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Several Biginelli compounds (dihydropyrimidinones) have been synthesized efficiently and in high yields under mild, 
solvent-free and eco-friendly conditions by using ‘Grindstone Chemistry Technique’ catalyzed by CuCl2.2H2O and Conc. 
HCl. The obtained products have been identified by comparison with authentic samples (synthesized by conventional 
process) and by spectral (1H NMR and IR) data and their melting points.  
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The development of new strategies for the preparation 
of complex molecules in neat conditions is a 
challenging area of organic synthesis. For instance, a 
large number of organic reactions are typically carried 
out under anhydrous conditions, using volatile organic 
solvents like benzene, which are the cause of 
environmental problems and are also potentially 
carcinogenic. Hence, it is required to develop safe, 
practical and environment friendly processes. The 
pioneering work of Toda et al.1 has shown that many 
exothermic reactions can be accomplished in high 
yield by just grinding solids together using mortar and 
pestle, a technique known as ‘Grindstone Chemistry’ 
which is one of the ‘Green Chemistry Techniques’. 
Reactions are initiated by grinding, with the transfer 
of very small amounts of energy through friction2. In 
addition to being energy efficient Grindstone 
Chemistry also results in high reactivity and less 
waste products.  

This work focuses on the synthesis of Biginelli 
compounds, or (DHPM’s) using the ‘Grindstone 
Technique’. DHPM’s have always remained in the 
forefront due to their therapeutic and pharmacological 
properties3. As early as in 1930 simple derivatives 
were patented as agents for the protection of wool 
against moths4. Later, there was development of 
nitractin, which showed excellent activity against the 
viruses of the trachoma group5-7 and also exhibited 
antibacterial activity. DABOs, d4T, 3-TC, AZT, 

batzelladine β-alkaloids, showed a potent and 
selective activity against HIV-I8. Parlato et al.9 
synthesized various dihydropyrimidinone derivatives 
by modification of the substituents in virtually all the 
six positions of the pyrimidine nucleus which 
provided with interesting activity against HIV, ASFV, 
Sendai virus and Rubella virus. Besides these, substi-
tuted pyrimidine derivatives have been used as 
antihypertensive agents, anticancer agents 
(Monastrol), antimalarial agents, antiinflammatory 
agents and also used as calcium channel blockers, 
neuropeptide γ-antagonists and α-1a-antagonists10.  

Biginelli condensation is an important ‘Multi-
component Reaction’ for the construction of 
DHPM’s. Traditional Biginelli reactions were 
conducted under strongly acidic conditions which 
suffer from poor yields and long reaction duration, 
especially in the case of substituted aromatic and 
aliphatic aldehydes. This has led to the development 
of several new synthetic methodologies which 
improved the yields compared to the original 
procedure. These new strategies involve the combina-
tions of Lewis acids and/or transition metal salts e.g. 
BF3-OEt2, montmorillonite (KSF), polyphosphate 
esters and reagents like InCl3 (ref. 11), LiBr (ref. 12), 
TMSCl/NaI (ref. 13), LaCl3.7H2O (Ref. 14), 
CeCl3.7H2O (ref. 15), Mn(OAc)3.2H2O (ref. 16), InBr 
(ref. 17), FeCl3 and HCl (ref. 18), ytterbium triflate19, 
Iodine (ref. 20), ZnCl2 (ref. 21), CoCl2 (ref. 22), etc. 
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Scheme I-Reagents and conditions: CuCl2.2H2O, conc. HCl, grinding
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Although, many Lewis acids and transition metal salts 
have been found to catalyze this reaction, they still 
have limitations like high cost, limited availability, 
prolonged reaction duration and the use of strong 
acids. Therefore, search for a milder and more 
efficient protocol for the synthesis of dihydro-
pyrimidinone continues to draw the attention of 
researchers. 

