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Simple and Efficient Method for One Pot Multicomponent Synthesis  

of 3,4-Dihydropyrimidin-2-(1H)-One Derivatives Catalyzed  

by Organocatalyst: Benzoic Acid 

The Biginelli reaction is one the useful multicomponent reactions and a very appropriate reaction for the syn-

thesis of 3,4-dihydropyrimidin-2(1H)-ones derivatives. These 3,4-dihydropyrimidin-2(1H)-ones have biolog-

ical and pharmacological properties which make them a very important class of medicinal chemistry. Alt-

hough they are an important class of medicinal chemistry, the syntheses of these compounds have been cata-

lyzed by large number of strong Bronsted acids and Lewis acids under thermal conditions. Small organic 

molecules, organocatalysts, have been used as catalysts for the Biginelli reaction in a small number as com-

pared to Bronsted acids and Lewis acid. Benzoic acid, which is a small organic molecule, although an acid, 

has never been tested for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones. Benzoic acid is an inexpensive, 

non-toxic molecule, it has been successfully tested here as a catalyst for the one-pot three component synthe-

sis of 3,4-dihydropyrimidin-2-(1H)-one derivatives via Biginelli reaction between β-keto ester, a variety of 

aromatic aldehydes and urea or thiourea under thermal conditions using 20 mol% benzoic acid in acetonitrile 

solvent refluxed for 12 h to give good to high yields. This synthetic method includes inexpensive, non-toxic, 

easily available benzoic acid as a catalyst and is carried out in a simple operational procedure. 

Keywords: organocatalyst, benzoic acid, Biginelli, 3,4-dihydropyrimidin-2-(1H)-one, β-keto ester, aldehydes, 

urea, thiourea. 

 

Introduction 

The Biginelli reaction is one of the multicomponent reactions. It is a very suitable reaction for prepara-

tion of the 3,4-dihydropyrimidin-2(1H)-ones. 3,4-Dihydropyrimidinones (DHPMs) are a very important class 

since the recent discovery of their biological and pharmacological properties, namely antiviral, antitumour, 

antibacterial, anti-inflammatory and antihypertensive ones. Dihydropyrimidinone cores are also found in 

many natural products, highlighting important efforts aimed at the synthesis of these heterocycles [1–6]. 

These DHPMs have become a crucial basis for several calcium channel blockers, antihypertensives, α1a-

adrenergic antagonists and neuropeptide Y (NPY) antagonists [7]. 

Conventionally, Biginelli reactions were performed under strong acidic conditions with heating, and the 

yields were low to moderate (Scheme 1) [8]. 

Traditionally, there are several suitable reaction conditions with strong Bronsted acid along with the use 

of Lewis acid in condensation to more efficiently synthesize these DHPMs molecules; e.g. H2SO4 [7], 

BF3·Et2O/CuCl [9], BiCl3 [10], CeCl3·7H2O [11], Cu(OTf)2 [12], TiCl4 [13], LiBr [14], Gallium (III) halides 

[15], Metal triflimide [16], p-toluenesulfonic acid [17], polystyrenesulfonic acid (PSSA) [18], Cu(OTf)2 [19], 
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ZrCl4 [20], FeCl3·6H2O [21], RuCl3 [22], Bi(NO3)3·5H2O–TBAF [23], SmI2 [24].
 
In addition to these, the 

Biginelli reaction has also been reported by using nanomaterials [25–27], nano-composite [28], zeolites [29–

31], polymers [32], ultrasonic irradiation [33, 34], microwaves [35–38] and ball milling [39]. 
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Scheme 1 

The use of small organic molecules known as Organocatalysts [40–44] is a very rapidly developing area 

of synthetic organic chemistry that is replacing the use of metal-based Lewis acids. Organocatalysis offers 

many advantages for synthetic organic chemistry. In contrast to many transition metal catalysts, most 

organocatalysts are resistant to air and water, easily handled experimentally, relatively nontoxic, and readily 

separated from the crude reaction mixture [45]. Given the growing interest in developing green processes 

and procedures in organic synthesis [46], organocatalysts are considered to be a more eco-friendly and user-

friendly alternative to traditional counterparts. Because of these many advantages of organocatalysts, few 

organocatlysts have been explored in the synthesis of DHPM derivatives such as bakers’ yeast [47], hydra-

zine type [48], oxalic acid [49, 50],
 
citric acid [51], boric acid [52],

 
phenylboronic acid [53], L-proline [54]

 

and Lactic acid [55]. 

In continuation of our work on new methodologies using organocatalysts [44, 56] in the synthetic or-

ganic chemistry we wish to report the efficient use of benzoic acid and a very simple effective approach for 

the synthesis of 3,4-dihydropyrimidine-2-(1H)-ones derivatives via the Biginelli reaction under thermal con-

ditions having good to high yield. 

