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Synthesis of fused polycyclic nitrogen-containing heterocycles
via cascade cyclizationI
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Abstract—A novel strategy for the synthesis of fused polycyclic-nitrogen containing heterocycles via cascade cyclization is described.
The methodology involves condensation of 1-(2-aminophenyl)-9H-b-carboline-3-carboxylic acid amide with isothiocyanates fol-
lowed by in situ treatment of the resulting thioureas with HgCl2 for 1 h at rt. The one-pot cascade cyclization leads to interesting
changes in molecular structure and an increase in molecular complexity. A mechanistic rationale for the cascade cyclization is
discussed.
� 2006 Elsevier Ltd. All rights reserved.
Natural products have had a profound impact upon
both chemical biology and drug discovery. One such
example is the tetrahydro-b-carbolines, which are found
abundantly in the plant and animal kingdom, and many
of them exhibit potent biological activities.1–5 This
group of indole alkaloids are widely distributed among
23 angiosperm plant families, the original source being
Peganum harmala.1 In addition to the diverse biological
activity of the naturally occurring compounds, synthe-
tically derived b-carbolines also exhibit significant bio-
activity.6 The reported effects of this class of compound
comprise antineoplastic (tubulin binding),6,7 anticonvul-
sive, hypnotic and anxiolytic (benzodiazepine receptor
ligands),8,9 antiviral,1 antimicrobial5 as well as topoiso-
merase-II inhibition10 and inhibition of cGMP-depen-
dent processes.11 In addition to this, the b-carboline
nucleus is also present in a variety of alkaloids isolated
both from terrestrial plants12 and marine organisms13

with antiplasmodial activity. Waldmann and co-work-
ers14 strongly advocate the need for staying close to nat-
ural products when it comes to designing small-molecule
chemical probes. The rationale behind this philosophy is
that natural products have gone through the evolution-
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ary process, and thus serve as a useful guiding principle
for developing clinical candidates.

In view of our continued interest in the development of
novel antimalarial agents derived from natural prod-
ucts,15,16 we were interested in the synthesis and screen-
ing of b-carboline derivatives for which we required
intermediate Ia (Scheme 1). However, our attempts to
synthesize Ia led to fused polycyclic nitrogen-containing
heterocycles via cascade cyclizations. The details of our
findings are presented in this letter.

The synthesis of Ia was attempted by treating 1-(2-ami-
no-phenyl)-9H-b-carboline-3-carboxylic acid amide 1a
(1 equiv) with isothiocyanate (1.2 equiv) in DMSO at
room temperature (Scheme 1, route 1). The progress
of the reaction was monitored by both TLC and HPLC.
The reaction was found to be complete within 2 h and
the product was found to be a mixture of two compo-
nents with traces of unreacted isothiocyanate as the
third component. The HPLC exhibited a major peak
in 82% yield (area under the curve) and a minor compo-
nent in 8% yield. The reaction was worked-up by precipi-
tating the product with water followed by extraction
with ethyl acetate. The organic layer was dried over
Na2SO4 and during its evaporation on a rotavapor,
the foul smell of H2S was noted. This led us to reexam-
ine the purity of the crude product by TLC and HPLC,
which showed an increase in the concentration of the
minor component to 67% from 8% before work-up.
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Scheme 1. Reagents and conditions: (a) R2NCS (1.2 equiv), DMSO, rt, 2 h; (b) HgCl2, Et3N, rt, 1 h.
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Interestingly, the major peak observed before work-up
was now reduced to 23%. We envisaged that evapora-
tion of the solvent at 50 �C may have triggered the trans-
formation. The two components were separated by
column chromatography and characterized by FAB
mass, NMR and X-ray diffraction crystallographic stud-
ies. One of the components with a lower Rf on TLC was
obtained in 16% isolated yield (mass of 450 Da) and was
found to be thiourea Ia (Scheme 1, route 1). The second
component with a higher Rf was obtained in 56% iso-
Figure 1. ORTEP plot of the molecular structure of compound IIa (at
30% probability level).
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Figure 2. Proposed mechanism for the formation of IIa from Ia.
lated yield (mass of 400 Da) and was identified by X-
ray diffraction crystallographic studies as a fused poly-
cyclic nitrogen-containing heterocyclic compound IIa
(Scheme 1) probably derived from Ia via cascade cycli-
zation. Of these two, thiourea Ia had only moderate sta-
bility, because even after purification, it had a tendency
to undergo slow conversion to the cyclized product IIa.
The X-ray structure of IIa is depicted in Figure 1.17

A survey of the literature revealed IIa to be a new family
of indole based polycycles produced by sequential intra-
molecular guanylation via cyclodesulfurization followed
by transamidation/cyclization in one-pot. A plausible
mechanism for the formation of IIa from Ia is depicted
in Figure 2. The reaction commences with nucleophilic
attack on the thioureido carbon, which results in an
intermediate with a delocalized positive charge (repre-
sented by two canonical forms). This then triggers the
release of a proton from Na and allows the formation
of the quinazoline ring with the release of H2S. This is
then followed by a second cyclization between the car-
boxamide and the NH attached to the quinazoline ring
via transamidation with the release of NH3. Since by
HPLC we could not observe the quinazoline intermedi-
ate III (Fig. 2) arising from the first cyclization, this led
us to believe that intermediate III, though formed slowly
from Ia, appears to be highly reactive. The second cycli-
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Table 1. Optimization of IIa formation from 1a

