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The cycl izat ion of the di(phenylhydrazone) of methyl  9 / -phenyl -a  ,/7 -d ioxobutyra te  with 
hydraz ines  has given phenylhydrazones  of methyl  indol -2-y lg lyoxyla tes ,  which have been 
reduced  to methyl  a - a m i n o i n d o l - 2 - y l a c e t a t e s .  Some reac t ions  of these compounds have 
been studied.  

In spite of the cons iderable  in t e re s t  in amino acids of the indole s e r i e s ,  indole de r iva t i ve s  containing 
amino acid res idues  in posi t ion 2 have been studied litt le [1-3]. By the reduction of phenylhydrazones  of 
methyl  indol -2-y lg lyoxyla tes  by a method p roposed  p rev ious ly  for  the synthes is  of aliphatic amino acids 
[4] we have obtained a num ber  of ~ - a m i n o i n d o l - 2 - y l a c e t i c  acids and the i r  de r iva t ives .  As the initial  c o m -  
pound we used methyl  y - p h e n y l a c e t o a c e t a t e  which, on azo coupling with benzenediazonium chlor ide,  f o r m s  
the a -pheny lhydrazone  of methyl  ~,~ -d ioxo-~ -pheny lbu ty ra t e  (I). The s t ruc tu re  of (I) was conf i rmed  by 
the p resence  in the PMR s p e c t r u m  of the signM of the protons of a 9/ -methylene and an imino group at  4.03 
and 12.65 ppm, r e spec t ive ly .  In the IR s p e c t r u m  of this compound, the absorpt ion band of the NH group is 
found in the 3170-cm -1 reg ion .  The d i sp l acemen t  of the absorpt ion  band of the imino group of (I) in the low- 
f requency  direct ion in the IR s p e c t r u m ,  and also the p re sence  of the signal of the proton of the NH group in 
a v e r y  weak field in the PMR s pec t rum  can apparent ly  be explained by  the p re sence  of a f a i r ly  s t rong in-  
t r a m o l e c u l a r  hydrogen bond of the cis  fo rm of (I), as has been obse rved  for  other  c a s e s  [5, 6]. 

When (1) was heated  with a s y m - a l k y l a r y l h y d r a z i n e s ,  d i (arylhydrazones)  were  formed,  and these were  
cyc l ized  without isolat ion by the action of a methanol ic  solution of concent ra ted  sulfur ic  acid to f o r m  
phenylhydrazones  of methyl  indol -2-y lg lyoxyla tes  (II-IV).  The der iva t ives  (H-IV) a re  read i ly  reduced  by 
zinc in dioxane sa tu ra ted  with hydrogen chlor ide to e s t e r s  of the amino acids (V-VII). In the IR spec t r a  of 
compounds (V-VII), the absorpt ion  bands in the  3330-3320- and 3400-3390-cm -1 regions  a re  connected with 
the s t re tch ing  v ibra t ions  of the NH 2 g roups .  The hydro lys i s  of the e s t e r  of the amino acid (VD with caust ic  
potash  gave a high yield of ~ - a m i n o - l - b e n z y l - 3 - p h e n y l i n d o l - 2 - y l a c e t i c  acid (VIII),the reduction of (II) with 
zinc in a mix ture  on acet ic  acid and acet ic  anhydride gave the methyl  e s t e r  of a - a c e t y l a m i n o - l - m e t h y l - 3 -  
phenyl indol -2-y lace t ic  acid (IX), and the hydro lys i s  of the l a t t e r  gave the acetyl  der iva t ive  of the amino 
acid {X). Methyl a - a c e t y l a m i n o - l - b e n z y l - 3 - p h e n y l i n d o l - 2 - y l a c e t a t e ,  obtained f rom (III) in the same  way 
as (IX) was hydrolyzed,  without isolation,  to the acetyl  de r iva t ives  of the amino acid (XI). On heating, the 
de r iva t ives  (X and XI) read i ly  underwent  decarboxylat ion,  being conver ted  into the ace ty laminomethy l in -  
doles  (XII and XIII).  
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TABLE 1. Phenylhydrazones of Methylindol-2-ylglyoxylates (H-IV) 

& 

O 

II 
III 
IV 

R R' 

CH~ 0 a 
CH=C~Hs 

a F r o m  ethyl acetate ,  

mp, ~ Empirical 
formula 

176--177 a 1C24H21NaO2 
161--162,5 b Ca0H2~rq~,O2 

204,5--205,5 a C25H2aNaOa 

Found, % C ale., % Yield, 

-c T T - T .  ~- % 

I 21 5',6' 5,6 9,6784 56 9',11 70 
72,6 5,6 i104 7z',61 102 64 

b F r o m  methanol -d ioxane  (3 : 1). 

