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Abstract

We have developed a general, multicomponent reaction and selective functional group transformations based approach for the
synthesis of non-natural tryptophan, tryptamine and tetrahydro-b-carboline derivatives. This review covers our results during the
period 1994–2002, including the use of chiral aldehydes.To cite this article: L. Jeannin et al., C. R. Chimie 6 (2003).

© 2003 Académie des sciences. Published by Éditions scientifiques et médicales Elsevier SAS. All rights reserved.

Résumé

Nous avons développé une approche générale impliquant la réaction multicomposantes entre indoles, aldéhydes et acide de
Meldrum, suivies de transformations sélectives de groupements de fonctions, pour la synthèse de dérivés non naturels du
tryptophane, de la tryptamine et de la tétrahydro-b-carboline. Cette revue couvre nos résultats entre 1994 et 2002 et inclut
l’utilisation d’aldéhydes chirales.Pour citer cet article : L. Jeannin et al., C. R. Chimie 6 (2003).
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1. Introduction

Multicomponent reactions (MCR)[1, 2] have re-
cently gained considerable importance in the prepara-
tion of structurally various compound libraries[3–5].
In this context, synthetic efforts to find new and effi-
cient MCR reactions enabling the production of valu-

able scaffolds remain a challenge both from academic
and industrial points of view[6, 7]. In the emerging
field of MCR, indole nucleus, despite of its well-
defined selective C-3 nucleophile character, is rather
under-represented[8, 9].A major drawback may be the
instability of indolyl-Mannich, -Strecker, -Michael ad-
ducts, easily reversible to the starting materials. How-
ever, in some cases stable indole containing MCR
products were successfully isolated[10].
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In this review we describe some general methods
based on a trimolecular condensation followed by
functional group transformations for the synthesis of
b-substituted tryptophans 1, tryptamines 2 and func-
tionalized tetrahydro-b-carbolines 3 of biological in-
terest (Fig. 1).

2. Results and discussion

2.1. Synthesis of b-substituted tryptophans

Tryptophan is present in various biologically active
peptides and its replacement by conformationally con-
strained b-substituted analogues has been commonly
used in peptide-receptor affinity studies [11].

As we were interested in the preparation of non-
natural b-substituted tryptophan derivatives 1, we fo-
cused our attention on the trimolecular condensation of
Yonemitsu [12]. Stable, high-yield isolated trimolecu-
lar condensation products with the unique, readily
cleavable dioxanedione appendage seemed to be valu-
able intermediates for our purposes (Fig. 2).

As expected, trimolecular condensation reaction of
indoles 4 with various alkyl-, arylaldehydes 5 and
Meldrum’s acid 6 [13] smoothly afforded condensa-
tion products 7 (75–95%).

Condensation with paraformaldehyde 8 led to a
mixture of adduct 9 and of its hydroxymethyl counter-

part 10. This latter could be quantitatively converted
into 9 under microwave irradiation [14] (Fig. 3).

Treatment of adducts 7 with alcohols gave a diaste-
reomeric mixture of acid esters 11. t-Butanol for the
preparation of b-substituted tryptophans with peptide
synthesis application [15], and ethanol for heterocyclic
chemistry use [16] were proposed for the dioxanedione
ring opening.

Fig. 1

Fig. 2

Fig. 3
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For the transformation of the carboxylic acid func-
tion into carbamate the well-known diphenyl phospho-
ryl azide (DPPA) mediated acylazide 12 formation
followed by Curtius rearrangement into isocyanate 13
in the presence of benzylalcohol was used. Diastereo-
meric carbamates 14, obtained by classical separation
techniques, were subjected to deprotection conditions:
Z-deprotection (Z: CO2Bn) by catalytic debenzylation
and t-butylester cleavage in TFA-assisted reaction, or
simultaneous deprotection of both in the presence of
BBr3 depending on the preparative utilisation, gave
rise to b-substituted tryptophans 1syn and 1anti (47–
76% overall yield from 11) [17]. Since for structure-
relationship studies all diastereomeric non-natural
tryptophans were needed, we focused our efforts rather
on the determination of the relative configuration and
on the resolution of the diastereomers. Indeed, analyti-
cal HLPC methods for resolution and absolute con-
figuration determination have already been developed
[18–20] (Fig. 4).

