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Abstract 

A simple and efficient protocol was established for the one-pot Biginelli condensation 

reaction of aldehydes, 𝛽-dicarbonyl compounds, and urea or thiourea by using a mixture of 

[Hmim]HSO4 and Graphene oxide nanoparticles as catalyst at reflux condition in ethanol. 

The advantages of this protocol includes high yields, recyclable catalyst, easy work-up and 

selectivity towards 3,4-dihydropyrimidin-2(1H)-onesderivatives 
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1.  Introduction  

Dihydropyrimidinones (DHPMs) were 

found to possess several biological activities 

such as antimicrobial, antiviral, antimalarial, 

anticancer, antihypertensive, anti-

inflammatory, calcium channel modulators, 

mitotic kinesin inhibitors and neuropeptide 

Y(NPY) antagonists (Agrawal 2007; Rajesh 

2011; Fewell 2004; Kappe 2000; Atwal 1991). 

The most simple and straightforward 

procedure, reported by Biginelli more than 100 

years ago (Biginelli 1893; Dondoni 2006) 

involves the three component acid catalyzed 

condensation in one-pot, but this reaction 

suffers from the harsh conditions, long 

reaction times and frequently low yields.In 

recent yearsseveral literature citations exist 

relating to various efforts to develop the 

Bigineli reaction using alternative catalyst and 

greener methods such as Ionic 

liquids,ultrasound irradiation [6], solvent 

free[7], catalyst free [8], aqueous media [9], 

metal triflate [10] and PtNPs@GO [11]. Many 

of these reported methods involve theuse of 

expensive reagents, hazardous solvents, long 

reactiontimes and tedious workup procedures. 

Presently, a mixture of [Hmim]HSO4 and 

Graphene oxide has attractive features because 

of using minimum catalytic amount, 

reusability, recoverability and tolerable metal 

mailto:PtNPs@GO.32
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leaching to the solution. So it has been 

reported to facilitate several organic 

transformations replacing hazardous chemical 

reagents[12-18]. 

Owing to these, here we reported, use of a 

mixture of [Hmim]HSO4 and graphene oxide 

as a metal free catalyst for synthesis of 3,4-

dihydropyrimidin-2(1H)-onesderivatives as 

shown in Scheme 01 
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2. Experimental 

2.1. Materials and Methods. 

Melting points were measured in open glass 

capillaries on a Veego melting-point apparatus 

and were uncorrected. 
1

H NMR was recorded 

at room temperature on a Bruker Avance II 

400MHz Spectrometer (SAIF, Punjab 

University, Chandigarh) in CDCl
3 

using TMS 

as internal standard. IR spectra (using KBr 

pellets) were obtained with a Perkin Elmer 

Spectrum RX FTIR (SAIF, Punjab University, 

Chandigarh) instrument. The reactions were 

monitored on TLC using pre-coated plates 

(silica gel on aluminum, Merck). All reagents 

were obtained from commercial sources and 

used without further purification. Solvents for 

chromatography were distilled before use. The 

products were also characterized by 

comparison of their melting point with 

literature values.Graphene oxide is prepared 

by using known procedure and characterized 

by IR spectra and XRD analysis on X-Ray 

Diffraction System UltimaIV(Solapur 

University). 

 

2.2 General Procedure for Synthesis of 

Graphene Oxide: 

Graphene Oxide nanoparticles were prepared 

by using Hummer’s Method(19). The graphite 

powder (2.5g) and NaNO3 (1.25 g) were added 

to the concentrated H2SO4 (57.5 mL) in an ice 

bath. KMnO4 (7.5 g) was slowly added to the 

solution, while maintaining the temperature 

below 20
°
C. The mixture was stirred in the ice 

bath for 30 min and then put in 35
0
 C water 

bath for 30 min. Then 100 mL of hot water 

was added, followed by 25 mL hydrogen 

peroxide (25wt %,) solution to terminate the 

reaction. The mixture was filtered and washed 

with deionised water many times to remove 

any excessive acid and inorganic salts. The 

resulting GO was dried in heating mantle at 

60°C. 

