -  
m e t h y l - 7 -  a z a i n d o l y l - 3 - p y r o t a r t a r i c  a c id  (V). The  h i g h -  
e s t  y i e l d  of k e t o - a c i d  V (76%) was  o b s e r v e d  in a c i d  hy -  
d r o l y s i s .  K e t o - a c i d  V was  c o n v e r t e d  v i a  i t s  a c i d  c h l o r -  
ide  into e thyl  1 - p h e n y l - 4 - m e t h y l - 7 - a z a i n d o l y l - 3 - p y r o -  
t a r t r a t e  (VI). S imul t aneous  l i t h ium a l u m i n u m  h y d r i d e  
r e d u c t i o n  of  e s t e r  and ke to  g r o u p s  in the  k e t o e s t e r  VI 
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made  i t  p o s s i b l e  to p a s s  to a 7 - a z a i n d o l e  d e r i v a t i v e  of 
p r o p y l e n e  g lycol ,  1 - p h e n y l - 3 -  (/~, y - d i h y d r o x y p r o p y l ) -  
4 - m e t h y l - 7 - a z a i n d o l e  (VII). 

A z a l a e t o n e  1/ a l so  p r o v e d  to be  a convenien t  i n t e r -  
m e d i a t e  fo r  the  s y n t h e s i s  of 1 - p h e n y l - 4 - m e t h y l - 7 - a z a -  
i n d o l y l - 3 - a e e t i c  ac id  (IV). The y i e ld  of IV ob ta ined  by  
a lka l ine  h y d r o l y s i s  of the  a z a l a c tone  II  fo l lowed  by hy-  
d r o g e n  p e r o x i d e  ox ida t ion  of the r e a c t i o n  p r o d u c t s  was  
76.5%. Ac id  IV was  iden t i f i ed  as  be ing  i den t i ca l  wi th  
the  compound p r e v i o u s l y  s y n t h e s i z e d  [4] f r o m  1 -pheny l -  
3 - c h l o r o m e t h y l - 4 - m e t h y l - 7 - a z a i n d o l e  by  r e a c t i n g  i t  
wi th  ace tone  c y a n o h y d r i n ,  fo l lowed  by  s apon i f i c a t i on  of 
the  r e s u l t a n t  n i t r i l e  wi th  c o n c e n t r a t e d  h y d r o c h l o r i c  

acid .  

EXPERIMENTAL 

2-Phenyl-4- (l'-phenyl-4'-methyl- 7'-azalndolyl-8'-methylene)- 
1, 3-oxazol-5-one (II). 7.1 g (0. 003 mole) 1-Phenyl-3-formyl-4- 
methyl-7-azaindole (I) [3], 4.9 g hippuric acid, 2.4 g fused NaOAc, 
and 20 ml distilled AazO were refluxcd together for 6 hr. The mixture 
became homogeneous and turned red. On cooling crystals of II separat- 
ed, they were filtered off, and washed with benzene, EtOH, and water. 
Yield 6.2 g (54%). Orange-red crystals, mp 222 ~ The compound was 
only very slightly soluble in ether, benzene, alcohols, EtOAc, and 
water, but was readily soluble in CHCls. Found: C 75.78; H 4.GI; N 
11.17~ Calculated for C~4tlltN~O2. C 75.99; H 4.48; N 11.08%. The 
mother liquor remaining after removing II was vacuum-evaporated to 
dryness. The residue was washed with ether, than with 8% NaHCO s 
solution, and finally with water, to give 1.2 g (17%) I, mp 126-128 ~ 
Cutting reaction time to 4 hr cut the yield of II to 50.5%, and omit- 
ting the NaOAc (4 hr) cut it to 38.5%. 
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1-Phenyl-4-methyl-7-azaindolyl-3-pyrotartarie acid (V). a) A mix- 
ture of 0.8 g (0. 002 mole) azalactone II, 8 ml glacial AcOH, and 
2 ml concentrated HC1 was refluxed for 3 hr, and the products vacunm- 
evaporated to dryness. The residue was extracted with ethanol, and re- 
crystallized from HC1, to give 0.58 g (76%) hydrochloride of V, form- 
ing colorless crystals, mp 218-220 ~ (decomp.). The compound was 
insoluble in ether, acetone EtOAe, benzene CHCls, and water, slightly 
soluble in alcohols. Found: C 61.83; H 4.67; CI 10.78; I I . I I ;N 8.49; 
8.600/0. Calculated for C,THI4N203.C 61.72; H 4.53; CI 10.75; N 8.470/0. 

Recrystallization of V hydrochloride from EtOH gave the free keto- 
acid V, mp 238-239* (deeomp.). Found: C 69.31; 69.29; H 4.99; 4.90; 
N 9.49; 9. 46%. Calculated for C,THx4N2Oa. C 69.38; H 4.76; N 9.53%. 
b) 8 ml 10% aqueous KOH was added to 0.8 g (0.002 mole) azalactone 
II, and the mixture refluxed for 3 hr. The resultant solution was washed 
with benzene, and then made acid to Congo red with AcOH. The pre- 
cipitate of V was filtered off, and washed with gtOH, yield 0.39 g 
(63%), mp 238-239" (deeomp., ex EtOH). IR spectrum*: 3390, 1692, 
1646cm -1 (--COCOOH), UV spectrum: Amax, mp (lgs):  226 (4.11), 
265 t4.17), 317 (4.11), 336 (4.06). Found: C 69.33, 69,20; H 5100, 5.18; 

