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The first transition metal-catalyzed cross-coupling reactions of 2,3-dibromo-1H-inden-1-one are
reported. The Suzuki–Miyaura reaction of 2,3-dibromo-1H-inden-1-one with 2 equiv of arylboronic acid
gave 2,3-diaryl-1H-inden-1-ones. The reaction with 1 equiv of arylboronic acid gave 2-bromo-3-aryl-1H-
inden-1-ones with very good site-selectivity. The one-pot reaction of 2,3-dibromo-1H-inden-1-one with
two different arylboronic acids afforded 2,3-diaryl-1H-inden-1-ones containing two different terminal
aryl groups.

� 2010 Elsevier Ltd. All rights reserved.
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2,3-Diaryl-1H-inden-1-ones are of considerable pharmacologi-
cal relevance.1 Classic syntheses of these molecules rely on intra-
molecular Friedel–Crafts acylation reactions,2 on the reaction of
3-(p-methoxybenzyl)phthalide with phenylmagnesium bromide
and subsequent rearrangement,3 and on the reaction of 2-phe-
nyl-1H-inden-1,3(2H)-dione with phenylmagnesium bromide and
subsequent extrusion of water.4 2,3-Diaryl-1H-inden-1-ones have
also been prepared from dibenzoylmethane5 and benzophenone
derivatives.6 Recent transition metal-catalyzed syntheses of 2,3-
diaryl-1H-inden-1-ones include the reaction of 1-methoxy-4-
(40-methoxyphenylethynyl)-benzene with 2-bromobenzaldehyde7

and the reaction of diphenyl acetylene with 2-bromobenzenebo-
ronic acid.8

In recent years, a number of site-selective palladium(0)-
catalyzed cross-coupling reactions of polyhalogenated heterocy-
cles have been developed. The site-selectivity of these reactions
is generally influenced by electronic and steric parameters.9 We
have reported site-selective Suzuki–Miyaura (S–M) reactions of
tetrabrominated thiophene, N-methylpyrrole, selenophene, and
of other polyhalogenated arenes and heteroarenes.10

Bellina and Sulikowski and their co-workers reported site-
selective transition metal-catalyzed reactions of several dibromof-
uranones.11 It occurred to us that 2,3-dibromo-1H-inden-1-one
might be a suitable starting material for the synthesis of 2,3-dia-
ryl-1H-inden-1-ones. The reactions of 2,3-dibromo-1H-inden-
1-one with amines and C-nucleophiles, such as Grignard reagents,
ethyl cyanoacetate, and ethyl acetoacetate, are known for a long
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time.12 Surprisingly, transition metal-catalyzed cross-coupling
reactions of 2,3-dibromo-1H-inden-1-one have, to the best of our
knowledge, not been reported to date. Herein, we report the syn-
thesis of 2,3-diaryl-1H-inden-1-ones by site-selective S–M reac-
tions of 2,3-dibromo-1H-inden-1-one. The products are not
readily available by other methods.

The S–M reaction of 2,3-dibromo-1H-inden-1-one (1)13 with
2 equiv of arylboronic acids2a–e gave the 2,3-diaryl-1H-inden-1-ones
3a–e in excellent yields (Scheme 1, Table 1).

The best yields were obtained using 2.2 equiv of the arylboronic
acid, Pd(PPh3)4 (5 mol %) as the catalyst, and K2CO3 (2 M aqueous
solution) as the base (1,4-dioxane, 70 �C, 6 h).14,15 The employment
of Pd(PPh3)2Cl2 proved to be less efficient in terms of yield. The
reactions could be successfully carried out with both electron-rich
and electron-poor arylboronic acids.

The S–M reaction of 1 with arylboronic acids 2a–c,f,g
(1.0 equiv) afforded the 3-aryl-2-bromo-1H-inden-1-ones 4a–e in
excellent yields and with very good site-selectivity (Scheme 2,
Tables 2 and 3).14,16 The first attack occurred at position 3 of 1.
During the optimization (Table 3), carried out for derivatives 4b
O1 3a-e

Scheme 1. Synthesis of 3a–e. Reagents and conditions: (i) 3a–e (2.2 equiv),
Pd(PPh3)4 (5 mol %), 2 M K2CO3 (aq), dioxane, 70 �C, 6 h.
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Table 1
Synthesis of 3a–e

2,3 Ar % (3)a

a 4-MeC6H4 100
b 4-FC6H4 95
c 3-(MeO)C6H4 98
d C6H5 97
e 4-ClC6H4 93

a Yield of isolated products.
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Scheme 2. Synthesis of 4a–e. Reagents and conditions: (i) 2a–c,f,g (1.0 equiv),
Pd(PPh3)4 (3 mol %), 2 M K2CO3 (aq), dioxane, 45 �C, 4 h.