[HMim]HSO4  was synthesized according to 

the previous work [29-31]. All yields refer to 

the isolated products after purification. 

 

2.3General procedure for synthesis of 3,4-

dihydropyrimidones derivatives. 

Benzaldehyde (1mmol), ethyl acetoacetate 

(1mmol), urea or thiourea (1.2mmol), and 

0.05gm a mixture of [Hmim] HSO4 and 

Graphene oxide were added to a 50 ml round 

bottom flask by using ethanol as solvent. 

Reaction mixture was heated at reflux for the 

appropriate time as mentioned in Table 04. 

After the completion of reaction, as indicated 

by TLC, the reaction mixture was filtered to 

remove catalyst and poured onto crushed ice 

and stirred for 10 to15 minutes. The yellow 

solid separated was filtered under suction and 

washed with ice-cold water. The crude 
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reaction product thus obtained was collected 

and further purified by recrystallization with 

hot ethanol to afford pure 3,4-

dihydropyrimidin-2-one/-thione. The filtrate so 

obtained was concentrated under reduced 

pressure to recover ionic liquid which could be 

reused in subsequent experiments 

 

3. Result and discussion 
3.1 Charecterization of Graphene Oxide: 

 
Fig. 1  FTIR spectra of GO nanoparticles 

 

The nature of the chemical functionalities was 

characterized by FTIR [Fig. 1]. An intense and 

broad peak appeared at 3350 cm
-1

,corresponds 

to the stretching mode of an O–H bond, 

reveals the abundance of hydroxyl groups in 

graphene oxide. The strong band at 1735cm
-1 

represents carboxylic acid and carbonyl 

groups. The bands at 1224 cm
-1

and 1053 cm
-

1
suggest the stretching mode of C–H and C–O 

(epoxy) bonds of GO, respectively 
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Fig. 2 XRD pattern of GO nanoparticles 

 

Fig.2 shows the XRD patterns obtained for 

graphene oxide powder. In this figure 

graphene oxide nanopowder shows intense 

(002) centered at 10.84
0
, corresponding to an 

interlayer spacing of 0.82 nm. Interlayer 

spacing can be calculated using Bragg's law 

(nλ =2d sinϴ, here λ = 0.154 nm). On the 

contrary, the literature value for interlayer 

distance of the (002) peak for graphite is 0.337 

nm (20). It may conclude that the 

incorporation of oxygenated functional groups 

due to oxidation of graphite powder to GO 

enhances its interlayer spacing attached on 

both sides and the edges. 

 

3.2 Optimization of Reaction  

 

In recent years, Ionic liquid and Graphene 

Oxides NPs catalysts have gained importance 

in several organic transformations due to their 

interesting reactivity as well as for economic 

and environmental reasons. Keeping in view 

environmentally benign conditions we tried to 

develop green and efficient routes for 

synthesis of biologically active heterocyclic 

compounds by using , a mixture of [Hmim] 

HSO4 and Graphene oxide in ethanol solvent.  

As our work on use of different catalyst in 

heterocyclic synthesis, here we use a mixture 

of [Hmim] HSO4 and Graphene oxide for the 

synthesis of 3,4-dihydropyrimidin-2(1H)-ones 

and thiones derivatives under solvent free and 

reflux condition.  

For our initial studies the effect of solvent on 

the reaction were studied at reflux conditions 

with different reaction times with model 

reaction of Benzaldehyde, ethylacetoacetate 

and urea. The best results were obtained in 

ethanol shown in Table 01. 
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Table 01. Synthesis of 3,4-

dihydropyrimidin-2(1H)-ones using 

different solvents.  

Entry Solvent 

used 

Time 

in 

Hours 

Yield 

(%) 

1 Chloroform 3.5 78 

2 Ethanol 2.5 86 

3 Water 3.6 74 

4 Acetonitrile 2.9 72 

However the generality of reaction was also 

checked with different reaction conditions by 

using a mixture of [Hmim] HSO4 and 

Graphene oxide. The best result was obtained 

for reflux condition at 120
o
C as it gives high 

yield at shorter reaction time summarized in 

Table 02. Even increase in reaction 

temperature from 120 to 140 the 

corresponding 3,4-dihydropyrimidin-2(1H)-

ones gives the same yield.  

