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Abstract: The C2-arylation of 1-(pyridin-2-yl)indole-3-carboxalde-
hyde with aryl iodides was carried out in the presence of Cu2O in
basic medium. This simple and efficient method led to the prepara-
tion of 1,2-diarylindole derivatives.
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N-Arylindole derivatives are widely used as
pharmaceuticals1 or agrochimicals.2 The transition-metal-
catalyzed formation (copper or palladium) of C–N bond is
the simplest way to reach these compounds.3,4 Originally,
the classical Ullmann reaction with aromatic amines re-
quired high temperature (140 °C or more) and stoichio-
metric amount of copper in the presence of a base in polar
high-boiling-point solvent.5 Since this time, milder condi-
tions have been reported for the synthesis of N-aryl-
indoles, involving a catalytic amount of copper and a large
scope of ligands such as aliphatic diamines,6 substituted
1,10-phenantroline,7 amino acid (L-proline),8 and differ-
ent oximes or Schiff bases.9 For our part, we became in-
terested in the synthesis of N-arylindole-3-carbox-
aldehydes as starting material of potent serotoninergic
ligands. The N-arylation reaction was performed in the
presence of commercial indole-3-carboxaldehyde (1),
Cu2O (0.1 equiv), aryl iodide (2 equiv), and K2CO3 (2
equiv) in DMF at 153 °C for three days to afford N-arylat-
ed indoles 2 (Scheme 1). These reaction conditions were
chosen in consideration of its advantages.10,11 The method
is easy to handle, the presence of a ligand is not required,
and Cu2O is described as an interesting copper source, due
to its low cost and its insensitivity to light and air.

When 2-iodopyridine was used as the aryl halide, 1-(pyri-
din-2-yl)indole-3-carboxaldehyde (2a)12 was obtained in
65% yield but biarylated product 3a13 was also isolated in

20% yield (Scheme 2). The preparation of 3a from 1 was
improved when 0.3 equivalent of Cu2O was used. In this
case, compound 2a and 3a were obtained in 16% and 41%
yield, respectively.

Similarly, the synthesis of 2a was performed according to
the literature methodology.14 A solution of the indole-3-
carboxaldehyde sodium salt was stirred with 2-fluoro-
pyridine in DMF at 110 °C for 18 hours to afford 2a in
86% yield. Then, compound 2a was engaged in the aryla-
tion reaction (Cu2O: 0.1 equiv, 2-iodopyridine: 2 equiv) to
obtain the C2-arylated product 3a.15 We were pleased to
isolate 3a in 84% yield (Scheme 2).

Scheme 2 Reagents and conditions: (i) 2-iodopyridine (2 equiv),
Cu2O (0.1 equiv), K2CO3 (2 equiv), DMF, 153 °C, 3 d. From 1: 2a
(65%); 3a (20%). From 2a: 3a (84%).

Over the past few years, intermolecular direct C2-aryla-
tion of indoles via cross-coupling of C2–H bond with aryl
halide in the presence palladium16 and rhodium17 catalysts
has received considerable attention. To our knowledge,
one example of C2-arylation of indole with diarylio-
dine(III) reagents mediated by Cu(OTf)2 was reported in
a recent work.18 For our part, we next explored the scope
of this coupling reaction.

We investigated a first set of experiments using various
indole-3-carboxaldehyde derivatives [1-methylindole-3-
carboxaldehyde, 1-phenylindole-3-carboxaldehyde, 1-
(pyridin-3-yl)indole-3-carboxaldehyde, and 1-(methyl-
sulfonyl)indole-3-carboxaldehyde] in the presence of 0.1
equivalent of Cu2O and 2 equivalents of 2-iodopyridine.
The C2-arylated derivatives were isolated in low yield
(11–23%). Thus, the presence of the 2-pyridinyl group at
the N-position is crucial to promote the C2-arylation in
fair yield.

Scheme 1 Reagents and conditions: (i) ArI (2 equiv), Cu2O (0.1
equiv), K2CO3 (2 equiv), DMF, 153 °C, 3 d; Ar: Ph (74%), 3-pyridi-
nyl (70%), 4-MeC6H4 (64%), 2-MeC6H4 (26%).
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The model compound 2a was then treated with various
substituted aromatic halides to afford 2-aryl-1-(pyridin-2-
yl)indole-3-carboxaldehydes 3b–k in 4–88% yield
(Scheme 3, Table 1).

Scheme 3 Reagents and conditions: (i) ArX (2 equiv), Cu2O (0.1
equiv), K2CO3 (2 equiv), DMF, 153 °C, 3 d (see Table 1).

As shown in Table 1, higher yield was obtained when aryl
iodide was used (compare entries 1 and 2). In our hands,
bromobenzene gave poor yield. Electron-donating groups
on ortho-, meta-, or para-position of the aryl iodide gave
fair yields (entries 3–5 and 7–9). The use of bulky 2-iodo-
1,3-dimethylbenzene (entry 6) led also to the desired with
80% yield. The presence of an electron-withdrawing
group (entry 10) had a dramatic effect on the efficiency of

the reaction. In this last example, compound 3k was iso-
lated in 35% yield.

In a second time, different functional groups at the C3-
position of indole were tested (Scheme 4). N-arylation of
indoles 10a–e was first performed to give derivatives
11a–e in good yield (Table 2).14,21,22 The C2-arylation for
11a–c did not occurr in the presence of Cu2O and 2-iodo-
pyridine in basic medium. For compounds 11d and 11e,23

the same reaction afforded the compounds 12d and 12e24

in 11–87% yield (Table 2). The arylation conditions re-
quire an aldehyde or nitrile group at the C3-position of in-
dole.

Scheme 4 Reagents and conditions: (i) NaH (1.5 equiv), 2-fluoro-
pyridine (2 equiv), DMF, 110 °C, 18 h; (ii) 2-iodopyridine (2 equiv),
Cu2O (0.1 equiv), K2CO3 (2 equiv), DMF, 153 °C, 3 d (see Table 2).

In a last part, we applied this arylation reaction under
microwave dielectric heating as an alternative to the clas-
sical conductive heating. The reaction was first performed

Table 1 C2-Arylation of 2a

Entry ArX Compd Yield (%)

1 3b19 79

2 3c 4

3 3d 65

4 3e 84

5 3f20 77

6 3g 80

7 3h 71

8 3i 88

9 3j 60

10 3k 35
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with 1, 2-iodopyridine (1 or 3 equiv), and Cu2O (0.1 or 0.3
equiv) in DMF at 153 °C or 240 °C for 1–2 hours
(Table 3).25 At 153 °C, compound 2a was the lone deriv-
ative observed and was isolated in 94% yield. In the pres-
ence of 3 equivalents of 2-iodopyridine and 0.3 equivalent
of Cu2O at 240 °C for 2 hours, 1,2-diaryl compound 3a
was obtained in 70% yield. The same reaction conditions
were applied to 2a and 10e (Table 3). Again, the best
yields were obtained when 0.3 equivalent of Cu2O were
used (2 equiv of 2-iodopyridine at 240 °C for 1 h).

In conclusion, the outcome of the C2-arylation of the
indole core depends of the presence of a 2-pyridinyl group
at the N-position and an aldehyde (or nitrile) group at C3.
By this route, 1,2-diaryl-3-formylindoles have been pre-
pared in one or two steps in good yields. Further applica-
tions are now under investigation.
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