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Abstract: The synthesis of polysubstituted indoles is described by
the domino reaction of 2-haloanilines and 1,3-dicarbonyl com-
pounds, 1,3-diketones, b-keto esters and b-keto amides, using cop-
per catalysis under ligand-free conditions. The protocol provides a
simple, general and atom economical process for the synthesis of
substituted indoles at moderate temperature.
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Indoles are probably the most common heterocycles
found in nature1 and have been referred to as ‘privileged
structures’ of medicinal importance due to their high bind-
ing affinity with many receptors (Figure 1).2 Indoles are
also known as important structural constituent for the de-
velopment of agrochemicals,3 materials4 and perfumes.5

The development of simple, general and especially regio-
selective synthetic methods for the construction of substi-
tuted indole scaffold thus continues to be of tremendous
interest in organic synthesis.6

Figure 1 Examples of biologically active and naturally occurring
compounds

2,3-Disubstituted indole substructures are widely distrib-
uted in nature as indole alkaloids and drugs.7 Among the
studies developed for their synthesis,8,9 the copper-cata-
lyzed domino reaction of 2-iodoaniline with 1,3-dicarbo-

nyl compounds is one of the attractive processes due to the
availability of a range of starting materials.9,10 CuI–
BINOL has been found to be effective for the reaction of
2-iodoanilines with b-ketoesters,9a while CuI–proline has
been used for the reactions of 2-iodotrifluoroacetanilides
with b-keto esters as well as b-keto amides.9b,c These
reactions involve intermolecular C–C cross-coupling fol-
lowed by condensation of the amine with the carbonyl
group to give the indoles.9b,c

The use of copper oxide as an active catalyst for the cross-
coupling reactions has been demonstrated in recent
years.11,12 Since copper oxides are cheap, less toxic, readi-
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Table 1 Optimization of Reaction Conditionsa

Entry Solvent Base Yield (%)b

1 DMSO Cs2CO3 60

2 DMF Cs2CO3 45

3 toluene Cs2CO3 20

4 1,4-dioxane Cs2CO3 32

5 i-PrOH Cs2CO3 25

6 DMSO–i-PrOH (1:1) Cs2CO3 23

7 DMSO–H2O (1:1) Cs2CO3 51

8 DMSO–H2O (3:1) Cs2CO3 81

9 DMSO–H2O (3:1) K2CO3 42

10 DMSO–H2O (3:1) KOH 33

11 DMSO–H2O (3:1) K3PO4 18

12 DMSO–H2O (3:1) Cs2CO3 48c

13 DMSO–H2O (3:1) Cs2CO3 54d

14 DMSO–H2O (3:1) Cs2CO3 n.d.e

a Cu2O (10 mol%), 2-iodoaniline (1 mmol), base (1 mmol) and methyl 
acetoacetate (1.2 mmol) were stirred at 100 °C for 7 h in solvent.
b Isolated yield.
c Temperature: 80 °C.
d A 5 mol% amount of Cu2O was used.
e Cu2O was not used.
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ly available and provide simplified product isolation, their
further application to organic synthesis warrants investi-
gation. Herein, we report the synthesis of polysubstituted
indoles by Cu2O-catalyzed domino reaction of 2-haloa-
nilines with a series of 1,3-dicarbonyl compounds, 1,3-
diketone, b-keto ester and b-keto amide, in a 3:1 mixture
of DMSO–water at moderate temperature. The procedure
is simple, general, ligand-free and atom-economical for
the synthesis of polysubstituted indoles.

First, the optimization of the reaction conditions was car-
ried out with 2-iodoaniline and methyl acetoacetate as the
model substrates (Table 1). The reaction occurred
smoothly to afford the desired 2,3-disubstituted indole 1a
in 81% conversion when the substrates were stirred with
10 mol% of Cu2O and one equivalent of Cs2CO3 for seven
hours at 100 °C in a 3:1 mixture of DMSO and water un-
der a nitrogen atmosphere. Using DMSO, DMF, toluene,

1,4-dioxane and 2-propanol as the solvent afforded 1a in
25–61% conversion. Either lowering or increasing the
DMSO to water ratio led to 1a in 51% conversion. In the
screened set of bases (K2CO3, KOH, K3PO4 and Cs2CO3),
Cs2CO3 was found to be superior to others affording the
best results. Replacing Cs2CO3 with K2CO3, KOH and
K3PO4 as the base provided 1a in 18–42% conversion.
Lowering the reaction temperature (80 °C) or the catalyst
loading to 5 mol% led to production of 1a in 48% and
54% yield, respectively. A control experiment confirmed
that, without the copper reagent, no indole formation oc-
curred.

