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Chlorotrimethylsilane-promoted Biginelli-type reaction of ethyl 2,4-dioxo-4-phenylbutanoate, benzalde-
hyde, and various (thio)ureas is explored. The outcome of the reaction depends on the structure of the
(thio)urea used and is strongly affected by the acceptor electronic properties of the COOEt substituent
in the molecule of the starting b-dicarbonyl compound. The di- and tetrahydropyrimidine derivatives
obtained possess two functional groups with orthogonal reactivity, and thus represent promising build-
ing blocks for drug discovery.

� 2010 Elsevier Ltd. All rights reserved.
Multicomponent reactions which employ three or more re- it was demonstrated that the chlorotrimethylsilane-promoted Bigi-
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Scheme 1. Biginelli reaction.
agents that are combined into a single product have attracted sig-
nificant attention from chemists.1 The main reason is the huge
diversity of chemical space covered by the compounds thus pro-
duced. On the other hand, one-pot, high-yield procedures are em-
ployed in most cases which allow the multicomponent reactions
to be considered as reliable synthetic methods. These features are
particularly important in the early steps of drug discovery, by either
high-throughput screening or fragment-based design, as well as for
hit-to-lead optimization.2 The use of three or more building blocks
combined with the excellent efficacy of multicomponent reactions
is important for combinatorial chemistry as structurally and func-
tionally diverse libraries of compounds can be obtained.3

The Biginelli reaction is an acid-catalyzed three-component
condensation of an aldehyde, a b-ketoester, and an urea leading
to the formation of dihydropyrimidinones 1 (Scheme 1). The latter
have been shown to exhibit manifold biological effects such as cal-
cium channel modulator, mitotic kinesine inhibitor, adrenergic
receptor antagonist, and antibacterial and antiviral activities.4 Thus
dihydropyrimidines can be considered as privileged scaffolds for
drug discovery.

Since the pioneering report of Biginelli,5 a range of modified con-
ditions have been developed to facilitate this reaction including the
use of various Lewis acids as reaction promoters,6 as well as micro-
wave assistance,7 and solid- and fluorophase techniques.8 Recently,
ll rights reserved.
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nelli reaction has wide applicability and allows various (hetero)aro-
matic aldehydes and (thio)ureas to be used as starting materials.9

Despite the initial publication of Biginelli5 reporting the use of
diethyl oxaloacetate 2 as a b-dicarbonyl component, b-acylpyru-
vates 3 are considered to be poor substrates for the Biginelli reac-
tion, mainly due to their high reactivity and sensitivity to acids. To
the best of our knowledge, apart from oxaloacetic acid10 and its
derivatives, no examples of substrates of general formula 3 being
used in the Biginelli reaction have been reported to date. 5-Acyltet-
rahydropyrimidine-4-carboxylates 4, which might be obtained in
the latter reaction, possess two functional groups with orthogonal
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Scheme 2. One-pot synthesis of dihydropyrimidines 7a–e.12

Figure 2. Molecular structure of compound 10a.
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Scheme 3. One-pot synthesis of carboxylic acids 8a,b.13
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reactivity (i.e., ketone and ester functions) which can be selectively
transformed into various pharmacophore units, or both used for
further heterocyclizations. It should be noted that compounds of
general formula 4 [Fig. 1, where R is alkyl, cycloalkyl, or (het)aryl]
have not been described in the literature.
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In this Letter, we report our results on the chlorotrimethylsilane-
promoted Biginelli reaction involving ethyl 2,4-dioxo-4-phenylbut-
anoate (5) as a b-dicarbonyl component. As the applicability of the
method to various (hetero)aromatic aldehydes was demonstrated
previously,9b–d benzaldehyde was selected as the aldehyde
component. A set of (thio)ureas 6a–i varying in N,N-binucleophilic
reactivity was explored in this study.

