
Tetrahedron Letters 53 (2012) 3353–3356
Contents lists available at SciVerse ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
A three-component, intramolecular Ugi reaction toward unique
indoloketopiperazines

Mehdi Ghandi ⇑, Nahid Zarezadeh, Abuzar Taheri
School of Chemistry, College of Science, University of Tehran, Tehran, PO Box 14155 6455, Iran

a r t i c l e i n f o
Article history:
Received 15 February 2012
Revised 14 March 2012
Accepted 19 April 2012
Available online 25 April 2012

Keywords:
Ugi reactions
Indoloketopiperazines
Isocyanides
0040-4039/$ - see front matter � 2012 Elsevier Ltd. A
http://dx.doi.org/10.1016/j.tetlet.2012.04.090

⇑ Corresponding author. Tel.: +98 21 61112250; fax
E-mail address: ghandi@khayam.ut.ac.ir (M. Ghan
a b s t r a c t

2-(3-Chloro-2-formyl-1H-indol-1-yl) acetic acid, as a bifunctional formyl-acid, is prepared in three steps.
This compound undergoes a one-pot, four-center, three-component Ugi reaction with primary amines
and alkyl isocyanides. A series of novel substituted indoloketopiperazine derivatives are obtained in mod-
erate to high yields.

� 2012 Elsevier Ltd. All rights reserved.
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Multicomponent reactions (MCRs)1 and isocyanide-based mul-
ticomponent reactions (IMCRs)2 have emerged as efficient and
powerful tools for the synthesis of highly complex natural and
diverse drug-like compounds. The most popular IMCR is probably
the Ugi reaction, in which a carboxylic acid, a primary amine, an
aldehyde, and an isocyanide react in a one-pot manner to afford
an N-substituted acyl aminoamide containing four independently
varying groups in one reaction.3 Utilization of bifunctional
reagents, in which the participating functional groups of two
components of the U-4CR are present in one structure, is another
strategy to increase scaffold diversity.4

The indole nucleus is an important subunit present in many bio-
logically active natural products.5 Compounds possessing an indole
moiety show antitumor activity,6 and vesication to human skin.7

Due to their binding with high affinity to many receptors, substi-
tuted indoles have been referred to as privileged structures.8 On
the other hand, piperazines, and their keto analogues are among
the most important backbones in drug discovery.9 Piperazines
are a class of compounds which are present in molecules involved
in the regulation of a wide variety of biological processes.10

The known antidepressant,11 anti-inflammatory12 and anti-
obesity13 properties of pyrazino-indoles along with the docu-
mented antitumor activity of compound 1, especially against colon
and lung tumors (Fig. 1),14 prompted us to undertake a study on
the synthesis of fused tricyclic scaffolds 2a–k as the respective
analogues of 1, in which the bioactive ketopiperazine motif is fused
ll rights reserved.

: +98 21 66495291.
di).
with an indole moiety. As part of our interest in Ugi reactions,15

herein, we describe the synthesis of a new series of fused indolo-
ketopiperazines via the four-center, three-component Ugi reaction
of 2-(3-chloro-2-formyl-1H-indol-1-yl)acetic acid (3) with various
amines and isocyanides.

The aldehyde-acid 3 chosen for this study was synthesized
according to the procedure presented in Scheme 1. Initially, 3-
chloro-1H-indole-2-carbaldehyde (4) was synthesized using a pre-
viously reported procedure.16 Subsequent treatment of 4 with
methyl chloroacetate in the presence of K2CO3 in refluxing MeCN
for 6 h afforded methyl 2-(3-chloro-2-formyl-1H-indol-1-yl)ace-
tate (5) in 90% yield.17 Transformation of 2 into acid 3 was then
carried out in methanolic NaOH at room temperature in 85% yield
over 4 h.18

In a model experiment, formyl-acid 3 was treated with p-tolui-
dine and tert-butyl isocyanide. The reaction proceeded smoothly
and was complete within 4 h at 40 �C, affording 2a in 90% yield
(Scheme 2).19
1 2a-k

Figure 1. The known anti-colon and lung tumors pyrazinoindoles (1) and the
unique indoloketopiperazines 2a–k as the respective analogues.
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Scheme 1. Synthesis of formyl acid 3.
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Scheme 2. Synthesis of indoloketopiperazine 4a.
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The structure of 2a was confirmed on the basis of analytical
data.19 For example, the mass spectrum of 2a displayed the molec-
ular ion peak at 409. The IR spectrum displayed characteristic
absorption bands at 3310 and 1684 cm�1 due to N–H and C@O
stretching vibrations, respectively. The 1H NMR spectrum of 2a dis-
played singlets at d 1.33 (9H, s, CMe3) and d 2.42 (3H, s, Me) along
with a singlet at d 5.32 (1H, s, NCOCHN) and an AB quartet at d 5.05
(2H, J = 16.5 Hz, NCH2CO), representing the ketopiperazine ring
protons. This reaction demonstrated that substituted indoloketo-
piperazine derivatives could be prepared through a four center,
three-component condensation (3CC) Ugi reaction.
Table 1
Structures and yields of compounds 2a–k obtained from 3CC Ugi reactions
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Subsequent reaction of various amines and commercially avail-
able 1,1,3,3-tetramethylbutyl, tert-butyl, or cyclohexyl isocyanides
under the described conditions afforded the indoloketopiperazines
2a–k in moderate to high yields (Table 1).20

As has been rationalized in Scheme 3, it is conceivable that the
initial event is the formation of iminium ion 6 from the amine, and
formyl-acid 3 followed by activation of the imine by the carboxylic
acid. Subsequent addition of the nucleophilic isocyanide to the
activated iminium species followed by trapping of the nitrilium
intermediate by the carboxylate affords the iminolactone 7. The
irreversible acyl transfer step (Mumm rearrangement) associated
with the Ugi reaction finally gives the desired indoloketopipera-
zines 2a–k.

In conclusion, using a bifunctional starting material containing
an aldehyde and carboxylic acid functional group in Ugi 3CC reac-
tions leads to a variety of novel heteroaryl-fused substituted indo-
loketopiperazine derivatives 2a–k. The method offers several
advantages including moderate to high yields of products and an
easy experimental work-up procedure. These new structures
broaden the scaffolds accessible through Ugi reactions, and many
of them may represent interesting pharmacophores.
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Table 1 (continued)

Entry R1NH2 R2NC Product Time (h) Yield (%)
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Scheme 3. Proposed mechanism for the formation of 2a–k.
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109.3, 118.3, 121.1, 123.4, 124.7, 125.3, 128.4, 129.6, 132.0, 133.9, 137.8 (C-Ar),
165.0 (C@O), 165.9 (C@O); IR (KBr) t: 3356, 1691 cm�1; MS (EI) m/z: 480 (M+,
4), 444 (9), 323 (80), 105 (100), 57 (49%). Anal. Calcd for C28H34ClN3O2: C,
70.06; H, 7.14; N, 8.75. Found: C, 70.04; H, 6.86; N, 8.90.
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