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Dihydropyrimidinone with diverse pharmacological activities can be obtained through the 

multicomponent of Biginelli reactions by heating aldehyde, ethyl acetoacetate and 

urea/thiourea in ethanol with the addition of hydrochloric acid. However, this reaction is 

toxic and shows several drawbacks. Further development for Biginelli reaction was 

conducted by using heterogeneous catalyst, green solvents, and sustainable heating such 

as microwave or ultrasound. But various obstacles are also found from these strategies. 

There are still chances to study the Biginelli reaction by using relatively simpler methods 

and the readily available and environmentally friendly chemicals. Iodine is a mild Lewis 

acid, easily available at an affordable price, non-toxic, and environmentally friendly. 

Iodine has been used in various reactions and organic transformations with high efficiency 

and selectivity. This report aims to study the solventless synthesis of ethyl 6-methyl-2-

oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate 4 by using molecular iodine. 

The reaction was studied by mixing benzaldehyde 1 as aromatic aldehyde, urea 2, and β-

keto ester in the form of ethyl acetoacetate 3 with and without the addition of ethanol as 

solvent. The compound 4 (45% yield) was yielded from a solvent-free reaction whereas 

the use of ethanol gave the product 4 in 50%yield. The IR, NMR spectra, and HRMS 

analysis were used for the establishment of the structure of product 4. These finding give 

new perspective in the preparation of dihydropyrimidinone(s). 

 

INTRODUCTION 

Dihydropyrimidinone containing one 

carbonyl group and two nitrogen atoms in a six-

membered ring is an important heterocyclic 

compound with diverse pharmacological activities 

[1-3]. Methylthiouracil, idoxuridine, 5-

fluorouracil, emivirine, and riboflavin are drugs 

with dihydropyrimidinone framework that are 

found commercially in the market. Monastrol, one 

of the anticancer drugs, contains a 

dihydropyrimidinone structure which is still being 

developed [3]. 

Generally, dihydropyrimidinone can be 

obtained via the multicomponent of Biginelli and 

Hantzsch reactions [4]. The Hantzsch reaction 

involving benzaldehyde, β-ketoester ethyl 

acetoacetate and ammonia produces 1,4-

dihydropyrimidine [5], while Biginelli reaction is 

generally carried out by heating the aldehyde, ethyl 

acetoacetate and urea/thiourea in ethanol with the 

addition of hydrochloric acid as a catalyst to 

produce 3,4-dihydropyrimidinone [6-7]. However, 

the Biginelli reaction shows shortcomings, such as 

the reaction takes a relatively long time under 

heating, the reaction temperature being relatively 

high, the use of environmentally unfriendly strong 

acid catalysts, and the relatively low yield of 

products [8-9]. Thus, the chance of the 

development of Biginelli reaction is still open to 

overcoming these problems. 

Various strategies have been conducted for 

the development of Biginelli reaction. This reaction 

was successfully carried out by using 

heterogeneous catalysts to replace the 

homogeneous and toxic Bronsted and Lewis acid 

catalysts [10]. The heterogeneous catalysts used 

include magnesium (II) chloride [11], tin (II) 

chloride [12], hafnium (IV) triflatic acid [13], 

H5PV2W10O40 [14], cerium 

trifluoromethanesulfonate [15], iodine [16], and 

ZnCr2O4 [17]. Other studies revealed the use of 

green solvents for the synthesis of 

dihydropyrimidinones via Biginelli reaction [18]. 

A study on Biginelli reaction under sustainable 

heating (microwave or ultrasound) was also 

conducted [19]. The development of Biginelli 

reaction generates dihydropyrimidinones with 

different yields with their advantages. However, 

these works also show some shortcomings, such as 

the use of toxic heterogeneous catalysts, relatively 

high reaction temperatures and relatively low 
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yields for some products [20]. As a result, there are 

still voids to study the Biginelli reaction by using 

relatively simpler methods and the readily available 

and environmentally friendly chemicals. 