Table 2
Synthesis of 3-aryl-2-bromoinden-1-ones 4a–e

2 4 Ar % (4)a

a a 4-MeC6H4 98
b b 4-FC6H4 83
f c 2,6-(MeO)2C6H3 83b

g d 3,5-Me2C6H3 88
c e 3-(MeO)C6H4 95b

a Yields of isolated products.
b Reaction temperature: 40 �C, the other reactions were carried out at 45 �C.
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Scheme 3. Synthesis of 5a–e. Reagents and conditions: (i) (1) Ar1B(OH)2 2a,f,j
(1.0 equiv), Pd(PPh3)4 (3 mol %), 2 M K2CO3 (aq), dioxane, 45 �C, 4 h; (2) Ar2B(OH)2

2b,f,h,i (1.1 equiv), Pd(PPh3)4 (3 mol %), 70 �C, 6 h.

Table 4
Synthesis of 5a–e

2 5 Ar1 Ar2 % (5)a

a,h a 4-MeC6H4 4-(MeO)C6H4 93
a,i b 4-MeC6H4 3-ClC6H4 89
f,b c 2,6-(MeO)2C6H3 4-FC6H4 86b

j,h d 2-(MeO)C6H4 4-(MeO)C6H4 87b

a,f e 4-MeC6H4 2,6-(MeO)2C6H3 90

a Yields of isolated products.
b Reaction temperature: 40 �C.

Figure 1. Crystal structure of 3d.
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and 4e, it proved to be very important to use exactly 1.0 equiv of
the arylboronic acid and Pd(PPh3)4 (3 mol %) as the catalyst. The
employment of Pd(PPh3)2Cl2 resulted in a significant decrease of
the yield and of the site-selectivity. The temperature played an
important role. A good selectivity was achieved only when the
reaction was carried out at 45 �C for 4b (derived from the less reac-
tive, electron poor arylboronic acid 2b) or at 40 �C for 4e (derived
from the electron rich arylboronic acid 2c) because the second
cross-coupling was slow at this temperature. The formation of a
mixture of starting material, mono- and di-substituted products
was generally observed when the reaction was carried out at tem-
peratures between 45 and 70 �C. In the case of highly reactive
methoxy-substituted arylboronic acids (2f,c), the temperature
had to be further decreased to 40 �C to achieve a good site-selectiv-
ity. The reactions were successful for both electron-rich and elec-
tron-poor arylboronic acids.

The one-pot reaction of 1 with two different arylboronic acids,
which were sequentially added, afforded the unsymmetrical 2,3-
diaryl-1H-inden-1-ones 5a–e containing two different terminal
aryl groups (Scheme 3, Table 4).17,18 During the optimization, it
Table 3
Optimization of the synthesis of 4b and 4e

Entry Conditions

1 Pd(PPh3)2Cl2 (3 mol %), 2 M K2CO3 (aq.)
2 Pd(PPh3)2Cl2 (3 mol %), K3PO4

3 Pd(PPh3)4 (3 mol %), 2 M K2CO3 (aq.)
4 Pd(PPh3)4 (3 mol %), 2 M K2CO3 (aq)
5 Pd(PPh3)4 (3 mol %), 2 M K2CO3 (aq)
6 Pd(PPh3)4 (3 mol %), 2 M K2CO3 (aq)

a Yields of isolated products.
b no complete conversion.
proved to be important that the first step was carried out at
45 �C (or at 40 �C in case of 2f,j) to achieve a good site-selectivity
in favor of position 3 of the substrate. The second step had to be
carried out at 70 �C to guarantee a complete reaction of position
2. All reactions proceeded in excellent yields. It was important to
add the catalyst again when the second boronic acid was added.
Otherwise, the yields decreased, more products are formed, and
the products could not be isolated in pure form.
T (�C) %a (4b+3b) %a (4e+3c)

45 55+0 36+9
45 47+0 51+10
20 Traces+0b 13+0b

40 67+0b 95+0
45 83+0 22+29b

60 28+25b 19+39b



Figure 2. Crystal structure of 4c.
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Scheme 4. Possible explanation for the site-selectivity of cross-coupling reactions
of 1.
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The structures of the products were established by 2D NMR
experiments (NOESY, HMBC). The structures of 3d and 4c were
independently confirmed by X-ray crystal structure analyses (Figs.
1 and 2).19

The site-selective formation of 4a–e and 5a–e can be explained
by electronic reasons (Scheme 4). The first attack of palladium(0)
catalyzed cross-coupling reactions generally occurs at the more
electron deficient and sterically less hindered position.9,20 Position
3 of 2,3-dibromo-1H-inden-1-one (1) is considerably more elec-
tron-deficient than position 2. Handy and Zhang reported a simple
guide for the prediction of the site-selectivity of palladium(0) cat-
alyzed cross-coupling reactions of polyhalogenated substrates
based on the 1H NMR chemical shift values of the non-halogenated
analogs.20 In fact, the 1H NMR signal of proton H-3 of inden-1-one
is shifted downfield compared to proton H-2.

In conclusion, we have reported site-selective Suzuki–Miyaura
reactions of 2,3-dibromo-1H-inden-1-one which provide a conve-
nient and site-selective approach to 2,3-diaryl-1H-inden-1-ones
and 3-aryl-2-bromo-1H-inden-1-ones. The scope and applications
of the methodology outlined herein is currently under investiga-
tion in our laboratories.
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