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One pot synthesis of 1-substituted tetrahydro-β-carbolines by
Bischler–Napieralski cyclization
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Abstract. A novel and facile one-pot synthesis of 1-substituted tetrahydro-β-carbolines by cyclocondensa-
tion of ketene S,S–acetals with tryptamine in presence of InCl3 and TFA as co-catalysts by Bischler-Napieralski
cyclization is described. The reaction involves formation of one C-N bond, one C-C bond and a new ring
annulation over an indole moiety.
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1. Introduction

The 1,2,3,4-tetrahydro-β-carboline (THβC) ring sys-
tem is a key motif in a diversity of biologically and
pharmacologically significant alkaloids, and a subject
of recent reviews.1 THβCs act as potent neuroactive
alkaloids.2 It also can bind to GABA, a receptor ion
channel and modulate molecular mechanisms control-
ling anxiety, convulsions, and sleep.3 THβCs exhibit
many important biological activities like antimicrobial,4

antitumor,5 antimalarial,6 and anti-leishmanial activity.7

Thus, studies on the synthesis and bioassay of various
THβCs derivatives have attracted increasing attention
of synthetic chemists recently. It is known that, the
introduction of appropriate substitutions at position-1
significantly enhanced the medicinal activities of β-
carbolines.8 Figure 1 shows some important representa-
tives of this heterocyclic system.

Several reports for the preparation of 1-substituted
THβCs are available in the literature which involves tra-
ditional Pictet–Spengler reaction9 using activated alde-
hyde or ketones. However, the synthetic methods of
these compounds using Bischler–Napieralski reaction10

have been reported very rarely. Moreover, many of these
reported reactions10,11 involved multi steps and results
in poor yields. Based on these findings, we were inter-
ested in designing new reactions using simple and eas-
ily accessible starting materials to expand the structural
diversity of the target compounds (THβCs).

As a part of our ongoing interest in the develop-
ment of bioactive heterocycles,12 we have reported
the synthesis of tetracyclic indole derivatives 3 using
β-oxodithioesters 2 in In/TFA combination as catalyst

∗For correspondence

(scheme 1).13 In fact, this unexpected tetracyclic indole
was prepared during the course of our various trial
experiments to prepare the newly reported THβCs.
Interestingly, it was found that replacement of the sub-
strate β-oxodithioesters by its ketene S,S acetal deriva-
tives 4, we could get our desired products under similar
reaction conditions. Herein, we wish to report a one-pot
facile synthesis of 1-substituted THβCs 5 using ketene
S,S–acetals 4 in presence of In/TFA combination as
catalyst as depicted in scheme 1.

2. Experimental

2.1 General procedure for the synthesis of (E)-3-(2-
(1H-indol-3-yl)ethylamino)-3-(methylthio)-1-phenyl-
prop-2-en-1-one (5aa)

To a solution of the 3,3-bis(methylthio)-1-phenylprop-
2-en-1-one 4a (3 mmol) and tryptamine (3 mmol) in
CH2Cl2 (15 mL), InCl3 (2 mol%) was added and the reac-
tion mixture was refluxed for 2 h (monitored by TLC).
The reaction mixture was poured into ice-cold water
and extracted with CH2Cl2 (30 mL). The combined organ-
ic layer was washed with H2O (25 mL), dried (Na2SO4)
and the solvent was evaporated under reduced pressure
to afford the crude product which was purified by col-
umn chromatography over silica gel using hexane–
EtOAc (8:2) as eluent.

2.2 General procedure for the synthesis of 1-(substitu-
ted)methylene-1,2,3,4-tetrahydro-β-carbolines (5a-l)

To a solution of the ketene S,S-acetal (3 mmol) and tryp-
tamine (3 mmol) in CH3CN (15 mL), InCl3 (2 mol%)
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Figure 1. Some important representatives of tetrahydro-β-carbolines.
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Scheme 1. Reaction of tryptamine with β-oxodithioesters
and ketene S,S-acetals.

was added and refluxed. After refluxing for 2 h, TFA
(15 mol %) was added to the reaction mixture and
refluxing was continued for 1–2 h (monitored by TLC).
Then, the reaction mixture was poured into ice-cold
water and extracted with CH2Cl2 (30 mL). The com-
bined organic layer was washed with H2O (25 mL),
dried (Na2SO4) and the solvent was evaporated under
reduced pressure to afford the crude product which
was purified by column chromatography over silica gel
using hexane–EtOAc (8:2) as eluent.