2.2. Synthesis of functionalized constrained tricyclic
tryptophan analogues

2.2.1. Oxo-tetrahydro-b-carbolines

1-Oxo-1,2,3,4-tetrahydro-b-carboline-3-carboxylic
acid ester 15 (R:H) core, which is considered as a rigid
pseudopeptide analogue of tryptophan, could be a
valuable scaffold for the synthesis of diverse highly
functionalized tri-, tetra(poly)cyclic systems of bio-
logical interest. For a structure–activity relationship
study, a tandem acylazide (12) formation–Curtius rear-
rangement–acid catalysed cyclisation process proved
to be efficient, providing 4-substituted 1-oxo-
tetrahydro-b-carboline derivatives 15 in 40–68% over-
all yield [21] (Fig. 5).

2.2.2. Spiro [pyrrolidinone-indoles]
Contrary to previous findings [8] with 1,2-

dimethylindole, the trimolecular condensation with
2-substituted indoles 16 under Yonemitsu’s conditions
failed to give the expected products. However, multi-
component reaction between 2-substituted indoles 16,
benzaldehyde 5d and Meldrum’s acid 6 in the presence
of one equivalent of triethylamine smoothly gave
stable adduct salts 17 isolated in 60–78% yield by
simple filtration [22] (Fig. 6). Fig. 4
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Surprisingly, 2-sulfonamide substituted indole un-
der the same conditions reacted on the nitrogen of the
amide function yielding substituted sulfonamide salt
18 [23]. It is interesting to note that both are stricto
sensu tetramolecular reactions.

Transformation of multicomponent-reaction prod-
ucts 17 into acyl azide was performed via 19 by the
classical pathway. In situ formed acyl azides 20 were
subjected to Curtius rearrangement followed by a ther-
mal spirocyclisation of isocyanates 21 providing a di-
astereomeric mixture of spirocycles 22 in 42–77%
yield.

When the Curtius rearrangement was performed in
the presence of benzyl alcohol, nucleophile attack of
this latter could compete with spirocyclisation afford-
ing carbamates 23. Isolated spiro compounds 22 could
also be converted into carbamates 23 by heating in
benzyl alcohol in the presence of triethylamine. By this

general way 2,2'-disubstituted tryptophans could be
prepared (Fig. 7).

Both indoline-2-thione 24 and indoline-2-one (ox-
indole) 25 were considered to be attractive nucleophile
partners in the trimolecular reaction. Thione was ex-

Fig. 5

Fig. 6
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pected to lead to 1-thiacarbazole derivatives, whereas
oxindole seemed to be useful toward the preparation of
spiro [pyrrolidinone-3,3'-indolinone] compounds, re-
lated to the oxindole alkaloid horsfiline (Fig. 8).

Although trimolecular condensation with indoline-
2-thione 24 has led to a dimerised product [24], a
three-component reaction with oxindole 25, except for
26d, afforded a very complex reaction mixture, prob-
ably due to the reversibility of the process. However,
under tetramolecular conditions, with 1 equiv of tri-
ethylamine, the condensation seemed to be more effi-
cient (36–66%) giving adduct salts 26f–h (Fig. 9).

A successful application of the previously presented
pathway (27 → 30), namely selective cleavage of the
Meldrum’s acid core followed by a one-pot acylazide
formation, Curtius rearrangement and thermal spirocy-
clisation allowed the isolation of functionalized spiro-
oxindole derivatives 30d,f–h in 50–74% overall yield
[25].

It appeared that exposure of 26d to Lawesson’s
reagent provided the aimed thiapyranoindole 31
(31%), resulting from a thionation-ring closure-
decarboxylation process [25] (Fig. 10).

3. Synthesis of heterocycle-fused tryptamines
and their application in the preparation
of 3,4-annulated tetrahydro-b-carboline
derivatives

Tetrahydro-b-carboline core is a common structural
feature of numerous alkaloids (Vinca-, Rauwolfia-,
Harman-alkaloids) and synthetic products with valu-
able biological properties. 3,4-Annulated (tetrahydro)-
b-carbolines were reported to be potent benzodiaz-
epine [26] or tyrosine kinase [27] inhibitors.
Heterocycle fused tryptamines considered as their di-
rect precursors via the well-known Pictet–Spengler
and Bischler–Napieralski reactions, could be useful
intermediates for the preparation of functionalized,
conformationally restricted serotonin and melatonin
analogues, as well (Fig. 11).