Iodine is a halogen element with similar 

reactivity as transition metal derivatives, but iodine 

is cheaper and more environmentally friendly [21]. 

Iodine as a soft Lewis acid catalyst has been used 

in various reactions and organic transformations 

with high efficiency and selectivity. It works in 

dilute solutions and reactions with high 

concentrations to solvent-free conditions compared 

to other Lewis acid catalysts, especially metal 

catalysts [22]. Moreover, iodine is easily available 

at an affordable price and is non-toxic. Iodine has 

been used in the synthesis of alkenes by 

dehydration of tertiary alcohols, the formation of β-

keto-enol ether, esterification reactions, trans-

esterification, acetylation and the formation of 

benzothiophenone. Literature study indicates the 

information on the solvent-free synthesis of 

dihydropyrimidinone by using molecular iodine as 

catalyst is still very limited or has never been 

reported. Therefore, this study aims to study the 

solventless synthesis of dihydropyrimidinones by 

using molecular iodine. In this study, ethyl 6-

methyl-2-oxo-4-phenyl-1,2,3,4-

tetrahydropyrimidine-5-carboxylate 4 was 

obtained from a reaction of benzaldehyde 1, urea 2 

and ethyl acetoacetate 3. The reaction was studied 

with and without solvents. 

EXPERIMENT 

Material  

Benzaldehyde 1, urea 2, and ethyl 

acetoacetate 3 were obtained from a commercial 

supplier for synthesis grade (SigmaAldrich, USA). 

Sodium thiosulfate and solvents (ethanol, ethyl 

acetate, n-hexane) were purchased as pro analysis 

grade (Merck, Germany; Fulltime, USA; Tedia, 

USA). Thin layer chromatography (TLC) was 

performed on silica gel 60 F254 (Merck, Germany) 

with UV lamps (Desaga, Germany) visualization. 

Instrumentation 

Fisher John melting point apparatus (Fisher 

Scientific, USA) was used for melting point 

measurement and uncorrected. 1H NMR were 

recorded on Agilent 500 MHz spectrometer 

(Bruker, Switzerland). Infrared spectra were 

obtained from the FTIR Shimadzu-8400S 

spectrometer (Shimadzu, Japan). Mass spectra 

were collected in Thermo Scientific TSQ Vintage 

Triple State Quadrupole MS (Shimadzu, Japan). 

Procedure 

Synthesis of Dihydropyrymidinone (ethyl 4-phenyl-

6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidin-5-

carboxylate 4) 

With solvent 

Iodine (5mol%) was added to the solution of 

benzaldehyde 1 (9.4 mmol), urea 2 (9.4 mmol), and 

ethyl acetoacetate 3 (10 mmol) in ethanol (10 mL). 

The reaction was performed at reflux and stopped 

as indicated by TLC monitor. The mixture was 

cooled and mixed with 5% Na2S2O3. The formed 

solid was filtered, washed (cold water), and dried. 

The solid was recrystallized from ethanol to give 

the product 4 as a white solid (1.23 g, 50% yield); 

mp 239–240°C; IR (KBr): ν 3244, 3177, 1703, 

1724, 1645, 1290, 1092 cm-1; 1H NMR (DMSO-d6 

+ CDCl3, 500 MHz): δ 9.23 (s, 1H, NH), 7.77 (s, 

1H, NH), 7.23-7.34 (m, 5H, ArH), 5.14 (s, 1H, 

CH), 4.00 (q, J = 7; 7.5 Hz, 2H, CH2), 2.25 (s, 3H, 

CH3), 1.10 (t, J = 7 Hz, 3H, CH3), HRESIMS 

[Found: m/z 261.1223 (M+H)+, calcd. for 

C14H17N2O3: (M+H)+, 261.1239]. 

