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A new method is proposed for the synthesis  of 2-indolylacetic acid derivatives with a free /3 
position by condensation of an a lkyl- thioacetoacet ic  e s t e r  with ary lhydrazines .  Some of the 
react ions of the acids obtained were investigated. 

An alkyl(aryl)thioacetoacetic e s t e r  (I) has two methylene groups, and Fischer  indolization via two path- 
ways to give one of two insomer ic  indoles o r  mixtures  of them is therefore  possible.  However, we have 
shown that Indolization in an alcohol solution of formic  and sulfuric acids proceeds exclusively in one d i rec -  
tion to give 3-alkyl(aryDthio-2- indolylacet ic  acid derivat ives (H-IV). When the react ion is ca r r i ed  out under 
more  severe  conditions - at 180-200~ in polyphosphoric acid (PPA) - a second i somer  is also detected 
chromatographical ly ,*  but the react ion is accompanied by pronounced resinification.  The frequency of the 
s t re tching vibrations of the carbonyl  group in the IR spec t rum lies in a higher-wavelength region than in 
the spec t rum of the i somer ic  1-methyl -2-phenyl th iomethyl -3-carbethoxy-5-methoxyindole .  As compared 
with the i somer ic  compound, which has a conjugated carbonyl  group, the absorption maximum in the UV 
spec t rum of IV is shifted by 22 nm to the short -wave region. 
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R'=H, NHCnH6; VIII R'=H, R=NHC6H~; IX R'=H, R=OC2Hs; X R'=OCH3, R=OC2Hs; 
XI R=morpholinomethylXlI R=piperidinomethyl; XIV R=morpholino; XV R=piperidino 

Hydrolysis  of e s t e r  II with aqueous alcoholic alkali gave acid V, f rom which amides VI and VH were 
synthesized through the acid chlorides.  In o rde r  to obtain 2-indolylacetic acid derivatives with a free /~ 
position (IX, X), we ca r r i ed  out the desulfuration of H and IV over  a Raney nickel catalyst .  A singlet at 
6.37 ppm affiliated with the proton in the/3 position is observed in the PM-R spect rum of indole IX. 1-Methyl-  
2-(2-hydroxyethyl)indole (XIIB, obtained by reduction of e s t e r  IX, was used for the direct alkylation of the 
secondary  amines in the presence  of a Raney nickel catalyst  [2], as a result  of which we obtained 2-di-  

* 1-Methyl-2-phenyl th iomethyl-3-carbethoxy-5-methoxyindole  obtained by a different method [1] was used 
as the reference  compound for chromatography.  
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TABLE 1. 

Corn- Imp, ~ * 
pound : 

III 
IV 

VIII 
X 

XII 
XV 

2-Indolylacet ie  Acid Der iva t ives  

Empirical Found, qo 
formula 

101--102 
133--134 

t88 
50--51 

192--193~ 
227--230~ 

CIgHigNO2S 
C2oH21NOsS 
CITHI6N20 
Cl4HtvNOa 
C 19H27C}N202 
C16H23CIN2 

C H 

70,1 6,0 
67,8 6,2 
77,2 6.2 
67,9 6,6 
65,0 7,9 
69,0 8,4 

Calc., q0 

N C H 

4,2 70,1 5,9 
3,9 67,6 6,0 

77,2 6, l 
53 68,0 6,9 
7,9 65,0 7,8 
- -  68,9 8,3 

Yield, 
N q~ 

4,3 52 
3,9 36 

68 ~ 92 
8,0 57 
-- 80 

* The compounds were  r ec rys t a l l i zed :  HI, IV, and VIII f r o m  
alcohol ,  X f r o m  h e x a n e - a b s o h t e  alcohol,  XII f r o m  ace tone-  
absolute alcohol,  and XV f r o m  absolute alcohol.  
~rhe hydrochlor ide .  

a lkylaminoethyl indole de r iva t ives  (XIV, XV). Mannieh ba se s  (XII, XIII) were  synthes ized by aminomethy l -  
ation of IX. Formyla t ion  of IX gave a 3- formyl indole  der iva t ive  (XVI), the IR s p e c t r u m  of which contains 
the absorpt ion  band of an aldehyde carbonyl  group (1655 cm -1). 

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

The IR s p e c t r a  of KBr  pel le ts  of  the compounds were  r eco rded  with a UR-10 s p e c t r o m e t e r .  The PM:R 
s p e c t r a  were  r eco rded  with a C-60 HL s p e c t r o m e t e r  with t e t r ame thy l s i l ane  as the internal  s tandard.  Thin-  
l a y e r  ch romatography  (TLC) on a luminum oxide in benzene (II, III,  IX) and on Silufol UV-254 p la tes  in 
ch lo ro fo rm (XVI) and in CC14-methanol- t r ie thylamine (20 : 5 : 1) (XI) was used  to evaluate  the individuality 
of  the compounds obtained. 