An alternative pathway to construct new 3,4-
heterocycle fused (tetrahydro)-b-carbolines would be
to use masked nucleophile-containing aldehydes in our
multicomponent approach. Following a chemoselec-
tive deprotection, an internal nucleophilic ring opening
of the Meldrum’s acid moiety could be envisaged and

Fig. 7 Fig. 8
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the resulting carboxylic acid function was to be relayed
toward the targeted tryptamine and b-carboline com-
pounds (Fig. 12).Fig. 9

Fig. 10

Fig. 11
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3.1. Synthesis of heterocycle fused tryptamines

In a preliminary study [28, 29], we used some
simple Cbz (CO2Bn) masked 2-hydroxy- 32a or
2-amino-acetaldehydes 32b,c as aldehyde partners.
Condensation of indole 4 with aldehydes 32a–c and
Meldrum’s acid 6 smoothly afforded trimolecular ad-
ducts 33a–c (64–76%). Removal of the protecting
group by hydrogenolysis, followed by spontaneous
intramolecular ring opening of the Meldrum’s moiety
allowed the isolation of furanone 34a (90%), and pyr-
rolidinones 34b,c (80%), as sole products. In all cases,
cyclisation resulted in the exclusive formation of 3,4-
trans disubstituted ring systems, assigned by detailed
NOE measurements. Internal nucleophilic attack in-
volved a decongested transition state in which the
bulky indole moiety is far from the carbonyl groups,
favouring an equatorial approach. It is important to
note that the obtained b-keto acid appendage was
found to be more or less sensitive to decarboxylation
(Fig. 13).

Conversion of the carboxylic acid function to amine
was achieved classically as depicted in Fig. 14 to afford
heterocycle fused trans tryptamines 35a–c.

When the ring opening by alcoholysis of the diox-
anedione ring of 33c preceded the nucleophilic attack
of the aldehyde side chain function diastereomerically

Fig. 12

Fig. 13
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pure trans 35c and cis 36 tryptamine compounds were
isolated, respectively in 21 and 22% overall yield,
following the usual pathway [28] (Fig. 15).

3.2. Synthesis of chiral 3,4-heterocycle fused
tetrahydro-b-carboline derivatives

3.2.1. Synthesis of chiral heterocycle fused
tryptamines

Knowing that the internal ring closure proceeded
with total trans selectivity, it was very interesting to
investigate whether a chiral aldehyde, possessing
masked nucleophile, could control the trimolecular
condensation step.

For this purpose, 2,3-O-isopropylidene-D-
glyceraldehyde (–)-37, as chiral template, was reacted
with indole 4 and Meldrum’s acid 6 affording (–)-38
condensation product as the sole diastereomer (75%).
Subsequent deprotection–spontaneous cyclisation se-
quence led to the corresponding lactone acid (–)-39 in
83% yield, enabling the creation of two novel stereo-
centres with complete diastereocontrol [29]. Transfor-
mation of (–)-39 in heterocycle fused chiral tryptamine
(+)-40 was carried out by the classical manner
(Fig. 16).

Continuing our investigations on the synthesis of
chiral heterocycle fused tryptamines, it was interesting
to examine the diastereocontrol of newly formed ste-
reocentres by using orthogonally protected [30, 31]
bifunctional chiral aldehyde like the Garner’s aldehyde
[32]. Chemoselective internal ring opening of the Mel-
drum’s acid unit was envisaged by deprotection.

Fig. 14

Fig. 15

524 L. Jeannin et al. / C. R. Chimie 6 (2003) 517–528



Three-component condensation of Garner’s alde-
hyde 41 with indole 4, and Meldrum’s acid 6 provided
the corresponding adduct (–)-42 (90%) in high (de
>90%) diasteroselectivity [33]. The absolute configu-
ration (R) of the newly created stereocentre was unam-
biguously determined at a later stage of the synthesis
by NOE measurements (Fig. 17).

Depending on the solvolysis conditions, chemose-
lective internal O- or N-nucleophilic ring closure was
observed. After selective isopropylidene deprotection
of (–)-42 in methanol containing a catalytic amount of
p-TsOH, diazomethane-assisted methylation of the
lactone acid led to the isolation of distereomerically

pure pyranone fused tryptamine derivative (–)-43. The
H-3/H-4 relative trans configuration was determined
by usual combination of NMR experiments.