Reaction of ester 5, benzaldehyde, and (thio)ureas 6a–e in the
presence of Me3SiCl in DMF at ambient temperature resulted in
the formation of the target dihydropyrimidines 7a–e in 73–84%
yields (Scheme 2).11 In the case of unsymmetric urea 6b, complete
regiospecificity was observed; the assignment of the structure of
7b was followed from routine 1H NMR spectroscopy (coupling
between the 1-NH and 6-CH protons was observed) and was in
accordance with our previous results.9b–d

When the above-mentioned conditions were applied to the
reaction of ester 5, benzaldehyde, and N-arylureas 6f,g, carboxylic
acids 8a,b were obtained in 54% and 57% yields instead of the
expected ester (Scheme 3). The structures of 8a,b were assigned
using NMR, LC–MS, and elemental analysis.

To explain the formation of compounds 7f,g, several assump-
tions can be made. As the nucleophilicity of N-arylureas 6f,g
decreases, the reaction can start with condensation of the aldehyde
and b-ketoester at the first stage, resulting in the formation of com-
pound 9,14 or its silylated analogues, which then react with the
urea to give 7f,g. This is contrary to the standard Biginelli reaction
mechanism which involves the reaction between the urea and the
aldehyde in the first step, followed by condensation of the formed
iminium intermediate with the b-ketoester.15 To test this hypoth-
esis, ureas 6a,b,f were introduced to the reaction mixture after
compound 5 and benzaldehyde had been allowed to react over a
three-day period. However, this modification of the experiment
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Figure 3. Molecular structure of compound 10b.
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did not lead to any changes in the reaction outcome (i.e., the prod-
ucts 7a,b and 8a were obtained, respectively). We also prepared
compound 914 and subjected it to reaction with ureas 6a,b,f under
the conditions described above. In these cases, complex mixtures
were obtained. Therefore, we assumed that the formation of car-
boxylic acids 8a,b occurs via normal hydrolysis of the correspond-
ing esters. Indeed, ester 7f (which was obtained from 8a using a
standard method16) underwent hydrolysis to 8a upon reaction
with Me3SiCl in DMF and subsequent work-up (Scheme 4).

Reaction of ester 5, benzaldehyde, and thioureas 6h,i in the
presence of Me3SiCl in DMF led to the formation of tetrahydropyr-
imidines 10a,b and 11a,b in 70–80% combined yields (Scheme
5).17 As in the previous cases, complete regioselectivity was ob-
served. Nevertheless, the diastereoselectivity of the reaction was
moderate (10a:11a = 3:1, 10b:11b = 9:1). Both major isomers
10a,b were isolated in 40% and 61% yields, respectively. The stereo-
chemistry of products 10a,b was assigned by X-ray diffraction
(Figs. 2 and 3).18 Whereas minor isomer 11a (de 85%) was also iso-
lated, compound 11b could only be detected in the crude product
by NMR and GC–MS.

The formation of compounds 10a,b and 11a,b is connected to
our previous results on Biginelli-type reactions involving trifluoro-
methyl-substituted diketones.9c This can be rationalized from the
similarity of the electronic properties of the CF3 and COOEt substit-
uents (rp = 0.54 and 0.45, respectively).19 As the acceptor properties
of the carboxyethyl group are somewhat diminished compared to
the trifluoromethyl moiety, stable hydrates are formed only from
monosubstituted thioureas 6h,i. Therefore, in the light of its behav-
ior in the Biginelli reaction, the acylpyruvate 5 occupies an interme-
diate position between trifluoromethyl-substituted b-diketones
and common b-dicarbonyl compounds such as ethyl acetoacetate.

In conclusion, the chlorotrimethylsilane-promoted Biginelli
reaction involving ethyl 2,4-dioxo-4-phenylbutanoate (5) as the
b-dicarbonyl component is an efficient method for the synthesis
of di- and tetrahydropyrimidine derivatives possessing two func-
tional groups with orthogonal reactivity.
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