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Among indole de r iva t ives  s e v e r a l  effect ive medic inal  compounds a r e  known such as r e se rp ine ,  s e r o -  
ton in ,  indopan, d imecarb ine ,  e tc .  [1]. 

With the a im  of synthes iz ing s t ruc tu ra l  analogs of the compounds mentioned the cycl iza t ion of mono-  
a ry lhydrazones  into indole de r iva t ives  has  been  studied. These  were  obtained by  azo coupling of ~ - p h e n y l -  
e thylace toace t ic  e s t e r  (I) with a ry l  diazonium ch lor ides .  The monoary lhydrazones  of benzylpyruvic  acid 
ethyl e s t e r  we re  conver ted  into the co r respond ing  acids  (II-IV) or  cycl ized,  without isolat ion or fu r the r  
pur i f icat ion,  into e s t e r s  of 3-benzyl indole  2 -ca rboxyl ic  acid (V, VI). One of these  (V) has  been  obtained 
p rev ious ly  by  another  method [2]. E s t e r s  (V, VI) were  conver ted  by hydro lys i s  into 3-benzyl indole  2 - c a r -  
boxyl ic  acids (VII, VIII). The la t t e r  we re  also fo rmed ,  but  in reduced yield,  f r o m  monoary lhydrazones  of 
benzylpyruvic  acid (II-IV).  E s t e r s  of 3-benzyl indole  2 -ca rboxyl ic  acids (IX-X]) subst i tuted on the ni t rogen 
a tom were  obtained by the a lkylat ion of indole de r iva t ives  (V, VI), and by  the hydro lys i s  of e s t e r  (IX), 1- 
methy l -3-benzyl indole  2 -ca rboxy l i c  acid (XII) was obtained which had been  synthes ized  e a r l i e r  by another  
method [3 ]. On heat ing above the melt ing point (XII) was decarboxyla ted  fo rming  the known [4] 1 -methy l -  
3 -benzy lamide  (XIV) and thiophenyl e s t e r  of 3-benzyl indole  2 -ca rboxyl ic  acid (XV). Amide (XIV) was con- 
v e t t e d  by reduct ion with l i thium a luminum hydr ide  into 2 -d imethy laminomethy l -3 -benzy l indo le  (XVI)~ On 
heat ing thiophenyl e s t e r  (XV) with Raney nickel in aqueous dioxane 2 - fo rmyl -3 -benzy l indo le  (XVII) was 
fo rmed  by  reduct ive  desul fura t ion .  
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Severa l  v e r y  intense c h a r a c t e r i s t i c  absorp t ion  bands were  found in the IR spec t r a  of the monoa ry l -  
hydrazones  of benzy lpyruv ic  acid which we obtained.  The absorp t ion  m a x i m u m  in the 3320-3290 cm -1 r e -  
gion is due to the s t re tch ing  v ib ra t ion  of the NH group,  and in the i680-1665 c m  -1 reg ion  to the s t re tch ing  
v ibra t ion  of the carbonyl  group.  A band in the 1610-1600 cm -1 region is explained by  the s t re tch ing  v i b r a  
t ion of an unsa tu ra ted  ca rbon-n i t rogen  bond (C=N).  The va r ious  subst i tuents  in the a ry l  nucleus of the 
monoary lhydrazones  did not show a s ignif icant  effect  on the c h a r a c t e r i s t i c  absorp t ion  bands .  

Three  absorp t ion  m a x i m a  were  obse rved  in the UV spec t r a  of the a ry lhydrazones ,v iz . ,237-245  m# 
(log r 3.83"-3.86), 293-313 mp (log r 4.05-4.11), and at  319-343 m# (log r 4.15-4.24).  

In the IR s pec t r a  of the 3-benzyl indole  2 -ca rboxy l i c  acids (VII and VI~) and of t he i r  de r iva t ives  (V 
and VI) ,absorpt ion bands were  obse rved  in the 3440-3330 cm -1 (NH) and 1690-1670 c m  -1 (C=O) regions ,  
which a r e  d isp laced  towards  low f requency  due to the format ion  of hydrogen  bonds.  T r a n s f e r  to the N-  
methyl  de r iva t ives  (IX-XI) is accompanied  by  a d i sp lacement  of the carbonyl  absorp t ion  bands to a h igher  
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f requency reg ion ,v iz . ,  1710-1700 cm - i .  A s i m i l a r  effect  has  been  not iced p r e v i ous l y  for  de r iva t ives  of 2- 
and 3 -acy l indo les  [5]. The s t r u c t u r e  of 2 - f o r m y l - 3 - b e n z y l i n d o l e  was conf i rmed  by IR s p e c t r a l  data:  
3310 cm - t  (NH) and 1660 em - t  (C=O) which concur  well  with the IR s p e c t r a l  da ta  of 2 - a e e t y l - 3 - m e t h y t i n -  
dole:  3311 cm - l  (NH) and 1631 cm -1 (C----O) [5]. 

