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Abstract—We describe the preliminary results of one-pot syntheses of various N-substituted 2-methyl-4,5,6,7-tetrahydroindole
derivatives from 2-(2-bromoallyl)cyclohexanone and the corresponding primary amines in good yields. Aliphatic amines were
directly converted to tetrahydroindoles, whereas aromatic amines needed an extra base treatment step to complete the
transformation.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The biological activity of some pyrrole derivatives has
prompted the development of new synthetic pathways
for 4,5,6,7-tetrahydroindoles with various substitution
patterns.1a–m Different tetrahydroindoles are found in
the structures of many biologically active compounds,
such as antibiotics,2 antipsychotic agents3 and blood-
platelet aggregation inhibitors.4a,b They can also be used
as ligands for transition metals.5 Various multistep syn-
thetic procedures have been described in the literature,
including reduction of indoles6a–c or annulation reac-
tions.1e Although there are several methods for the syn-
thesis of 4-oxo-4,5,6,7-tetrahydroindoles from 1,3-
dicarbonyl compounds,7a,b the synthesis of tetrahydro-
indoles without a carbonyl group in the cyclohexane
ring requires multistep procedures.8 The factors outlined
above directed our efforts towards the development of a
one-pot procedure for the synthesis of various N-substi-
tuted 2-methyl-4,5,6,7-tetrahydroindoles. Here we
report the results obtained from our work.
2. Results and discussion

2-(2-Bromoallyl)cyclohexanone 1 was chosen as starting
compound and was prepared according to slightly modi-
fied literature procedures.7b,9 1-Pyrrolidino-1-cyclohex-
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ene (1equiv) was reacted with 2,3-dibromopropene
(1.2equiv) in dry dioxane, with the addition of 1equiv
of triethylamine and the mixture was refluxed for 6h.
The resultant mixture was subsequently refluxed with
1N HCl for an additional 3h to afford 1 with an
improved yield of 65%. Mixing 1 with 1.5equiv of vari-
ous primary amines and a drying agent (MgSO4) in dry
toluene under argon at room temperature did not afford
any condensation product. Next, the starting compound
1 was mixed with 1.5equiv of (±)-methylbenzylamine in
dry toluene, with the addition of p-toluenesulfonic acid
(PTSA) (10mg, 0.06mmol) under an argon atmosphere
and the mixture was refluxed for 14h using a Dean–
Stark trap. After evaporation of the solvent in vacuo
and purification of the crude product by flash column
chromatography, a yellow oil (42%) was obtained,
which proved to be N-(1-phenylethyl)-2-methyl-4,5,6,7-
tetrahydroindole 2b10 instead of the anticipated enamine
product (Scheme 1). Using this procedure we were also
able to obtain the N-substituted 2-methyl-4,5,6,7-tetra-
hydroindole derivatives 2a, 2c and 2d (�method A�).
The results are given in Table 1. In entries 5–7 with aro-
matic amines, �method A� failed to give the desired
2-methyl-4,5,6,7-tetrahydroindoles affording only the
corresponding enamines. Using more than 0.1equiv of
PTSA resulted in formation of p-toluene sulfonate salts
of the amine.

In order to complete the transformation of the enamines
to the corresponding tetrahydroindole derivatives, we
applied �method B�.11 In this method, the enamines were
subsequently treated with potassium tert-butoxide in
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Table 1. Synthesis of N-substituted 4,5,6,7-tetrahydroindoles

Entry Amine Method Product 2 or 3 Time (h) Yield (%)

1 NH2 A
N
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Scheme 1.
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dimethyl sulfoxide to afford N-substituted 2-methyl-
4,5,6,7-tetrahydroindole derivatives 3a,12 3b and 3c.

The following mechanistic scheme is consistent with
these results (Scheme 2). The reaction presumably pro-
ceeds through the formation of allenes 5 under basic
conditions from the enamines 4. The resultant interme-
diate 5 affords 2-methyl-4,5,6,7-tetrahydroindoles via a
cyclization–aromatization reaction.

Yields using aromatic amines were much higher than
with aliphatic amines. In order to increase the yield of
tetrahydroindole formation from aliphatic amines, we
tried to develop a transamination procedure. The reac-
tion between freshly distilled 1-pyrrolidinyl-1-cyclohex-
ene with 1equiv of 2,3-dibromopropene in dioxane
yielded a white waxy solid, which could not be charac-
terized due to its sensitivity to air. Subsequently, this
solid was reacted with 1.5equiv of benzylamine, chosen
as an example of a primary aliphatic amine, applying
�method A�, hoping that the pyrrolidine would behave
as a better leaving group than protonated oxygen. A
12% increase in yield was observed when compared with
the reaction between 1 and benzylamine (Scheme 3).
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In conclusion, we have demonstrated the versatility of 2-
(2-bromoallyl)cyclohexanone 1 as a starting material for
the one-pot synthesis of N-substituted 2-methyl-4,5,6,7-
tetrahydroindoles. We have improved the yields from
primary aliphatic amines by utilising a transamination
procedure. In the future, we plan to use various chiral
amines to afford the corresponding chiral N-substituted
2-methyl-4,5,6,7-tetrahydroindoles.
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