In addition to those listed above, numerous methods for the synthesis of 3,4-dihydropyrimidin-2-(1H)-

one derivatives by the Biginelli reaction are available in the literature. However, few organocatalysts are 

available for the synthesis of DHPMs. Benzoic acid is cheap, non-toxic and readily available in every labora-

tory. To our knowledge, so far the potential of benzoic acid as a mild organocatalyst has not been much test-

ed in organic synthesis. We decided to explore the potential of benzoic acid as an organocatalyst for the syn-

thesis of 3,4-dihydropyrimidine-2-(1H)-ones and their thione analogs as well as their derivatives by the 

Biginelli reaction under thermal conditions. 

Experimental 

The following reagents were used in this work without additional purification; benzaldehyde, 4-chloro-

benzaldehyde, 3-nitrobenzaldehyde, 4-methoxybenzaldehyde, 4-nitrobenzaldehyde, 4-hydroxybenzaldehyde, 

ethylacetoacetate, methylacetoacetate, benzoic acid, urea, thiourea, acetonitrile, ethanol (loba Chemie), 

4-methylbenzaldehyde, 3-methoxybenzaldehyde (Sigma-Aldrich). 

The general procedure for the Biginelli reaction is as follows: a solution of the appropriate aldehyde 1 

(1.0 mmol), urea or thiourea 2 (1.5 mmol), β-keto ester 3 (1.0 mmol), benzoic acid (20 mol%, 0.2 mmol) in 

acetonitrile (10 mL) is heated to reflux for 12 h. Then it is cooled to room temperature and poured into ice-

water about 50mL. The solid products are filtered, washed with ice water, dried and recrystallized from etha-

nol to give pure product 4 (a-m). 

4a. 5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin- 2(1H)-one, Melting point: Found 206–

208 °C (200–202 °C) [57] 
1
H NMR (DMSO-d6): δ = 9.18 (s, 1H), 7.73 (s, 1H), 7.20–7.30 (m, 5H), 5.14 (s, 

1H), 3.98 (q, J = 7.2 Hz, 2H), 2.24 (s, 3H), 1.06 (t, J = 7.2 Hz, 3H). 
13

C NMR (DMSO-d6): δ = 166.3, 152.1, 

147.2, 144.2, 128.1, 127.2, 126.5, 99.0, 58.1, 53.9, 17.9, 14.0. Mass m/z [M+1]
+
 = 261.11. 

4b. 4-(4-Chlorophenyl)-5-ethoxycarbonyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one, Melting point: 

Found 214–216 °C (210–212 °C) [58]. 
1
H NMR (DMSO-d6): δ = 9.20 (s, 1H), 7.76 (s, 1H), 7.40 

(d, J = 9.0 Hz, 2H), 7.26 (d, J = 9.0 Hz, 2H) 5.16 (s, 1H), 3.95 (q, J = 7.1Hz, 2H), 2.19 (s, 3H), 1.10 

(t, J = 7.1 Hz, 3H). 
13

C NMR (DMSO-d6): δ = 167.1, 151.4, 146.4, 141.9, 130.1, 126.2, 125.5, 98.0, 56.1, 

53.6, 19.7, 13.4. Mass m/z [M+1]
+
 = 295.07. 
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Results and Discussion 

We started our study with the reaction of benzaldehyde, ethyl acetoacetate and urea using benzoic acid as 

a catalyst under thermal conditions (Scheme 2) as a model reaction and the results are summarized in Table 1. 

Initially, the reaction was carried out without a catalyst for an appropriate time and no progress was ob-

served in acetonitrile solvent (Table 1, entry 01). Catalyst 1 mole % was added and the reaction was carried 

out up to 18 h, the obtained yield was very low (Table 1, entry 05). 

The reaction gradually progressed with increasing the amount of catalyst while maintaining the reaction 

time (Table 1, entries 06 & 07). Due to the gradual development of the reaction, the amount of catalyst was 

increased to 7.5 mol % to see the reaction development, reducing the reaction time to 15 hours, a yield of 

60 % was obtained (Table 1, entry 08). To obtain high and excellent yields, we continued to vary the amount 

of catalyst (Table 1, entries 09 & 16). The best reaction conditions were obtained using 20 mol% catalyst and 

the reaction was completed after 12 hours with a yield of 92 % (Table 1, entry 17). To our curiosity, we con-

tinued the reaction again up to 15 hours and also increased the amount of catalyst, but there was no any sig-

nificant improvement in either case (Table 1, entry 18 & 19). In addition to acetonitrile, we also optimized 

the reaction conditions using different solvents as shown in Table 1. Without using a catalyst none of the re-

actions progressed to give any product (Table 1, entries 02, 03 & 04). Instead of introducing lower amount of 

catalyst for solvents water, THF and ethanol, we purposefully used 10 mol% and 20 mol% catalyst for our 

study. Yields were obtained relatively lower as compared with acetonitrile using 10 mol% catalyst for 15 

hours (Table 1, entries 10, 11 & 12). Also, approximately the same results were observed using 20 mol% 

catalyst for 12 hours (Table 1, entries 13, 14 & 15) as compared with acetonitrile solvent (Table 1, entry 17). 
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Scheme 2 