Next, the scope of the procedure was studied for other
substrates (Scheme 1). The reactions of 2-iodoanilines
having 4-chloro, 4-nitro, 4-methyl, 4,5-dimethyl and 4,6-
dimethyl substituents were investigated with 1,3-dicarbo-
nyl compounds, pentane-2,5-dione, 5,5-dimethylcyclo-

Scheme 1 Reaction of 1,3-dicarbonyl compounds with substituted aryl iodides. Reagents and conditions: Cu2O (10 mol%), 2-iodoaniline
(1 mmol), Cs2CO3 (1 mmol) and 1,3-diketone or b-ketoester or b-ketoamide (1.2 mmol) were stirred at 100 °C in a DMSO–H2O mixture (3:1,
1 mL) under a nitrogen atmosphere. Isolated yields are shown.
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hexane-1,3-dione, ethyl acetoacetate, methyl acetoacetate
and 3-oxo-N-p-tolylbutanamide. All the substrates readily
participated in reaction to give the corresponding
polysubstituted indoles 1b–s in 7–12 hours with 62–91%
yield. The reactions were selective and no by-product was
obtained. These results clearly suggest that the protocol is
simple and general for the regiospecific synthesis of
polysubstituted indoles in high yield.

Scheme 2 Reactions of 2-bromoanilines and methyl acetoacetate.
Reagents and conditions: Cu2O (10 mol%), 2-bromoaniline (1 mmol),
Cs2CO3 (1 mmol), and methyl acetoacetate (1.2 mmol) were stirred at
120 °C in a DMSO–H2O mixture (3:1, 1 mL) under a nitrogen at-
mosphere. Isolated yields are shown.

Finally, the reactions of 2-bromoanilines with methyl ac-
etoacetate were studied (Scheme 2). These reactions re-
quired slightly higher temperature to afford the products
in 27–41% yield. Thus, 2-bromoaniline underwent reac-
tion at 120 °C in 10 hours to give 1a in 27% yield. Like-
wise, 2-bromoaniline having 4,5-dimethyl and 4,6-
dimethyl substituents provided the respective substituted
indoles 1d and 1e in 12 hours with 41% and 39% yield, re-
spectively.

The proposed catalytic cycle is shown in Scheme 3. The
reaction of iodobenzene with methyl acetoacetate was in-
vestigated using 10 mol% of Cu2O and no intermolecular
C–C cross-coupling was observed. On the other hand,
aniline readily underwent condensation with methyl ace-
toacetate to give the imine derivative in quantitative yield.
These results suggest that the present protocol involves
condensation followed by intramolecular C–C cross-cou-
pling to afford the indoles. Thus, the condensation of 2-
haloaniline with carbonyl compound can give imine de-
rivative a that might undergo oxidative addition with
Cu(I) to give the intermediate b. The latter with base
could generate intermediate c which may transform into d
by nucleophilic substitution. The intermediate d could
complete the catalytic cycle by reductive elimination to
generate the indole.

In conclusion, the synthesis of polysubstituted indoles has
been reported using the cheap, readily available, commer-
cial Cu2O as catalyst under ligand-free conditions. The
protocol is simple, general and atom economical for the

regiospecific synthesis of polysubstituted indoles in high
yield.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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Scheme 3 The possible mechanistic pathway

X

NH2 O

O

R2

R1

X

N

O

R2

R1

CuIII

N

O

R2

R1

X

Cs2CO3CuIII

N

O

R2

R1

X

N

O

R2

R1

CuIII

N

O

R2

R1

N
H

R2

R1

oxidative 
addition

reductive
 elimination

CuI

O

a

b

c

d

condensation

CsX

X = Br, I
R1 = alkyl, aryl

R2 = alkyl, alkoxy, NHAr

+

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



626 Md A. Ali, T. Punniyamurthy LETTER

Synlett 2011, No. 5, 623–626 © Thieme Stuttgart · New York

Sato, A.; Konakahara, T. J. Org. Chem. 2008, 73, 4160. 
(c) Stokes, B. J.; Dong, H.; Leslie, B. E.; Pumphrey, A. L.; 
Driver, T. G. J. Am. Chem. Soc. 2007, 129, 7500. (d) Fayol, 
A.; Fang, Y.-Q.; Lautens, M. Org. Lett. 2006, 8, 4203. 
(e) Yue, D.; Yao, T.; Larock, R. C. J. Org. Chem. 2006, 71, 
62. (f) Bellina, F.; Benelli, F.; Rossi, R. J. Org. Chem. 2008, 
73, 5529. (g) Pena, M. A.; Sestelo, J. P.; Sarandeses, L. A. 
J. Org. Chem. 2007, 72, 1271.

