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Abstract—In the presence of catalytic amount of indium(III) chloride (10mol%), 2,2 0-dihydroxybiphenyl and bis(2-hydroxyphen-
yl)methane react quickly, without using any solvent, with ketones or b-keto esters possessing at least one hydrogen atom in a to
the ketone-carbonyl group, to afford some new dibenzo(d,f)(1,3)dioxepines and some 12H-dibenzo(d,g)(1,3)dioxocin derivatives,
respectively.
� 2004 Elsevier Ltd. All rights reserved.
It has been proved that the presence of a methylenedi-
oxy group related to one or two aromatic nuclei, as in
1,3-benzodioxoles and 12H-dibenzo(d,f)(1,3)dioxepines,
respectively, is very important in pharmaceutical appli-
cations.1 In fact it has been found that such a structure,
which is probably related to their pharmacological activ-
ity, is present in many biologically active natural prod-
ucts.2

Some 12H-dibenzo(d,g)(1,3)dioxocin derivatives, in par-
ticular the 2,10-dichloro-12H-dibenzo(d,g)(1,3)dioxo-
cin-6-carboxylic acid and its esters,3 have also been
investigated for their interesting biological activity as
potent hypolypidemic agents.4

To date, the only significant synthetic methods devel-
oped for the dibenzo(d,f)(1,3)dioxepines derivatives are
the condensation of biphenols with the appropriate
ketone using phosphorus pentoxide,5 the condensation
of phenol with a dibromoacetate in the presence of
sodium hydride,6 a trans-ketalization7 or a double
Michael addition.8 The only example of the use of a
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Lewis acid as a catalyst is in the preparation of 3a with
boron trifluoride etherate.9

On the other hand, only a few examples of 12H-di-
benzo(d,g)(1,3)dioxocin derivatives have been reported
in literature.3,4,10

Firstly, the 2,10-dichloro-12H-dibenzo(d,g)(1,3)dioxo-
cin-6-carboxylic acid was prepared as an extension of
some synthetic studies on o-phenylenedioxyacetic acids,3

and then some other methods have been developed,4,10

always using basic reaction condition.

In this letter we intend to describe a new synthetic
strategy to approach these series of compounds. Its
unique feature is that the reaction was carried out
for the first time using indium(III) chloride as a cata-
lyst.

Indium(III) chloride is a mild, water-stable Lewis acid
that can also avoid the problem of side reactions in
acid-sensitive substrates. It has been demonstrated that
this commercially available salt could be used as an effi-
cient catalyst for a wide variety of organic reactions,
such as acylations of phenols, alcohols and amines,11

reductive Friedel–Crafts alkylations,12 Diels–Alder reac-
tions,13 Michael reactions,14 Mukaiyama-aldol reac-
tions,15 cross-cyclizations between epoxides and
homoallyl alcohols16 and coumarin syntheses via a von
Pechmann reaction.17
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It is peculiar that historically some of the cited reactions
have been carried out under basic conditions, while they
are now allowed to happen in pseudo-acid conditions.18

The work we describe was focused on the synthesis
of some new dibenzo(d,f)(1,3)dioxepines and 12H-di-
benzo(d,g)(1,3)dioxocin derivatives starting, respec-
tively, from 2,2 0-dihydroxybiphenyl or from bis-
(2-hydroxyphenyl) methane and some ketones or b-keto
esters using a catalytic amount (10mol%) of indium(III)
chloride without any solvent. The essential feature of
these reactions consists of the presence of at least one
hydrogen atom adjacent to the carbonyl group of the
ketone. In particular, we observed that when ethyl
4,4,4-trifluoroacetoacetate (entry 3), ethyl 4-meth-
oxybenzoyl acetate (entry 4), diethyl malonate (entry
5) or methyl 4,4-dimethyl-3-oxopentanoate (entry 13)
were used as substrates, the reaction did not occur.
The explanation could be that when a b-keto ester is
used, the carbonyl group involved in the reaction mech-
anism must be the ketone group and that the a-hydro-
gens involved are those in position 4 (Scheme 1).

The exact mechanism of the reaction is now being inves-
tigated. This is probably the formation of a complex be-
tween indium(III) chloride and 2,2 0-dihydroxy reagent.
This could be also confirmed by the fact that when we
used a protic acid as a catalyst (i.e., H2SO4 12M), we
Scheme 1.