 

Without solvent 

A 5 mol% of iodine crystal was added to a 

round bottom flask containing benzaldehyde 1 (9,4 

mmol), urea 2 (9,4 mmol), dan ethyl acetoacetate 3 

(10 mmol). The reaction mixture was stirred at 

133°C for 5 hours (TLC monitor). The cooled 

mixture was then treated with saturated aqueous 

Na2S2O3 (20 mL) and left overnight. The mixture 

was separated by filtration and the obtained solid 

was purified by recrystallization from ethanol to 

give the product 4 as a white solid (1.16 g, 47% 

yield); mp 238–239°C; IR (KBr): ν 3244, 3177, 

1724, 1703, 1645, 1290, 1092 cm-1; 1H NMR 

(DMSO-d6, 500 MHz): δ 9.17 (s, 1H, NH), 7.72 (s, 

1H, NH), 7.23-7.33 (m, 5H, ArH), 5.14 (d, J = 3 

Hz, 1H, CH), 3.98 (q, J = 7; 7.5 Hz, 2H, CH2), 2.25 

(s, 3H, CH3), 1.09 (t, J = 7 Hz, 3H, CH3), 

HRESIMS [Found: m/z 261.1223 (M+H)+, calcd. 

for C14H17N2O3: (M+H)+, 261.1239].  

RESULT AND DISCUSSION 

Synthesis of Ethyl 4-Phenyl-6-methyl-2-oxo-

1,2,3,4-tetrahydropyrimidin-5-carboxylate 4 

In this study, the straightforward reaction 

that takes place when aromatic aldehyde 1, urea 2, 

and β-keto ester 3 were combined to produce 
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dihydropyrimidinone 4 is possible to be explained 

by assuming the sequence shown in Figure 1. The 

reaction was performed with and without solvent 

with the addition of molecular iodine. Surprisingly, 

the product dihydropyrimidinone 4 was generated 

from the reaction with the absence of solvent. 

 

 

Figure 1. Synthesis of dihydropyrimidinone 4. 
Reagents/conditions: urea 2, ethyl acetoacetate 3, 

molecular iodine, reflux or 133°C, 50% (with solvent), 

45% (without solvent). 

 

The synthesis of dihydropyrimidinone 4 with 

solvent was carried out by reacting compound 1, 2, 

and 3 in ethanol. The molecular iodine as catalyst 

was then added and the reaction mixture was 

refluxed. A similar reaction without solvent was 

performed with the same reagents in a round 

bottom flask with the addition of iodine crystals. 

The reaction mixture was stirred at 133°C. The 

TLC monitor (n-hexane:ethyl acetate 1:1) as shown 

in Figure 2 indicated the formation of a new spot 

with a different retardation factor from that of 

starting materials. The reaction was then stopped, 

and the reaction mixture was further treated with 

Na2S2O3 solution. The obtained solid was separated 

by filtration and purified by recrystallization to 

produce the dihydropyrimidinone 4 in 50% and 45 

% yields for reactions with and without solvent, 

respectively. 

 

 

A 

 

B 

 

 

1. benzaldehyde 1 

2. ethyl 

acetoacetate 2 

3. mix of 1 + 2 + 

reaction mixture 

4. reaction 

mixture 

Figure 2. TLC monitor profile of synthesis 

dihydropyrimidinone 4 under UV 254 nm. A = with 

solvent, B = without solvent. 

 

The purity of the resulting solids was then 

tested by using TLC and a melting point test. 

Figure 3 shows that it resulted in a single spot 

indicating that the solids are pure. The melting 

point test which produces a narrow difference (1‒

2ºC) supports the purity check by TLC [23]. 

 

a. n-hexane:ethyl acetate 1:1 

b. n-hexane:ethyl acetate 1:7 

c. ethyl acetate 

d. (1) n-hexane:ethyl acetate 1:4 

    (2) n-hexane:ethyl acetate 1:5 

Figure 3. TLC profile of dihydropyrimidinone 4. 

