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Abstract. Ethyl6-methyl-2-oxo-4-phenyl-1,2,3,4 tetrahydropyrimidine-5-carb
oxylate, Bigenilli product (noted DHPMs) was synthesized in the presence of
chlorides and nitrates of metals as catalysts, in mild free solvent conditions.
High DHPM yields were obtained with Zn(NO3)2 (97%), ZnCl2 (90%) and
CuCl2 (76%). The reaction heptagram inspired by the principles of green
chemistry show that in our reaction conditions, Biginelli process complies with
the principles of sustainable development.
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1 Introduction

Nowadays, environmental protection is the focus of the economic and industrial world
concern. Green chemistry using catalytic processes represents a framework for the
pollution prevention by minimizing waste and the toxic products use. Important
research axis in organic chemistry focused on the development of new clean and
efficient processes, particularly in the heterocyclic systems synthesis including the
Biginelli reaction [1].

It is a multicomponent condensation reaction (MCR) of three reagents: a b-keto
ester, an aldehyde and urea that leads to dihydropyrimidinones (DHPMs) formation in
a single step, one-pot, (Fig. 1). DHPMs are an attractive class of organic compounds
with important biological and pharmacological properties [2–6]. This reaction that
dates back more than a century suffered from slowness (18 h) and low yields. In
addition, the use of both corrosive mineral acids and toxic organic solvents in the
original synthesis is far from the concepts of the ideal synthesis [7–10].

To remedy this, modern green practices give more attention towards the devel-
opment of environmentally friendly, efficient and synthetic chemical procedures, in
order to conquer the drawbacks of the above mentioned procedures and to accomplish
most of the aspects of green and sustainable chemistry [11–17].
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The ideal synthesis in organic chemistry as described by Bataille [18] is based on
the construction of a reaction heptagram inspired from twelve principles of green
chemistry suggested by Anastas and Warner [17]. It is a combination of following
parameters: carbon efficiency (CE), atoms economy (AE) [16], Yield (q), mass reaction
efficiency (MRE), material recovery parameter (MRP) and hazard and toxicity coeffi-
cients, whose the values are close to 1.

In this study, the synthesis of DHPMs via Biginelli reaction was carried out in the
presence of ethanol as solvent and in free solvent, using nitrates or chlorides of zinc,
copper, nickel or iron as catalysts. Reaction heptagrams were realized to determine the
better conditions of sustainable development.

2 Materials and Methods

2.1 Biginelli’s Reaction

In a 25 ml single-neck round bottom flask, a mixture of benzaldehyde 1 (2 mmol),
ethyl acetoacetate 2 (2 mmol), urea3 (3 mmol) and 0.2 g of catalyst was kept under
regular stirring at 100 °C for 1 h (Fig. 1). Completion of the reaction was monitored by
thin layer chromatography. The reaction product was washed with boiled ethanol.
DHPM product was purified and recrystallized in hot ethanol, then placed in an ice bath
to obtain a pure product. Identification of DHPM is obtained via its melting temper-
ature, infrared (IR) spectroscopic analysis and 1H and 13C nuclear magnetic resonance
(NMR).

2.2 Characterization

The melting points of the products were taken using a Stuart SMP11 capillary appa-
ratus. TLC was carried out on silica gel plates 60 F254 (thickness: 2 mm); the eluant is
a mixture of chloroform-methanol.

IR spectra were recorded on a Shimadzu FTIR-8400 Fourier Transform Spec-
trometer using KBr pellets and the NMR ones on a Bruker FT-NMR DPX250
(250 MHz for the proton and 62.5 MHz for the 13C). Chemical shifts were expressed
in parts per million (ppm) relative to TMS (d = 0 ppm) and coupling constant J in
Hertz (Hz). NMR multiplicities are reported using the following abbreviations: br =
broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet.

Fig. 1. Biginelli reaction
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2.3 Reaction Heptagram

For a reaction with this following equation:

aA þ bB ¼ p P þ qQ

A: limiting reagent, B: co-reactant, P: main product, Q: identified byproduct a, b, p
and q: stochrometric coefficients.

The used formulas for the reaction parameters calculations are as follows:
Carbon Efficiency:

CE ¼ pnC Pð Þ
anC Að Þþ bnC Bð Þ

Atom Economy:

AE ¼ pM Pð Þ
aM Að Þþ bM Bð Þ

Yield:

q ¼ a : n Pð Þ
p : n Að Þ

Reaction Mass Efficiency:

RME ¼ m Pð Þ
m Að Þþm Bð Þ

Material Recovery Parameter:

MRP ¼
P

mrecycl�e

mtot �
P

mr�eactifs

The danger and toxicity coefficients are also included in the heptagram.

