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An efficient and highly convergent route to dihydropyrimi-
dinones (DHPMs) has been developed by one-pot three-
component oxidative cyclocondensation of a variety of alcohols,
β-ketoesters/β-oxodithioester and urea in the presence of T3Pμ/
DMSO. This new approach consistently has the advantage of
tandem and good yields (65­88%).

Domino processes and multicomponent reactions (MCRs)
in an environmentally benign and atom-economic fashion play
important roles in organic synthesis especially for the synthesis
of bioactive heterocycles.1 3,4-Dihydropyrimidin-2-ones
(DHPMs) and their derivates have been receiving much attention
in recent years owing to their enormous application in the field
of drugs and pharmaceuticals.2­4 They occupy an important
place in the realm of natural and synthetic organic chemistry due
to their broad range of biological, including antiviral, antitumor,
antibacterial, and anti-inflammatory activities and as HIV
agents.5­9 They also attracted considerable interest due to their
promising activities as calcium channel blockers and orally
active antihypertensive agents. A very recent important highlight
in this aspect is the identification of the structurally rather simple
DHPM monastrol as a mitotic kinesis EG5 motor protein
inhibitor and potential new lead for the development of
anticancer drugs.10 In 1893, Italian chemist Pietro Biginelli first
reported the synthesis of DHPMs by multicomponent cyclo-
condensation,11 involving reaction among a β-ketoester, an
aldehyde, and urea under strong acidic conditions. Under strong
acidic conditions the yields are very low, around 20%. To
enhance the efficiency of the Biginelli condensation, various
catalysts and reaction conditions have been studied including
classical conditions, microwave-assisted irradiation, solid sup-
port, ionic liquids,12 Lewis acid well as protic acid promoters
such as BF3¢OEt2,13a InCl3,13b LaCl3¢7H2O,13c FeCl3¢6H2O,13d

Mn(OAc)2,14a LiClO4,14b H2SO4,14c HClO4¢SiO4.14d Zumpe et al.
reported propylphosphonic anhydride (T3Pμ)-catalysed synthe-
sis of 3,4-dihydropyrimidin-2(1H)-ones from aldehydes.14e

Recently, tandem oxidative processes (TOP) in which
oxidation of alcohols combined with the subsequent elaboration
of the carbonyl intermediates (aldehyde) have gained consid-
erable attention among synthetic chemists.15,16 Although a lot of
work has been done for developing bimolecular TOP processes,
the literature records only a few examples of combining alcohol
oxidation with a multicomponent reaction (MCR) in a one-pot
process.17

Aldehydes are ubiquitous substrates in many powerful
MCRs. However, they are in general, more volatile, toxic, or
unstable, especially because of aerial oxidation, than their

corresponding alcohols. Thus, in many cases aldehydes must be
purified just before their use because the presence of other
products affects not only the concentration of the active
aldehyde but also that the impurities often interfere with
chemical reactions involving the aldehyde. The difficulties
associated with the development of one-pot oxidation­MCR
processes are self-evident due to the presence of multifunction-
alities/multiintermediates and the complexity of the reaction
mechanism intrinsic to MCRs. Thus, the use of a single vessel
oxidation­MCR protocol would widen significantly the versa-
tility and scope of the aldehyde-based MCRs. There have been
only two reports on the Biginelli reaction starting directly from
alcohols.18 Very few reports on dihydropyrimidinones synthesis
using β-oxodithioesters have appeared. However, to best of our
knowledge this is the first report for the synthesis of dihydro-
pyrimidinones starting from alcohols and β-oxodithioesters
(Scheme 1).19,20

In continuation of our recent work on the synthesis of
heterocycles by the development of new methodology,21­24 in
this paper, we report for the first time T3Pμ­DMSO-mediated
tandem approach for the promoted Biginelli reactions. T3Pμ-
catalyzed Biginelli reaction applied to the one-pot three-
component oxidative condensations of a variety of alcohols,
β-ketoester, and urea for the synthesis of DHPMs which is
simple and high yielding. The one-pot procedure should prove
highly advantageous for labile aldehydes in particular.