Characterization of Ethyl 4-Phenyl-6-methyl-2-

oxo-1,2,3,4-tetrahydropyrimidin-5-carboxylate 4 

Reaction of benzaldehyde 1, urea 2, and 

ethyl acetoacetate 3 produced dihydropyrimidinone 

4 as white solids. The 1H NMR spectrum in 

DMSO-d6 (500 MHz) indicated the presence of NH 

protons as two singlets at δ 9.17 ppm and δ 7.72 

ppm. The methyl protons appeared as triplet and 

singlet signals at δ 1.09 ppm and δ 2.25 ppm, 

respectively. A quartet signal at δ 3.98 ppm (J = 

7;7.5 Hz) and a doublet signal at δ 5.14 ppm (J = 3 

Hz) attributed to CH2 and CH protons. The 

aromatic protons presented as multiplet signals at δ 

7.33-7.23 ppm (Figure 4). Table 1 displays the 1H 

NMR data of 4. 

The formation of dihydropyrimidinone 4 

deduced from 1H NMR data was supported by 

infrared analysis. The IR spectrum displayed the 

NH group as absorptions at ν 3244 cm-1 and 3177 

cm-1, respectively. The carbonyl group appeared as 

peaks at ν 1724 cm-1 and 1703 cm-1. The bands at ν 

1645, 1290, and 1092 cm-1 corresponded to C=C 

and C-O bonds. The HRESIMS analysis revealed 

the molecular mass of dihydropyrimidinone 4 as 

molecular ion (m/z) [M+H]+ peak at m/z 261.1223 

for C14H17N2O3 associates to the theoretical m/z 

[M+H]+ 261.1239. 

 



al Kimiya: Jurnal Ilmu Kimia dan Terapan 

p-ISSN: 2407-1897, e-ISSN: 2407-1927 

 Vol. 12, No. 1 (35-40), June 2025/Muharram 1447 

 

38 

 

Figure 4. 1H NMR spectrum of dihydropyrimidinone 4. 

Table 1. 1H NMR data of dihydropyrimidinone 4. 

Protons 
Chemical Shifts (δ) (ppm) 

This work [24] 

NH 9.17 (s, 1H) 9.20 (s, 1H) 

NH 7.72 (s, 1H) 7.75 (s, 1H) 

Ar H 7.23-7.33 

(m, 5H) 

7.28 (m, 5H) 

CH 5.14 (d, J = 3 Hz, 

1H) 

5.14 (s, 1H) 

OCH2 3.98 (q, J = 7; 7.5 

Hz, 2H) 

3.97 (q, J = 7.1 

Hz, 2H) 

CH3 2.25 (s, 3H) 2.25 (s, 3H) 

CH3 1.09 (t, J = 7 Hz, 

3H) 

1.09 (t, J = 7.1 

Hz, 3H) 

Proposed Reaction Mechanism for The 

Formation of Ethyl 4-Phenyl-6-methyl-2-oxo-

1,2,3,4-tetrahydropyrimidin-5-carboxylate 4 

Figure 5 envisaged the presumable 

mechanism for the establishment of 

dihydropyrimidinone 4. At the first step of reaction, 

it is predicted that molecular iodine activated 

benzaldehyde. Subsequently, the condensation of 

the activated benzaldehyde with keto-imine urea 

tautomer occurs to give I, followed by removal of 

a water molecule to give the iminium intermediate 

II. This intermediate may further react with ethyl 

acetoacetate molecule in the next step and by the 

similar pathway giving product 4. 

 

Figure 5. Proposed mechanism for the synthesis of 

dihydropyrimidinone 4. 
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CONCLUSION 

In conclusion, dihydropyrimidinone 4 was 

produced in 45% yield from a reaction without a 

solvent. The structure of the product was 

established by IR, NMR spectra, and HRMS 

analysis. A plausible mechanism was also 

proposed. 
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