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A highly efficient, one-step, versatile method for the synthesis of tetrahydroindoles has been developed
on the basis of new ring formation in the reactions of 1-(1-pyrrolidino)cyclohexene with chloropyruvates.

� 2008 Published by Elsevier Ltd.
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Indoles are one of the most widespread heterocyclic com-
pounds in Nature. The total number of known indole alkaloids is
ca. 1500.1 The potent physiological properties of many of them
have led to their use in medicine, but in most instances, they have
at present to be supplanted by synthetic substances.2 Natural
indole alkaloids applicable in medicine are varied, and it is not
always possible to obtain their synthetic analogues using known
methods for indole synthesis. This appears to be the reason why
the numerous known reactions, beginning with the classical
Fischer reaction,3 refer to the synthesis of indole derivatives, most
of these reactions having been discovered only recently. Some of
these methods4–8 are suitable for the synthesis of indole deriva-
tives with substituents on the carbon atoms of the five-membered
ring, whilst others9,10 are convenient for indoles with substituents
on the carbon atoms of the six-membered ring. Other methods 11,12

are used successfully for the synthesis of indole derivatives with
substituents on the carbon atoms of both rings of the indole. How-
ever, a method for producing indole derivatives with substituents
on both the carbon and the nitrogen atoms of the five-membered
ring is not available in the literature.

In this Letter, a direct, efficient and operationally convenient
approach to the synthesis of 1,2 and 3-substituted tetrahydroin-
doles based on the cascade reactions of 1-(1-pyrrolidino)cyclohex-
ene 1 and chloropyruvates13 is presented. The tetrahydroindoles
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edov).
obtained according to this approach can be transformed easily into
various tetrahydroindole derivatives (Scheme 1).

Despite the well-known chemistry of enamines14 in general,
and of 1-(1-pyrrolidino)cyclohexene15 1 in particular, the reaction
of the latter with chloropyruvates appears not to proceed via initial
nucleophilic substitution of the halogen atom in these highly elec-
trophilic compounds, but via nucleophilic addition to the carbonyl
group. This is followed by cascade conversions involving (a) an
intramolecular nucleophilic substitution of the SN2 type with the
formation of an epoxide ring and elimination of Cl�, (b) opening
of the pyrrolidine ring on exposure to Cl�, see Scheme 2, A, (c)
imino-enamine tautomerism B¢C, (d) opening of the epoxide ring
c Ph Pr-i 72 g 4-ClC6H4 Me 70 
d Ph Pr-n 80 h 4-BrC6H4 Me 74 

Scheme 1.
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Scheme 2.

Figure 1. ORTEP drawing of compound 3e.
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with concomitant formation of the new pyrrolidine ring, D, and (e)
elimination of water leading to formation of tetrahydroindole
derivatives 3 (Scheme 2).

The structures of compounds 3a–h were deduced from their
elemental analyses and 1H and 13C NMR data.16 The mass spectra
of these compounds displayed molecular ion peaks at appropriate
m/z values. Initial fragmentation patterns involved cleavage of the
tetrahydroindole ring system.17 The molecular structure of com-
pound 3e was confirmed by single-crystal X-ray analysis (Fig. 1).18

In addition, it should be pointed out that the reactions of the
chloroglycidates (isomeric with chloropyruvates) with enamine 1
proceed in the same way with the formation of tetrahydroindoles
3. In these cases, the rearrangement of chloroglycidates to isomeric
chloropyruvates in boiling dioxane occurs initially19 (Scheme 3).
For example, the reaction of chloroglycidate 2f0 and its isomeric
chloropyruvate 2f with enamine 1 proceeds with formation of
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the same tetrahydroindole 3f,20 which indicated that the rear-
rangement of chloroglycidate 2f0 to chloropyruvate 2f proceeds
faster than the electrophilic attack of enamine 1 on the C(3) carbon
atom of chloroglycidate 2f0 (Schemes 2 and 3). The expected tetra-
hydroindole derivative 3f0 isomeric to 3f is not formed.

The presented tetrahydroindole synthesis complements other
recognized methods and offers significant advantages for the syn-
thesis of indoles with various types of acid sensitive (easily trans-
formable) functional groups. Application of this methodology to
the synthesis of tetrahydroindoles using other cyclic enamines
and chloroketones is currently under study and the results will
be published in due course.
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