Treatment of (–)-42 in refluxing methanol-HCl gave
diasteromerically pure lactam ester (–)-44 in 73%
yield, resulting from a full deprotection and selective
internal N-nucleophile ring closure sequence followed
by the esterification of the carboxylic acid moiety. The
preferred lactamisation over lactonisation, induced by
TFA-assisted N-Boc deprotection of (–)-43 permitted
to set up stereochemical correlation between pyrano
(43) and pyrrolidino (44) series (Fig. 18).

After protection of the primary hydroxyl group by
tert-butyl-dimethylsilyl (TBMS) group and saponifi-
cation, the acid function of (–)-45 was transformed into
amine as previously described via carbamate (–)-46,
which was deprotected to afford chiral pyrrolidinone-
fused tryptamine (–)-47 in 77% total yield [33].

Fig. 16

Fig. 17
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In both series, the chirality of the Garner’s aldehyde
ensured a complete and predictable enantiocontrol of
the two newly created stereocentres.

3.2.2. Synthesis of chiral 3,4-heterocycle annulated
tetrahydro-b-carbolines by Pictet–Spengler
cyclisation

In agreement with our synthetic targets toward 3,4-
heterocycle annulated tetrahydro-b-carboline deriva-
tives, Pictet-Spengler (P-S) cyclisation between func-
tionalized tryptamines and aromatic aldehydes was
chosen.

Initially, the racemic pyrrolidino substituted
tryptamines 35c, 36 were reacted with benzaldehyde at
room temperature in the presence of TFA. Cis- fused
tryptamine 36 provided an epimeric mixture of tetracy-
clic products from which tetrahydro-b-carbolines
48,49 were separated by simple chromatography (29%
yield for both 48,49). Trans-fused tryptamine 35c
failed to react under the same conditions [28] (Fig. 19).

We then investigated the P–S cyclisation in the opti-
cally active series. Pyrrolidinone substitutedFig. 18

Fig. 19

526 L. Jeannin et al. / C. R. Chimie 6 (2003) 517–528



tryptamine (–)-47, heated with benzaldehyde in the
presence of TFA, led to the 3,4-cis fused tetrahydro-b-
carboline (–)-50 in 67% yield, probably resulting from
the epimerisation of the C-3 carbon via the Pictet–
Spengler intermediate imine.

In the pyranone series from (–)-43, cyclisation was
carried out with a complete diastereocontrol, affording
functionalized tetrahydro-b-carboline (–)-51. How-
ever, partial epimerisation on the malonic carbon was
observed when a basic work-up preceded the purifica-
tion. The stereochemistry of the fourth stereocentre
could unambiguously be established on the basis of
NMR studies (Fig. 20).

4. Conclusion

Over the past years we have shown that various
non-natural tryptophan, tryptamine and tetrahydro-b-
carboline derivatives could be prepared by the multi-
component reaction and subsequent selective func-
tional group transformation approach. The original
trimolecular condensation between aldehydes, Mel-

drum’s acid and indole could be extended to
2-substituted indoles, oxindoles, indole-2-thiones and
various aldehydes, including chiral and/or orthogo-
nally protected ones, allowing the preparation of struc-
turally different, functionalized title compounds.

References

[1] I. Ugi, A. Dömling, W. Hörl, Endeavour 18 (1994) 115.
[2] L. F. Tietze, A. Modi, Med. Res. Rev. 20 (2000) 304.
[3] R.W. Armstrong, A.P. Combs, P.A. Tempest, S.D. Brown,

T.A. Keating, Acc. Chem. Res. 29 (1996) 123.
[4] A. Dömling, I. Ugi, Angew. Chem. Int. Ed. Engl. 39 (2000)

3168.
[5] I. Ugi, A. Dömling, B. Werner, J. Heterocyclic Chem. 37

(2000) 647.
[6] L. Weber, K. Illgen, M. Almstetter, Synlett (1999) 366.
[7] H. Bienaymé, C. Hulme, G. Oddon, P. Schmitt, Chem. Eur. J.

6 (2000) 3321.
[8] A.S. Bailey, J.H. Ellis, J.M. Peach, M.L. Pearman, J. Chem.