3 Results and Discussion

3.1 Reaction Tests

After reaction conditions optimization (reaction time, temperature, reactants quantities
and stoichiometric ratio of reagents), the parameters leading to the best yields were
found to be: a mass of catalyst of 0.2 g, a stoichiometric ratio Benzaldehyde/ethyl
acetoacetate/urea of 2/2/3 mmol under reaction temperature of 100 °C for one hour.
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The results of the solvent free synthesis, summarized in Table 1 (entries 1–8) show
that DHPMS yields are sensitive to both transition metal and anions natures. In the case
of Zn and Ni, nitrate are more active than chloride parents (97 against 90 and 60 against
53% of DHPMS yields respectively). Contrarily, in the case of Fe and Cu, chloride are
more active than nitrate parents (40 against 36 and 76 against 70% of DHPMS yields
respectively). Among the tested salts, those based on zinc are the most efficient with
90–97 against 36–76% of DHPMS yields. Zinc is not a transition element; its effec-
tiveness may be related to its metallic character similar to those of the alkaline and
alkaline earth compared to Cu, Fe and Ni, transition metals, that have both acidic and
oxidative character.

The same reaction has been carried out with addition of 5 ml of ethanol as solvent, in
the presence of Zn based catalyst (Table 1, entries 9 and 10). The obtained results show
a strong decrease from 90–97 to 10–50% of DHPMs yields, regardless of the anion
nature. This is probably due to the polarity of the solvent molecules. Thus, the presence
of hydrogen bonds, resulting from interaction between solvent hydrogen atoms and
nucleophilic reagents, would lead to a slowdown of the condensation process.

3.2 Heptagrams of Reactions

Obtained Figs. 2 and 3, from the parameter calculations (Table 2) show the heptagrams
of the Biginelli’s reactions, carried out in the presence of Zn(NO3)2 with and without
solvent. The results show that the solvent-free mode is closer to the ideal synthesis as
represented in Fig. 4.

Table 1. DHPMS yields

Entry Catalysts Yield (%)

1 ZnCl2 90
2 NiCl2 53
3 FeCl3 40
4 CuCl2 76
5 Zn(NO3)2 97
6 Ni(NO3)2 60
7 Fe(NO3)3 36
8 Cu(NO3)2 70
9a ZnCl2 10
10a Zn(NO3)2 50
aWith 5 ml of ethanol (solvent)
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Fig. 2. Heptagram of synthesis reaction without solvent.

Table 2. Obtained Biginelli reaction parameters

Catalysts CE AE q(%) MRE MRP Coef. tox. Coef. danger

Zn(NO3)2
a 1 0.88 0.97 0.79 0 0.9 1

Zn(NO3)2
b/EtOH 1 0.88 0.50 0.41 0 0.8 0.8

aWithout solvent
bWith solvent
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Fig. 3. Heptagram of synthesis reaction with solvent
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Structure of the desired DHPM (ethyl 6-Methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-

5-carboxylate) (Fig. 5) was confirmed by several physical characteristics:
Melting point: 200–202 °C (Lit 202–204 °C).
IR (KBr): tmax = 3235, 3110, 1720, 1640, 1616, 1515, 1250 cm−1.
1H NMR (250 MHz, DMSO-d6): d = 9.24 (s, 1H, NH), 7.75 (s, 1H, NH), 7.26 (s,

5H, C6H5), 5.14 (s, 1H, J = 2.87 Hz), 4 (q, J = 3.1 Hz, 2H, OCH2CH3), 2.24 (s, 3H,
CH3), 1.11 (t, J = 7 Hz, 3H, OCH2 CH3) ppm.

13C NMR (62.5 MHz, DMSO-d6): d = 165.4 (COOEt), 152.2 (C2), 148.4 (C6),
125.81–144.75 (C arom.), 99.83 (C5), 59.2 (OCH2CH3), 54 (C4), 17.8 (CH3), 14.1
(OCH2CH3) ppm.
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Fig. 4. Ideal synthesis heptagram

Fig. 5. Structure of the synthesized DHPM
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4 Conclusions

In this study, the Biginelli reaction was performed in the presence of metal based
nitrates and chlorides as catalysts. The zinc based system appear to be most efficient
with high DHPMs yields, 97% in the presence of Zn(NO2)3 and 90% in the case of
ZnCl2. Reaction heptagrams are in favor of free solvent condition. The present
methodology offers several advantages as high DHPMs yields, low reaction time (1 h),
one pot synthesis and eco-friendly reaction conditions. It can be an alternative to the
conventional processes which are very long, less efficient and more polluting.
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