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An efficient and simple method for the synthesis of new benzopyranopyrimidines via a pseudo four-com-
ponent reaction of salicylic aldehydes, malononitrile and various amines in the presence of a catalytic
amount of LiClO4 is reported. The advantages of this procedure are mild reaction conditions, high yields
of products and operational simplicity.
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Multicomponent reactions (MCRs) in which several reactions are
combined into one synthetic operation have been used extensively
to form carbon–carbon bonds.1–4 Such reactions offer a wide range
of possibilities for the efficient construction of highly complex mol-
ecules in a single step, thus avoiding complicated purification oper-
ations and allowing savings of both solvents and reagents. There has
been tremendous development in multicomponent reactions, and
significant efforts continue to be made to develop new MCRs.5–8 In
this context, benzopyranopyrimidines show interesting features
which make them attractive targets for the synthesis via MCRs.

Benzopyranopyrimidines demonstrate antiinflammatory, anal-
gesic and, importantly, in vitro anti-aggregating activities.9–13 Sev-
eral benzopyrano[2,3-d]pyrimidines were tested for their cytotoxic
activity against a panel of cancer cell lines, and a number were
shown to cause significant perturbation in cell cycle kinetics.14
ll rights reserved.
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Therefore, numerous methods have been reported for the prepara-
tion of benzopyranopyrimidine derivatives.9–13,15–17

As part of our research aimed at developing new methods for
the preparation of heterocyclic compounds,18–37 we report herein
an efficient and simple synthesis of new benzopyranopyrimidines
in high yields via a one-pot, pseudo four-component reaction of
salicylic aldehydes 1a–f, malononitrile (2) and amines 3a–c in
the presence of LiClO4 as a catalyst, in EtOH at room temperature
(Scheme 1).38

To achieve suitable conditions for the synthesis of the benzo-
pyranopyrimidines 4, various Lewis and protic acid catalysts,
namely, ZnCl2, FeCl3, SnCl2, Bi(NO3)2, NH2SO3H, p-TSA, HOAc and
LiClO4 and different solvents were investigated in the model reac-
tion of 2-hydroxybenzaldehyde (1a), malononitrile (2) and dimeth-
ylamine (3a). The best overall yield (93%) was obtained using
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Table 1
Synthesis of benzopyrano[2,3-d]pyrimidines 4
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LiClO4 in EtOH at room temperature. Similarly, the molar ratio of
LiClO4 was studied with the optimum amount being 20 mol %.

Encouraged by this success, we investigated the use of a wide
range of amines 3 and salicylic aldehydes 1 in this pseudo
four-component reaction and have prepared a library of (5H-ben-
zopyrano[2,3-d]pyrimidin-2-yl)phenols 4. The results are shown
in Table 1. These reactions proceeded very cleanly under mild con-
ditions at room temperature, and no side reactions were observed.
To the best of our knowledge, this new procedure provides the first
example of an efficient and pseudo four-component reaction for
the synthesis of (5H-benzopyrano[2,3-d]pyrimidin-2-yl)phenols.

The work-up involved filtration and washing with EtOH to pro-
vide the products in high purity. The nature of these compounds as
2:1:1 adducts was apparent from their mass spectra, which dis-
played, in each case, a molecular ion peak at the appropriate m/z
value. Compounds 4a–n are stable solids whose structures were
established by IR, 1H and 13C NMR spectroscopy and by elemental
analysis.

It is reasonable to assume that products 4 result from initial
Knoevenagel condensation of salicylic aldehyde (1) and malonont-
rile (2) followed by subsequent Pinner reaction (5?6). Next, the
cyano group of intermediate 6 can be attacked by the amine 3 to
produce intermediate 7. Finally, amine 7 reacts with another mol-
ecule of salicylic aldehyde 1 followed by proton transfer to afford
the product 4 (Scheme 2).

In conclusion, we have developed a new, simple, pseudo four-
component method for the synthesis of (5H-benzopyrano[2,3-
d]pyrimidin-2-yl)phenols via the reaction of salicylic aldehydes,
malononitrile and amines at room temperature. We believe that
this method will find useful applications in the growth of benzo-
pyranopyrimidine chemistry.
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solubility of product 4n, we were unable to obtain the 13C NMR spectrum).
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