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Introduction

In 1893, Pietro Biginelli discovered a multicomponent
reaction which leads to partly reduced pyrimidinone deriva-
tives (4).1 Since that time, the “Biginelli reaction” has been
known as an efficient one-pot reaction protocol to prepare
3,4-dihydropyrimidine-2(1H)-one (DHPM) derivatives (4).2

DHPM derivatives are known as interesting heterocyclic
scaffolds for drug research. The basic form of the Biginelli
reaction is illustrated in Scheme 1. In the past decade, DHPM
derivatives with different pharmacological properties were
found. The DHPM core structure was found to possess Ca-
channel modulating, adrenergic agonistic, mitotic kinesin
inhibiting, antibacterial, fungicidal, and other pharmacologi-
cal properties.3 In addition, the dihydropyrimidine-5-car-
boxylate core has been found in several marine natural
products.4 DHPM derivatives are regarded as privileged
structures in drug research.5,6

To make new DHPM derivatives available to drug
discovery, appropriate synthetic protocols are needed. Here,
we describe a simple and efficient procedure for the
preparation of 4,6-diaryl DHPM derivatives under solid-
phase Biginelli conditions. In a previous publication, we
described two methods for the preparation of theâ-ketoamide
precursors.7

Depending on the building blocks for the three-component
reaction, the immobilization strategies were chosen. At least
three different strategies for the preparation of DHPM
derivatives (4) on solid support were described in recent
literature. The first one makes use of immobilized urea or
thiourea moieties (3). The second uses an immobilized
â-ketoester (1), and the third one uses an S-linked isothiou-

ronium salt (6). Biginelli protocols depending on immobilized
aldehydes (2) were not found. The following examples for
immobilized ureas and isothioureas were described before.

Wipf and Cunnigham first described a solid-phase Bigi-
nelli protocol which immobilizes aγ-butyric acid (GABA)-
derived urea to Wang’s resin by esterification.8 The following
condensation reaction with different arylaldehydes (2) and
â-ketoesters (1) leads to N1-substituted DHPM (4) deriva-
tives. Lusch et al. made use of (3-hydroxypropyl)-urea, which
was bound by a silyl linker to the solid support.9 After
cleavage, an N-1-(3-hydroxypropyl)-substituted DHPM car-
boxylate ester was obtained. Kappe et al. made use of
immobilized isothioureas for the DHPM synthesis.10 In
contrast to Wipf and Cunningham, the thiourea component
was bound to Wang’s resin by S-alkylation (6). The N1-
unsubstituted DHPM derivative (7) was then formed by
application of the so-called “Atwal’s modification”,11 as
outlined in Scheme 2. Here, the enone (5) is condensed with
the immobilized isothiourea (6) under basic conditions. The
enone (5) has to be prepared before through condensation
of the aldehyde- (2) andâ-ketoester- (1) components. Each
oxy-, thio-, and amino DHPM derivatives (8) can be formed
by application of different cleavage procedures (see Scheme
2.; way A, B, and C).10,13

In the recent literature, we found at least three solid-phase
protocols using immobilizedâ-ketoesters (see Scheme 3).
Xia and Wang prepared the immobilized 3-oxobutyric acid
ester (9, R6 ) H) by reaction of diketene acetone adduct
with a soluble HO-PEG polymer.12 Kappe et al. im-
mobilized 4-chloro-3-oxobutyric acid (9, R6 ) Cl) to Wang’s
resin by thermal esterfication.13 In both cases, the corre-
sponding DHPMs11 were formed under standard Biginelli
conditions by heating or microwave irradiation and released
from the solid support by a multidirectional cyclization-
cleavage approach. A synthetic route based on 1,3-dicarbonyl
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Scheme 1.Biginelli Three-Component Condensation

Scheme 2.The Atwal’s Modification on Solid Support
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compounds with enhanced molecular diversity on solid
support has not yet been described.