T a b l e  1  

Optimization of the reaction conditions in the synthesis of DHPM
a 

Entry Solvent Catalyst (mole %) Time (h) Yield
b
 (%) 

01 CH3CN None 18 0 

02 H2O None 18 0 

03 THF None 18 0 

04 EtOH None 18 0 

05 CH3CN 1 18 20 

06 CH3CN 2 18 30 

07 CH3CN 5 18 46 

08 CH3CN 7.5 15 60 

09 CH3CN 10 15 72 

10 H2O 10 15 20 

11 THF 10 15 35 

12 EtOH 10 15 30 

13 H2O 20 15 32 

14 THF 20 12 65 

15 EtOH 20 12 54 

16 CH3CN 15 15 85 

17 CH3CN 20 12 92 

18 CH3CN 20 15 94 

19 CH3CN 25 15 96 
aReaction conditions: Benzaldehyde (1.0 mmol), Urea (1.5 mmol), Ethyl acetoacetate (1.0 mmol), catalyst, solvent (10 ml) re-

fluxed for the appropriate time.  
bIsolated yields. 
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After obtaining the best reaction conditions; 1.0 mmol of benzaldehyde, 1.0 mmol of ethyl acetoacetate, 

1.5 mmol of urea, 20 mol% benzoic acid as a catalyst in 10 ml of acetonitrile refluxed for 12 hrs, in order to 

explore the scope and generality of the present reaction conditions, various aldehydes and an urea analog, i.e. 

thiourea were taken for the Biginelli reaction using our optimized reaction conditions (Scheme 3). The re-

sults obtained are summarized in Table 2. 
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Scheme 3 

In addition to the parent benzaldehyde, aldehydes with electron-donating groups such as methyl-, 

methoxy- and chloro-type groups, also electron withdrawing group such as nitro- were treated with ethyl 

acetoacetate and urea, resulting in the formation of the corresponding DHPM derivative in 84–92 % yield 

(Table 2, entries 01–05). The urea analog, i.e., thiourea, was also tested in the same reaction with 

benzaldehydes bearing chloro-, hydroxyl-, nitro- and methoxy-groups yielding the corresponding product in 

82–90 % yield (Table 2 entries 06–10). Reaction with methylacetoacetate showed results similar to the reac-

tion with ethylacetoacetate and gave the corresponding DHPM (Table 2, entries 11–12) in high yield. This 

reaction was also suitable for aldehydes with α-hydrogen, such as n-valeraldehyde (Table 2, entry 13), to 

give the corresponding DHPM product in good yield, and a significant reduction in yield was observed com-

pared with aromatic aldehydes. 

T a b l e  2  

Scope of Aldehydes with urea/thiourea and β-keto esters in the synthesis of DHPM derivatives
a 

Entry Aldehyde 1 (R) Urea/thiourea 2 (X) β-keto ester 3 (R1) Product 4 Yield
b
 % 

01 C6H5 O Et 4a 92 

02 4-ClC6H4 O Et 4b 90 

03 4-CH3C6H4 O Et 4c 84 

04 4-OCH3C6H4 O Et 4d 87 

05 4-NO2C6H4 O Et 4e 90 

06 C6H5 S Et 4f 84 

07 4-OHC6H4 S Et 4g 82 

08 3-NO2C6H4 S Et 4h 87 

09 3-OCH3C6H4 S Et 4i 90 

10 4-ClC6H4 S Et 4j 86 

11 C6H5 O Me 4k 86 

12 4-ClC6H4 O Me 4l 82 

13 n-Bu O Et 4m 72 
aReaction conditions: Aldehyde (1.0 mmol), Urea/thiourea (1.5 mmol), β-keto esters (1.0 mmol), benzoic acid 20 mol%, in ace-

tonitrile (10 ml) refluxed for the 12 h.  
bIsolated yields. 

 

Conclusions 

In conclusion, we have developed a simple and efficient method for one-pot three-component synthesis 

of 3,4-dihydropyrimidinone derivatives from aldehydes with β-keto esters and urea or thiourea using benzoic 

acid as an organocatalyst by refluxing in acetonitrile in high yields of 72–92 %. This method using benzoic 

acid as an organocatalyst is very useful to explore diversified aldehydes for synthesizing derivatives of 

3,4-dihydropyrimidinones as well as thione analogues, which can play crucial role in the field of medicinal 

chemistry. 

Buk
eto

v U
niv

ers
ity



V.B. Gopula, M.K. Pathan 

10 EURASIAN JOURNAL OF CHEMISTRY. 2023. No. 1(109) 

Acknowledgements 

We would like to thank Anandibai Raorane Arts, Commerce and Science College, Vaibhavwadi for 

providing all necessary facilities for conducting this research work. 
 

