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A brief review of the publications over the past 5 years devoted to the synthesis of 3,4-dihydropyrimidin-2(1H)-
one or -thione derivatives using Biginelli reaction is presented. The impact of reaction conditions (solvents,

H catalysts, energy input) on the yield is discussed. New combinations of reagents enabling the synthesis of a wide
range of 3,4-dihydropyrimidin-2(1H)-one derivatives with various functional groups are considered.

Introduction

The three-component reaction between aromatic aldehydes,
urea, and acetoacetic esters was discovered by the Italian
chemist P. Biginelli in 1893. The products of this reaction
are 3,4-dihydropyrimidin-2(1H)-ones (DHPMs). For a long
time the Biginelli reaction was not commonly used, but in
the last 20-30 years this class of heterocyclic compounds
received considerable attention as a type of privileged hetero-
cyclic scaffolds with a significant pharmacological potential.'
It has been shown that some dihydropyrimidines exhibit high
antiviral, anti-inflammatory, anticancer, and antihyperten-

sive activity.” Therefore, the number of publications and
patents devoted to the synthesis of DHPMs derivatives by
means of the Biginelli reaction is growing every year. This
can be explained by the simplicity of the synthetic proce-
dure, the possibility to vary the starting reagents, catalysts,
and solvents, as well as the possibility of introducing sub-
stituents that are easily converted into various functional
groups. The rapid development of combinatorial chemistry
also led to an increased interest in Biginelli reaction.®
Several reviews are devoted to the reaction.'***

Reaction conditions

The classic method of carrying out the Biginelli reaction
assumes one-pot condensation of ethyl acetoacetate,
benzaldehyde, and urea under strongly acidic conditions.
The reaction proceeds with low yields and requires
relatively long time (15-20 h).

A significant number of works has been devoted to the
optimization of reaction conditions in order to increase the
yields of target DHPMs. The influence of solvents and
catalysts on the yields of the target products obtained in
Biginelli reaction has been recently studied.” One approach
is optimization of the solvents (acetic acid, acetonitrile,
THF, DMFA, etc.) and the selection of appropriate catalyst
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systems (organic and inorganic acids,® Lewis acids,” ionic
liquids®). In order to accelerate the reaction, experiments
have been performed with microwave irradiation, infrared
irradiation, as well as ultrasonication, thereby reducing the
reaction time to few minutes and increasing yields up to 98%.”
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New combinations of reagents

Changing the three building blocks has allowed to R MeXMe
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Different components, such as guanidine, barbituric acid
derivatives, and other heterocyclic systems containing the
desired motifs have been introduced into the reaction
during recent studies. El-Saghier with coworkers carried
out the interaction of barbituric acid, aromatic aldehyde,
and urea (thiourea) resulting in the formation of pyrimido-
pyrimidinones.'> These reactions proceeded with high
efficiency in water in the presence of cerium ammonium
nitrate (CAN) as catalyst.

Ryabukhin et al. demonstrated® the possibility of using
aminoheterocycles in the cyclization, while employing
chlorotrimethylsilane as an efficient promoter and water
scavenger. A series of 89 triazolopyrimidines and tetrazolo-
pyrimidines were obtained in 25-90% yields as a result.
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Green chemistry

A new, powerful trend in the field of organic chemistry in
recent years is the application of "green chemistry", which
often envisions the synthesis of complex molecules without
solvents or by using water as a solvent. A simple and
efficient method for the synthesis of DHPMs was reported
by Priyadharsini and Chitra."* They suggested Sn(IV) oxide
as a catalyst that was highly active, inexpensive, environ-
mentally friendly, convenient in handling, and nontoxic.

A selective synthesis of DHPM derivatives was recently
illustrated by Hajipour and coworkers® by a reaction of
aromatic aldehydes with cyclopentanone and urea
(thiourea) in the presence of N,N,N-triethyl-4-sulfobutan-
l-aminium hydrogen sulfate as a Brensted acidic ionic
liquid and effective catalyst.

Previously described CAN-catalyzed Biginelli reaction by
El-Saghier et al. can be viewed as green method.'

The application of polyphosphoric acid on silica gel
allowed to carry out the reaction under mild conditions,
gave high yields, and the catalyst could be easily reco-
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vered.'* A significant number of works have been devoted
to the application of environmentally friendly natural clays
and silica gel as catalysts."

Recent progress in asymmetric Biginelli reaction

Compounds containing the DHPM ring are asymmetrical,
but the impact of the absolute configuration of such mole-
cules on their biological activity has been insufficiently
studied. It is known that the enantiomers of 4-aryl-
substituted DHPMs may have pharmacological activity of
different strength or even provide the opposite biological
effects. In recent years there has been a considerable
progress in the study of enantiopure DHPMs. '

Enantiomeric purity of the products can be achieved through
the application of chiral organocatalysts on titanium dioxide or
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Recent progress in asymmetric Biginelli reaction (continued)

alumina (individual or mixed, bulk or nanosized) as hetero-
geneous catalysts.'® Another approach is to use sterically
hindered catalysts."”

Recent works on asymmetric catalytic reactions that allow
to obtain optically active 3,4-dihydropyrimidinones(thiones)
have been summarized by Rao et al."™ and Wan et al.'*
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