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Abstract—L-Ala and L-Val were used as chiral inductors in a series of reactions in which a Pictet–Spengler cyclization, completed
under mild conditions was the key step. Diketopiperazines 7a and 8a having R configuration at the newly created stereogenic
center were obtained with good diastereoselectivity due to 1,4-chirality transfer. Surprisingly, L-Pro promoted the formation of the
product with S configuration in the predominant diastereomers 9a and 10a. © 2002 Published by Elsevier Science Ltd.

1. Introduction

Alkaloids, especially those based on isoquinoline or
indole systems, are among the most important groups
of naturally occurring compounds as a result of their
biological activity and possible pharmaceutical applica-

tions. Several approaches devoted specifically to the
stereocontrolled transformations of such compounds
have been developed1 and have proved successful when
compounds from the chiral pool were applied as start-
ing materials.2 Of the other possible starting materials,
amino acids seemed to be of fundamental importance
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due to their versatility and widespread use in chemical
synthesis. We would like to present herein our prelimi-
nary results on the stereoselective construction of indole
derivatives using amino acids as chiral inductors. The
idea for this work derives from a hypothesis, according
to which the peptide chain has an influence on the
stereochemistry in the biosynthesis of isoquinoline and
indole alkaloids.3

2. Results and discussion

Recently, we have found that L-alanine, L-valine L-
phenylalanine and L-proline could be used in the
Pictet–Spengler condensation reaction for the diastereo-
selective construction of tetrahydroisoquinoline deriva-
tives under mild conditions.4 The work presented herein
examines the possibility of using L-Ala, L-Pro
and L-Val as chirality sources to allow the efficient
and stereoselective construction of the �-carboline
skeleton.

The first step, as shown in Scheme 1, involved prepara-
tion of the amides 3 and 4,5 respectively, from N-
blocked-N-methyl-L-amino acids in the presence of
BOP as a coupling mediator6 and subsequent deblock-
ing of the nitrogen atom under hydrogenolytic condi-
tions. Further BOP-mediated coupling of amides 37 and
48 with phenylpyruvic acid gave ketoamides 59 and 6,10

respectively, which were easily isolated from the reac-

tion mixture. Initial attempts to apply the Pictet–Spen-
gler-type condensation with methanolic hydrogen
chloride solution resulted in low diastereoselectivities,
probably due to unfavorable hydrogen bonding situa-
tions. We decided, therefore, to change the solvent for
an aprotic one. Accordingly, we found that the best
diastereoselectivity was obtained when ethyl acetate
was applied as a solvent and the reaction was com-
pleted at room temperature.

The diastereomeric mixture of L-alanine derivatives 7a11

and 7b had diastereomeric ratio (dr) of 91:9 while those
derived from L-valine 8a12 and 8b had dr of 93:7 (in
both cases the dr was established on the basis of 1H
NMR of the crude reaction mixture). X-Ray analysis of
the predominant diketopiperazine 8a13 confirmed our
expectations of the stereochemistry at the C-1 stereo-
genic centre (Fig. 1).

Following our previous findings in the synthesis of
isoquinolines,4 we expected a better stereochemical out-
come along with an opposite diastereomeric preference
when L-proline was used as the chirality source. Indeed,
we were able to obtain diketopiperazine 916 as a result
of the Pictet–Spengler condensation performed under
mild conditions (HCl in ethyl acetate at room tempera-
ture). Unfortunately, despite exhaustive efforts, we were
unable to obtain a single crystal of 9a suitable for X-ray
crystallographic analysis. In the search for another
derivative, potentially more prone to form crystals suit-

Figure 1. The structure and ORTEP diagram for compound 8a.

Figure 2. The structure and ORTEP diagram for compound 10a.
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able for X-ray diffraction analysis, we decided to apply
m-chlorophenylpyruvic acid as a starting material. The
required diketopiperazine 10a17 was finally obtained
with dr of 99:1. Subsequent X-ray analysis18 did indeed
reveal that the C-1 stereogenic centre had S configura-
tion (Fig. 2).

Interestingly, it therefore seems that the stereochemical
outcome of the Pictet–Spengler reaction is directly
dependent on the structure of the L-amino acid used.
Moreover, the results presented are relatively uncom-
mon examples of constructing the �-carboline skeleton
with the Pictet–Spengler condensation from tryptamine
under the 1,4-chiral influence of amino acids. In sum-
mary, the satisfactory chemical yields together with the
high stereoselectivity of the method presented suggest
that this approach might be an attractive starting point
for the synthesis of indole alkaloids.
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