3. Result and Discussion

Encouraged by our recent findings on one-pot synthesis
of indole derivatives,13 we attempted several hit and
trial methods for getting our desired tetrahydro carbo-
lines using dithiocarboxylates (scheme 2). In an initial
experiment, tryptamine 1 was reacted with 3,3-bis

(methylthio)-1-phenylprop-2-en-1-one 4a using InCl3

(10 mol%) without TFA in dichloromethane at reflux-
ing condition for 24 h. But, the reaction gave only the
corresponding (E)-3-(2-(1H-indol-3-yl)ethylamino)-3-
(methylthio)-1-phenylprop-2-en-1-one 5aa in 70% yield
(table 1, entry 1). In another experiment, the reaction
was carried out with TFA (10 mol%) with other param-
eters remaining constant; the intermediate 5aa was
isolated in improved yield of 75% (entry 2). Further
investigations using different organic solvents like
ethanol, methanol, benzene, toluene and DMF in reflux-
ing conditions yielded only the thioamide. It was also
observed that no reaction occurred in the absence of
solvent.

Next, the reaction was performed in acetonitrile as
solvent with In/TFA combination as catalyst. To our
delight, the reaction proceed well to give the final prod-
uct (Z)-1-phenyl-2-(2,3,4,9-tetrahydro-1H-pyrido[3,4-
b]indol-1-ylidene)ethanone (5a) in 4 h of refluxing.
Moreover, the intermediate 5aa was also converted to
the desired carboline (5a) by refluxing in acetonitrile
using TFA as catalyst.

Then optimization of the product was explored by
using different amounts of TFA keeping the catalytic
amount of InCl3 constant (2 mol%). The amount of TFA
was explored by using 10, 15 and 20 mol%, and it was
found that 15 mol% of TFA was sufficient for the reac-
tion. The reaction also fails to proceed in the absence
of InCl3. The structures of the newly synthesized com-
pounds were confirmed by spectral and analytical data
(see Supporting Information).

Having established the optimal reaction conditions,
we tested the scope of the substrates and found that
various ketene S,S–acetals 4b-i react with tryptamine 1
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Scheme 2. Reaction of tryptamine with ketene S,S-acetals catalyzed by In/TFA using various solvents.

Table 1. Optimization of reactionsa .

N
H

NH2 SMe

O SMe

1 4a 5a

Catalyst

Solvent

NN
H

O

HS
Me

NN
H

O

H

5aa

entry solvent Catalyst time(h) yield(%)b

1 ClCH2Cl InCl3(10 mol%) 24 70 (5aa)
2 ClCH2Cl InCl3(10 mol%)/TFA(10 mol%) 24 75 (5aa)
3 EtOH InCl3(10 mol%)/TFA(10 mol%) 24 70 (5aa)
4 MeOH InCl3(10 mol%)/TFA(10 mol%) 24 55 (5aa)
5 DMF InCl3(10 mol%)/TFA(10 mol%) 24 55 (5aa)
6 Toluene InCl3(10 mol%)/TFA(10 mol%) 24 55 (5aa)
7 No solvent InCl3(10 mol%)/TFA(10 mol%) 24 −
8 MeCN InCl3(2 mol%)/TFA(10mol%) 4 80 (5a)
9 MeCN InCl3(2 mol%)/TFA(15mol%) 4 85 (5a)
10 MeCN InCl3(2 mol%)/TFA(20 mol%) 4 85 (5a)
11 MeCN TFA(10 mol%) 24 −
aAll reactions were performed with 1 (0.5 mmol) and 4a (0.5 mmol) under standard condition refluxing condition. bYield of
isolated product.

leading to the corresponding 3,3-bis(1-methyl-1H-indol-
3-yl) derivatives 5b-i (table 2). The results showed
that the process could tolerate both aromatic ketones
with electronically different substituents (entries 2–7)
and even extremely electron-rich aromatic ketene S,S–
acetals (such as 2-acetyl furan and 2-acetyl thiophene)
(entries 8–9). It is observed that the substituents on
the aromatic rings had some influence on the yields
of products 5a-i. The aromatic ketones with functional
groups such as chloro and bromo (entries 8–10) reacted
faster and gave higher yields than those with electron

donating groups, such as methyl and methoxyl groups
(entries 5–7).