 

References 

1 Atwal, K. S., Rovnyak, G. C., O’Reilly, B. C., & Schwartz, J. J. (1989). Substituted 1,4-dihydropyrimidines. 3. Synthesis of 

selectively functionalized 2-hetero-1,4-dihydropyrimidines. Organic Chemistry, 54, 5898–5907. https://doi.org/10.1021/jo00286a020 

2 Atwal, K. S., Swanson, B. N., Unger, S. E., Floyd, D. M., Moreland, S., Hedberg, A., & O’Reilly, B. C. (1991). 

Dihydropyrimidine calcium channel blockers. 3. 3-Carbamoyl-4-aryl-1,2,3,4-tetrahydro-6-methyl-5-pyrimidinecarboxylic acid esters 

as orally effective antihypertensive agents. Journal of Medicinal Chemistry, 34, 806–811. https://doi.org/10.1021/jm00106a048 

3 Rovnyak, G. C., Atwal, K. S., Hedberg, A., Kimball, S. D., Moreland, S., Gougoutas, J. Z., O’Reyli, B. C., Schwartz, J., 

Malley, M. F., & Semones, M. A. (1992). Dihydropyrimidine calcium channel blockers. 4. Basic 3-substituted-4-aryl-1,4-

dihydropyrimidine-5-carboxylic acid esters. Potent antihypertensive agents. Journal of Medicinal Chemistry, 35, 3254–3263. 

https://doi.org/10.1021/jm00095a023 

4 Kappe, C. O. & Fabian, W. M. F. (1997). Conformational analysis of 4-aryl-dihydropyrimidine calcium channel modulators. 

A comparison of ab initio, semiempirical and X-ray crystallographic studies. Tetrahedron, 53, 2803–2816. 

https://doi.org/10.1016/S0040-4020(97)00022-7 

5 Kappe, C. O., Shishkin, O. V., Uray, G., & Verdino, P. (2000). X-Ray Structure, Conformational Analysis, 

Enantioseparation, and Determination of Absolute Configuration of the Mitotic Kinesin Eg5 Inhibitor Monastrol. Tetrahedron, 56, 

1859–1862. https://doi.org/10.1016/S0040-4020(00)00116-2 

6 Rovnyak, G. C., Kimball, S. D., Beyer, B., Cucinotta, G., DiMarco, J. D., Gougoutas, J., Hedberg, A., Malley, M., McCarthy, 

J. P., Zhong, R., & Moreland, S. (1995). Calcium Entry Blockers and Activators: Conformational and Structural Determinants of 

Dihydropyrimidine. Calcium Channel Modulators Journal of Medicinal Chemistry, 38, 119–129. https://doi.org/10.1021/ 

jm00001a017 

7 Azizian, J., Mohammadi, M. K., Firuzi, O., Mirza, B., & Miri, R. (2010). Microwave-Assisted Solvent-Free Synthesis of 

Bis(dihydropyrimidinone)benzenes and Evaluation of their Cytotoxic Activity. Chemical Biology & Drug Design, 75, 375–380. 

https://doi.org/10.1111/j.1747-0285.2009.00937.x 

8 Kappe, C. O. (2000). Recent Advances in the Biginelli Dihydropyrimidine Synthesis. New Tricks from an Old Dog. Accounts 

of Chemical Research, 33, 879–888. https://doi.org/10.1021/ar000048h 

9 Hu, E. H., Sidler, D. R., & Dolling, U. H. (1998). Unprecedented catalytic three component one-pot condensation Reaction: 

An Efficient Synthesis of 5-Alkoxycarbonyl-4-aryl-3,4-dihydropyrimidi-2(1H)-ones. The Journal of Organic Chemistry, 63, 3454–

3457. https://doi.org/10.1021/jo970846u 

10 Ramalinga, K., Vijayalakshmi, P., & Kaimala, T. N. B. (2001). Bismuth (III)-catalyzed Synthesis of Dihydropyrimidones: 

Improved protocol conditions for the Biginelli Reaction. Synlett, 6, 863–865. https://doi.org/10.1055/s-2001-14587 

11 Bose, D. S., Fatima, L., & Mereyala, H. B. (2003). Green Chemistry Approaches to the Synthesis of 5-Alkoxycarbonyl-4-

aryl-3,4-dihydropyrimidin-2(1H)-ones by a Three-Component Coupling of One-Pot Condensation Reaction:  Comparison of Ethanol, 

Water, and Solvent-free Conditions. The Journal of Organic Chemistry, 68, 587–590. https://doi.org/10.1021/jo0205199 

12 Paraskar, A. S., Dewkar, G. K., & Sudalai, A. (2003). Cu(OTf)2: a reusable catalyst for high-yield synthesis of 3,4-dihydro-

pyrimidin-2(1H)-ones. Teterahedron Letters, 44, 3305–3308. https://doi.org/10.1016/S0040-4039(03)00619-1 