Two abso rp t ion  maxima  of high in tens i ty  appea r  in the UV s p e c t r a  of the indole de r iva t i ve s  obtained 
in the reg ions  of 227-236 m# (log e 4~8-4 .43)  and 296-302 mtL (log e 4.18-4.30) which a r e  c h a r a c t e r i s t i c  
of the UV s p e c t r a  of indole carbonyl  de r iva t i ve s  [5, 6]. 

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

IR s p e c t r a  of the subs tances  obtained were  taken  in Nujol mul ls  on an UR-10 s p e c t r o p h o t o m e t e r  and 
the UV s p e c t r a  on the r e c o r d i n g  u l t r a v i o l e t  s p e c t r o p h o t o m e t e r  EPS-3 in a lcohol  solut ion.  

a - P h e n y l e t h y l a c e t o a c e t i c  E s t e r  (I). Sodium (23 g) was d i s so lved  in 360 ml absolute  a lcohol  in a 
t h r e e - n e c k e d  f l ask ,and  to the solut ion obtained was added with cool ing 260 g aee toaee t i c  e s t e r  and then 
203.5 g phenylethyl  b r o m i d e .  The r eac t ion  mix tu re  was bo i led ,  with s t i r r i n g ,  on the w a t e r  bath until  a n e u -  
t r a l  r eac t io~  was obtained on u n i v e r s a l  ind ica to r  pape r .  The mix tu re  was di luted with 1-1.5 volumes  wa te r  
and the alcohol  d i s t i l l ed  off in vacuum. The oily l a y e r  was s e p a r a t e d  and the aqueous l a y e r  ex t r ac t ed  with 
benzene.  The oil and the benzene ex t rac t  were  combined,  washed with wa te r ,  and d r i ed  by azeo t rop ic  d i s -  
t i l l a t ion  of the w a t e r  with a Dean and S ta rk  s t i l l - head .  Benzene was d i s t i l l ed  off and the r e s idue  d i s t i l l ed  
in vacuum. Yield of (I) was 369.5 g (79%), bp 137-142 ~ (1.5 ram), nD 2~ 1.5003. Found,%: C 72.00, 72.20; 
H 7.90, 7.91. C14H1803. Calcula ted ,  %: C 71.77; H 7.74. 

Phenylhydrazone  of Benzy lpyruv ic  Acid  (II). To a solut ion of 23.4 g (I) in 150 ml alcohol was added 
12 g sodium hydroxide  in 31 ml w a t e r  main ta in ing  the t e m p e r a t u r e  in the range  0-5 ~ To a solut ion was 
added,  at  0 ~ and in one ba tch ,  phenyld iazonium ch lo r ide ,  p r e p a r e d  in the usua l  way f rom 9.3 g ani l ine ,  
50 ml conc.  h y d r o c h l o r i c  ac id ,  and 6.9 g sodium n i t r i t e .  In this  way a ye l low-brown  oil  was  i so la ted .  This 
was kept  at 0 ~ for  2-3 h and then diluted with 300 ml wa te r ,  the oil s e p a r a t e d ,  and the aqueous l a y e r  ex-  
t r a c t e d  with benzene .  The oi ly  l a y e r  and the benzene e x t r a c t  were  t r e a t e d  as indica ted  above.  The oi ly 
r e s idue ,  without being d i s t i l l ed ,  was added to a solut ion of sodium hydroxide  in 270 ml methanol .  The mix -  
tu re  was boi led  for  2 h on the wa te r  bath and then di luted with 1-1.5 vo lumes  wa te r .  Methanol was d i s t i l l ed  
off, the aqueous solut ion ex t r ac t ed  with e ther  and ac id i f ied  with di lute  hyd roch lo r i c  acid  to acid  reac t ion .  
Acid (II), i so la ted  as an oil ,  quickly c r y s t a l l i z e d .  The sol id  was f i l t e r ed  off, washed with wa te r ,  and d r i ed .  
Yield of (II) was 16.6 g (62%) mp 142-143 ~ (from methanol l .  Accord ing  to l i t e r a t u r e  date [21, mp 149-151 ~ 

Benzylpyruvic  Acid p -To ly lhyd razone  (Ill) was obtained under  the condit ions used  to syn thes ize  (II). 
Yield of (III) was 41%, mp 138-139 ~ (from aqueous methanol) .  Found,~c: C 72.30, 72~ H 6.66, 6.58; 
N 9.93, 9.83. ClTHisN202. Calcula ted ,%:  C 72.31; H 6.42; N 9.92. 

