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The na tura l  a - a m i n o  acids par t i c ipa t ing  in the composi t ion of the pro te ins  a re  of v i ta l  impor tance  fo r  
the no rma l  function of the human o rgan i sm.  The var ia t ion  of the s t ruc tu re  of these compounds opens the 
way for  an ac t ive  in tervent ion into the m e t a b o l i s m  of pro te ins ,  pept ides,  enzymes ,  ho rmones  and o ther  b io -  
logical ly  impor tan t  p roducts  the b iosynthes is  of which is r ea l i zed  based on amino acids .  Among the diffe-  
ren t  methods of modifying the s t ruc tu re  of one of the i r r ep l aceab l e  amino acids,  t ryptophan, '  at tention is 
a t t r ac ted  to the product ion of the azaanalogs  of this compound which p r e s e r v e  the s ize  and configuration of 
the na tura l  product  but d i f fer  in the dis tr ibut ion of the e lec t ron  densi ty  inside the molecule .  Before  our  
s tudies ,  out of this type of compound only 7-aza t ryptophane  has  been des cr ibed [1],which en te rs  biological  
and b iochemica l  tes ts  on compet i t ive  t e r m s  with the na tura l  amino acid: it inhibits the uti l ization of t rypto  2 
phan by T e t r a h y m e n a  p y r i f o r m i s  [2] and r ep l ace s  t ryptophan reac t ion  of the la t te r  with pro te ins  of the 
E. c.oli and bac ter iophage  T-2  [3] blocking the fo rmat ion  of c a r b a m y l t r a n s f e r a s e  and D - s e r i n e d e a m i n a s e  
[4]. Accord ing  to the p r iva te  communica t ion  of Willet t  (USA), 5 -me thy l -7 -aza t ryp tophan  has also i n t e r e s t -  
ing biological  p r o p e r t i e s .  

In the p r e s e n t  pape r  the synthes is  is desc r ibed  of the hi ther to  unknown 4 -me thy l -7 - aza t ryp tophan  and 
the 6 -eh lo rode r iva t ive  thereof  and o[ the f i r s t  amino acid r ep resen ta t ive  of the 4-azaindole  se r i e s ,  4 - a z a -  
t ryptophan.  
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F o r  the synthes is  of r a e e m i c  o~-amino acids of the 7-azaindole s e r i e s  we used the genera l  scheme,  
p rev ious ly  suggested by one of us together  with M. V. Rubtsov [5], for  obtaining subst i tuted 7 - a z a t r y p t o -  
p h a n s f r o m  3 - f o r m y l - 7 - a z a i n d o l e s  through der iva t ives  of 2 -pheny l -4 -aza indo ly lme thy lene - l , 3 -oxazo lones -5 .  
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3-Formyl-4-methyl-6-chloro-7-azaindole (1) [6], easily obtainable by the Vilsmeier reaction from 
the corresponding azaindole non-substituted in position 3, was brought into reaction with hippuric acid in 
acetic anhydride medium. The azalactone forming with yield of 56% dissolved with difficulty in water and 
the common organic solvents; it was only soluble in hot dimethylformamide, but after short heating already 
crystals soon separated from the hot dirnethylformamide.the substance obtained had poorer solubility, 
gave a decrease of the melting point in the tes t  of mixing with II, and according to the analytical data it 
proved to be the N-formyl derivative of II, 2-phenyt-4-( l ' - formyl-4 , -methyl-6 ' -chloro-7 ,azaindolyl -3 ' -  
methylene) -1,3-oxazone-5 (III). 

To convert TI into 4-methyl-6-chloro-7-azatryptophan (IV) the conventional method was used of r e -  
ducing by hydriodic acid in the presence of red phosphorus with simultaneous splitting of the azalactone 
ring. The yield of substituted 7-azatryptophan (IV) was 55.5%. Unlike the analogous N-phenyl derivatives 
[5] non-substituted at the pyrrole  nitrogen, II and IV form stable crystal  hydrates. On conversion of II into 
the N-formyl derivative III the capability of the compound of retaining the water of crystallization decreases 
sharply. 

The synthesis of 4-methyl-7-azatryptophane (V) was effected starting from the corresponding 6- 
chloroderivative (IV) by dehalogenation with sodium in liquid ammonia. Like in the case of other deriva-  
tives non-substituted at the pyrrole  nitrogen V was separated as a stable crystal  hydrate.  