13 Maiti, G., Kundua, P., & Guin, C. (2003). One-pot synthesis of dihydropyrimidinones catalysed by lithium bromide: an im-

proved procedure for the Biginelli reaction. Tetrahedron Letters, 44, 2757–2758. https://doi.org/10.1016/S0040-4039(02)02859-9 

14 Baruah, P. P., Gadhwal, S., Prajapati, D., & Sandhu, J. S. (2002). The Biginelli Condensation: A Novel and Efficient 

Regioselective Synthesis of Dihydropyrimidin-2(1H)-ones Using Lithium Bromide. Chemistry. Letters, 31, 1038–1039. 

https://doi.org/10.1246/cl.2002.1038 

15 Saini, A., Kumar, S., & Sandhu, J. S. (2007). Gallium (III) halides catalyzed, microwave enhanced, synthesis of 3,4-

dihydropyrimidin-2-(1H)-ones under solvent free condition. Indian Journal of Chemistry, 46B, 1886–1889. 

16 Suzuki, I., Suzumura, Y., & Takeda, K. (2006). Metal triflimide as a Lewis acid catalyst for Biginelli reaction in water. 

Teterahedron Letters, 47, 7861–7864. https://doi.org/10.1016/j.tetlet.2006.09.019 

17 Bose, A. K., Manhas, M. S., Pednekar, S., Ganguly, S. N., Dang, H., He, W., & Mandadi, A. (2005). Large scale Biginelli re-

action via water-based biphasic media: a green chemistry strategy. Tetrahedron Letters, 46, 1901–1903. 

https://doi.org/10.1016/j.tetlet.2005.01.087 

18 Polshettiwar, V., & Varma, R. S. (2007). Biginelli reaction in aqueous medium: a greener and sustainable approach to substi-

tuted 3,4-dihydropyrimidin-2(1H)-ones. Tetrahedron Letters, 48, 7343–7346. https://doi.org/10.1016/j.tetlet.2007.08.031 

19 Paraskar, A. S., Dewkar, G. K., & Sudalai, A. (2003). Cu(OTf)2: a redusable catalyst for high-yield synthesis of 3,4-

dihydropyrimidin-2(1H)-ones. Tetrahedron Letters, 44, 3305–3308. https://doi.org/10.1016/S0040-4039(03)00619-1 

20 Reddy, C. V., Mahesh, M., Raju, P. V. K., Babu, T. R., & Reddy, V. V. N. (2002). Zirconium (IV) chloride catalyzed one-pot 

synthesis of 3,4-dihydropyrimidi-2(1H)-ones. Tetrahedron Letters, 43, 2657–2659. https://doi.org/10.1016/S0040-4039(02)00280-0 

Buk
eto

v U
niv

ers
ity

https://doi.org/10.1021/jo00286a020
https://doi.org/10.1021/jm00106a048
https://doi.org/10.1021/jm00095a023
https://doi.org/10.1016/S0040-4020(97)00022-7
https://doi.org/10.1016/S0040-4020(00)00116-2
https://doi.org/10.1021/jm00001a017
https://doi.org/10.1021/jm00001a017
https://doi.org/10.1111/j.1747-0285.2009.00937.x
https://doi.org/10.1021/ar000048h
https://doi.org/10.1021/jo970846u
https://doi.org/10.1055/s-2001-14587
https://doi.org/10.1021/jo0205199
https://doi.org/10.1016/S0040-4039(03)00619-1
https://www.sciencedirect.com/science/article/pii/S0040403902028599
https://www.sciencedirect.com/science/article/pii/S0040403902028599
https://doi.org/10.1016/S0040-4039(02)02859-9
https://doi.org/10.1246/cl.2002.1038
https://doi.org/10.1016/j.tetlet.2006.09.019
https://doi.org/10.1016/j.tetlet.2005.01.087
https://doi.org/10.1016/j.tetlet.2007.08.031
https://doi.org/10.1016/S0040-4039(03)00619-1
https://doi.org/10.1016/S0040-4039(02)00280-0


Simple and Efficient Method for One Pot Multicomponent Synthesis of … 

ISSN 2959-0663 (Print); ISSN 2959-0671 (Online); ISSN-L 2959-0663 11 

21 Lu, J. & Ma, H. R. (2000). Iron (III)-Catalyzed Synthesis of Dihydropyrimidinones, Improved conditions for the Biginelli 

Reaction. Synlett, 1, 63–64. https://doi.org/10.1055/s-2000-6469 

22 Surya, K. De, & Gibbs, R. A. (2005). Ruthenium(III) chloride-catalyzed one pot synthesis of 3,4-dihydropyrimidin-2-(1H)-

ones under solvent free conditions. Synthesis, 11, 1748–1750. https://doi.org/10.1055/s-2005-869899 

