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A novel one-pot synthesis of coumarins via intramolecular Wittig cyclization from the reaction of pheno-
lic compounds containing ortho-carbonyl group and triphenyl(a-carboxymethylene)phosphorane
imidazolide is described.
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Scheme 1. Synthesis of ylide 2.
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Coumarins constitute one of the major classes of naturally
occurring compounds, and interest in their chemistry continues
unabated because of their usefulness as biologically active agents.1

They also represent the core structure of several molecules of phar-
maceutical importance. A number of coumarin derivatives have
been isolated from natural sources, and their pharmacological
and biochemical properties depend upon the pattern of substitu-
tions. Coumarins have been reported to exhibit antibacterial,
anticarcinogenic and analgesic activity.2 In addition, they also
serve as anti-oxidant, anti-inflammatory agents and HIV protease
inhibitors.2

Because of the utmost significance of this heterocyclic system
and their diverse pharmacological properties, many strategies for
the synthesis of substituted coumarins have been developed.3 Clas-
sical routes4 to coumarins incorporate Pechmann, Knoevenagel,
Perkin, Reformatsky and Wittig condensation reactions. However,
most of these methods suffer from expensive catalyst, harsh reac-
tion conditions, multistep synthesis or low chemical yield.

The intramolecular Wittig reaction has been extensively used as
an excellent method for the C–C bond-forming process in the
synthesis of natural products.5 As part of our ongoing programme
for developing a methodology employing phosphacumulene and
(trimethylsilyl) methylene triphenyl phosphorane and their subse-
quent application to the biologically useful compounds,6 triphenyl
(a-carboxymethylene)phosphorane imidazolide 27 is envisaged as
a versatile reagent offering considerable opportunity for synthetic
ll rights reserved.
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manipulation. The synthetic utility of 2 is hitherto unknown in the
literature, and herein we report for the first time the application of
triphenyl (a-carboxymethylene)phosphorane imidazolide as a C-2
synthon for the one-pot synthesis of biologically relevant couma-
rins. The generality of this concept has been established with
several examples.

Ylide 28 was prepared by the reaction of carbonyl diimidazole
and methylenetriphenyl phosphorane generated from the corre-
sponding phosphonium salt 1 as depicted in Scheme 1. Since the
carbanion in ylide 2 is stabilized by the amide carbonyl, one would
3a-j 5a-j4

Scheme 2. One-pot synthesis of substituted coumarins.
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expect low reactivity of this ylide in a nucleophilic reaction. At the
same time, imidazole being a good leaving group would facilitate
reaction at the carbonyl centre. Thus, the hydroxy carbonyl com-
pound 3 was first heated with NaOMe in xylene at 60 �C for 2 h,
and then reacted with ylide 2 under reflux conditions to afford
phosphoranes 4 which underwent intramolecular Wittig cycliza-
tion to furnish the desired coumarin 5 in good yields (Scheme 2).

Taking into consideration the low nucleophilicity of ylide 2, it
was necessary to use an equimolar amount of an additional base
such as sodium methoxide to generate an alkoxy anion from
hydroxy carbonyl compound 3. The reaction is then followed by
a nucleophilic attack of the alkoxy anion on the carbonyl of ylide
2, ultimately leading to the formation of the intermediate 4 with
the extrusion of imidazole as a by-product. The phosphorane 4
Table 1
One-pot synthesis of substituted coumarins
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a All products were characterized by their satisfactory IR, 1H NMR and mass
spectral data and also by comparison with the literature.
thus formed immediately undergoes ring closure via an intra-
molecular Wittig reaction to afford the desired coumarin 5 in good
yields.

To support our mechanism, the intermediacy of 4 has been
established by spectroscopic means. Although the treatment of
3e with 2 in xylene in the presence of NaOMe at room temperature
did not show any progress in the reaction, the extrusion of imidaz-
ole and the formation of phosphorane 4e could be observed when
the reaction was performed at reflux temperature. Interestingly,
compound 4e9 was found to be stable enough to be isolated after
3 h of the reaction, and was further identified by its spectral data.
Compound 4e on subsequent heating in refluxing xylene for 48 h
gave the desired coumarin 5e. Thus, the above finding indicates
that compound 4e, which results from the extrusion of imidazole,
is an intermediate that undergoes subsequent intramolecular Wit-
tig cyclization at reflux temperature to furnish the desired product
5e.

As is apparent from Table 1, the intramolecular Wittig cycliza-
tion involving phosphorus ylide and carbonyl is general for the
preparation of a variety of coumarin derivatives. While the
electron-donating or electron-withdrawing substituents in the
aromatic rings (entries 2–4 and 8, respectively) do not have any
considerable effect in terms of the yields of the products obtained,
the steric effect during Wittig cyclization resulting from substitu-
tion in aromatic rings appears to be significant. Thus, propionyl
and benzoyl groups (entries 7 and 10) have pronounced steric hin-
drance due to their close proximity to the carbonyl group, and
hence a longer time (55 h) is required for completion of the reac-
tion affording relatively low yields of the products, 5g and 5j,
respectively. It may be pertinent to mention here that a few appli-
cations of transition-metal catalyzed reactions for coumarin syn-
thesis have been reported, but most of these are of limited
scope.10,11 For example, palladium-catalyzed carbonylative annu-
lation of internal alkynes by o-iodophenols is known to give vary-
ing proportions of two regioisomers of substituted coumarins.12

In this connection, the present methodology for the synthesis of
coumarins is noteworthy.

In conclusion, an efficient annulation protocol for a variety of
coumarins has been developed. To the best of our knowledge, this
is the first report of coumarin synthesis via intramolecular Wittig
carbonyl olefination using triphenyl (a-carboxymethylene) phos-
phorane as a C-2 synthon. Currently, work is in progress to extend
the synthetic potential of ylide 2 for the construction of nitrogen
and sulfur heterocycles as well.
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