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A New Theory of Electrophilic Substitution in 3-Substituted Indoles 
By A. H. JACKSON and P. SMITH 

(The Robert Robinson Laboratories, University of Liverpool) 

ELECTROPHILIC substitution in indolesl occurs 
predominantly in the 3-position, but if this is 
already substituted then 2,3-disubstituted indoles 
may be formed. Direct substitution at the 2- 
position is energetically unfavourable because i t  
involves primary formation of an intermediate of 
general structure (11) in which then-electron system 
of the benzene ring has been disturbed, whereas this 
is not the case for substitution at  position-3 which 
gives an intermediate of type (111) (cf. also the 
normal mode of alkylation of enamines). 

Indolenines of type (111) (synthesised by alkyla- 
tion of indole Grignard reagents) readily rearrange 
under acidic conditions to 2,3-disubstituted indoles, 
and the rates of the rearrangements, and which 
substituent migrates depends on their relative 

H 

R 

migratory aptitude ;3-6 moreover the rearrange- 
ment is entirely intramolecular.5 We suggest 
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therefore that formation of many 2,3-disubstituted 
indoles (IV) from 3-substituted indoles by electro- 
philic substitution involves the initial formation of 
a 3,3-disubstituted indolenine, (111) followed by 
rearrangement ( i t ? . ,  I --f I11 -+ IV), not direct 
substitution a t  the 2-position. Other circum- 
stantial evidence for this hypothesis has also been 
accumulated,3-8 and will be described elsewhere, 
but we now report a direct test. 

The indolylbutanol (V) was prepared from indole 
by the sequence indicated in Scheme 1 and cyclised 
by brief heating with boron trifluoride etherate to 
give tetrahydrocarbazole (VII) (60% yield). 
Tritium was incorporated as shown by use of 
diborane generated from sodium borotritiide in the 

(VIII) , which contained only half the radioactivity 
of the preceding compo~nds.~ This result is 
clearly consistent with the assumption that cyclisa- 
tion of the indolylbutanol (V) occurs by initial 
formation of a symmetrical spirocyclic indolenine 
(VI) which then rearranges to the tetrahydro- 
carbazole (VII). 

This experiment therefore provides very good 
evidence for our hypothesis, and further work is in 
progress to test its generality. It is also of con- 
siderable interest in relation to indole alkaloid 
biosynthesis, for this result, and other evidence,3-* 
affords good support for the suggestion that the 
initial condensation product of tryptamine with a 
C,,-unit (derived from mevalonatelO), or with an 

I (excess) B,H, 
in THF 

BF,/Et,O 

HIO, 
t-- 

(VIII) (0.54) (VII) (0.99) (VI) (V) 

SCHEME 1. (Relative tritium activities are shown inibrackets) 

SCHEME 2 

second step ; reduction of the ester carbonyl group aldehyde, is a 3,3-spirocyclic indolenine (Scheme 2). 
in this step was inhibited7 by the addition of ethyl This common type of intermediate could then give 
acetate to the normal solvent, tetrahydrofuran. rise to three different series of alkaloids, (i) a-indole 

Oxidation of the tetrahydrocarbazole with alkaloids (e .g . ,  yohimbine and other p-carbolines), 
periodic acids then gave 1-oxotetrahydrocarbazole by rearrangement, (ii) oxindole alkaloids by 
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hydration and oxidation, or (iii) /3-indole alkaloids 
(e.g., those of the Strychnos and Aspidosperma 
series) by addition, a t  the 2-position of the indole 

nucleus, of a suitably situated nucleophilic centrell 
in the aliphatic C,,-moiety. 
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