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facile synthesis of fused aromatic compounds
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Abstract—Cationic rhodium complex [Cp*Rh(g6-C6H6)](BF4)2 (1) acts as an efficient catalyst for direct aldol condensation of
ketones. The method can be applied to one-pot synthesis of fused aromatic compounds from cyclic ketones via sequential C–C bond
formations.
� 2006 Elsevier Ltd. All rights reserved.
ð2Þ
Rhodium-catalyzed carbon–carbon bond forming reac-
tions have gained renewed interest in recent years.1

Although reductive aldol-type reactions of enones with
aldehydes have been widely performed with various rho-
dium catalysts,2,3 direct aldol reactions of non-activated
carbonyl compounds are limited to a few examples.4

Herein, we wish to report direct aldol-type condensa-
tions of simple ketones with cationic rhodium complex
catalysts (Eq. 1), and its application to a facile synthesis
of fused aromatic compounds such as truxene
derivatives.
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Using acetone as a model substrate, direct aldol-type
condensation was examined in the presence of various
rhodium complex catalysts. As shown in Eq. 2,
[Cp*Rh(g6-C6H6)](BF4)2 (1)

5 was proven to be a highly
efficient catalyst for the formation of 4-methyl-3-pen-
tene-2-one. Neutral complexes such as RhCl3 and
(Cp*RhCl2)2 showed no catalytic activity. The conden-
sation of various cyclic ketones proceeds efficiently in
- see front matter � 2006 Elsevier Ltd. All rights reserved.
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the presence of catalytic amount of 1 to give the corre-
sponding enones. The representative results are summa-
rized in Table 1. NOE experiments showed that the
reactions of indanones gave E-isomers exclusively
(entries 2–4). Intramolecular cyclocondensation of 2,5-
hexanedione proceeds to give 2,5-dimethylfuran as a
sole product (entry 5).

The present method can be applied to one-pot synthesis
of fused aromatic compounds by the sequential conden-
sation of cyclopentanones (Table 2). The reaction of 1-
indanone with 10 mol % of 1 gave truxene (2) (entry
2),6 while similar treatment with 1 mol % of 1 afforded
a mixture of 2 and the corresponding dimer product
(E)-2-(1 0-indenylidene)-1-indanone (entry 3). Substi-
tuted 1-indanones also gave the corresponding truxene
derivative with high efficiency (entry 4). 1,1,1-Triflu-
oro-2,4-pentanedione undergoes similar type of double
condensation to afford the corresponding phenol exclu-
sively (entry 5). Triple condensation of cyclic ketones
has been recognized as an efficient method for the
preparation of polysubstituted benzenes, which are
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Table 2. Synthesis of fused aromatic compoundsa

Entry Substrate Product Yield (%)

1 42b

2 78
3 54c,d

4 92e

5 18

a A mixture of ketones and 1 (10 mol %) was stirred at 200 �C for 5 h without solvent.
b The reaction temperature was 150 �C.
c 1 mol % catalyst.
dE-2-(1 0-Indenylidene)-1-indanone was also produced in 42% yield.
e 20 mol % catalyst.

Table 1. Rhodium-catalyzed aldol condensation of ketonesa

Entry Substrate Product Yield (%)

1 61b

2 79c

86c,d

3 68c

4 67c

5 90

a A mixture of ketones and 1 (5 mol %) was stirred at 200 �C for 5 h without solvent.
b The reaction temperature was 150 �C.
cE-isomers were produced exclusively.
d 20 mol % catalyst.
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important starting materials for polyaromatic electronic
devices.7 However, the conventional methods often
require strong acids.8 The present reaction provides an
alternative and convenient method because of simple
operation and neutral reaction conditions.

The reaction can be rationalized by assuming the mech-
anism as shown in Scheme 1. The catalytically active
species seems to be coordinatively unsaturated cationic
rhodium complex 3, which would be formed by dissoci-
ation of g6-arene ligand.5 After coordination to ketones,
the resulting complex 4 undergoes a-proton abstraction
from the coordinated ketone to afford rhodium enolate
5 with releasing HBF4. Catalytic inactivity of HBF4

has been confirmed by the control experiments. Enolate
5 reacts with the substrate ketone to give aldolate inter-
mediate 6.9 Proton abstraction from HBF4 proceeds to
Scheme 1.

Scheme 2.
regenerate the active species 3 with the formation of 7,
which undergoes dehydration to afford product 8.

The formation of fused aromatic compounds can be
explained by the polycondensation as shown in Scheme
2. Compound 8 would be converted into intermediate 9
via coordination of 3, c-proton abstraction by counter
anion,10 andO-to-Cmigration of rhodium. Condensation
with ketones affords dienone 10, which undergoes simi-
lar reaction sequence or direct electrocyclic reaction to
afford aromatic compounds.
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