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Titanium(lV) Chloride Catalyzed One-Pot Synthesis of
3,4-Dihydropyrimidin-2-(1h)-ones under Solvent-Free
Conditions via Three-Component Biginelli Reaction

H. Valizadeh, H. Gholipur, R. Zarrebin, M. Amiri,

and M. R. Sabzi

Department of Chemistry, Faculty of Science, Azarbaydjan University
of Tarbiat-Moallem, Tabriz, Iran

An efficient and cost-effective method has been developed for the synthesis of 3,4-
dihydropyrimidin-2(1H)-ones by a one-pot three-component cyclocondensation re-
action of a 1,3-dicarbonyl compound, an aldehyde, and (thio)urea using tita-
nium(IV) chloride as catalyst under solvent-free conditions. Addition of TiCly to
a mixture of the neat reactants afforded the products more quickly and in better
yields as compared to traditional methodologies. This methodology presents an im-
provement of the classical Biginelli three-component condensation, and it is more
convenient being inexpensive and proceeding under milder conditions and with
shorter reaction times.

Keywords Biginelli reaction; dihydropyrimidin-2(1H)-ones; solvent-free conditions

INTRODUCTION

Multicomponent reactions (MCR) are of increasing importance in or-
ganic and medicinal chemistry for various reasons.! Multicomponent
condensation involves three or more compounds reacting in a single
event, but consecutively to form a new product, which contains the es-
sential parts of all the starting materials. More than a century ago, Big-
inelli intuitively anticipated the synthetic potential of multicomponent
reactions by combining in a single flask the reactants of two different
reactions having one component in common.? In recent years, there has
been increasing interest in the design of alkyl 1,4-dihydropyrimidine-
5-carboxylates (1,4-DHPMs) and related Biginelli-like compounds,?
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which may act as valuable substitutes? for the well-known Nifedipine
and other 1,4-dihydropyridine drugs® clinically used in the treatment of
cardiovascular diseases. That interest is illustrated, i.e., by the disclo-
sure of elegant protocols involving solid-phase synthetic approaches,®
as well as solvent-free preparations under microwave irradiation.”

A serious drawback of the original Biginelli reaction is the low yield in
the case of substituted aliphatic and aromatic aldehydes.® Recently, sev-
eral improved procedures® have been reported using Lewis acids, as well
as protic acids as promoters. However, these methods involve expensive
reagents, stoichiometric amounts of the catalyst, strong acidic condi-
tions, long reaction times, high temperatures, unsatisfactory yields, and
incompatibility with other functional groups. Some microwave-assisted
Biginelli reactions have been reported giving better yields; they involve
the use of polyphosphate ester (PPE)!? or conc. HCI'! as catalysts, or
require sealed reaction vessels.!?

In a conceptually different approach, Nichter, Ondruschka, et al. pre-
sented the parallel generation of a 36-member library of Biginelli di-
hydropyrimidines in a suitable multivessel rotor placed inside a dedi-
cated multimode microwave reactor.®14 To the best of our knowledge,
there are no reports regarding the application of TiCly in the reac-
tion with neat reactants for the preparation of Biginelli compounds.
Here, we report for the first time the use of this reagent in the syn-
thesis of dihydropyrimidinones. In view of the current emphasis on
solid-state synthesis'® and green chemistry,'® there is a merit devel-
oping Biginelli reaction conditions in solvent-free systems. We have
recently reported some green methods for the synthesis of several het-
erocyclic compounds.'” In continuation of our interest in organic syn-
thesis in solvent-free systems,!® we report an alternative method for
the solvent-free preparation of 3,4-dihydropyrimidin-2(1H)-ones using
TiCly as catalyst by the Biginelli reaction of a neat mixture of arylalde-
hydes, (thio)urea, and a B-ketoester (Scheme 1).

Ar
H X . EtO.C
O, OEt TiCly NH
Ar o T | +
M H,N NH,
e o HzC H X

1 2 (a-j)
SCHEME 1

Ar, X: see Table I
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TABLE I Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones via One-Pot
Three-Component Biginielli Condensation

Mp (°C)
Ar X Time (sec) Found Reported Yield (%)*
2a phenyl S 60 203-205 202-20420 75
2b 2-furyl S 50 206-207 208-21021 72
2c 2-indolyl S 70 >300 >30021 65
2d 2-NOy,CgHy 0 50 202-203 206—20820 78
2e 2-OHCgHy 0 80 198-201 199-20122 65
2f 4-FCgHy 0 65 182-184 185-18623 78
2g 3-NOyCgHy S 55 203-205 206—20720 77
2h 4-OHCg¢Hj; 0 70 194-197 196-19722 65
2i 4-C1CgH, 0 70 210-213 213-21523 66
2j 3,4-(Me0);C¢Hs O 90 175-177 178-178.5%4 60

% After recrystallization.

EXPERIMENTAL

This procedure was further extended to the synthesis of the 4-(3-
hydroxyphenyl)-2-thione derivative monastrol (2h),'® a novel cell-
permeable lead molecule for the development of new anticancer drugs.

All melting points were determined on an Electrothermal 9100 appa-
ratus and are uncorrected. IR spectra were recorded on a Perkin-Elmer
model 843 spectrophotometer. 'TH NMR spectra were recorded with a
Bruker Avance 500 or a JEOL FX90 instrument. Mass spectra were ob-
tained with a Shimadzu QP 1100EX instrument. Elemental analyses
were performed with a LECO CHNO-932 Analyzer instrument.

General Procedure

The catalyst (1 mmol) was added to a mixture of the aldehyde (10 mmol),
(thio)urea (11 mmol), and the B-keto ester (11 mmol). The reaction was
essentially complete after the addition of the TiCl, within 90 sec (Table
I). The reaction mixture was poured onto crushed ice and neutralized
by aqueous NaOH. The resulting crude product was filtered off and re-
crystallized from hot 95% EtOH to afford the pure compound. All the
products are known compounds, which were characterized by compar-
ison of their melting points with the literature values.
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