Table 02. Synthesis of 3,4-

dihydropyrimidin-2(1H)-ones using 

different reaction conditions .  

Entry Reaction 

condition 

used  

Time in 

Hours 

Yield 

(%) 

1 Room 

Temperature 

120 68 

2 60
0
C 104 70 

3 80
0
C 100 70 

4 100
0
C 90 74 

5 120
0
C 75 88 

6 140
0
C 75 88 

 

With above optimized reaction conditions, in 

order to study the generality of the reaction 

using different aldehydes containing both 

electron donating and electron withdrawing 

groups underwent the conversion smoothly 

and gave the products in good to excellent 

yields (Table 04). Similarly, we have studied 

the condensation of aldehyde, ethyl 

acetoacetate and thiourea. The reaction of 

thiourea proceeded at lower rate to give S-

DHPMs. 

 

Table 03. Reuse of catalyst for the synthesis 

3,4-dihydropyrimidin-2(1H)-ones.  

Cycle Fresh 1
st
 2

nd
 3

rd
 4

th
 5

th
 

Yield (%) 86 80 76 71 65 62 

The reuse of the catalyst is a major factor in a 

new synthetic green procedure. The ionic 

liquid and grapheme oxide can be reused after 

simple distillation to remove water and 

remaining ionic liquids was dried under 

vacuum and reuse for further reactions. To test 

this, a series of five consecutive runs of the 

reaction Benzaldehyde, ethylacetoacetate and 

urea with catalyst were carried out. The 

results, however, demonstrated decrease in the 

activity of the catalyst (Table 03). This method 

offers some advantages in terms of low 

reaction times, simplicity of performance, low 

cost and use of catlyst which follow along the 

line of green chemistry.  
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Table 04. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones and thiones derivatives by 

using a mixture of [Hmim]HSO4 and Graphene Oxide NPs at reflux condition 

Entry R1 R2 X Time(Min.) Yield(%)
a
 M.P.(

0
C) 

a -C6H5 -OEt O 75 86 197-199 

b 4-NO2-C6H4 -OEt O 90 83 198-200 

c 4-Cl-C6H4 -OEt O 87 82 202-204 

d 4-Br-C6H4 -OEt O 88 85 196-198 

e 4-HO-C6H4 -OEt O 96 81 214-216 

f 4-OCH3-C6H4 -OEt O 65 80 198-200 

g 3-NO2-C6H4 -OEt O 95 85 218-220 

h 4-CH3-C6H4 -OEt O 90 78 203-205 

i 
2,4-(OCH3)2-C6H3 

-OEt O 70 84 175-177 

j -C6H5 -OMe O 55 80 204-206 

k 4-Cl-C6H4 -OMe O 60 86 195-197 

l 4-OCH3-C6H4 -OMe O 65 78 183-185 

m 4-NO2-C6H4 -OMe O 65 79 214-216 

n -C6H5 -OEt S 60 82 206-208 

o 4-NO2-C6H4 -OEt S 120 84 110-112 

p 4-CH3-C6H4 -OEt S 110 85 192-194 

r 4-OCH3-C4H4 -OEt S 90 84 208-210 

a
Yields refer to the pure isolated product. 

3.3. Spectral data of compounds. 

1.5-Ethoxycarbonyl-6-methyl-4-(3-

methylphenyl)-1,3-dihydropyrimidin-2-thione 

(4r): 

IR (KBr):υmax= 3314, 1722, 1645, 1560cm
-1

; 
1
HNMR (CDCl3):δ= 1.12 (t, J= 7.1 HZ, 3H), 

2.47 (s, 3H), 2.38 (s, 3H), 4.31 (q, J=7.1 HZ, 

3H), 5.27 (s, 1H), 7.1-7.4 (m,4H,Ar), 7.8(s, 

1H, NH), 8.4 (s,1H, NH) ; 
13

CNMR (CDCl3): 