Zhang et al. described a synthesis of DHPM derivatives
starting with immobilized diketene-derived amino acids of
type 12.14 After condensation ofp-tolualdehyde (2, R)
-C6H4CH3) and cyclization with S-benzylated isothiourea
(13) under typical Atwal’s conditions, DHPM derivatives
of type14 are obtained. The idea of the authors was to add
greater diversity to the DHPM scaffold. More details for the
Biginelli reactions in heterogeneous systems is given in the
literature.6

Results and Discussion

We have developed a synthetic protocol based on im-
mobilizedâ-ketoamides to increase the diversity of DHPM

Scheme 3.DHPM Synthesis with Immobilizedâ-Ketoesters

Scheme 4.DHPM Synthesis with Immobilized
â-Ketoamides Using Atwal’s Route

Scheme 5.N-Acyliminium Ion, the Essential Reaction
Intermediate

Table 1. Selected Building Blocks and Received Puritiesa

a Purity and yield of crude products. HPLC purity at 220 nm.b In the HPLC analysis, product mixtures were found. The expected
product masses were found in most peaks in the LC/MS analysis.

Scheme 6

Reagents and conditions: (i) (1) 10 equiv of aldehyde (2), 15 equiv of
urea/thiourea, 2 equiv of TsOH, 2-propanol/1,4-dioxane, 3/4, 1 h, 95°C;
(2) polymer16, 12 h, 95°C; (ii) TFA/DCM 1/1, 1 h.
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derivatives by varying the substituents in position 4 in a
simple manner. In a previous publication, we described the
preparation of immobilized 3-aryl-3-oxopropanamide deriva-
tives (16) on Rink’s amide resin.7 Here, we describe the
synthesis of DHPM derivatives (17) starting from these
â-ketoamides (16). The reaction conditions were optimized
by using 4-ethoxybenzaldehyde, urea, and polymer-bound
3-(4-methoxyphenyl)-3-oxopropionic acid amide. Under
classical solution-phase Biginelli conditions, polar solvents,
such as EtOH or CH3CN, were used. For solid-phase
chemistry on polystyrene resins, such solvents are unfavor-
able. The low polymer swelling causes a low reaction rate
and product yield. We found that a mixture of 3 parts
2-propanol and 4 parts 1,4-dioxane gave the best results.
Different acids, such as acetic acid, 30% aqueous HCl, and
toluene-4-sulfonic acid (TsOH), were tried as catalysts. With
acetic acid and aqueous HCl, the desired product was formed
only in low yield. The unreactedâ-ketoamide precursor was
recovered predominantly after cleavage. The best results were
obtained using 2 equiv of toluene-4-sulfonic acid in com-
bination with 10 equiv of arylaldehyde and 15 equiv of urea.
To prevent precipitation, the urea/thiourea and the acidic
catalyst were separately dissolved in 2-propanol and the aryl
aldehydes, in 1,4-dioxane. When the clear solutions are
combined, the mixture becomes cloudy, probably due to the
precipitation of urea/thiourea and the condensation products
formed. After this mixture was heated to 95°C for 1 h, we
observed a clear solution with darker color. No reprecipitation
was observed after it was cooled to ambient temperature.
After addition of the polymer, the suspension was heated to
95 °C for 12 h. The expected DHPM derivatives were found
in high purity and yield after washing and cleavage.

Preheating of the educts2 and10 in solution before adding
to theâ-ketoamide polymer (16) was found to be advanta-
geous in terms of purity and yield. This is due to the likely
initial formation of the bisureide15b of the aldehyde2 in
equilibrium with theN-acyliminium ion 15a, the essential
reactive intermediate under these conditions.15 Equimolar
amounts of aldehyde and TsOH decrease the reaction yield
due to the cleavage of the Rink amide linker.

On the basis of this protocol, a library of different DHPM
derivatives was prepared. Among others, a set of 4× 4
different arylâ-ketoamides and aromatic aldehydes with both
urea and thiourea was used, as outlined in Table 1. In all
cases, the expected products were found in high yield and
purity. The aliphatic aldehydes as exemplified by 2-meth-
ylpropionaldehyde lead to an isomeric mixture. In LC/MS
analysis, a plurality of peaks with the expected mass of the
expected DHPM product was found.1H NMR analysis,
however, shows signals of different molecules. Only some
characteristic signals of DHPM tautomers were found.

Conclusion

Starting from immobilizedâ-ketoamides, a solid-phase
protocol for the preparation of 4,6-diaryldihydropyrimidine-

2(1H)-one-5-carboxylic acid amides was optimized. The
resulting synthetic protocol proved to be suitable for the
preparation of a small library using different building blocks.
We found that the expected DHPM derivatives were formed
in high purity and yield if aromatic aldehyde- andâ-ketoa-
mide building blocks were used. The usage of an aliphatic
aldehyde leads to an isomeric DHPM mixture. Purities and
yields were not affected if thiourea was used instead of urea.
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