23 Khodaei, M. M., Khosropour, A. R., & Jowkar, M. (2005). Bi(NO3)3·5H2O – TBAF as an Efficient Reagent for in situ Oxi-

dation: Dihydropyrimidinone formation from Benzyl Halides. Synthesis, 8, 1301–1304. https://doi.org/10.1055/s-2005-861876 

24 Han, X., Xu, F., Luo, Y., & Shen, Q. (2005). An Efficient One-pot synthesis of Dihydropyrimidionones by a Samarium 

Diiodide Catalyzed Biginelli reaction under Solvent free Conditions. European Journal of Organic Chemistry, 8, 1500–1503. 

https://doi.org/10.1002/ejoc.200400753 

25 Zamani, F. & Izadi, E. (2013). Synthesis and characterization of sulfonated-phenylacetic acid coated Fe3O4 nanoparticles as a 

novel acid magnetic catalyst for the Biginelli reaction. Catalysis Communications, 42, 104–108. 

https://doi.org/10.1016/j.catcom.2013.08.006 

26 Nasr-Esfahani, M., Hoseini, S. J. & Mohammadi, F. (2011). Fe3O4 Nanoparticles as an Efficient and Mangentically Recover-

able Catalyst for the Synthesis of 3,4-dihydropyrimidin-2(1H)-ones under solvent free conditions. Chinese Journal of Catalysis, 32, 

1484–1489. https://doi.org/10.1016/S1872-2067(10)60263-X 

27 Girija, D., Naik, H. S. B., Kumar, B. V., Sudhamani, C. N., & Harish, K. N. (2019). Fe3O4 Nanoparticle supported Ni(II) 

Complexes: A Mangentically recoverable Catalyst for Biginelli reaction. Arabian Journal of Chemistry, 12, 420–428. 

https://doi.org/10.1016/j.arabjc.2014.08.008 

28 Safari, J. & Zarnegar, Z. (2013). Biginelli reaction on Fe3O4–MWNT nanocomposite: excellent reactivity and facile recycla-

bility of the catalyst combined with ultrasound irradiation. RSC Advances, 3, 17962–17967. https://doi.org/10.1039/C3RA43014F 

29 Mistry, S. R., Joshi, R. S., Sahoo, S. K., & Maheria, K. C. (2011). Synthesis of Dihydropyrimidinones Using Large Pore Zeo-

lites. Catalysis Letters, 141, 1541–1547. https://doi.org/10.1007/s10562-011-0639-6 

30 Rani, V. R., Srinivas, N., Kishan, M. R., Kulkarni, S. J., & Raghavan, K. V. (2001). Zeolite-catalyzed cyclocondensation re-

action for the selective synthesis of 3,4-dihydropyrimidin-2(1H)-ones. Green Chemistry, 3, 305–306. https://doi.org/10.1039/ 

B107612B 

31 Kang, L., Jin, D., & Cai, Y. (2013). Silica-supported ionic liquid Si[SbSipim][PF6]: An efficient catalyst for the synthesis of 

3,4-dihydropyrimidine-2-(1H)-ones. Synthetic Communications, 43, 1896–1901. https://doi.org/10.1080/00397911.2012.678462 

32 Pourjavadi, A., Salimi, H., Barzegar, S., & Eftekharisis, B. (2007). A Novel Polymeric catalyst for One-Pot synthesis of 3,4-

dihydropyrimidin-2-(1H)-ones via Biginelli Reaction. Acta Chimica Slovenica, 54, 140–143. 

33 Li, J. T., Han, J. F., Yang, J. H., & Li, T. S. (2003). An efficient synthesis of 3,4-dihydropyrimidin-2-ones catalyzed by 

NH2SO3H under ultrasound irradiation. Ultrasonics Sonochemistry, 10, 119–122. https://doi.org/10.1016/S1350-4177(03)00092-0 

34 Yadav, J. S., Reddy, B. V. S., Reddy, K. B., Raj, K. S., & Prasad, A. R. (2001). Ultrasound- accelerated synthesis of 3,4-

dihydropyrimidin-2(1H)-ones with ceric ammonium nitrate. Journal of the Chemical Society, Perkin Transactions 1, 1939–1941. 

https://doi.org/10.1039/B102565C 

35 Cheng, J. & Qi, D. Y. (2007). ChemInform Abstract: An Efficient and Solvent-Free One-Pot Synthesis of Dihydro-

pyrimidinones under Microwave Irradiation. Chinese Chemical Letters, 18, 647–650. https://doi.org/10.1016/j.cclet.2007.04.002 

36 Felluga, F., Benedetti, F., Berti, F., Drioli, S., & Regini, G. (2018). Efficient Biginelli Synthesis of 2-Aminodihydropy-

rimidines under Microwave Irradiation. Synlett, 29, 986–992. http://doi.org./10.1055/s-0036-1591900 

37 Misra, A. K., Agnihotri, G., & Madhusudan, S. K. (2001). Microwave induced eco-friendly solvent-free Biginelli reaction 

catalyzed by calcium chloride. Indian Journal of Chemistry, 43B, 2018–2020. 