TABLE 2. Methyl E s t e r s  of ~ -kmino-3-pheny l indo l -2 -y lace t i c  
Acids (V-VII) (R" = CHa; R "  = H) 

Comp. 

I 

R R' mp, ~ Empirical Found, % Calc.,% Yield, 

' 9,5 73,5' 0 ' V Ell3 H 94--9~ a Cl8H18NgO 2 73,5 ~,~ 10, 5 6,2 
HC~/ 189--1900 CIsH,sN,O=. , 7,8 65,4 5,8 10,7 9:~ 70 

(decomp.', �9 HCI 62'3 I 

VI CH2CsH5 H 133--134 a C24H22N~O~ [ 78 0 5,8' 7,4] 77 8 i , 8,71 7,6 
H_CI ~ 150 c C24H22N~O2" 7017 5,61 8,7 6,7 70,8 ]6,9 84 

i 8,6170,4 ' 8 6 70 wl  cH~ ocH0 ~26-127~ c,0H~oN~O~ 9,7 7,6163,21 <91 9,8 <8 I HC1 206,5-- CIgH2oN=Oa ' 
207,5 b .HCI I ] 

a F r o m  methanol,  b F r o m  m e t h a n o l - e t h e r  (1 : 5). CFrom me thano l -  
ether  (1 : 10). 

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

The IR spec t ra  were taken of the substances in the form of mulls in paraffin oil, and in the case of 
(I) also as a solution in carbon te t rachlor ide ,  on a P e r k i n - E l m e r  spect rophotometer .  The PMR spec t rum 
was taken in carbon te t rachlor ide  solution on a JNM-4H-100 spec t romete r  with a working frequency of 100 
MHz using HMDS as s tandard.  

a -Pheny lhydrazone  of Methyl a , f l -Dioxo-T-phenylbutyra te  (I). With s t i r r ing,  19.2 g (0.1 mole) of 
methyl y-phenylacetoaceta te  was added to a solution of 4 g (0.1 mole) of caust ic  soda in 50 ml of water ,  
the tempera ture  not being allowed to r i se  above 10~ The result ing solution was added to the diazonium 
salt  p repared  in the usual way f rom 9.3 g (0.1 mole) of aniline, 25 ml of concentrated hydrochlor ic  acid, 
and 6.9 g (0.1 mole) of sodium nitr i te ,  and subsequently neutral ized to pH 7 with sodium acetate.  The r e a c -  
tion mixture was s t i r red  at 0-5~ for 1 h, and the precipitate was f i l tered off, washed with water  and meth-  
anol, and dried.  Yield 16.4 g (55.5%), mp 94-95~ (from isopropanol).  PMR spect rum,  5 , ppm: 3.77 
(COOCHa, s*) ;  403 (T-CH2, s); 7.13 (s, C6H5); 7.21 (s, C6H5) ; 12.65 (NH, s). Found, %: C 69.1; H 5.4; N 
9.5. C17Hi6N2Oa. Calculated, %: C 68.9; H 5.4; N 9.5. 

Phenylhydrazones of Methyl Indol-2-ylglyoxylates  (H-IV). A mixture of 0.1 mole of (I), 0.11 mole of 
an a symmet r i ca l  a lkylarylhydrazine and 1-2 drops of acetic acid was heated at 100~ for 5 h. The water  
l iberated was el iminated by azeotropic distillation with benzene.  The residue in the flask was t reated with 
a solution of 48 ml of concentra ted sulfuric acid in 480 ml of methanol, and the mixture was boiled for 10 
rain. Then it was cooled, and the c rys ta l s  that had separated out were f i l tered off, washed with water,  and 
dried.  Information on compounds (H-IV) is given in Table 1. 

Methyl c~-Aminoindol-2-ylacetates (V-VII). A suspension of 0.01 mole of one of compounds (H-IV) 
in 30 ml of dioxane was t rea ted  with 0.07 mole of zinc dust and, with s t i r r ing ,  60 ml of 10% aqueous dioxane 
saturated with hydrogen chloride (10% by volume) was added dropwise with the tempera ture  kept at 45-50~ 
Then another 0.025 mole of zinc dust was added and the mixture was heated at 50~ for 1 h. The solid 
mat te r  was f i l tered off and washed with dioxane. The fi l trate was evaporated in vacuum, 100 ml of water  
was added, and it was made alkaline with an excess  of ammonia and extracted with e ther .  The e thereal  
l ayer  was washed with water  and dried with magnesium sulfate. The ether  was distil led off and the residue 
was dissolved in dry  e ther  and the solution was acidified with a solution of hydrogen chloride in e ther .  The 
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precip i ta te  of the hydroch lor ide*  that deposited was f i l tered off, washed with e ther ,  and dried,  and then 
this hydrochlor ide  was dissolved in water~ and the solution was made alkaline with ammonia solution. 

