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New 'One-pot' Synthesis of Indoles under Non-acidic Conditions (S,l reaction) 

By RENE BEUGELMANS* and GEORGES ROUSSI 
(Institut de Chimie des Substances Naturelles, C.N.R.S., Gif, 91 190, France) 

Summary Indoles can be obtained directly in high yields 
under non-acidic conditions by application of the S s ~ l  
reaction to o-iodoaniline. 

THE development of new synthetic methods for the con- 
struction of the indole nucleus, particularly under non acidic 
conditions, is an area of current interest. Various types 
of reaction have been described1 including the intra- 
molecular yne reaction.2 We now report a simple high- 
yield method based on nucleophilic aromatic substitution 
via a radical intermediate ( S R N 1  r e a c t i ~ n ) ~  derived from 
o-iodoaniline. 

In  a typical experiment, a solution of the appropriate 
potassium enolate (7  mmol) was prepared under nitrogen 
in 50 ml of liquid ammonia a t  - 33 "C using R1CH2COR2 
(7 mmol) and freshly sublimed potassium t-butoxide 
(7 mmol). o-Iodoaniline was then introduced. After 
irradiation for a short time (ca. 15 min) the mixture was 
quenched with NH4C1 and worked up.  The results are 
reported in the Table. 

TABLE. 
to  give the cyclized products (3) .a  

Reaction of o-iodoaniline (1) with potassium enolates 

Irradiation 
time/minb Product R1 R2 % Yielde 

13 ( 3 4  H H 75 (49)d 
15 (3b) 
10 (3c) 

H Me 100 (83) 
H Pr' 100 (78) 

18 (3d) -[CH,I,- 40 (36)e 

a Reaction of m-iodoaniline (4) with acetone gave the product 
( 5 )  (66% isolated yield) and recovered (4) (20-25%); neither 
the cyclized product (3b) nor aniline were detected. b Hanau 
100 W high-pressure mercury lamp. C Yield of product relative 
to  starting iodoaniline, determined by g.1.c. Yields in paren- 
theses are for pure products isolated by column chromatography, 
identical (i.r., n.m.r., and mass spectroscopy) with authentic 
samples. For (3c) : m.p. 74 "C [lit., M. H. Palmer and P. S. 
McIntyre, J .  Chem. SOC. ( B ) ,  1969, 446, m.p. 74 "C] and ( 5 )  
(from m-iodoaniline) spectral data were in agreement with the 
structures assigned. o-Iodoaniline was not recovered in the 
reactions to give (3a-d), nor was aniline detected, except in the 
cases indicated. Aniline (25 %) also formed. e Aniline (59%) 
also formed. 
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The initial product of the reaction is the ortho substituted 
aniline (2), which, on work-up, undergoes cyclisation to give 
the indoles and the tetrahydrocarbazole (3a-c) (3d). 

The following criteria serve to establish tha t  the reaction 
is indeed an S R N l  reaction (Scheme). (i) No reaction 
occurs without U.V. irradiation. (ii) The reaction is almost 
completely quenched by oxygen even with U.V.  light. 
(iii) The substitution reaction is regioselective. The 
alternative mechanism involving an aryne intermediate 
would have led to a mixture of ortho [ultimately (3)] and 
meta substitution product ( 5 ) ,  and would not have required 
any photostimulation. We have verified that under 
similar experimental conditions m-iodoaniline (4) yields 

H 

only the wzeta substitution product ( 5 )  with no trace of 
(3b).4 

Therefore, the general reaction scheme [equations ( 1)- 
(4)] proposed by Bunnett3 for the S R x l  mechanism is also 
operative in the case of the iodoanilines (IAn = iodoaniline) 
(1) and (4). 

An. + -CHR1COR2 ---+ AnCHR1COR2T (3) 

AnCHR1COR2T + IAn -+ AnCHR1COR2 + IAn, (4) 

Formation of aniline was observed in reactions leading 
to  indole (3a) and carbazole (3d) but not in the case of 
(3b) and (3c);  its origin is probably from An. (step 2). It 
is generally known that aromatic S R N ~  reactions occur for 
phenyl halides bearing alkyl, alkoxy, phenyl, carboxylate, 
and benzoyl substituents, whereas dimethylamino-, 
hydroxy-, and nitro-groups are known to interfere.5 Here 
we have shown that with the free primary amino function 

(3) of iodoaniline the aromatic S R N  1 reaction can also occur. 
Thus, we have notably enlarged the scope of the reaction. 

We thank Prof. D. H. R. Barton for his interest in this 
work. 

( 2 )  

M Me/ e \c=o + O'-m"' 
NH2 NH2 
( 4 )  ( 5 )  (Received, 10th July 1979; Corn. 745.) 
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