Ethyl  1 -Methy l -3 -methy l th io -2 - indo ly lace ta te  (II). A mix ture  of 3.1 g (0.025 mole) of a - m e t h y l - a -  
phenylhydrazine and 5.3 g (0.03 mole) of 7 -me thy l th ioace t i c  e s t e r  I was heated on a wa te r  bath  for  2 h, 
a f te r  which the l ibe ra ted  wa te r  was r emoved  by vacuum dist i l lat ion,  and a solution of 2.4 ml  of sulfur ic  
acid in 24 m l  of absolute alcohol was added to the hydrazone formed.  Af te r  30 min,  the solvent was evap-  
ora ted ,  and the resul t ing  prec ip i ta te  was r emoved  by f i l t rat ion,  washed with aqueous alcohol,  and dr ied to 
give 2.35 g (35.7%) of e s t e r  II  with mp 66-67 ~ ( f rom aqueous alcohol) and Rf  0.67. IR spec t rum:  1735 cm -1 
(CO). Found: C 63.8; H 6.4; N 5.3; S 12.0%. CI4HI?NO2S. Calculated: C 63.8; H 6.5; N 5.3; S 12.2%. 
Compounds HI and IV were  s i m i l a r l y  obtained (Table 1). 

1 -Methy l -3 -me thy l th io -2 - indo ly lace t i c  Acid iV). A mixture  of 2.6 (0.01 mole)of  e s t e r  II and 1 g of 
sodium hydroxide in 80 ml  of  alcohol was ref luxed for  1 h, a f t e r  which it was cooled and acidif ied with 
dilute fo rmic  acid.  The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion to give 2.2 g (96%) of acid V with 
mp 121 ~ ( f rom alcohol).  Found: C 61.1; H 5.5%. C12HI3NO2S. Calculated: C 61.3i H 5.5%. 

N - M e t h y l - l - m e t h y l - 3 - m e t h y l t h i o - 2 - i n d o l y l a c e t a m i d e  (VI). A 2.25-g (0.01 mole) sample  of phosphorus  
pentachlor ide  was added to a suspension of 2.35 g (0.01 mole) of acid V in 20 ml  of dry e the r  and 20 ml  o f  
ace ty l  chlor ide,  a f t e r  which the mix ture  was ref luxed for  1 h and vacuum evapora ted .  A solution of 0.7 g 
of methylamine  in absolute alcohol was added to the res idue ,  and the mix tu re  was allowed to stand o v e r -  
night.  The p rec ip i t a ted  methylamine  hydrochlor ide  was r emoved  by f i l t rat ion,  and the f i l t ra te  was evap-  
o ra ted  to give 0.9 g (36%) of amide VI with mp 139-140 ~ (from aqueous alcohol).  Found: C 63.5; H 6.6%. 

C13HisN2OS. Calculated: C 63.0; H 6.5%. 

N - P h e n y l - l - m e t h y l - 3 - m e t h y l t h i o - 2 - i n d o l y l a c e t a m i d e  (VII). A solution of 0.45 g (0.0035 mole) of 
phosphorus  t r i ch lor ide  in 5 ml  of benzene was added dropwise to a mixture  of 2.11 g (0.009 mole) of acid 
V and 0.86 g (0.009 mole) of aniline in 150 ml  of dry  benzene,  a f t e r  which the mixture  was ref iuxed for  3 h. 
It was then washed success ive ly  with sodium carbonate  solution and wate r  and vacuum evapora ted .  The 
res idue  was r e e r y s t a l l i z e d  f r o m  alcohol  to give 2.2 g (77.7%) of amide VII with mp 195 ~ Found: C 69.6; 
H 6.0; N 9.2%. CIsH18N2OS. Calculated: C 69.6; It 5.8; N 9.0%. 

Ethy l - l -Me thy l -2 - indo ly l ace t a t e  (IX). A solution of 1.8 g (0.007 mole) of  II in 20 ml  of dioxane was 
ref luxed for  6 h with 10 g of  Raney nickel  ca ta lys t ,  a f t e r  which it was cooled, and the ca ta lys t  was r emoved  
by  f i l t ra t ion and washed on the f i l t e r  s e v e r a l  t i m e s  with hot dioxane. The solvent was evapora ted ,  and the 
res idue  was separa ted ,  washed with aqueous alcohol,  and dr ied to give 1.4 g (92%) of e s t e r  IX with mp 49 ~ 
(from hexane) and Rf  0.74. IR spec t rum:  1745 cm - I  (CO). UV spec t rum,  ~max, nm (log e): 224 (4.56) 
and 284 (3.90). PMR s p e c t r u m  (5, ppm,  singlet): 3.64 (N-CH3),  3.75 (-CH2-),  and 6.37 (3-H). Found: 
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C 72.0; H 7.0; N 6.1%. CI3HIsNO2. Calculated: C 71.9; H 7.0; N 6.5%. Compounds X and VI I Iwere  s imi l a r ly  
obtained (see Table 1). 

