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Abstract—A novel one-pot two-step multi component reaction of acrylic aldehydes, bromoanilines, acids and isocyanides yielding
polysubstituted indoles is described. The reaction is based on the combination of an Ugi four-component reaction followed by an
intramolecular Heck-reaction. The simultaneous use of formic acid and cinnamaldehydes affords in situ generation of 1H-indoles.
Convertible isocyanides can also be used with success in this Ugi/Heck strategy and enable synthesis of 1H-indole-2-carboxylic acid
building blocks.
� 2006 Elsevier Ltd. All rights reserved.
Multi-component reactions (MCRs) are widely em-
ployed for the rapid assembly of compound arrays with
high molecular diversity. Coupled with a post-condensa-
tion modification, their utility is increased even further,
giving rise to numerous pharmacologically important
scaffolds.1–3

In the course of our ongoing research on new post-con-
densation modifications, we recently reported that the
combination of the Ugi-four component reaction and
the Heck reaction yields highly substituted indol-2-ones
in a one-pot solution phase procedure.4 The potential of
the Ugi–Heck reaction developed at the same time by
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Scheme 1. Ugi–Heck synthesis of substituted indoles.
Gracias5 and Xiang6 is very wide and enables many
new applications.

Thus, we present herein the synthesis of new substituted
dihydro-indoles involving 2-bromoanilines 1a–b and
acrylic aldehydes 2a–b as starting materials in the
Ugi-reaction (Scheme 1).

The formation of the acyclic products (5) was originally
reported by Ugi et al. and the final ring-closing was per-
formed by a classical intramolecular Heck-reaction7–11

(Scheme 1). These two reaction steps were combined
in a new one-pot synthesis.
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The Ugi–Heck reaction was performed in a typical pro-
cedure,12 whereby the starting materials were mixed in
equimolar amounts and stirred for 24–48 h at room tem-
perature. Afterwards solvent was changed from polar
protic to polar aprotic and 10% of Pd-catalyst was
added. The reaction mixture was stirred for additional
24 h at 80 �C. The expected compounds (6a–f) were iso-
lated as isomeric mixtures with moderate to good yields
(Table 1). They were characterized by 1H NMR,
13C NMR and HPLC-MS data. All the synthesized
compounds had purities >95%. The used bromoanilines,
acids, acrylic aldehydes and isocyanides could be varied
broadly, producing products with four potential points
of diversity.

To our delight, we also found a new access to the syn-
thesis of substituted 1H-indoles by involving cinamalde-
hydes 2a and 2c and formic acid 3c in our one-pot
procedure (Scheme 2). Under the conditions of the
Heck-reaction, the resulting formic group was partially
cleaved. Successive isomerisation led to 1H-indoles with
Table 1. Ugi–Heck synthesis of substituted indoles

Bromoanilines 1 Acrylic aldehydes 2 Carboxylic a

1a 2a 3a

1a 2a 3a

1a 2a 3a

1a 2a 3b

1a 2b 3a

1b 2b 3c

R 3 OH

O
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R 1
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+ + +
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4a, R4:C(CH3
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Scheme 2. 1H-Indoles 7a–h synthesized from cinnamaldehydes and formic a

Table 2. Synthesized 1H-indoles

Bromoanilines 1 Cinnamaldehydes 2

1a 2a

1a 2a

1a 2a

1a 2c

1c 2a

1b 2a

1a 2a

1a 2a
moderate to good yields. Following this new reaction
strategy, we synthesized different 1H-indoles (7a–h)
from substituted 2-bromoanilines 1a–b, cinnamaldehy-
des 2a,c and diverse isocyanides 4a–e (Table 2). The
resulting compounds were successfully isolated with
moderate to good yields and their assignments were
made on the basis of 1H NMR, 13C NMR and HPLC-
MS data. All the synthesized compounds had purities
>95%. Scheme 3 shows the result of the X-ray crystal
structure analysis of compound 7a which confirms the
spectroscopic results.15b

This versatile reaction offers many advantages. The use
of substituted 2-bromoanilines allows further derivatisa-
tion of the 1H-indole scaffold. Particularly, the reaction-
sequence tolerates the use of ‘convertible’ isocyanides
4d–e. These isocyanides originally reported by Arm-
strong et al.18,19 are cleavable under acidic conditions
and can generate a plethora of outgoing products via
a münchnone mechanism. As illustrated, we cleaved
the isocyanide moiety of compounds (7g–h) to synthe-
cids 3 Isocyanides 4 (%) Product

4a 43 6a13
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4c 25 6c14

4a 33 6d

4a 19 6e
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cid by the Ugi–Heck reaction.

Isocyanides 4 (%) Product

4b 21 7a15a

4a 17 7b

4c 15 7c

4a 23 7d

4b 31 7e16

4b 38 7f

4d 29 7g17

4e 32 7h



Scheme 3. Result of the X-ray analysis of compound 7a.
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Scheme 4. Synthesis of 1H-indole building blocks by the use of
convertible isocyanides.
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size the corresponding carboxylic acid20 9 and ester 8
(Scheme 4).

The resulting 1H-indole-2-carboxylic acid derivatives
constitute pharmacologically relevant building blocks
due to their diverse expansion potential by alkylation
or amide formation.

In summary, a novel one-pot two-step solution phase
procedure based on the combination of the Ugi- and
the Heck-reaction for the preparation of highly substi-
tuted dihydro-indoles, 1H-indoles and 1H-indole-2-car-
boxylic acid building blocks has been reported.

Current efforts are now focused on the development of
new pharmacological scaffolds based on the combina-
tion of combinatorial and classical chemistry.
References and notes
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