(7) Patil, S.; Buolamwini, J. K. Curr. Org. Synth. 2006, 3, 477.
(8) (a) Wagaw, S.; Yang, B. H.; Buchwald, S. L. J. Am. Chem. 

Soc. 1998, 120, 6621. (b) Lu, B. Z.; Zhao, W.; Wei, H.-X.; 
Dufour, M.; Farina, V.; Senanayake, C. H. Org. Lett. 2006, 
8, 3271. (c) Cui, S.-L.; Wang, J.; Wang, Y.-G. J. Am. Chem. 
Soc. 2008, 130, 13526. (d) Nazare, M.; Schneider, C.; 
Linderschmidt, A.; Will, D. W. Angew. Chem. Int. Ed. 2004, 
43, 4526. (e) Cacchi, S.; Fabrizi, G.; Goggiamani, A.; 
Perboni, A.; Sferrazza, A.; Stabile, P. Org. Lett. 2010, 12, 
3279. (f) Larock, R. C.; Yum, E. K.; Refvik, M. D. J. Org. 
Chem. 1998, 63, 7652. (g) Isono, N.; Lautens, M. Org. Lett. 
2009, 11, 1329. (h) Mukai, C.; Takahashi, Y. Org. Lett. 
2005, 7, 5793. (i) Oh, C. H.; Karmakar, S.; Park, H. S.; Ahn, 
Y. C.; Kim, J. W. J. Am. Chem. Soc. 2010, 132, 1792. 
(j) Saito, A.; Oda, S.; Fukaya, H.; Hanzawa, Y. J. Org. 
Chem. 2009, 74, 1517.

(9) For CuI ligand catalyzed synthesis of 2,3-disubstituted 
indoles, see: (a) Tanimori, S.; Ura, H.; Kirihata, M. Eur. 
J. Org. Chem. 2007, 3977. (b) Chen, Y.; Xie, X.; Ma, D. 
J. Org. Chem. 2007, 72, 9329. (c) Chen, Y.; Wang, Y.; Sun, 
Z.; Ma, D. Org. Lett. 2008, 10, 625.

(10) For some recent studies on copper-catalyzed cross-
couplings, see: (a) Evano, G.; Blanchard, N.; Toumi, M. 
Chem. Rev. 2008, 108, 3054. (b) Meldal, M.; Tornoe, C. W. 
Chem. Rev. 2008, 108, 2952. (c) Patil, N. T.; Yamamoto, Y. 
Chem. Rev. 2008, 108, 3395. (d) Wurtz, S.; Glorius, F. Acc. 
Chem. Res. 2008, 41, 1523. (e) Choi, T. A.; Czerwonka, R.; 
Forke, R.; Jaeger, A.; Knoell, J.; Krahl, M. P.; Krause, T.; 
Reddy, K. R.; Franzblau, S. G.; Knoelker, H.-J. Med. Chem. 
Res. 2008, 17, 374. (f) Ley, S. V.; Thomas, A. W. Angew. 
Chem. Int. Ed. 2003, 42, 5400. (g) Hennessy, E. J.; 
Buchwald, S. L. Org. Lett. 2002, 4, 269. (h) Yip, S. F.; 
Cheung, H. Y.; Zhou, Z.; Kwong, F. Y. Org. Lett. 2007, 9, 
3469.

(11) For Cu2O-catalyzed C–C cross-coupling, see: (a) Li, J.-H.; 
Tang, B.-X.; Tao, L.-M.; Xie, Y.-X.; Liang, Y.; Zhang, 
M.-B. J. Org. Chem. 2006, 71, 7488. (b) Tang, B.-X.; 
Wang, F.; Li, J.-H.; Xie, Y.-X.; Zhang, M.-B. J. Org. Chem. 
2007, 72, 6294.

(12) For some studies on Cu2O-catalyzed carbon–heteroatom 
cross-couplings, see: (a) Jammi, S.; Krishnamoorthy, G.; 
Saha, P.; Kundu, D. S.; Sakthivel, S.; Ali, M. A.; Paul, R.; 
Punniyamurthy, T. Synlett 2009, 3323. (b) Altman, R. A.; 
Buchwald, S. L. Org. Lett. 2006, 8, 2779. (c) Correa, A.; 
Bolm, C. Adv. Synth. Catal. 2007, 349, 2673. (d) Cristau, 
H.-J.; Cellier, P. P.; Spindler, J.-F.; Taillefer, M. Chem. Eur. 
J. 2004, 10, 5607.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



Copyright of Synlett is the property of Georg Thieme Verlag Stuttgart and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