a -Amino - l -benzy l -3 -pheny l indo l -2 -y l ace t i c  Acid (VIII). To a solution of 0.3 g (5.4 mmoles)  of 
caust ic  potash in 30 ml of ethanol was added 1.68 g (4.5 mmoles)  of (VI), and the mixture  was boiled for 1 
h.  Then the ethanol was dist i l led off and the res idue  was dissolved in 35 ml  of wate r  and ex t rac ted  with 
e the r .  The aqueous solution was acidified with glacial  acet ic  acid, and the precipi ta te  was f i l te red  off, 
washed with a small  amount of water ,  and dr ied .  Yield 1,59 g (98%), mp 151-152~ (decomp., f rom aqueous 
methanol)~ Found, %: C 77.3; H 5.6; N 7.9. C23H20N202 o Calculated, %: C 77.5; H 5.7; N 7.9. 

Methyl ~ -Ace ty l amino- l -me thy l -3 -pheny l indo l -2 -y l ace t a t e  (IX). To a suspension of 4,6 g (12 mmoles)  
of (II) in 30 ml of glacial  acet ic  acid were added 2.8 g (25 mmoles)  of acetic anhydride and 1.2 g (15 mmoles)  
of fused sodium acetate ,  and then the react ion mixture  was heated to 60~ and 9 g (0.14 mole) of zinc dust 
was added to it in port ions over  10 min.  The react ion mixture  was boiled for 2 h.  The sludge was f i l tered 
off and was care fu l ly  washed with hot glacial  acetic acid.  The combined acet ic  acid solutions were  poured 
onto ice, and the precipi ta te  was f i l te red  off, washed with wate r  and methanol,  and dr ied.  Yield 3.8 g 
(93%), mp 196-197~ (from methanol).  Found, ~c: C 71.3; H 6.0; N 8.4. C~0H20N203. Calculated,  %: C 
71.4; H 6.0; N 8.3. 

~ -Ace ty l amino- l -me thy l -3 -pheny l indo l -2 -y l ace t i c  Acid (Hydrate) (X). To a solution of 0.4 g (7 
mmoles)  of caust ic  potash in 30 ml of ethanol was added 1 g (3 mmoles) of (IX), and the mixture  was boiled 
for 1 h.  The product  was isolated under  the conditions for  the synthesis  of (VIII). Yield 0.75 g (75~), mp 
about 135~ (decomp.).  The compound underwent  decarboxylat ion during rec rys ta l l i za t ion .  Found, ~c: C 
67.1; H 5.8; N 8.1. CIgH18N203 �9 H2Ofl Calculated,  ~c: C 67.0; H 5.9; N 8.2. 

~ -Ace ty l amino- l -benzy l -3 -pheny l indo l -2 -y l ace t i c  Acid (XI). The methyl ~ - a c e t y l a m i n o - l - b e n z y l -  
3-phenyl indol-2-ylaceta te  obtained f rom 4.6 g (0.01 mole) of (III) under the conditions of the synthesis  of 
(IX), without isolation,  was subjected to hydrolys is  under the conditions for the synthesis  of (X). The yield 
of (XD was 3,27 g (87.5%). Decomp. >170~ (from ethyl acetate) .  Found, ~c: C 75.4; H 5.7; N 7.1. 
C25H221~203. Calculated,  ~c: C 75.4; H 5.6; N 7.0. 

2 -Ace ty lamino- l -methy l -3 -pheny l indo le  (XII). Compound (X) (0.5 g; 1.5 mmole) was heated at 220~ 
in a flask with an air  condenser  for  3-5 min.  The oily liquid formed c rys ta l l i zed  on cooling. Yield 0.37 g 
(93~c), mp 217-218~ (from methanol).  Found, ~c: C 77.8; H 6.6; N 10.1. C~sH~sN20. Calculated,  ~:  C 
77.7; H 6.5; N 10.1. 

2 -Ace ty laminomethy l - l -benzy l -3 -phenyl indo le  (XIII) was obtained under  the conditions for the 
synthesis  of {XII). Yield 98~c, mp 226.5-227.5~ (from methanol).  Found, ~ :  C 81.5; H 6.2; N 7.9. 
C24H22N20. Calculated, ~c: C 81.3; H 6.3; N 7.9. 
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*The hydrochlor ide  of (VI) prec ip i ta ted  when the mixture  had been allowed to stand overnight.  
t T h e  hydrochlor ide  of (VI) was dissolved in methanol.  
SWater of c rys ta l l i za t ion  found by the Kar l  F i sche r  method 6.7~c, calculated 5.3%. 
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