Unlike the 7-azaindole derivatives, where the 3-formyl substituted compounds are readily available, 
in the 4-azaindole ser ies  the introduction of the aldehyde function into position 3 proved a difficult task, 
Hence, for  the synthesis of 4-azatryptophane (VIII) another scheme was applied which is based onthe  reac -  
tion of 4-azagramine (VI) with acetylaminomalonate and subsequent saponification and partial decarboxyla- 
tion of the intermediate product 3-(fi,fi-dicarbethoxy-fl-acetylaminoethyl)-4-azaindole (VII). Unlike ana- 
logous conversions of 7-azaindole compounds [1] the abovementioned reactions in the 4-azaindole ser ies  
proceeded very  smoothly and allowed to obtain 4-azatryptophan (VIII) with a total yield of 93.4% in 2 stages. 

EXPERIMENTAL 

2-Phenyl-4- (4' -methyl-6~ -ch!oro-7' -azaindole-3' -methylene)-l,3-oxazolone-5 (If). A mixture of 
0.5 g (2.5 in M) 3-formyl-4-methyl-6-ehloro-7-azaindole (1) [6], 0.4 g (2.5 in M) hippurie acid and 0.2 g 
(2.5 in M) sodium acetate in boiled for 6 h with 5 ml freshly distilled acetic anhydride. During the boiling 
of the heterogeneous reaction mixture the gradual dissolution of the precipitate and the separation of c ry -  
stals of ]I a re  observed. When the reaction is complete the mixture is cooled to 5 ~ and placed during the 
night into the re f r igera tor .  The crystals precipitated are  fi l tered off and washed carefully f i r s t  with ether 
and then with water.  After drying 0.5 g (56 %} II with mp 256 ~ is obtained. The substance is poorly soluble 
in alcohols, acetone, chloroform, benzene, ethylacetate and ether and insoluble in water.  Found, %: C 60.53; 
H 3.99; N 11.51; C1 9.91. CIsHi2N302C1-H20. Calculated, %: C 60.76; H 3.94; N 11.81; C1 10.00. 

On boiling 0.1 g II with 3 ml. dimethylformamide for 3 rain the precipitate dissolves completely, and 
then crystals of III with mp 272 ~ which are insoluble in hot dimethylformamide precipitate. The substance 
is insoluble in water and the common organic solvents. IR spectrum: 1660 cm -1 (N-C=O) ,  1730 cm -~ 
( O - C ~ O ) .  Found, %: C 62.02; H 3.77; N 11.35; C1 9.33. C19tI12N303C1. Calculated, %: C 62.38; H 3.67; 
N 11.49; C1 9.73. 

4-Methyl-6-chloro-7-azatryptophane (IV). To a mixture of 5.9 g (16 mM) 1I, 1.47 g (47 raM) red 
phosphorus,and 35 ml acetic anhydride 50 ml freshly distilled hydriodic acid is added. Foaming and warm-  
ing up of the reaction mixture are  observed, Then, the reaction mixture is still boiled for 6 h, the red 
phosphorus is fi l tered off and the fi l trate is evaporated in vacuo to dryness.  The residue is dissolved in 
30 ml water and carefully alkalized by sodium bicarbonate to pH 5.0. The reaction mixture is placed during 
the night into the ref r igera tor .  The crystals of IV precipitated are  f i l tered off, washed with water, then with 
acetone and dried in vacuo. Yield of IV 2.5 g (55.5%}, mp 285 ~ The substance is poorly soluble in water 
and the common organic solvents, but readily soluble in hot water, Found, %: C 43.80; H 5.62; N 13.80; 
C1 11.85. CI1H12N302Clo2.5H20. Calculated, %: C 44.22; H 5.69; N 14.07; C1 11.89. 