1-Methyl -2-(2-hydroxyethyl ) indole  (XIII). A solution of 2.17 g (10 mmole)  of IX in 20 ml of dry e the r  
was added dropwise to a suspension of 2 g of l i thium a luminum hydride in 80 ml  of dry e ther ,  a f t e r  which 
the mixture  was ref luxed for  6 h. It was then cooled and t r e a t ed  with 2 ml  of water ,  and the e ther  l aye r  
was sepa ra ted .  The res idue  was washed twice with e ther ,  and the combined ex t r ac t s  were  dr ied with m a g -  
nes ium sulfate and evapora ted  to give 1.15 g (59%) of alcohol XIII with mp 58-60 ~ (from pe t ro leum ether) .  
Found: C 75.4; H 7.4%. CllH|3NO. Calculated: C 75.4; H 7.5%. 

1-Methyl -2- (2-N-morphol inoe thyl ) indole  (XIV) Hydrochlor ide .  A mixture  of 1.25 g (0.0075 mole) of 
XIII, 0.65 g (0.0075 mole) of morphol ine ,  0.5 ml  of a suspension of a Raney nickel  ca ta lys t  in water ,  and 
10 ml  of benzene was ref luxed for  4 h with r e m o v a l  of the wa te r  by azeot ropic  dist i l lat ion.  The hot solution 
was f i l tered,  the ca ta lys t  was washed s e v e r a l  t imes  with hot benzene,  and the combined f i l t ra tes  were  
evapora ted  to d ryness .  The res idue  was d isso lved  in absolute alcohol,  and XIV was isolated as the hydro-  
chlor ide .  The yield of hydrochlor ide  with mp 205-207 ~ ( f rom absolute alcohol) was 1.2 g (66%). Found: 
C 64.3; H 7.7; N 9.8%. ClsH21C1N20. Calculated: C 64.2; H 7.5; N 10.0%. The hydroehlor ide of XV was 
s i m i l a r l y  ob ta ined  (Table 1). 

Ethyl  1 -Methy l -3 -morpho l inomethy l -2 - indo ly lace ta t e  (XI). A solution of 1.95 g (0.009 mole) of IX 
in 3 ml  of dioxane was added to a mixture  of 0.87 g (0.01 mole) of morphol ine,  1.5 ml  of acet ic  acid, and 
1 ml  of 40% formal in  solution, a f t e r  which the mixture  was allowed to stand at r oom t e m p e r a t u r e  for  24h .  
The dioxane was then vacuum evapora ted ,  and the res idue  was diluted with wa te r  and made alkaline with 
10% sodium hydroxide solution. The resu l t ing  prec ip i ta te  was evapora ted ,  washed with water ,  and dried 
to give 2.2 g (80%) of amine XI with mp 96-97 ~ (from hexane) and Rf  0.76. Found: C 68.1; H 7.7; N 8.9%. 
C18H24N20 3. Calculated: C 68.3; H 7.7; N 8.9%. Compound XII was s i m i l a r l y  obtained (Table 1). 

Ethyl 1 -Me thy l -3 - fo rmy l -2 - indo ly l ace t a t e  (XVD. A solution of 2.17 g (0.01 mole) of IX in 4 ml  of 
d ime thy l fo rmamide  (DMF) was added dropwise in the course  of 30 min to a mixture  of 1.6 g (0.0115 mole) 
of phosphorus  t r i ch lor ide  and 25 ml  of  DMF, a f t e r  which the mixture  was heated on a wa te r  bath at 55-60 ~ 
for  30 min.  It was then cooled, and 10 g of  c rushed  ice and 10 ml  of cold wa te r  were  added careful ly .  A 
solution of 2 g of sodium hydroxide in 10 ml of wa te r  was then added dropwise with s t i r r ing ,  a f te r  which 
the mixture  was diluted with wa te r  and allowed to stand overnight .  The resul t ing prec ip i ta te  was r emoved  
by f i l t ra t ion,  washed with water ,  and dr ied .  The yield of XVI, with mp 115 ~ (from pe t roe lum ether) ,  was 
1.8 g (77%). IR spec t rum:  1735 and 1655 cm -!  (CO). Found: C 68.1; H 6.3%. C14HisNO 3. Calculated: 
C 68.4; H 6.2%. 
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