Treatment of alcohol (2mmol), ethyl acetoacetate (2mmol),
and urea (3mmol) in the presence of T3Pμ (4mmol) in DMSO/
ethyl acetate (1:2) at room temperature for 1­2 h followed by
heating with ethyl acetate afforded the corresponding 3,4-
dihydropyrimidones. The results are summarized in Table 1. The
yields of products were generally >94% as assessed by LC-
MS.27,28 Another, important feature of this protocol is survival of
a variety of functional groups such as OCH3, OH, NO2, Br, and
Cl under the reaction conditions. To explore the scope and
limitations of these reactions, we extended the procedure to
various aryl-substituted alcohols carrying either electron-releas-
ing (2a­2e) or electron-withdrawing (2f­2h), heterocyclic (2i
and 2j), aliphatic (2k and 2l) substituents. The same process was
successfully extended to β-oxodithioesters to the corresponding
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dihydropyrimidinones in good yield (Table 2). Table 2 shows
the generality of the present protocol, which is equally effective
for β-oxodithioesters. In most cases, the reactions proceeded
smoothly to produce the corresponding DHPMs in high yields.
Aromatic alcohols containing either electron-donating or elec-
tron-withdrawing substituents produced improved yields as
compared to the classical Biginelli protocol.

The influence of DMSO and various solvents on the
synthesis of dihydropyrimidinone 2a was studied, and results are
summarized. We tried the reaction of alcohol 1a, with ethyl
acetoacetae and urea using T3Pμ (2.0 equiv) alone without
DMSO both at room temperature and reflux condition, but no
reaction was observed. Increasing the volume of DMSO in the
ratio (EtOAc/DMSO) to 1:1, 1:2, 1:3, and 1:4 did not improve
the yield. The optimization of solvents such as THF, DMF,
toluene, acetonitrile, acetone, and benzene did not improve the
yields. Ethyl acetate was chosen as the appropriate solvent with
consideration to yield. Most of the synthesized compounds were
known compounds which were adequately characterized by
physical and spectral data and are in good agreement with those
reported in the literature.

A possible mechanism of the oxidative and dehydrative
cyclization to get dihydropyrimidinones is suggested in
Scheme 2. DMSO a gets activated by T3Pμ b to give an
electrophilic sulfur species c, which then reacts with alcohol d to
give an aryloxysulfonium salt f. The hydrolyzed T3Pμ obtained
as the by-product e acts as a base to pull out H of
aryloxysulfonium salt f to form the aldehyde g. P,P¤,P¤¤-
Tripropyltriphosphonic acid e¤ and dimethyl sulfide are formed
as the by-product. The second step in the probable mechanism of

the Biginelli reaction is the T3Pμ-catalyzed condensation of the
urea h with aldehydes g affording a phosphonate intermediate i,
which generates an N-acylimino Schiff base j. Subsequently, the
enol form of the β-ketoester k attacks N-acylimino Schiff base j
to generate an open chain ureide l, which readily cyclizes to a
tetrahydropyrimidinone m derivative followed by the elimina-
tion of phosphonate intermediate molecules to give dihydropyr-
imidinones n.

In summary, we have developed a simple, convenient, and
efficient method for the synthesis of DPHMs and a diverse set of
5-methylsulfanylthiocarbonyl-substituted 3,4-dihydropyrimidin-
2(1H)-ones have been synthesized in good yields, starting from
alcohols, using a T3Pμ/DMSO system. Our literature survey
shows that this is the first example promoted by T3Pμ­DMSO in
which β-ketoester/β-oxodithioester are as activated synthons
used in a Biginelli reaction. The protocol involves T3Pμ-
catalyzed oxidation of alcohols to aldehydes 0­25 °C followed
by their cyclocondensation of β-ketoester/β-oxodithioesters,
urea at 60­70 °C temperature using T3Pμ as an eco-friendly,
homogeneous catalyst. This method is applicable to a wide
range of substrates including aromatic, heterocyclic, α,β-unsat-
urated, aliphatic alcohols. This method is not only simple, but
provides clean reactions with high yield (70­84%) and greatly
decrease in environmental pollution.
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