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Parallel synthesis of dihydropyrimidinones using Yb(III)-resin
and polymer-supported scavengers under solvent-free conditions.
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Abstract—An efficient synthesis of an array of 3,4-dihydropyrimidin-2-(1H)-ones using solid-supported ytterbium(III) reagent
from aldehydes, 1,3-dicarbonyl compounds and urea (Biginelli reaction) under solvent-free conditions is described. Purification of
each member of the library was carried out using a cocktail of acid and basic polymer-supported scavengers © 2001 Elsevier
Science Ltd. All rights reserved.

In the last two decades, automated solid-phase organic
synthesis (SPOS) of drug-like molecules via parallel
combinatorial approach has been an efficient tool for
the rapid generation of diverse compound collections.1

However, the difficult analysis of intermediates by con-
ventional methodologies and the time consuming pro-
cess of adjusting solution-phase chemistry on a
polymer-supported substrate have stimulated several
research groups to introduce alternatives to SPOS. Flu-
orous synthesis,2 soluble polymer-supported organic
synthesis,3 and phase-tags organic synthesis4 have been
used in several combinatorial programs. Nevertheless,
during the last few years, polymer-assisted solution-
phase (PASP) synthesis has become the prevalent
method for the parallel synthesis of chemical libraries
as confirmed by the increasing number of publications
in this area.5 The true potential of any combinatorial
approach is exploited when maximum diversity is
achieved. The use of multicomponent reactions
(MCRs),6 and multi-step syntheses allow to reach this
goal. While many papers report on the use of SPOS
and PASP synthesis in multi-step synthetic pro-
grams,5b,7 the use of MCRs in conjunction with poly-
mer-supported reagents is still rather rare in the
literature.8 Following our interest9 in the three-compo-
nent Biginelli reaction,10 we initiated a study to revisit
this reaction in a parallel combinatorial fashion using

the PASP synthesis approach. The Biginelli reaction is
a one-pot acid-catalyzed condensation of an aldehyde,
a 1,3-dicarbonyl compound and urea leading to 3,4-
dihydropyrimidin-2-(1H)-one (DHPM) (Scheme 1).
The considerable interest in building up libraries of
DHPMs relies on their activities as calcium channel
blockers and antihypertensive agents.11 Solid-phase12

and fluorous synthesis13 approaches suitable for
DHPMs libraries generation have been described. The
use of clay catalysis has also been reported.14

Scheme 1. Synthesis–purification procedure for DHPMs
library generation.
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Given the high efficiency of lanthanide(III) Lewis acids
to catalyze solution-phase Biginelli condensation,15 we
envisaged to using an equivalent polymer-bound lan-
thanide(III) reagent to exploit the advantages of both
lanthanide catalyst and solid support. Therefore, we
prepared the Yb(III) reagent 4 (Yb(III)-resin) sup-
ported on Amberlyst 15 resin16 according to the proce-
dure described by Wang and coworkers.17 Then, we
considered as a model reaction the condensation of
ethyl acetoacetate (R1=Me, R2=OEt), benzaldehyde
(R3=C6H5) and urea promoted by Yb(III)-resin 4
(Scheme 1). Firstly, various temperatures, molar ratios
of the reagents, and reaction times were tested using
toluene as a solvent. All comparative reactions were
conducted under optimized conditions and, after filtra-
tion of the resin, the dihydropyrimidinone 5a was iso-
lated as a pure compound by crystallization. The best
yield of 5a (55%) was obtained by carrying out the
reaction in refluxing toluene for 48 h using equivalent
amounts of aldehyde, dicarbonyl compound, Yb(III)-
resin 4 and excess of urea.18 Secondly, other solvents
were tested including THF, MeCN, H2O. In all cases
the reaction afforded the product 5a in moderate yield
(20–35%). On the other hand, conducting the reaction
under solvent-free conditions at 120°C for 48 h, the

yield of 5a raised to a good value (82%). Due to the
increasing demand in modern organic processes avoid-
ing expensive purification techniques and large amount
of solvents as well as contamination of products with
heavy metals, the use of polymer-bound Yb(III) reagent
4 in combination with solventless conditions presented
itself as a remarkable technique toward an environmen-
tally clean synthesis of DHPMs. Unfortunately, the use
of recycled Yb(III)-resin 4, resulted in a substantial loss
of its activity as the yield of 5a dropped to a very low
value (25%).