38 Hazarkhani, H. & Karimi, B. (2004). N-Bromosuccinimide as an Almost Neutral Catalyst for Efficient Synthesis of 

Dihydropyrimidinones Under Microwave Irradiation. Synthesis, 8, 1239–1242. https://doi.org/10.1055/s-2004-822348 

39 Mohamed, M. O., Alshammari, A. G. & Lemine, O. M. (2016). Green High-Yielding one-pot approach to Biginelli Reaction 

under catalyst-free and solvent free Ball Milling conditions. Applied Sciences, 6, 431–437. https://doi.org/10.3390/app6120431 

40 Carlone, A., Cabrera, S., Marigo, M. & Jorgensen, K. A. (2007). A new approach for an organocatalytic multicomponent 

domino asymmetric reaction. Angewandte Chemie International Edition, 46, 1101–1104. https://doi.org/10.1002/anie.200604479 

41 Xie, H. Zu, Li., Li, H., Wang, J. & Jiang, W. J. (2007). Organocatalytic Enantioselective cascade Michael-Alkylation reac-

tions: Synthesis of chiral Cyclopropanes and Investigation of Unexpected organocatalyzed Stereoselective Ring opeing of 

cyclopropanes. Journal of the American Chemical Society, 129, 10886–10894. https://doi.org/10.1021/ja073262a 

42 Martin, N. J. A., Ozores, L. & List, B. (2007). Organocatalytic Asymmetric transfer Hydrogenation of nitroolefins. Journal of 

the American Chemical Society, 129, 8976–8977. https://doi.org/10.1021/ja074045c 

43 Li, G., Liang, Y. & Antilla, J.C. (2007). A vaulted Biaryl Phosphoric acid-catalyzed reduction of α-Imino Esters: The Highly 

Enantioselective preparation of α-amino esters. Journal of the American Chemical Society, 129, 5830–5831. 

https://doi.org/10.1021/ja070519w 

44 Gopula, V. B. (2021) Mandelic acid: organocatalyst for efficient synthesis of secondary amines from aldehydes and primary 

amines. Journal of Advanced Scientific Research, 12(03), 292-296. https://doi.org/10.55218/JASR.202112341 

45 Louis S. Hegedus (2009). Organocatalysis in Organic Synthesis. Journal of the American Chemical Society, 131, 17995–

17997. https://doi.org/10.1021/ja908581u 

46 List, B. (2007). Introduction: Organocatalysis. Chemical Reviews, 107, 5413–5415. https://doi.org/10.1021/cr078412e 

Buk
eto

v U
niv

ers
ity

https://doi.org/10.1055/s-2000-6469
https://doi.org/10.1055/s-2005-869899
https://doi.org/10.1055/s-2005-861876
https://doi.org/10.1002/ejoc.200400753
https://doi.org/10.1016/j.catcom.2013.08.006
https://doi.org/10.1016/S1872-2067(10)60263-X
https://doi.org/10.1016/j.arabjc.2014.08.008
https://doi.org/10.1039/C3RA43014F
https://doi.org/10.1007/s10562-011-0639-6
https://doi.org/10.1039/B107612B
https://doi.org/10.1039/B107612B
https://doi.org/10.1080/00397911.2012.678462
https://doi.org/10.1016/S1350-4177(03)00092-0
https://doi.org/10.1039/B102565C
https://doi.org/10.1016/j.cclet.2007.04.002
http://doi.org./10.1055/s-0036-1591900
https://doi.org/10.1055/s-2004-822348
https://doi.org/10.3390/app6120431
https://doi.org/10.1002/anie.200604479
https://doi.org/10.1021/ja073262a
https://doi.org/10.1021/ja074045c
https://doi.org/10.1021/ja070519w
https://doi.org/10.55218/JASR.202112341
https://doi.org/10.1021/ja908581u
https://doi.org/10.1021/cr078412e


V.B. Gopula, M.K. Pathan 

12 EURASIAN JOURNAL OF CHEMISTRY. 2023. No. 1(109) 

47 Kumar, A. & Maurya, R. M. (2007). An efficient baker’s yeast catalyzed synthesis of 3,4-dihydropyrimidin-2-(1H)-ones. 

Tetrahydron Letters, 48, 4569–4571. https://doi.org/10.1016/j.tetlet.2007.04.130 

48 Suzuki, I., Iwata, Y. & Takeda, K. (2008). Biginelli Reactions catalyzed by hydrazine type organocatalyst. Tetrahydron Let-

ters, 49, 3238–3241. https://doi.org/10.1016/j.tetlet.2008.03.080 

49 Sangshetti, J. N., Shinde, D. B. & Kokare, N. D. (2008). Oxalic acid as a versatile catalyst for one pot facile synthesis of 3,4-

dihydropyrimidin-2-(1H)-ones and their thione analogues. Journal of Heterocyclic Chemisty, 45, 1191–1193. 

https://doi.org/10.1002/jhet.5570450440 

50 Mohamadpour, F., Maghsoodlou, M. T., Heydari, R. & Lashkari, M. (2016). Oxalic acid dehydrate catalyzed synthesis of 

3,4-dihydropyrimidin-2-(1H)-one derivatives under thermal and solvent free conditions. Iranian Journal of Catalysis, 6(3), 127–131. 