N 9.42~ Calculated for C]THI4N203. C 69.38; H 4.76; N 9.53%. 
Ethyl l-phenyl-4-methyl-7-azalndolyl-S-pyrotar~rate (Vl). 0.33 g 

(0. 001 mole) V hydroehloride was heated with 3 ml purified SOCI z for 

5 hr at 60 ~ (in bath). Gradually the solid acid V dissolved and was con- 

verted to acid chloride. The solution was then vacuum-evaporated, 

and traces of SOCI 2 removed by adding 5 ml dry benzene and vacuum- 

distilling it off three times. 8 ml dry EtCH was added to the resultant V 

acid chloride, the whole refluxed for 6 hr, the products vacuum-evap- 

orated to dryness, the residue made alkaline with 25% KzCO3 solution, 
and VI extracted with ether. The ether solution was dried over KzCO 8, 
and vacuum-evaporated, to give 0.23 g ('/2%) VI. VI hydrochloride 
formed colorless crystals, mp 184-185 ~ (ex ETOAe). Readily soluble 
in w/~ter, alcohols, and acetone, slightly soluble in EtOAe, insoluble 
in ether. IR spectrum: 1648, 1739 cm -~ (--COCOOC2Hs). Found: C 63.34; 
H 5.05; CI 10.01; N 8.02%. Calculated for C]gH~sNzO3.HCI. C 63.60; 

H 5.30; CI 9.90; N 7.81%. 
1-Phenyl-3-(B, ?'-dihydroxypropyl)-4-methyl-7-azaiudole (VII). A 

solution of 1.7 g (0. 005 mole) ketoester Vt in 50 ml dry ether was add- 
ed to 1 g (0.03 mole) LiA1H, and the whole refluxed for 4 hr. The 
products were decomposed with 1 ml water, extracted with ether, the 

ether extracts dried over KzCO3, and vacuum-evaporated, to give 
0.98 g (66%) VII, colorless crystals, mp 75-76* (ex heptane). Readily 
soluble in the usual organic solvents, slightly soluble in water and hep- 
tane. The IR spectrum has a band at 3300-3400 cm "~ region. Found: 
C 7198; H 6.56; N 10.09%1 Calculated for CI7HlsN202. C 72.34; H 6.38; 
N 9.93%. 

1-Phenyl-4-methyl-7-azatndolyl-3-aeetic acid (IV). 0.8 g (0.002 
mole) azalactone II and 8 ml 10% aqueous NaOH was mfluxed for 2 hr, 
the products cooled to room temperature, and 25 ml 10% HzO z added, 
Foaming took place. The mixture was left overnight at room tempera- 
ture, then made acid to Congo red with acetic acid. The precipitate 
of IV was filtered off, washed with water, dried, dissolved in acetone, 

and IV hydrochloride precipitated by adding ethanolie HC1. Yield 
0.49 g (76.5%) IV hydrochloride, mp 203-204" [4], undepressed mixed 
mp with IV hydmchloride prepared from 1-phenyl-3-ehloromethyl-4- 
methyl-7-azaindole by reacting it with acetone cyanohydrin, with sub- 
sequent saponification of the resultant 1-phenyl-4-methyl-7-azaindolyl- 
3-acetonitrile with conc TiC1 [4]. The IR spectra of the two specimens 
of IV hydrochloride were identical. 

J.-Phenyl-4-methyl-7-azatryptophane (III). 10 ml freshly distilled 
48% HI was added to a mixture of 0.38 g (0. 001 mole) azalactone II, 
0.1 g red P, and 2 ml Ae20 , when there was marked evolution of heat, 
and frothing. The mixture was refluxed for 6 hr, cooled to room tem- 
perature, the phosphorus filtered off, washed with 2 ml 48% HI, the 
filtrate vacuum-evaporated, to give 0.44 g (80%) III dihydriodide, as 
pale yellow crystals, mp 244-245 ~ (decomp.). Soluble in alcohols 
and water, insoluble in ether, acetone, gtOAe, benzene and CHCo 8. 
Found: C 36.98; 36.88; H 3.45; 3.60; N 7.54; 7.80; I 46.13%. Calcu- 
lated for CIzH17N302.2Hh C 37.02; H 3.45; N 7.62: I 46.10%. 

0.27 g III dihydriodide was dissolved in 5 ml water, to give a solu- 
tion pH 1, which was brought to pH 5 with 6% NaHCOs solution. The 
precipitate of III was filtered off, washed with water and acetone, 
yieId 0.12 g (81%) free amino acid tlI, colorless crystals, mp 238 ~ 
(decomp.). Readily soluble in benzene, slightly soluble in EtOH and 
dioxane, insoluble in water, ether, acetone, EtOAc, and CHC13. For 
analysis the compound was dried in a vacuum-pistol (PrOs, 100", 5 ram, 
12 hr). Found: N 14.12, 14.07%. Calculated for CITHtTNsO2. N 14.24%. 

III Dihydtoehloride, colorless crystals, mp 265* (decomp.), readily 
soluble in water, slightly soluble in alcohols, insoluble in ether, gtOAc, 
benzene, CHC13, and acetone. Found:N I0.18, 10.13; CI 17.79; 17.64%. 
Calculated for CITHITNzO2 �9 2HC1 �9 2H20. N 10.39; CI 17.57%. 
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*All IR spectra were measured with a UR-10 spectrophotometer, using 
vaseline mulls. UV spectra were measured with a SF-4 instrument, in 
ethanol. 
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