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Abstract—A simple and green chemistry procedure for the synthesis of dihydropyrimidinones using heteropoly acid mediated cyclo-
condensation reaction is described. This method provides an efficient and much improved modification of the original Biginelli reac-
tion reported in 1893, in terms of high yields, and short reaction times. It has the ability to allow a wide variety of substitutions in all
three components.
� 2006 Elsevier Ltd. All rights reserved.
Multicomponent reactions (MCRs) are of increasing
importance in organic and medicinal chemistry.1–6 In a
time when a premium is put on speed, diversity and effi-
ciency in the drug discovery process,4,5 MCR strategies
offer significant advantages over conventional linear-
type syntheses.1–6 In such reactions, three or more reac-
tants come together in a single reaction vessel to form
new products that contain portions of all the compo-
nents. The search and discovery for new MCRs on
one hand,7 and the full exploitation of the already
known multicomponent reactions on the other hand, is
therefore of considerable current interest. One such
MCR that belongs to the latter category is the Biginelli;
dihydropyrimidine (DHPM) synthesis.

3,4-Dihydropyrimidin-2(1H)-ones, named Biginelli
compounds, are known to exhibit a wide range of bio-
logical activities such as antiviral, antitumour, antibac-
terial and anti-inflammatory actions.6,8,9 More
recently, appropriately functionalized DHPMs have
emerged as potent calcium channel blockers,10 antihyper-
tensive agents,11 a1a adrenergic antagonists12 neuropep-
tide Y (NPY) antagonists.13 Several marine alkaloids
containing the DHPM core unit have shown interesting
biological properties. In particular, batzelladine alkaloids
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have been found to be potent HIV gp-120-CD4
inhibitors.14

The Biginelli reaction, first reported more than a century
ago and recently reviewed,8 involves the acid-catalyzed
cyclocondensation reaction of ethyl acetoacetate, benz-
aldehyde and urea. A number of synthetic procedures
based on the modifications of the classical Biginelli’s ap-
proach have been developed during past few years.6,8

Basically, these methods are all similar, using different
Lewis acid catalysts.15–29 Obviously, many of these cat-
alysts and solvents are not acceptable in the context of
green synthesis. Thus, as a part of our programme to-
wards green synthesis,30 and continuing our studies on
the application of heteropoly acids (HPAs) in organic
synthesis,31 our new approach reported herein involves
the use of HPAs as catalysts for the synthesis of
DHPMs.

Heteropoly acids have been extensively studied as acid
catalysts for many reactions and found industrial appli-
cations in several processes.32 The Keggin-type HPAs
typically represented by the formula H8�x[XM12O40],
where X is the heteroatom (e.g., P5+ or Si4+), x is its oxi-
dation state and M is the addenda atom ( usually Mo6+

or W6+), are the most important catalysts, especially
H3PW12O40 (PW), H3PMo12O40 (PMo) and
H4SiW12O40 (SiW).33 They are more active than the con-
ventional catalysts, such as mineral acids, ion-exchange
resins, zeolites, SiO2/Al2O3 and H3PO4/SiO2.32,34 HPAs
have several advantages over liquid acid catalysts,

mailto:e.rafiei@razi.ac.ir


Table 2. Heteropoly acids catalyzed synthesis of dihydropyrimidin-

2(1H)-ones and thiones (DHPMs)
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+ R1CHO +

R1
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1 2 3 4

HPA

CH3CN, 80oC, 1h

Entry R1 R2 X Yielda (%) Ref.e

PWb PMoc SiWd

1 C6H5 OEt O 92 87 93 25

2 3-NO2C6H4 OEt O 89 80 90 25

3 4-NO2C6H4 OEt O 90 86 91 25

4 4-CH3OC6H4 OEt O 96 91 92 25

5 2-ClC6H4 OEt O 91 89 89 25

6 3-ClC6H4 OEt O 90 90 87 25

7 4-ClC6H4 OEt O 91 87 92 25

8 4-CH3C6H4 OEt O 95 92 94 25

9 2-HOC6H4 OEt O 52 57 60 19

10 3-HOC6H4 OEt O 73 70 71 25

11 4-N(Me)2–C6H4 OEt O 94 90 96 19

12 C–C6H11 OEt O 68 61 65 20

13 n-C3H7 OEt O 57 55 54 19

14 n-C5H11 OEt O 50 47 52 20

15 PhCH@CH OEt O 90 89 88 25

16
O

OEt O 95 90 91 25

17
S

OEt O 93 91 92 25

18 OEt O 77 79 70 19

19 C6H5 OMe O 93 85 86 25

20 3-ClC6H4 OMe O 88 83 90 18

21 4-ClC6H4 OMe O 90 85 91 22
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including being noncorrosive and environmentally be-
nign. Thus, they present fewer disposal problems and
more economically and environmentally attractive.35

Furthermore, HPA catalysis lacks side reactions, such
as sulfonation, chlorination, etc., that frequently occur
with mineral acids.