51 Ramu, E., Kotra, V., Bansal, N., Varala, R. & Adapa, S. R. (2008). Green approach for the efficient synthesis of Biginelli 

compounds promoted by citric acid under solvent free conditions. Rasayan Journal of Chemistry, 1, 188–190. 

52 Tu, S., Fang, F., Miao, C., Jiang, H., Feng, Y., Shi, D. & Wang, X. (2003). One-pot synthesis of 3,4-dihydropyrimidin-2(1H)-

ones using boric acid as catalyst. Tetrahedron Letters, 44, 6153–6155. https://doi.org/10.1016/S0040-4039(03)01466-7 

53 Debache, A., Boumoud, B., Amimour, M., Belfaitah, A., Rhouatia, S. & Carboni, B. (2006). Phenylboronic acid as a mild 

and efficient catalyst for Biginelli Reaction. Tetrahedron Letters, 47, 5697–5699. https://doi.org/10.1016/j.tetlet.2006.06.015 

54 Mabry, J. & Ganem, B. (2006). Studies on the Biginelli reaction: a mild and selective route to 3,4-dihydropyrimidin-2(1H)-

ones via enamine intermediates. Tetrahedron Letters, 47, 55–56. https://doi.org/10.1016/j.tetlet.2005.10.124 

55 Saini, S. A., Kumar, D. & Sandhu, J. S. (2009). Multicomponent eco-friendly synthesis of 3,4-dihydropyrimidine-2-(1H)-

ones using an organocatalyst Lactic acid. Green Chemistry Letters and Reviews, 1, 29–33. 

https://doi.org/10.1080/17518250902973833 

56 Tale, R. H., Shinde, S. V., Gopula, V. B. & Wankhede, D. S. (2016). Methylboronic acid: A Mild, Green and recyclable 

Organocatalyst for Transformation of β-keto esters. Journal of Chemical and Pharmaceutical Research, 8(10), 169–175. 

57 Ma, Y., Qian, C., Wang, L & Yang, M. (2000). Lanthanide triflate catalyzed Biginelli reaction. one-pot synthesis of 

dihydropyrimidinones under solvent-free conditions. Journal of Organic Chemistry, 65(12), 3864–3868. 

https://doi.org/10.1021/jo9919052  

58 Shaabani, A., Bazgir, A. & Teimouri, F. (2003). Ammonium chloride-catalyzed one-pot synthesis of 3,4-dihydropyrimidin-2-

(1H)-ones under solvent-free conditions. Tetrahedron Letters, 44(4), 857–859. https://doi.org/10.1016/S0040-4039(02)02612-6 

 

 

Information about authors* 

Gopula, Venkatesh Balkishan (corresponding author) — Assistant Professor, Department of Chemis-

try, Anandibai Raorane Arts, Commerce and Science College, Vaibhavwadi, Dist. Sindhudurg, Ma-

harashtra, 416810, India; e-mail: gopulavenkatesh@gmail.com; https://orcid.org/0000-0002-6193-

5921; 

Pathan, Mohsin Khan Moin Khan — Sr. Executive, Dept. of Analytical Method Development 

Lab (R&D), Jamjoom Pharmaceutical, Jeddah, 21442, Saudi Arabia; e-mail: 

mohsin0506@gmail.com; https://orcid.org/0000-0001-9307-3732 
__________________________________________________________________ 

*The author's name is presented in the order: Last Name, First and Middle Names 

 

 

Buk
eto

v U
niv

ers
ity

https://doi.org/10.1016/j.tetlet.2007.04.130
https://doi.org/10.1016/j.tetlet.2008.03.080
https://doi.org/10.1002/jhet.5570450440
https://doi.org/10.1016/S0040-4039(03)01466-7
https://doi.org/10.1016/j.tetlet.2006.06.015
https://doi.org/10.1016/j.tetlet.2005.10.124
https://doi.org/10.1080/17518250902973833
https://doi.org/10.1021/jo9919052
https://doi.org/10.1016/S0040-4039(02)02612-6
mailto:gopulavenkatesh@gmail.com
https://orcid.org/0000-0002-6193-5921
https://orcid.org/0000-0002-6193-5921
mailto:mohsin0506@gmail.com
https://orcid.org/0000-0001-9307-3732