A key-step in the parallel combinatorial synthesis of
compound collections involves the purification of each
member of the library. The possibility of avoiding
aqueous work up, crystallization and chromatographic
procedures makes the whole process more suitable for
automation and enhances its efficiency from economic
and ecological viewpoints. Therefore, to isolate the pure
dihydropyrimidinone 5a, sequestering conditions were
developed. A mixed-resin bed containing the strongly
acidic resin Amberlyst 1516 (A-15) and the strongly
basic resin Ambersep 900 OH16 was used to scavenge
excess urea and by-products derived from side conden-
sation reactions of the 1,3-dicarbonyl component

Table 1. Synthesis of 3,4-dihydropyrimidin-2-(1H)-ones using polymer supported reagents. Yields and puritiesa

Entry R1 MScPurity (%)bYield (%)ProductR3R2

5a �95 261.2801 Me OEt C6H5

Me 247.3�95715bC6H5OMe2
785cC6H5Oi-Pr 275.2Me3 95

323.4Me OBn C6H5 5d 80 904
231.3Me Me C6H5 5e 71 955
279.2�95686a6 4-(F)-C6H4OEtMe
265.3Me OMe 4-(F)-C6H4 6b 70 957

Me Oi-Pr 4-(F)-C6H48 6c 71 90 293.5
341.490736d9 4-(F)-C6H4OBnMe

Me Me 4-(F)-C6H410 6e 70 �95 249.5
291.3Me OEt 4-(MeO)-C6H4 7a 72 9511

Me OMe 4-(MeO)-C6H412 7b 71 95 277.2
Me Oi-Pr 4-(MeO)-C6H413 7c 75 �95 305.4
Me OBn 4-(MeO)-C6H414 7d 75 85 353.2

261.395717e15 4-(MeO)-C6H4MeMe
Me OEt 3-(MeO)-C6H416 8a 68 95 291.6
Me OMe 3-(MeO)-C6H417 8b 277.371 �95

738c3-(MeO)-C6H4 95Oi-PrMe18 305.7
90 353.219 OBnMe 3-(MeO)-C6H4 8d 70

261.56520 Me 90Me 3-(MeO)-C6H4 8e
339.121 Me OEt 952-(Br)-C6H4 9a 63
325.722 Me OMe 2-(Br)-C6H4 9b 68 90
353.923 Me Oi-Pr 2-(Br)-C6H4 9c 70 85
306.424 Me OEt 954-(NO2)-C6H4 10a 72

95 292.54-(NO2)-C6H4OMe 61Me25 10b
Me Oi-Pr 4-(NO2)-C6H426 10c 73 80 320.8

295.927 906511a4-(Cl)-C6H4OEtMe
7111b4-(Cl)-C6H4 85OMeMe28 282.0

29 Me Oi-Pr 4-(Cl)-C6H4 11c 64 90 309.5
Me OEt 4-(CF3)-C6H4 12a 70 85 329.430

315.8Me OMe 4-(CF3)-C6H4 12b 65 9531
Me 343.3Oi-Pr 4-(CF3)-C6H4 12c 6832 90

a Conditions reported in Scheme 1 and Ref. 20.
b Purities were determined by 1H NMR analysis.
c Mass ions are generally (M+H), (M+Na), or (M+K).



A. Dondoni, A. Massi / Tetrahedron Letters 42 (2001) 7975–7978 7977

(Scheme 1).19 The whole synthesis–purification
procedure20 was tested with the above model reaction
(Table 1, entry 1) which in fact afforded 5a in good
yield and high purity. A wide range of �-dicarbonyl
compounds 121 and aromatic aldehydes 221 were cou-
pled with urea by the optimized protocol to produce
the corresponding dihydropyrimidinones 5–12 in good
yield and purity.22 The results are listed in Table 1. All
compounds were characterized by MS analysis and
their structures confirmed by 1H and 13C analysis.

In conclusion, we have developed an environmentally
friendly procedure for the synthesis of DHPMs. This
involved the use of polymer-bound Yb(III) reagent
under solvent-free conditions in combination with suit-
able polymer-supported scavengers. A collection of
DHPMs has been generated by a parallel synthesis
approach. While we have not used robotic systems in
this study, we believe that this route will be of great
value for the generation of larger DHPMs libraries in
automated parallel synthesis operations. Work is cur-
rently underway to decorate the DHPM scaffold with
polymer supported reagents for the synthesis of more
sophisticated DHPM derivatives.
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rimidinones 5–12. Data for 5c: mp 202–203°C. 1H NMR
(DMSO-d6, 300 MHz): � 9.18 (s, 1H, NH), 7.78 (s, 1H,
NH), 7.40–7.00 (m, 5H, Ph), 5.13 (d, 1H, J=2.5 Hz,
CH), 4.88–4.75 (m, 1H, OCH), 2.22 (s, 3H, Me), 1.18 (d,
3H, J=6.0 Hz, CHCH3), 0.98 (d, 3H, J=6.0 Hz,
CHCH3). 13C NMR (DMSO-d6, 75 MHz): � 164.8, 152.1,
148.1, 145.0, 128.3, 127.2, 126.3, 99.5, 66.3, 54.1, 21.8,

21.4, 17.7.
21. Aldehydes, �-dicarbonyl compounds, and urea were all

commercial materials. All liquid reagents were distilled
before use.

22. Control experiments have shown a good relationship
between purity versus yield (e.g. 5c: yield of 95% pure
material: 78%; yield of purified material: 74%).