Hydrochloride, colorless crystals ,  rap 287 ~ (from aqueous acetone}. The substance is poorly soluble 
in chloroform, benzene and acetone; it is more soluble in alcohols and water. Found, %: C 45.17; tt 6.40~ 
N 14.76; C1 24.25. CllH12N202CI'HC1. Calculated, %: C 45.52; H 4.48; N 14.48; C1 24,48. 
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4-Methy l -7 -aza t ryp tophan  (V). Over  0.6 g (2 raM) IV 50 ml  liquid ammonia  is poured,  s t i r r e d  for  
10 rain and then 0.23 g (10 raM) sodium meta l  is added gradual ly  in smal l  por t ions .  After  2-h s t i r r ing  25 ml  
liquid ammonia  is added and s t i r r i ng  is continued for  2 h. Then the ammonia  is evapora ted  and a f t e r  de-  
composi t ion of the excess  sodium by methanol  the res idue  is d issolved in 5 ml  water .  The solution obtained 
is purif ied by act ivated carbon and care fu l ly  acidif ied with concentra ted  hydrochlor ic  acid to pH 5.0. The 
p rec ip i t a t e  of V sepa ra t ed  a f t e r  the reac t ion  mix tu re  has been kept during the night in the r e f r i g e r a t o r  is 
f i l t e red  off and dissolved again in 4 ml  dist i l led wate r .  The solution obtained is r id of insignificant  admix -  
tures  by f i l t ra t ion and diluted with acetone.  In the shape of c ry s t a l s  0.25 g (52.5%) V prec ip i t a t e s  as co lo r -  
less  c rys t a l s ,  mp 262 ~ (from water ) .  The substance is insoluble in e ther ,  benzene and acetone,  poor ly  so -  
luble in alcohol and wa te r  in the cold. It  is read i ly  soluble in hot water .  Found, ~: C 55~ H 6.06; N 17.54. 
CliHI3N302 �9 H20. Calcula ted %: C 55.70; H 6.33; N 17.72. 

3-(fl,fl-Dicarbethoxy-fl-acetylaminoethyl)-4-azaindole (VII). A mix ture  of 1 g (5.7 raM) 4 -azag ramine  
(VI), 1~ g (5.7 raM) ace taminomalona te ,  0.05 g ground caust ic  soda and 15 ml  anhydrous xylene is boiled 
fo r  10 h. The hot xylene solution is f i l t e red  f r o m  the alkali .  The alkali  is washed with w a r m  benzene.  The 
united xy lene-benzene  solutions a r e  cooled; at the s a m e  t ime c rys t a l s  of VII prec ip i ta te .  Yield 1.02 g, 
mp 142-143~ The subs tance  is read i ly  soluble in alcohols and chloroform,  poor ly  soluble in e ther ,  benzene,  
and water~ Found, ~: C 58.91; H 6.36; N 11o92. C17H22N3O s. Calculated, ~: C 58.60; ]3 6.36; N 12.06. 

According to the data of thin l aye r  ch romatography  with s i l icagel  (mobile phase:  m e t h a n o l - b e n z e n e ,  
1 :3)  the xylene solution contains VII (Rf 0.25, detection by i r rad ia t ion  with u l t ravio le t  rays  or  t r ea tmen t  
with iodine vapors)  and t r aces  of the initial  VI (Rf 0.00). The xylene is dist i l led in vacuo to d ryness .  The 
res idue  is t r i tu ra ted  with e ther  and 0.56 g VII is obtained additionally.  Total  yield of VII 1.58 g (79.4%). 

The e therea l  mo the r  l iquor equally contains cons iderable  quanti t ies of VII according to the data of 
thin l aye r  ch romatography  with s i t icagel .  To util ize them the e ther  is evapora ted  in vacuo and the res idue  
(0.42 g) is subjected to saponif icat ion and par t i a l  decarboxylat ion using the method descr ibed  below. Owing 
to a cor responding  t r e a t m e n t  0.10 g (8.5%) 4-aza t ryp tophane  (VIII) is obtained; mp 269-272 ~ (decomp.).  

4-Azat ryptophane (VIII)r 1 g (2~ raM) VII is boiled for  7 h with 10 ml  concentra ted hydrochlor ic  
acid.  The reac t ion  mix tu re  is evapora ted  in vacuo to dryness~ To the res idue  a dilute ammonia  solution 
(about 5 ml) is added up to pI-I 8~176 The solution obtained is diluted by an equal voktme of acetone and cooled 
in the r e f r i ge r a t o r~  A co lo r l e s s  p rec ip i t a te  of c rys ta l l ine  VIII s e p a r a t e s .  Yield 0.5 g (94.3%), rap. 272- 
274 ~ (decompo)o The subs tance  is poor ly  soluble in e ther ,  benzene,  acetone,  chloroform,  be t t e r  in alcohol 
and wate r  on heating.  Found, %: C 58~ H 5.63; N 20.57. C10HIIN302. Calculated, %: C 58.52; H 5.40; 
N 20.48. 
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