Entry Reaction conditions IIaa (%) Iaa (%)

1 1a + o-Tolyl isothiocyanate, at 80 �C, 12 h 68 26
2 1a + o-Tolyl isothiocyanate + HgCl2 (1 equiv) heating at 60 �C, 6 h 70 20
3 1a + o-Tolyl isothiocyanate, 2 h then HgCl2 (1 equiv), rt, 6 h 82 12
4 1a o-Tolyl isothiocyanate, 2 h then HgCl2 (1 equiv), Et3N (2 equiv), rt, 1 h 93 0

a Based on HPLC of the crude reaction product.
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zation furnishing the polycyclic framework II from III,
however, appears to be both easy and rapid. Polycyclic
indolic compounds are the targets of extensive synthetic
interest, partly because there are many biologically
active natural products of this type, and also because
the polycyclic frameworks lead to relatively rigid struc-
tures that might be expected to show substantial selec-
tivity in their interaction with enzymes or receptors.
This prompted us to develop a suitable strategy to effect
cascade cyclization in quantitative yields.

In view of the slow and incomplete conversion of I to
III, we directed our efforts towards this cyclization
involving guanylation via cyclodesulfurization. In the
first instance, based on our initial observation that heat-
ing triggered the cascade cyclization, we treated 1a with
isothiocyanate at 80 �C and monitored the progress of
the reaction by HPLC. Unfortunately, even after pro-
longed heating for 24 h, the final product IIa could still
only be obtained in 68% yield along with Ia (Table 1, en-
try 1). This led us to add reagents that are known to cat-
alyze guanylation via desulfurization and accordingly
we selected HgCl2 for this purpose.18 We carried out
the reaction of 1a with isothiocyanate (1.2 equiv) in
the presence of HgCl2 and monitored the progress of
reaction by HPLC. Optimization of the reaction led to
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Scheme 2. Reagents and conditions: (a) 2% TFA in DCM, rt, 7 h; (b) KM
MeOH, 30 psi, 2 h.

Table 2. Compounds (II) prepared via Scheme 1 (route 2)

Compound R1 R2 Isolated yield
(%)

FAB
(M++1)

IIa H 2-CH3C6H4 85 401
IIb H C6H5 72 387
IIc H 4-FC6H4CH2 74 419
IId 5-Cl 2-CH3C6H4 70 435
IIe 5-Cl C6H5 75 421
IIf 5-Cl 4-FC6H4CH2 76 453
IIg H n-C4H9 80 367
room temperature conditions in two steps (Table 1,
entry 4).

In the first step, 1a is allowed to react with isothiocya-
nate (1.2 equiv) at rt for 2 h and in the second step,
the resulting thiourea Ia is treated in situ with HgCl2
(1 equiv) and Et3N (2 equiv) for 1 h at rt (Scheme 1,
route 2).19 We were pleased to observe complete conver-
sion of thiourea Ia into IIa within 1 h, along with traces
of unreacted isothiocyanate. The crude product was
purified by silica gel column chromatography to give
IIa in 85% isolated yield. The scope and limitation of
the method was established by synthesizing six com-
pounds II by varying the isothiocyanates (aryl and alkyl)
and o-nitrobenzaldehydes (Table 2). Starting b-carbo-
lines 1 were synthesized (Scheme 2) by treating Trp-
amide with o-nitrobenzaldehydes under Pictet–Spengler
conditions.20 The resulting tetrahydro-b-carboline was
then oxidized with KMnO4 to give b-carbolines.21 Sub-
sequently, the nitro group was reduced to the amine by
hydrogenation in the presence of Pd/C to furnish 1. Sub-
stitution on the aryl aldehydes or isothiocyanates did
not have any affect on the yields and purities of II. Next,
we extended our methodology to tryptamine, as this
would result in compounds IV via single cyclization
(Scheme 3), again a class of b-carboline derived com-
pounds hitherto unknown. Interestingly, compounds
IV appear to structurally resemble the yohimbane/reser-
pine backbone.22 The precursor 1-(2-aminophenyl)-9H-
b-carboline 2 derived from tryptamine (Scheme 2) by
the literature procedure23 was treated with isothiocya-
nates in the presence of HgCl2 to furnish IV in high
yields (Scheme 3, Table 3).

In summary, we have developed a mild and versatile ap-
proach for the synthesis of a structurally unique group
of fused polycyclic b-carboline based heterocycles in
high yield and purity. The one-pot cascade cyclization
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Table 3. Compounds (IV) prepared via Scheme 3

Compound R1 R2 Isolated yield
(%)

FAB
(M++1)

IVa H 2-CH3C6H4 80 375
IVb H C6H5 77 361
IVc H C6H5CH2– 74 375
IVd H n-C4H9 79 341
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Scheme 3. Reagents and conditions: (a) R2NCS (1.2 equiv), DMSO,
rt, 2 h; (b) HgCl2, Et3N, rt, 1 h.

2768 B. Saha et al. / Tetrahedron Letters 47 (2006) 2765–2769
leads to interesting changes in molecular structure and
an increase in molecular complexity.
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