Benzy lpyruv ic  Acid p -An i sy lhyd razone  (IV) was obtained under  the condit ions used  to syn thes ize  {II). 
Yield of (IV) was 60.7%, mp 132-133 ~ (from aqueous methanoD. Found,%: C 68.50, 68.57; H 6.06, 5.98; 
N 9.29, 9.18. CITH18N203o Calcu la ted ,%:  C 68.43; H 6.08; N 9.39. 

3 -Benzy l indo le  2 -Ca rboxy l i c  Acid Ethyl E s t e r  (V). To the phenylhydrazone of benzylDyruvic acid  
ethyl  e s t e r ,  obtained under the condit ions of the prev ious  expe r imen t  f rom 35.1 g (I), 18 g sodium hydrox-  
ide ,  14 g an i l ine ,  10.35 g sodium,  and 75 ml conc. hyd roch lo r i c  acid ,  was added a solut ion of 18.5 ml conc. 
su l fur ic  ac id  in 185 ml absolu te  a lcohol  and the mix tu re  bo i led  on a w a t e r  bath for  3 h. The solut ion was 
cooled,  the p r e c i p i t a t e  f i l t e r ed  off, washed  with wa te r ,  with methanol ,  and d r i ed .  The y ie ld  of (V) was 
15.8 g (38%) based  on e s t e r  (I). It  had mp 145.5-146.5 ~ (from a mix ture  of pe t ro l eum e the r  and benzene ,  
3:4); acco rd ing  to l i t e r a t u r e  data [21, mp 144-146 ~ 

3 - B e n z y l - 5 - m e t h y l i n d o l e  2 -Ca rboxy l i c  Acid Ethyl E s t e r  (VI) was obtained under  the condit ions for  
the synthes i s  of (V). The y ie ld  of (VI) was 40.3%, mp 177-178 ~ (from acetone) .  Found,%: C 77.89, 77.92; 
H 6.54, 6.68; N 4.93, 5.00. C19H19NO2. Calcula ted ,%:  C 77.78, H 6.52; N 4.77. 

3 -Benzyl indo le  2 -Ca rboxy l i c  Acid  (VII). E s t e r  (V: 14 g) was added to a solut ion of 2.4 g sodium 
hydroxide  in 200 ml a lcohol ,  the r eac t i on  mix tu re  was boi led  on a wa te r  bath for  1 h,and then 1-1.5 volumes  
wa te r  were  added.  The alcohol  was d i s t i l l ed  off under  vacuum,  and the aqueous solut ion ac id i f ied  with a c e -  
t ic ac id  to ac id  r eac t ion .  The p r ec ip i t a t e  was f i l t e r ed  off, washed with wa te r ,  and d r i ed .  The y ie ld  of (VI) 
was 12.5 g (99.5%),mp 192-193 ~ ( f rom benzene) .  Found,%: C 76.60, 76.15; H 5 . 3 7 , 5 . 5 0 ;  N 5.55, 5.66~ 
Ci6HI3NO2. Calcula ted ,  %: C 76.47; H 5.21; N 5.57. 
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3-]3enzyl-5-methylindole 2-Carboxylic  Acid (VIII) was obtained under  the conditions for  the synthe- 
sis of (VII). The yield of {VIII) was 98.5%, mp 227-227~ ~ (from aqueous methanol. Found, %: C 76.97, 
76.85; H 5.70, 5.45; N 5.17, 5.51. C17HIsNO 2. Calculated, %: C 76.96; H 5.69; N 5.27. 

1-Methyl-3-benzylindole 2-Carboxyl ic  Acid Ethyl Es te r  (IX). To a suspension of 8.4 g (V) in 30 ml 
dry  dioxane was added a solution of 0.69 g sodium in 17 ml absolute alcohol. The solvent was distilled 
f rom the result ing solution, up to 120 ~ , and the remainder  of the solvent distilled off in vacuum. To the 
cooled sodium derivative was added a solution of 5.6 ml methyl iodide in 36 ml dry  dimethylformamide~ The 
mixture was heated at 40-50 ~ for  30 rain on the water  bath,then poured onto ice. The oil isolated in this way 
then crys ta l l ized.  The c rys ta l s  were  f i l tered off, washed with water ,  with methanol,  and dried.  Yield of 
(IX) was 7 2  g (83%), mp 44-45 ~ (from methanol). Found, %: C 77.85, 77.69; H 6.21, 6.20; N 5.08, 5.26. 
C19H19NO 2. Calculated, %: C 77.79; H 6.52; N 4.77. 