Results and Discussion 
The current method not only preserved the ‘one-

pot’ protocol of Biginelli condensation but also 
favours environmentally benign reaction conditions of 
saving energy consumption. To optimize the amount 
of catalyst requirement and maximum product yield, 
various molar ratios of catalyst were tried. The best 

yields were obtained when the catalyst used was 
40 mol% (Scheme I). No improvement in yields was 
observed even by increasing the amounts of catalyst. 
After completion of the reaction (indicated by TLC) 
the reaction-mixture was poured into ice-cold water. 
The precipitate so obtained was filtered, dried and 
recrystallized from ethanol. This method works well 
with various functional groups such as Cl, NO2, OH, 
OCH3 etc., which establishes the general utility of the 
procedure. It worked well with aromatic aldehydes 
possessing either an electron-donating or electron-
withdrawing group. Comparing the results shown in 
Table I it is seen that high yields are obtained (85-
94%) which is much better as compared to the 
previous literature23,24. Thiourea has been used with 
similar success to provide the corresponding dihydro-
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pyrimidin-2(1H)-thiones in high yields, which are 
also of much interest with regard to biological 
activity.  

The present research work from this group has 
shown that commercially available cupric chloride 
dihydrate (CuCl2.2H2O) along with a few drops of 
conc. HCl is a mild water soluble Lewis acid which 
functions as a highly efficient catalyst for Biginelli 
condensation. Further, use of cupric chloride obviates 
anhydrous conditions. To the best of the knowledge, 
there is no report on its use in the synthesis of di-
hydropyrimidinones using ‘Grindstone Chemistry 
Technique’. 

In this communication, is exemplified a simple but 
effective modification of the Biginelli reaction that 
produces high yields of dihydropyrimidinones using 
catalytic amounts of CuCl2.2H2O and 5-6 drops of 
conc. HCl simply by grinding the components 
together. This technique is superior to the existing 
methods, since, grinding does not require solvents 
leading to safe and environmental friendly synthesis. 
Furthermore, the proposed technique does not require 
external heating or cooling at any stage, leading to 
energy efficient synthesis providing high yields of 
products. A mixture of aromatic aldehyde 1, ethyl 
acetoacetate 2, urea/thiourea 3, CuCl2.2H2O and a few 

 

Table I — Physical characterization data of compounds 4a-j 
 

Compd X Z Yield (%) m.p. (°C) Found 
(Reported) 

4a H O 95 208-10 
(209-10)(Ref. 26) 

4b 4-Cl O 89 209-11 
(213-15)(Ref. 27) 

4c 4-F O 94 183-85 
(183-85)(Ref. 28) 

4d 4-NO2 O 93 209-10 
(209-10)(Ref. 28) 

4e H S 85 209 
(208-10) (Ref. 28) 

4f 4-Cl S 86 193 
(192-94) (Ref. 28) 

4g 4-F S 91 192-94 
(193-94) (Ref. 29) 

4h 4-NO2 S 89 107-09 
(109-11) (Ref. 30) 

4i 3-OCH3, 4-OCH3, 5-OCH3 O 92 216-18 
(217-19) (Ref. 31) 

4j 3-OCH3, 4-OCH3, 5-OCH3 S 94 222-23 
(224) (Ref. 32) 

Note: Satisfactory C, H, N analyses were observed. 
 

 

Table II — Spectroscopic characterization data of dihydropyrimidinones 4 
 

Compd 1H NMR  (δ ppm, CDCl3) 

4a 9.17(s, NH, 1H), 7.68 (s, NH, 1H), 7.18-7.28 (m, Ar-H, 5H), 5.18 (d, J = 3.3 Hz, CH, 1H), 4.01 (q, J = 7.0 Hz, OCH2CH3, 2H), 
2.29 (s, CH3, 3H), 1.27 (t, J = 7.0 Hz, OCH2CH3, 3H) 

4b 10.33 (s, NH, 1H), 9.64 (s, NH, 1H), 7.17-7.35 (m, Ar-H, 5H), 5.12 (d, J = 3.3 Hz, CH, 1H), 4.00 (q, J = 7.0 Hz, OCH2CH3, 
2H), 2.28 (s, CH3, 3H), 1.09 (t, J = 7.0 Hz, OCH2CH3, 3H) 

4c 10.31 (s, NH, 1H), 9.61 (s, NH, 1H), 7.19-7.31 (m, Ar-H, 5H), 5.10 (d, J = 3.3 Hz, CH, 1H), 4.01 (q, J = 7.0 Hz, OCH2CH3, 
2H), 2.27 (s, CH3, 3H), (t, J = 7.0 Hz, OCH2CH3, 3H) 