Furthermore, ketene S,S–acetals derived from elec-
tron withdrawing group substituted active methylene
compounds 4j-l were reacted with tryptamine in same
reaction condition to afford the corresponding THBCs
5j-l via Bischler–Napieralski cyclization (table 3). The
reactions were completed in 3 h of refluxing. The reac-
tions were monitored by TLC and the structures were
confirmed by 1H NMR and 13C NMR spectra and
analytical data (see Supporting Information).
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Table 2. Preparation of tetrahydro-β-carbolinesfrom ketene S,S–acetals.

N NH2

H

R SMe

O SMe

1 4a-i 5a-i

CH3CN, reflux, 4 h
N

N

R

O

H
H

2 mol% InCl3-15 mol% TFA

entry R Product M.p. (◦C) Yielda (%)

1. Ph

N
H

N

O

H

5a

170–172 85

2. Me

N
H

N

O

H

Me
5b

167–169 89

3. 4-Cl-ph

N
H

N

O

H

5c Cl

145–147 92

4. 4-Br-ph

N
H

N

O

H

5d Br

154–157 82



Synthesis of tetrahydro-β-carboline 569

Table 2. (continued)

entry R Product M.p. (◦C) Yielda (%)

5. 4-Me-ph

N
H

N

O

H

5e Me

187–189 80

6. 2-Me-ph

N
H

N

O

H

5f

Me

145–148 75

7. 4-OMe-ph

N

H

N

O

H

5g OMe

162–164 82

8. 2-Thionyl

N
H

N

O

H

5h

S

135–137 81
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Table 2. (continued)

entry R Product M.p. (◦C) Yielda (%)

9. 2-Furyl

N
H

N

O

H

5i

O

129–131 74

aIsolated yields after silica gel column chromatography.

Table 3. Preparation of tetrahydro-β-carbolines from ketene S,S–acetals derived electron withdrawing substituents.

N NH2

H

X
SMe

SMe

1 4j-l 5j-l

CH3CN, reflux 3 h
N

N

Y

H

H

2 mol% InCl3-15 mol% TFA

Y
X

entry X/Y Product M.p. (◦C) Yielda (%)

1. CN/CN

5j

N
H

NH

CNNC

170–172 85

2. CN/CO2C2H5

N
H

N

O

H

5k

NC

OC2H5

167–169 89

3. H/NO2

N
H

N

N
O

H

5l

H

O

154–157 82

aIsolated yields after silica gel column chromatography.
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Scheme 3. Plausible mechanism.

The proton decoupled 13C NMR spectrum of com-
pound 5a showed 19 distinct chemical shift values with
reference to TMS. The spectrum showed presence of
carbonyl carbon at δ 185.4 ppm. The signal due to N-H
proton in the 1H NMR spectra of enaminones 5a–i,
enaminonitrile 5j, enaminoesters 5k and nitroenamine
5l appears between δ 10–12 ppm due to, probably,
the intramolecular hydrogen bonding. The other indole
N-H proton gave signals at δ 8–10 ppm.

The plausible mechanism of the reaction is depicted
in scheme 3 based on the established classical mecha-
nism of Bischler-Napieralaski. In the initial step, in the
presence of Lewis acid InCl3 in acetonitrile, the electron
rich nitrogen atom of tryptamine 1 attack the electro-
philic carbon of ketene S,S acetal 4a, thereby forming
a new C-N bond initially. Elimination of one molecule
of methanethiol may generate an iminium intermediate.
Intramolecular attack of C-2 of indole ring to the elec-
trophilic centre to form the newly annulated six mem-
bered ring with subsequent elimination of one more
molecule of methanethiol gives the final desired product
5a (scheme 3).

4. Conclusions

A facile one-pot synthesis of 1-substituted tetrahydro-
β-carbolines by Bischler–Napieralski cyclization from
readily accessible ketene S,S–acetals and tryptamine
has been described. Consequently, a library of THBCs
was synthesized under mild and environmentally be-
nign reaction conditions. The initial strategy involves
the in situ formation of an intermediate in presence of
InCl3/TFA which cyclises in the presence of acteoni-
trile in one procedure. The alternative route, which is
the major work of this investigation, involves a one-pot

reaction condition using InCl3/TFA and refluxing in
acetonitrile.

Supplementary Information (SI)

General experimental procedures, characterization data
and spectra are available in Supplementary Information
at www.ias.ac.in/chemsci.
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