1 ,5-Dimethyl-3-benzyl indole  2-Carboxyl ic  Acid Ethyl Es te r  (X) was obtained under the conditions 
for the synthesis  of (IX). The yield of (X) was 86.6%, mp 62-63 ~ (from methanolS. Found, %: C 77.98, 
78.46; H 7.00, 6o61; N 4.59, 4.91. C20H21NO 20 Calculated, %: C 78.14; H 6.89; N 4.55. 

l~3-Dibenzylindole 2-Carboxyl ic  Acid (XI). To the sodio derivative,  obtained f rom 1.4 g (V) under 
the conditions of the previous experiment  with 00115 g sodium, was added a solution of 0.6 ml benzyl ch lor -  
ide in 6 ml dry  dimethylformamide.  The mixture was boiled for  I h, then poured onto ice.  The c rys ta l s  
were fi l tered off, washed with water  and methanol, and dried. The yield of (XI) was 0.3 g (16.6%), mp 
80.5-82 ~ {from methanol). Found, %: C 81.18, 81.17; H 6.30, 6.10; N 3.99, 4o13o C25H23NO2. Calculated, 
%: C 81.27; H 6.27; N 3~ 

1-Methyl-3-benzyl indole 2-Carboxyl ic  Acid (XII). To molten potassium hydroxide, obtained at 155 ~ 
f rom 8.4 g potass ium hydroxide and 1.5 ml water ,  was added 4.4 g e s t e r  (IX). The melt  was s t i r red  5-10 
min at 170-180 ~ until cessat ion of gas bubbling, then cooled, dissolved with heating in 4-5 volumes water ,  
and acidified with acetic acid to acid react ion.  The solid, which had separated,  was fi l tered off, washed 
with water ,  and dried.  The yield of (XII) was 4 g (quantitative), mp 1944194~ ~ (from benzene). According 
to l i tera ture  data [3], mp 194 ~ 

1-Methyl-3-benzylindole (XIII). (XII) (5.4 g) was heated at 200-205 ~ until terminat ion of bubbling in a 
flask with an a i r  condenser  provided with a Bunsen valve.  The result ing oily mass  crys ta l l ized.  The 
yield of (XIII) was 4.4 g (quantitative), mp 56-57 ~ (from methanol). According to l i te ra ture  data [4], 
mp 60.5-61~176 Found, %: C 86.70, 87.04; H 6.96, 6.78; N 6.33, 6.51. C16H15N. Calculated, %: C 86.84; 
H 6.63; N 6.33. 

3-]3enzylindole 2-Carboxyl ic  Acid Dimethylamide (XIV). To a suspension of 5 g (VII) in 12 ml dry  
dioxane was added 0.16 ml dry d imethylformamide,  and 1.6 ml thionyl chloride and the mixture heated for  
30 min on a boiling water  bath. Dioxane and the excess of thionyl chloride were distilled off in vacuum on 
the water  bath. The resul t ing c rys ta l s  were dissolved in 60 ml dry  dioxane,and to the solution obtained a 
solution of 1.8 g dimethylamine in 8 ml dry dioxane was added with cooling. The mixture was left in a 
flask provided with a calcium chloride tube at room tempera tu re  overnight,  then the react ion mass  was 
diluted with water ,  the solid f i l tered off, and dried.  The yield of (XIV) was 4.9 g (87.5%), mp 165-166 ~ 
(from methanol). Found,%: C 77.30,77.28;  H 6.46, 6.44; N 10.00, 10.26. C18H18N20. Calculated, %: 
C 77.67; H 6.52; N 10.06. 

3-]3enzylindole 2-Carboxyl ic  Acid Thiophenyl Es t e r  (X'V). To a solution of the acid chloride,  ob- 
tained under the conditions of the previous exper iment  f rom 5 g (VII), in a mixture of 110 ml dry  benzene 
and 20 ml dry  dioxane was added 6.6 g thiophenol and then 2.5 ml dry  pyridine. The react ion mixture 
was left overnight in a flask protected f rom mois ture .  The precipitate of (XV), which separated,  was fil- 
te red  off, ~vashed on the fi l ter  with methanol and  water ,  and dried. An additional quantity of (XV) was iso-  
lated f rom the benzene-dioxane mother  l iquor af ter  distilling off the solvent. Overall yield of (XV) was 
6.3 g (92%), mp 197-197.5 ~ (from a mixture of methanol and dioxane, 1:3). Found, %: C 76.87, 77.30; 
H 5.15,5~ N 4.08, 4.01; S 9.35, 9037. C22H17NOS. Calculated, %: C 76.94; H 4.99; N 4.08; S 9.33. 