4d 9.35 (s, NH, 1H), 7.84 (s, NH, 1H), 8.23-7.47 (m, Ar-H, 4H), 5.23 (d, J = 3.3 Hz, CH, 1H), 3.92 (q, J = 7.0 Hz, OCH2CH3, 
2H), 2.21 (s, CH3, 3H), 1.06 (t, J = 7.0 Hz, OCH2CH3, 3H) 

4e 10.27 (s, NH, 1H), 9.61 (s, NH, 1H), 7.29-7.36 (m, Ar-H, 5H), 5.21 (d, J = 3.3 Hz, CH, 1H), 4.01 (q, J = 7.0 Hz, OCH2CH3, 
2H), 2.31 (s, CH3, 3H), 1.12 (t, J = 7.0 Hz, OCH2CH3, 3H) 

4i 8.25 (s, NH, 1H), 6.56 (s, Ar-H, 2H), 6.31 (s, NH, 1H), 5.31 (d, J = 3.3 Hz, CH, 1H), 4.10 (q, J = 7.0 Hz, 2H, OCH2CH3), 3.83 
(s, 3*OCH3, 9H), 2.36 (s, CH3, 3H), 1.26 (t, J = 7.0 Hz, OCH2CH3, 3H) 
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drops of conc. HCl are ground together in a mortar 
using pestle for nearly 5 min to give the desired 
products 4 (Table I; 4a-j). A catalytic amount of 
CuCl2.2H2O and friction created by grinding is 
sufficient to push the Biginelli reaction forward. 
(Scheme I). This process worked well with aromatic 
aldehydes possessing either an electron-donating or 
electron-withdrawing group. No solvent is required 
except for product purification by recrystallization. 

In the plausible mechanism catalyzed by 
CuCl2.2H2O and HCl, the initial step is the formation 
of imine. The Cu2+ ion co-ordinates with the nitrogen 
atom of imine to give an intermediate complex which 
activtates the C=N bond towards nucleophile. Further, 
complexation of β-ketoester with Cu2+ ion increases 
the nucleophilicity of α-carbon of enolate, facilitating 
the attack on imine carbon. Attack of free amidic 
group to β-carbonyl carbon, results in the formation of 
six-membered heterocyclic intermediate which on 
dehydration gives the desired DHPM’s. This is in 
harmony with the mechanism proposed by Kappe et al25. 

Experimental Section 

All the melting points were determined in open 
glass capillary tubes and are uncorrected. The IR 
spectra (νmax in cm-1) were recorded on a Perkin Elmer 
557 grating infrared spectrophotometer in KBr pellets. 
1H NMR spectra were recorded on Jeol AL 300 
spectrometer (300 MHz) using CDCl3 as a solvent. 
TMS was used as internal standard (chemical shift in 
δ, ppm). The homogeneity of the compounds was 
checked by TLC using silica gel-G as adsorbent, UV 
light or iodine accomplished visualisation. Esters, 
aldehydes, urea and thiourea were all commercial 
products and were used as received. All liquid 
reagents were distilled before use. The physical and 
analytical characterization data are given in Table I 
and Table II. 

General procedure for the synthesis of dihydro-
pyrimidinones: A mixture of an aromatic aldehyde 
(10 mmol), ethyl acetoacetate (10 mmol), 
urea/thiourea (20 mmol), CuCl2.2H2O (5 mmol) and 
few drops (5-6 drops) of Conc. HCl was ground 
together for 2-5 min using a mortar and pestle of 
appropriate size. The initial syrupy reaction mixture 
solidifies within 5-20 min. The solid mass was left 
overnight, then washed with cold water and purified 
by recrystallization from ethanol. The obtained 
products were identified by comparison with 
authentic samples (synthesized by conventional 

process) and from their spectral (1H NMR and IR) 
data and their melting points.  

Conclusion 
It was found that CuCl2.2H2O works as an 

excellent catalyst for the one-pot three component and 
solvent-free syntheses of dihydropyrimidinones. This 
procedure is simpler (preserving the ‘one-pot’ 
synthesis), economical, milder, faster, and is also 
consistent with the green chemistry theme since no 
solvent is needed and affords excellent yields. 
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