Soc. Perkin Trans. 1 (10) (1983) 2425.
[9] W. Xie, K.M. Bloomfield, Y. Jin, N.Y. Dolney, P.G. Wang,

Synlett (1999) 498.
[10] B. Jiang, C.G. Yang, X. H. Gu, Tetrahedron Lett. 42 (2001)

2545.
[11] S.E. Gibson (born Thomas), N. Guillo, M.J. Tozer, Tetrahe-

dron 55 (1999) 585.
[12] Y. Oikawa, O. Hirasawa, O. Yonemitsu, Tetrahedron Lett. 20

(1978) 1759.
[13] B.C. Chen, Heterocycles 32 (1991) 529.
[14] C. Nemes, J.-Y. Laronze, Synthesis 2 (1999) 254.
[15] L. Jeannin, J. Sapi, D. Cartier, J.-Y. Laronze, B. Maigret,

B. Penke, Ann. Pharm. Fr. 55 (1997) 135.
[16] L. Jeannin, T. Nagy, E. Vassileva, J. Sapi, J.-Y. Laronze,

Tetrahedron Lett. 36 (1995) 2057.
[17] C. Nemes, L. Jeannin, J. Sapi, M. Laronze, H. Seghir, F. Augé,

J.-Y. Laronze, Tetrahedron 56 (2000) 5479.
[18] A. Péter, M. Péter, F. Fülöp, G. Török, G. Toth, D. Tourwé,

J. Sapi, Chromatographia 51 (2000) 148.
[19] G. Török, A. Péter, E. Vékes, J. Sapi, M. Laronze,

J.-Y. Laronze, D. W. Armstrong, Chromatographia 51 (2000)
165.

[20] G. Török, A. Péter, D.W. Armstrong, D. Tourwé, G. Toth,
J. Sapi, Chirality 13 (2001) 648.

[21] L. Jeannin, J. Sapi, E. Vassileva, P. Renard, J.-Y. Laronze,
Synth. Commun. 26 (1996) 1711.

[22] F. Cochard, J. Sapi, J-Y. Laronze, Tetrahedron Lett. 42 (2001)
6291.

[23] F. Cochard, PhD Thesis, University of Rheims, France, 2001.
[24] A.M. Thompson, M. Boyd, W. A. Denny, J. Chem. Soc. Perkin

Trans. 1 (1993) 1835.
[25] F. Cochard, M. Laronze, E. Prost, J. M. Nuzillard, F. Augé,

C. Petermann, P. Sigaut, J. Sapi, J.-Y. Laronze, Eur. J. Org.
Chem. (2002) 3481.

Fig. 20

527L. Jeannin et al. / C. R. Chimie 6 (2003) 517–528



[26] L. Dubois, G. Dorey, P. Potier, R.H. Dodd, Tetrahedron:
Asymmetry 6 (1995) 455.

[27] S. Teller, S. Eluwa, M. Koller, A. Uecker, T. Beckers, S. Baas-
ner, F.-D. Böhmer, S. Mahboobi, Eur. J. Med. Chem. 35
(2000) 413.

[28] M. Boisbrun, L. Jeannin, L. Toupet, J.-Y. Laronze, Eur. J. Org.
Chem. (2000) 3051.

[29] M. Boisbrun, Á. Kovács-Kulyassa, L. Jeannin, J. Sapi, L. Tou-
pet, J.-Y. Laronze, Tetrahedron Lett. 41 (2000) 9771.

[30] G. Barany, F. Albericio, J. Am. Chem. Soc. 107 (1985) 4936.
[31] F. Albericio, Biopolymers (Peptide Sci.) 55 (2000) 123.
[32] P. Garner, J.M. Park, J. Org. Chem. 52 (1987) 2361.
[33] E. Dardennes, Á. Kovács-Kulyassa, A. Renzetti, J. Sapi,

J.-Y. Laronze, Tetrahedron Lett. 44 (2003) 221.

528 L. Jeannin et al. / C. R. Chimie 6 (2003) 517–528


	Multicomponent approach for the synthesis of non-natural tryptophan, tryptamine and -carboline derivatives
	Introduction
	Results and discussion2.1. 
	Synthesis of -substituted tryptophans
	Synthesis of functionalized constrained tricyclic tryptophan analogues2.2.1. 
	Oxo-tetrahydro--carbolines
	Spiro [pyrrolidinone-indoles]


	Synthesis of heterocycle-fused tryptamines and their application in the preparation of 3,4-annulated tetrahydro--carboline derivatives
	Synthesis of heterocycle fused tryptamines
	Synthesis of chiral 3,4-heterocycle fused tetrahydro--carboline derivatives3.2.1. 
	Synthesis of chiral heterocycle fused tryptamines
	Synthesis of chiral 3,4-heterocycle annulated tetrahydro--carbolines by Pictet–Spengler cyclisation


	Conclusion

	References