2-Dimethylaminomethyl-3-benzyl indole  (XVI). To a suspension of 2.28 g lithium aluminum hydride 
in 60 ml dry dioxane heated to 90 ~ was added a solution of 11.2 g (XIV) in 120 ml dry  dioxane heated to 70 ~ 
such that the dioxane boiled steadily (15-20 min). The suspension was s t i r red  for  10 h at 90-95 ~ left 
overnight,  then decomposed, under cooling by the addition in turn of 2.3 ml water ,  2.3 ml 15% sodium hy-  
droxide solution, and 6.8 ml water .  The precipi tate  of aluminum oxide was f i l tered off and washed with 
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e ther .  The combined e ther -d ioxane  ex t r ac t  was dr ied with magnes ium sulfa te ,  and the solvents  dist i l led 
off in vacuum.  The res idue  was dissolved in d ry  e ther  and a sma l l  excess  of a solution of hydrogen ch lo r -  
ide in e ther  added to the solution obtained. The prec ip i ta te  of hydrochlor ide  was f i l tered off and washed 
with a mixture  of acetone and e ther  (1"1). The yield of (XVI) hydrochlor ide  was  9.8 g (81.7%), mp 191- 
192 ~ {from a mixture  of ace tone-methanol ,  5:1). Found, %: C 71.80, 72.28; H 7.05, 7.07; N 9.36, 9.38; 
C111.80, 11.96. C18H21N2C1. Calculated,  %" C 71.86; H 7.03, N 9.31; C111.78. Base  (XVI) was obtained 
from the hydrochloride by the usual method and had mp 81-82 ~ (from aqueous methanol)~ Found, %: 
C 81o95, 81.59; H 7.80, 7.55; N 10.51, 10.71. CIsH20N 2. Calculated, %: C 81.77; H 7.62; N 10.59. 

(XVI) Methiodide was obtained by the usual method, mp greater than 220 ~ (with decomposition: from 
a mixture of methanol-ether, 1:3). Found, %: C 56~ H 5.64; N 7.00, 6.77; I 30094, 30.83. CIgH2aN21. 
Calculated, ~: C 56.16; H 5.71; N6.89; I31.23. 

2-Formyl-3-benzylindole (XVII). In order to deactivate the catalyst 17 g Raney nickel in 50 ml ace- 
tone was boiled for 1 h with stirring on a boiling water bath. The solvent was then distilled off and to the 

residue was added 40 ml dioxane, 17 ml water, and a solution of 1.7 g indole in 34 ml dioxane. The reac- 
tion mixture was boiled for 5 h, the catalyst was then filtered off, and washed on the filter with dioxane. 
Aqueous dioxane was distilled off from the filtrate under vacuum on a water bath. The residue was 
treated with ~t mixture of I0 ml ether, 9 ml methanol, and 4 ml water. To the mixture of substances ob- 
tained 5 ml 47% sodium bisulfate was added and the mixture shaken energetically for 10-15 rain. The 
aqueous layer was separated and acidified with heating with 7 ml 20% sulfuric acid solution. The solid was 
filtered off, washed with water, and dried. The yield of (XVII) was 0.I g (9%), mp 115-115.5 ~ (from aqueous 
methanol). Found, %: C 81.49, 81.37; H 5.76, 5.63; N 5.94, 5.66. CI~HI3NO. Calculated, %: C 81.68; 
H5.57; N5.95. 

C O N C L U S I O N S  

1. A s e r i e s  of monoary lhydrazones  of benzylpyruvie  acid ethyl e s t e r  has  been  obtained by azo coup- 
ling of ~ -pheny le thy lace toace t i c  e s t e r  with a ry ld iazonium ch lor ides .  The cor responding  acids we re  ob- 
tained by saponif icat ion.  

2. E s t e r s  of 3-benzyl indole  2 -ca rboxy l i c  acid were  obtained by eycl iz ing the monoary lhydrazones  
of benzylpyruvic  acid ethyl e s t e r ,  and by subsequent  convers ions  a s e r i e s  of o ther  de r iva t ives  of 3 -benzy l -  
indole was p repa red .  
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