Scheme 3.
did not isolate a dibenzodioxepine unlike previous re-
ports,7 but a coumarin derivative, which was obviously
obtained by a von Pechmann mechanism (Scheme 2).19

It is also noteworthy that if the substrate contains only
one phenolic unit or if 4,4 0-dihydroxybiphenyl is used,15

the final product always consists of a coumarin deriva-
tive (Scheme 3).

All this experimental evidence seems to give credit also
to the hypothesis of a synergic interaction between the
two reagents and the catalyst. As a matter of fact, yields
drastically decrease when the components are added at
different times.

All obtained derivatives proved to be very stable also
under drastic conditions (i.e., high molecular ion peaks
under EI-mass experiments). The reaction was carried
out using a large variety of keto-substrates, as shown
in Scheme 4.

On analyzing the results reported in Table 1, it is impor-
tant to underline that the maximum yield is obtained
after no more than 20–30min, and that apart from the
reagents the only product isolated is the dibenzo-
(d,f)(1,3)dioxepine or 12H-dibenzo(d,g)(1,3)dioxocin
derivative.20,21 The operative temperature was fixed at
60 �C; increasing the temperature, in fact, yields did
not improve.

All reactions were also carried out using stoichiometric
amounts of indium(III) chloride, with no improvement
in the yields. It was also observed that none of the reac-
tions proceeded at room temperature or in absence of a
catalyst.

The keto-substrates were used in excess in order to carry
out the reactions under homogeneous conditions, avoid-
ing the use of any solvent.



Table 1. InCl3-catalyzed syntheses of some new dibenzo(d,f)(1,3)dioxepines and 12H-dibenzo(d,g)(1,3)dioxocin derivatives

Entry Substrate Catalyst (mol%) Time (h) Product Yielda (%) Lit. Yield (%)

1 Ethyl acetoacetate 10 0.33 1a 25 ––

1b 30

2 Ethyl 4-chloroacetoacetate 10 0.5 2a 20 ––

2b 20

3 Ethyl 4,4,4-trifluoroacetoacetate 10 3.5 –– –– ––

4 Ethyl 4-methoxybenzoyl acetate 10 3.5 –– –– ––

5 Diethyl malonate 10 3.5 –– –– ––

6 Acetone 10 0.33 3a 30 20;6 not reported9

3b 30 ––

7 3-Methyl-2-propanone 10 0.5 4a 20 ––

4b 25

8 Methyl benzyl ketone 10 0.5 5a 25 ––

5b 25

9 Acetophenone 10 0.5 6a 25 Not reported5

6b 30 ––

10 Butyl methyl ketone 10 0.5 7a 40 ––

7b 40

11 2,2,2-Trifluoroacetophenone 10 2.0 –– –– ––

12 Benzophenone 10 2.0 –– –– ––

13 Methyl 4,4-dimethyl-3-oxopentanoate 10 2.0 –– –– ––

14 Ethyl 2-benzylacetoacetate 10 0.5 8a 30 ––

15 Ethyl acetoacetate 100 0.33 1a 25 ––

1b 30

16 Ethyl acetoacetate –– 3.5 –– –– ––

a Isolated yields.

Scheme 4.
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In conclusion we demonstrated that indium(III) chloride
is a versatile Lewis acid catalyst for the synthesis of new
dibenzo(d,f)(1,3)dioxepine and 12H-dibenzo(d,g)(1,3)di-
oxocin derivatives. It is noteworthy that the developed
procedure is very simple, it proceeds without using any
solvent and it produces only dibenzodioxepine or dioxo-
cin compounds.22

We are at present experimenting on the use of other sub-
strates and different Lewis acids as catalysts.

Typical synthetic procedure. A mixture of 2,2 0-di-
hydroxybiphenyl (1g, 5.37mmol) and ethyl acetoacetate
(2.8g, 21.48mmol) was stirred under nitrogen for 20min
(TLC) at 60 �C, in the presence of indium(III) chloride
(0.12g, 0.54mmol). After reaction, the crude mixture
was separated by flash-column chromatography (hex-
ane/dichloromethane 1/1) on silica gel, obtaining the
desired product 1a (0.4g, 25 %).
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22. Purity determination. Electron impact (EI) experiments
were performed by a Carlo Erba QMD mass spectrometer
operating at 70eV and 200lA with an ion source
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temperature of 200 �C. The samples were introduced
directly into the ion source. IR spectra were recorded by
a Perkin–Elmer 157 spectrometer. 1H and 13C NMR were
recorded by a Varian 300MHz using tetramethylsilane as
internal standard. Microanalysis for CHN were performed
by a Carlo Erba 1106 Elemental Analyzer.
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