δ= 15.5, 20.26, 24.51, 58.18, 61.24, 106.64, 

123.44, 127.45, 128.82, 130.15, 136.64, 

141.91, 143.1, 167.7, 178.5 ppm 

2.5-Ethoxycarbonyl-6-methyl-4-(4-

methoxyphenyl)-3,4-dihydropyrimidin-

2(1H)-one (4f): 

IR (KBr):υmax= 3254, 1745, 1688 cm
-1

; 
1
HNMR (CDCl3):δ= 1.19 (t, J = 6.8Hz, 3H), 

2.34 (s, 3H), 3.74 (s, 3H), 4.2 (q, J=6.8 HZ, 

2H), 5.27 (s, 1H), 6.9-7.1(m,4H,Ar), 7.6 (s, 

1H, NH), 9.3 (s,1H, NH) ; 
13

CNMR (CDCl3): 

δ= 14.6, 18.6, 56.67, 55.56, 59.64, 99.7, 117.2, 

126.8, 146.4, 148.3, 160.8, 165.8 ppm. 

 

4. Conclusion 

In conclusion, developed an efficient 

method for the synthesis of fused 3,4-

dihydropyrimidin-2(1 H )-ones and thiones by 

using a mixture of [Hmim]HSO4 and 

Graphene Oxides NPs at reflux condition. The 

method offers several advantages such as 

catalyst reusability, high yield of product, 

short reaction time, simple work-up procedure 

and easy isolation. We believe this 

methodology is useful to existing 

methodologies for the synthesis of fused 3,4-

dihydropyrimidin-2(1 H )-ones and thiones. 



 

 International Journal of Universal Science and Technology  
ISSN: ISSN: 2454-7263    Copyright © Universal Print  
Volume No. 03, Issue No. 07, Page No. 332-338  Published: Jan. 2018 

Web: www.universalprint.org , Email: ijup@universalprint.org   

Title Key: Simple and Efficient one Pot Synthesis … 
 

                          

Virbhadra G. Kalalawe, Dashrath R. Munde                                                              Page 337 

 

6. References 

1. Agarwal, A., Srivastava, K., Puri, S.K., Chauhan, P.M.S. (2005), “Antimalarial activity and 

synthesis of new trisubstitutedpyrimidines”, Bioorg. Med. Chem. Lett.15, 3130–3132.  

2. Atwal, K.S., Swanson, B.N., Unger, S.E. et al. (1991), “Dihydropyrimidine calcium channel 

blocker3-Carbamoyl-4-aryl-1,2,3,4-tetrahydro-6-methyl-5-pyrimidinecar-boxylic acid esters as 

orally effective antihypertensive agents”, J. Med. Chem.34 806–811. 

3. Biginelli,P. (1893), “”,Gazz. Chim.Ital.23, 360. 

4. Dondoni, A., Massi. A.(2006), “Design and Synthesis of New Classes of Heterocyclic -

Glycoconjugates and Carbon-Linked Sugar and Heterocyclic Amino Acids by Asymmetric 

Multicomponent Reactions AMCRs) ”Acc. Chem. Res.39, 451. 

5. Fewell, S.W., Smith, C.M., Lyon, M.A. et al. (2004), “Small molecule modulators of endogenous 

and co-chaperone-stimulated Hsp70 ATPase activity”, Biol. Chem.279,51131–51140. 

6. Hazarkhani, H., Karimi, B. (2004), “N-Bromosuccinimide as an Almost Neutral Catalyst for 

Efficient Synthesis of Dihydropyrimidinones Under Microwave Irradiation”, Synthesis8,1239. 

7. Kapoor, K. K., Ganai, B. A., Kumar, S., Andotra, C. S. (2006), “Antimony(III) chloride 

impregnated on alumina — An efficient and economical Lewis acid catalyst for one-pot synthesis 

of dihydropyrimidinones under solvent-free conditions”, Can. J. Chem.84,433. 

8. Kappe,C.O. (2000), “Biologically active dihydropyrimidones of the Biginelli-type – a literature 

survey”, Eur. J. Med. Chem.35 1043–1052. 

9. Kefayati, H., Asghari, F., Khanjanian, R. (2012). “1-Methylimidazolium hydrogen 

sulfate/chlorotrimethylsilane: an effective catalytic system for the synthesis of 3,4- 

dihydropyrimidin-2(1H)-ones and hydroquinazoline-2,5- diones”, J. MolLiq172, 147–151. 

