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The r eac t i on  of N-subs t i tu ted  2 -me thy l -5 -me thoxy indo le s  with male ic  anhydride gave  the 
co r respond ing  (2 -me thy l -5 -me thoxy-3 - indo ly l ) succ in ic  anhydrides,  which were  hydro lyzed  
to acids and conver ted  to monoamides  by reac t ion  with p r i m a r y  or secondary  amines .  

Indole r e a c t s  with male ic  anhydride to give 2 : 1 or 3 : 1 adduets [1,2], depending on the conditions.  
The reac t ion  of 2-methyl indole  and 2-ethoxyindole with male ic  anhydride gives the cor responding  3- indoly l -  
succinic anhydrides  [1,3]. 

We have studied the r eac t ion  of ma le ic  anhydride with 5 -me thoxy-2 -methy l indo les  (I), in which the 
joint  effect  of the 5 -methoxy  and 2-methyl  groups  substant ia l ly  i n c r e a s e s  the nucleophil ici ty of the ca rbon  
a tom in the 3 posi t ion of the indole r ing [4]. 
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Compounds I condense with maleic anhydride when the reagents are heated on a water bath without a 
solvent to give 3-indolylsuccinic anhydrides II. The absorption bands characteristic for a substituted suc- 
cinic anhydride (1685-1710, 1765-1790, and 1825-1845 am -l) are found in the IR spectra of If. 

3-Indolylpropionic (IV) and 3-indolylsuceinic (III) acids are obtained when ahydrides II are heated 
with water. We were able to isolate only fi-(l,2-dimethyl-5-methoxy-3-indolyl)succinic acid from the 
hydrolysis of (l,2-dimethyl-5-methoxy-3-indolyl)succinic anhydride. The same dicarboxylic acids (III) 
w e r e  obtained by fusing indoles I with ma le ic  acid at 150~ 
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One might  have  expected the fo rmat ion  of amides  with s t r u c t u r e s  V or  VI in the reac t ion  of anhydrides  
II  with p r i m a r y  and secondary  amines .  S t ruc tu re  V, which is s i m i l a r  to that of the monoamide  obtained by 
the reac t ion  of phenylsuccinie anhydride with ammonia  [5], is apparent ly  the mos t  p robable  s t r uc tu r e .  
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TABLE i. 

H 3 C O ~ c  HR'CH2COO H 

"~-N / "C It 3 
I 
R 

H 
CHa 
C~H~ 

H 
CaH~ 

I Empirical 
~' mp, ~ ] formula 

I 

COOH 1 180--182 Cl,~HlsNOs 
COOH] 190--194[ CIsHIvNO~ 
COOH] 170--174 ] C~oHI~,NOs 

151--153 CI3HI~NQ 
150--151 -C~9I-It9NO~ 

Found, % Calc . ,% - Yield,% 
C H N C H N 

60,1 6,1 5,4 60,6 5,5 5,0 35 
61,9 6,0 4,4 61,6 5,9 4,8 73 
68,1 515 3,9 67,9 5,4 4,0 49 
66,8 6,6 6,2 66,9 6,4 6,0 52 
73,6 6,1 4,6 74,0 6,1 4,5 22 

TABLE 2. Amides (V) of fl-Carboxy-fl-(3-indolyl)propionic Acids 

H 
H 

CH3 
CHa 
CHa 
CHa 
C6H5 
C6H5 
C6H5 
C6H5 

t 
NR'R" [ nap, ~ 

I 

N(C2Hsh 163--167 
NIICII2C6Hs 140--147 
N HCH3 140-- 143 
N(C2Hs)2 142--t43 
NCsHIo 126--129 
NHCH2C6H5 138 
NHCH5 146--t50 
N(C2H~)2 140--145 
NHCH2C~H~ 132--138 
NC~HIo 124--126 

Empirical 
formula 

ClaH2~N~O4 
C21H22N204 
Cx6H~oN~O4 
C19H2~N20~ 
C20H26N204 
C22H24N204 
C2IH221NaO4 
C24H~aN204 
C27H26N204 
C2~H28N~O4 

Found,% 

t C H ] N 

64,9 7,0 8,3 
68,3 6,3 7,7 
63,6 6,8 8,7 
65,8 7,4 8,4 
66,5 7,2 7,9 
69,6 6,6 7,9 
69,2 5,9 7,4 
70,4 6,8 6,4 
73,0 5,6 6,0 
71,5 6,6 6,6 

Calc . ,% 

c H N 

65,0 7,3 8,4 
68,8 6,0 7,6 
63,1 6,6 9,2 
65,8 7,6 8,1 
67,0 7,3 7,8 
69,4 6,4 7,8 
68,9 6,0 7,6 
70,6 6,9 6,9 
73,3 5,9 6,3 
71,4 6,7 6,6 

field, % 

71 
42 
45 
71 
60 
43 
87 
73 
50 
72 

EXPERIME NTAL 

The IR spectra of mineral oil suspensions of the compounds were obtained with a UR-10 speetro- 
photometer. 

3-Lndolylsuecinic Anhydrides (II). A mixture of 0.01 mole of indole I [6-12] and 0.01 mole of maleie 
anhydride was heated on a water bath for 2 h. The reaction product was dissolved in methylene chloride 
and precipitated with petroleum ether. The resulting amorphous substances were sufficiently pure for 
analysis after repreeipitation (methylene chloride-petroleum ether). This method was used to obtain (2- 
methyl-5-methoxy-3-indolyl)succinie (38% yield, mp 146-147 ~ Found, %: C 64.6; H 4,7; N 5.4. 
C14HI3NO 4. Calculated, %: C 64.8; H 5.0; N 5.4,) (l,2-dimethyl-5-methoxy-3-indolyl)suceinie (86% yield, 
mp 148-150 ~ . Found, %: C 65.7; H 5.9; N 5.1. CIsHIsNO 4. Calculated, %: C 65.9; H 5.5; N 5.1) and (2- 
methyl-5-methoxy-l-phenyl-3-indolyl) suecinie anhydrides (61% yield, mp 94-98 ~ Found, %: C 72.0; H 
5.5; N 4.2. C20HITNO 4. Calculated: C 71.6; H 5.1; N 4.2.) 

Hydrolysis of Anhydrides II. A mixture of 0.01 mole of anhydride II and 5 ml of water was heated on 
a water bath for 2.5 h. The hot aqueous solution was decanted from the resulting resinous precipitate and 
cooled to precipitate the corresponding dicarboxylic acid (Ill, Table I). IR spectra: C ----O 1695-1710 cm -i. 
The resinous precipitate of ~-(3-indolyl)propionie acid (IV) was dissolved in alkali and precipitated with 
acetic acid (Table 1). 

Reaction of Indoles I with Maleic Acid. A mixture of 0.01 mole of indole I and 0.01 mole of maleie 
acid was heated at 140-150 ~ for 3.5 h. The reaction product was reerystallized from water and repre- 
cipitated from methylene chloride solution by the addition of petroleum ether. The thus obtained di- 
carboxylic acids (III) did not depress the melting points of the acids obtained by hydrolysis of anhydrides 
II. The IR spectra of the acids obtained by both methods were identical. 

Monoamides (V) of 3-Indolylsueeinie Acids. A mixture of 0.0038 mole of anhydride II and 0.012 mole 
of amine was heated on a water bath for 4 h. The reaction mixture was dissolved in alkali, and monoamides 
V were precipitated with hydrochloric acid (Table 2). Thin-layer chromatography on a loose layer of 
activity II AI203 with chloroform-methanol(85 : 15) demonstrated that only one substance is formed in the 
reaction. 
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