Recently, our own work found HPAs to be very efficient
catalyst for three-component coupling reactions.31 We
wish to report here another remarkable catalytic activity
of HPAs for the one-pot condensation of 1,3-dicarbonyl
compound (1), aldehyde (2) and urea or thiourea (3) to
DHPMs (4).

After some experimentation with respect to the catalytic
amount of several HPAs (Table 1, entries 2–10), differ-
ent solvents (Table 1, entries 10–13) and reaction tem-
perature (Table 1, entry 14), the optimal conditions
have been established.36 However, in the absence of
HPA, the reaction did not yield the desired product (Ta-
ble 1, entry 1).

To study the generality of this process, a variety of
substituted aromatic, carrying either electron-donating
or -withdrawing substituents, aliphatic and heterocyclic
aldehydes were examined (Table 2). Many of the phar-
macologically relevant substitution patterns on the aro-
matic ring could be introduced with high efficiency.
Aliphatic aldehydes such as propanal and pentanal also
reacted well (Table 2, entries 12–14). Such aldehydes
normally show extremely poor yields in the Biginelli
reaction. It is interesting to note that in the case of the
acid-sensitive aldehydes such as furfural and cinnamal-
dehyde, DHPMs were achieved in excellent yields with-
out the formation of any side products, which are
normally observed in the presence of protic acids (Table
Table 1. Effect of catalysts under different reaction conditions for

condensation of benzaldehyde, ethyl acetoacetate and urea
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OEt NH2 NH2

O

NH

N
H

O

O

EtO

Me

+
Catalyst

Solvent , 1h
+

Entry Catalyst

(mol %)

Temperature

(�C)

Solvent Yielda

(%)

1 — 80 CH3CN 0b

2 PMo (5) 80 CH3CN 70

3 PMo (10) 80 CH3CN 89

4 PMo (8) 80 CH3CN 87

5 SiW (2) 80 CH3CN 79

6 SiW (5) 80 CH3CN 93

7 SiW (8) 80 CH3CN 95

8 PW (2) 80 CH3CN 81

9 PW (8) 80 CH3CN 95

10 PW (5) 80 CH3CN 92

11 PW (5) 80 C2H5OH 53

12 PW (5) 80 C6H5CH3 41

13 PW (5) 80 CHCl3 59

14 PW (5) rt CH3CN 68

a Isolated yield.
b After 10 h.

22 4-CH3OC6H4 OMe O 97 90 95 25

23 4-NO2C6H4 OMe O 75 69 73 25

24 4-CH3C6H4 OMe O 96 94 96 25

25 4-N(Me)2–C6H4 OMe O 88 80 82 26

26 C6H5 Me O 93 89 90 21

27 4-CH3OC6H4 Me O 91 87 86 21

28 4-NO2C6H4 Me O 71 70 72 21

29 C6H5 OEt S 94 86 91 25

30 4-CH3OC6H4 OEt S 97 91 93 25

31 3-HOC6H4 OEt S 71 68 62 29

32 4-ClC6H4 OEt S 85 81 80 25

33 4-NO2C6H4 OEt S 86 80 87 25

34 4-CH3C6H4 OEt S 96 93 94 25

35
S

OEt S 89 85 84 25

a Isolated yield.
b The mole ratio of aldehyde to dicarbonyl compound to urea or

thiourea to PW is 1:1:1.5:0.05.
c The mole ratio of aldehyde to dicarbonyl compound to urea or

thiourea to PMo is 1:1:1.5:0.08.
d The mole ratio of aldehyde to dicarbonyl compound to urea or

thiourea to SiW is 1:1:1.5:0.05.
e Products were characterised by comparison of their spectroscopic

data with those reported in the literature.
2, entries 15–17). Furthermore, the experimental results
showed that besides ethyl acetoacetate, acetylacetate
and methyl acetoacetate could also be used, and the
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corresponding DHPMs were produced in high to excel-
lent yields (Table 2, entries 19–28). Thiourea has been
used with similar success to provide the corresponding
dihydropyrimidin-2(1H)-thiones which are also of much
interest with regard to biological activity8 (Table 2, en-
tries 29-35). Noteworthy is the recently identified lead
compound, monastrol (Table 2, entry 31), of a new class
of anticancer agents that act as cell division (mitosis)
blockers.37 Thus, variations in all three compounds have
been accommodated very comfortably. It is pleasing to
observe the remarkable stability of a variety of function-
al groups such as ether, nitro, hydroxyl, halides, hetero-
cyclic moieties and conjugated C@C double bond under
the reaction conditions. The authors investigated the
mechanism of the Biginelli reaction in the literature38

and proposed an N-acyliminium ion formed in situ
by reaction of the aldehyde with urea as the key
intermediate.

In conclusion, this report discloses a simple modifica-
tion of the Biginelli DHPM synthesis. Excellent yields,
enhanced reaction rates, compatibility with various
functional groups, environmentally friendly procedure,
timesaving process, low cost and easy availability of
the catalyst are some of the salient features of this reac-
tion. This procedure will offer an easy access to substi-
tuted dihydropyrimidin-2(1H)-ones and thiones with
different substitution patterns in high to excellent
yields.
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