10. Konkala, K., Sabbavarapu, N. M., Katla, R., Durga, N.Y.V., Kumar Reddy, T.V., Bethala, P.D., 

Rachapudi, B.N.P.(2012), “Revisit to the Biginelli reaction: a novel and recyclable bioglycerol-

based sulfonic acid functionalized carbon catalyst for one-pot synthesis of substituted 3,4-

dihydropyrimidin-2-(1H)-ones”, Tetrahedron Lett53,1968–1973. 

11. Kumar, D., Sundaree, M. S., Mishra. B. G. (2006), “Sulfated Zirconia-catalyzed One-pot Benign 

Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones under Microwave Irradiation”, Chem. Lett. 35, 

1074. 

12. Lal, J., Sharma, M., Gupta, B. S., Parashara, P., Sahua, P., Agarwala, D. D. (2012),  “Hydrotalcite: 

a novel and reusable solid catalyst for one-pot synthesis of 3,4-dihydropyrimidinones and 

mechanistic study under solvent free conditions”, J. MolCatal A: Chem352, 31–37. 

13. Liang, B.,Wang, X.,Wang, J. X., Du, Z. (2007),“New three-component cyclocondensation 

reaction: microwave-assisted one-pot synthesis of 5-unsubstituted-3,4-dihydropyrimidin-2(1H)-

ones under solvent-free conditions”, Tetrahedron63,1981. 

14. .Mishra, B. G., Kumar, D., Rao, V. S. (2006), “H3PW12O40 catalyzed expeditious synthesis of 3,4-

dihydropyrimidin-2(1H)-ones under solvent-free conditions”, CatalCommun. 7, 457. 

15. Mondal, J., Sen, T., Bhaumik, A. (2012), “Fe3O4@mesoporous SBA-15: a robust and magnetically 

recoverable catalyst for one pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones via the Biginelli 

reaction”, Dalton Trans 41, 6173–6181. 

16. Mukhopadhyay, C., Datta, A., and Banik, B. K.(2007), “Microwave-induced perchloric acid 

catalyzed novel solvent-free synthesis of 4-aryl-3,4-dihydropyrimidones viabiginelli 

condensation”, J. Heterocycl. Chem. 44, 979. 

 

17. Narahari, S.R., Reguri, B. R., Gudaparthi, O., Mukkanti. K. (2012), “Synthesis of 

dihydropyrimidinones via Biginelli multicomponent reaction”, Tetrahedron Lett53, 1543–1545. 

http://pubs.acs.org/doi/abs/10.1021/ar068023r
http://pubs.acs.org/doi/abs/10.1021/ar068023r
http://pubs.acs.org/doi/abs/10.1021/ar068023r
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2004-822348
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2004-822348
http://www.journal.csj.jp/cl-article/cl-35-9-1074-2
http://www.journal.csj.jp/cl-article/cl-35-9-1074-2
http://www.sciencedirect.com/science/article/pii/S0040402006020291
http://www.sciencedirect.com/science/article/pii/S0040402006020291
http://www.sciencedirect.com/science/article/pii/S0040402006020291
http://www.sciencedirect.com/science/article/pii/S1566736706000112
http://www.sciencedirect.com/science/article/pii/S1566736706000112
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570440439/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570440439/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570440439/abstract


 

 International Journal of Universal Science and Technology  
ISSN: ISSN: 2454-7263    Copyright © Universal Print  
Volume No. 03, Issue No. 07, Page No. 332-338  Published: Jan. 2018 

Web: www.universalprint.org , Email: ijup@universalprint.org   

Title Key: Simple and Efficient one Pot Synthesis … 
 

                          

Virbhadra G. Kalalawe, Dashrath R. Munde                                                              Page 338 

18. Pisani, L., Prokopcová, H., Kremsner, J. M., Kappe, C. O. (2007), “5-Aroyl-3,4-dihydropyrimidin-

2-one Library Generation via Automated Sequential and Parallel Microwave-assisted Synthesis 

Techniques”, J. Comb. Chem. 9, 415. 

