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Summary: N-Methylaniline reacted with ethylene glycol in the presence of a 

homogeneous ruthenium catalyst (1 mol% based on ethylene glycol) to give 

1-Methylindole in 51% yield. Similarly, aniline reacted with 2,3-butanediol 

affording 2,3_dimethylindole in 58% yield. The yields of indoles were 

affected by the molar ratio of aminoarene to glycol. 

Indole derivatives have long been prepared by the well-known Fischer 
1) indole synthesis , using a phenylhydrazine and an aldehyde or a ketone. 

However, the most simple way to build up a indole ring might be an use of C2- 

fragment and aminoarene. Recently, such synthetic methods have- been 

attempted, mostly from an industrial point of view. In these reactions, 

acetaldehyde 2) 3) , ethylene oxide , and ethylene glycol 4) were used as the C2- 

fragment with aminoarenes. However, all these reactions were carried out 

over heterogeneous catalyst under very severe reaction conditions, at 300- 

7oooc, and in some cases yields were not so satisfactory. 

This communication deals with the first example of a homogeneously 

catalyzed N-heterocyclization to indole derivatives using aminoarenes (1) and 

glycols (2) (eq. 1). 
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The general experimental procedure is as follows. Into a glass liner set 

in a 50 ml stainless steal reactor were charged aminoarene (50 mmol), glycol 

(20 mmol), RuC12(PPh3)3 (0.2 mmol), and a solvent (5.0 ml) under argon 

stream. The reactor was heated to 180°C and thermostated at this temperature 

for 5 h with stirring. 

Table 1. Synthesis of Indole derivatives from Aminoarene and Glycol using RuC12(PPh3)3.a) 
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a) Glycol (20 mmol), aminoarene (50 mmol), RuC12(PPh3)3 (0.2 mmol), and dioxane (5.0 ml); 

at 180°C for 5h. b) Based on glycol by GLC. c) Using 1-hexene (5.0 ml) instead of 

dioxane. d) Using 1,3-dimethyl-Z-imidazolidinone (5.0 ml) instead of dioxane. 

e) Reaction time 20 h. f) Isolated yield. 

Representative results are listed in Table 1. N-Methylaniline reacted 

with ethylene glycol in dioxane in the presence of a catalytic amount of a 

ruthenium complex (I mol% based on ethylene glycol) to give 1-methylindole in 

51% yield (run 11. The yield of 1-methylindole was affected by a molar ratio 

of the aminoarene to ethylene glycol. The highest yield was realized at the 

molar ratio of 2.5(run 1); the yield of 1-methylindole was 39% at the molar 

ratio of 3.0, 42% at 2.0, and 16% at 1.0. The reaction proceeded similarly 

in other solvents such as I-hexene (run 2j5), 1,3-dimethyl-2-imidazolidinone 

(run 3), I-methyl-2_pyrrolidinone, and DMF. N-Ethylaniline also reacted with 

ethylene glycol .to give 1-ethylindole (run 4). 2,3-Butanediol could be used 

as a substituted C2-fragment, and reacted with aniline or N-methylaniline to 

give the corresponding indoles in good yields (runs 5 and 6). 

It is noteworthy that the present N-heterocyclization does not require 
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any hydrogen acceptors. During the reaction, hydrogen was evolved into gas 

phase. This feature is extremely important and convenient as a synthetic 

method. 

Indole itself was obtained in only trace yield from aniline and 

ethylene glycol. Instead, 1,4_diphenylpiperazine was isolated in 73% yield 

by column chromatography (alumina-hexane) (eq. 2J6). Similar reaction 

between benzylamine and ethylene glycol also gave 1,4_dibenzylpiperazine in 

78% isolated yield (eq. 3J6). 
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The first step in the present N-heterocyclization appeares to be 

formation of 2-anilinoethanol derivatives (4J7)(step a in Scheme). Similar 

C-N bond formations using amine and alcohol functionalities catalyzed by the 

ruthenium complex have been reported recently 899). In order to reveal the 

reaction pathway, 2-(N-methyl-N-phenylamino)ethanol (4: R,=CH3, R2=R3=H3 was 

allowed to react in the presence of RuC12(PPh3)3. However, from this 

1,3-dimethyl-2- 

aminoethanol, I-methylindole was not substantially obtained in 1-hexene or 

.imidazolidinone (eq. 4). This result ind icates that the 

RuC12(PPh3)3(1 mmol%) 

180°C, 5h, -H2, -H20 
(4) 

indoles are not formed directly from 4 by the intramolecular cyclization 

(path d). On the other hand, 2-(N-methyl-N-phenylaminolethanol reacted with 

N-methylaniline in the presence of RuC12(PPh3j3 to give 1-methylindole in 

47% yield in 1-hexene and in 39% yield in 1,3-dimethyl-2-imidazolidinone (eq. 

5). This result suggests that an ethylenediamine type compound (5) 

NH 
RuC12(PPh3)3(0.2 mmol), 180°C, 5h 

bH3 -H2, -boo, -Q-NH 

CH3 
CH3 

(20 mmol) (30 mmol) 39-47% 

is a key 

(5) 

intermediate for the cyclization to the indole (3)(path c). In the present N- 

heterocyclization, yields of the indoles were good with excess of aminoarenes 

(vide supra). Such excess aminoarene would favor the formation of the 

intermediate 5 from 4. The piperazine derivatives could be derived via 

bimolecular cyclization of 4 (path e), when primary amines reacted with 
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ethylene glycol (eqs. 2 and 3). 

Further studies on the reaction mechanism and optimization of the 

reaction are now in progress 10). 

The present work was supported in part by Grant-in-Aid for Scientific 

Research No. 60119001 from the Ministry of Education, Science and Culture. 
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