19. .Polshettiwar, V., Varma, R. S. (2007),“Biginelli reaction in aqueous medium: a greener and 

sustainable approach to substituted 3,4-dihydropyrimidin-2(1H)-ones”, TetrahedronLett.48, 7343. 

20. Pourjavadi, A., Hosseini, S. H., Soleyman, R. (2012), “Crosslinked poly(ionic liquid) as high 

loaded dual acidic organocatalyst”, J. MolCatal A: Chem365, 55–59.  

21. Rajesh, H.T., Atish, H.R., Girish, D.H. et al. (2011), “The novel 3,4-dihydropyrimidin-2(1H)- one 

urea derivatives of N-aryl urea: synthesis, anti-inflammatory, antibacterial and antifungal activity 

evaluation”, Bioorg. Med. Chem. Lett. 21, 4648–4651.  

22. Saha, S., Moorthy, J. N. (2011), “EnantioselectiveorganocatalyticBiginelli reaction: dependence of 

the catalyst on sterics, hydrogen bonding, and reinforced chirality”, J. Org Chem76, 396–402. 

23. Shanmugam, P., Annie, G., Perumal, P. T. (2003), “ Synthesis of novel 3,4-dihydropyrimidinones 

on water soluble solid support catalyzed by indium triflate”, J. Heterocycl. Chem. 40, 879. 

24. Sheldon, R. (2005), “Green solvents for sustainable organic synthesis: state of the art” Green 

Chem. 7, 267. 

25. Shen, Z. L., Xu, X. P., Ji, S. J. (2010), “Brønsted base-catalyzed one-pot three-component 

Biginelli-Type reaction: an efficient synthesis of 4,5,6-Triaryl-3,4-dihydropyrimidin-2(1H)- one 

and mechanistic study”, J. Org Chem75, 1162–1167. 

26. .Saxena, I., Borah, D. C., Sarma, J. C. (2005), “Three component condensations catalyzed by 

iodine–alumina for the synthesis of substituted 3,4-dihydropyrimidin-2(1H)-ones under microwave 

irradiation and solvent-free conditions”Tetrahedron Lett.46,1159. 

27. Tu, S. J., Fang, F., Miao, C. B., Jiang, H., Shi, D. Q. (2003), “One-pot Synthesis of 3,4-

Dihydropyrimidin-2(1H)-one Using TsOH as a Catalyst under Microwave Irradiation”, Chin. J. 

Chem. 21, 706. 

28. Xu, F., Huang, D., Lin, X., Wang, Y. (2012),“Highly enantioselectiveBiginelli reaction catalyzed 

by SPINOL-phosphoric acids”, Org BiomolChem10, 4467–4470. 

29.  A.R. Hajipour, L. Khazdooz, A.E. Ruoho Cat. Comm. 9 (2008) 89-96 

30.  A.R. Hajipour, L. Khazdooz, A.E. Ruoho J. sulfur. Chem. 30 (2009) 46-52 

31.  A.R. Hajipour, L. Khazdooz, A.E. Ruoho Phosphorus sulfur and silicon 184 (2009) 705-711 

 

http://pubs.acs.org/doi/abs/10.1021/cc0700041
http://pubs.acs.org/doi/abs/10.1021/cc0700041
http://pubs.acs.org/doi/abs/10.1021/cc0700041
http://www.sciencedirect.com/science/article/pii/S0040403907016085
http://www.sciencedirect.com/science/article/pii/S0040403907016085
http://www.sciencedirect.com/science/article/pii/S0040403907016085
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570400521/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jhet.5570400521/abstract
http://pubs.rsc.org/en/content/articlelanding/2005/gc/b418069k
http://www.sciencedirect.com/science/article/pii/S0040403904027844
http://www.sciencedirect.com/science/article/pii/S0040403904027844
http://www.sciencedirect.com/science/article/pii/S0040403904027844
http://www.sciencedirect.com/science/article/pii/S0040403904027844
http://onlinelibrary.wiley.com/doi/10.1002/cjoc.20030210625/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cjoc.20030210625/abstract

