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 The Mg/Fe = 3 hydrotalcite as reusable solid catalyst was found to be an excellent 
heterogeneous base catalyst for the synthesis of 3,4-dihydropyrimidinones/thiones, a 
multicomponent reaction using substituted aromatic aldehyde, ethyl acetoacetate and 
urea/thiourea. The work has been carried out under thermal solvent free conditions. Mg/Fe = 
3 hydrotalcite heterogeneous solid catalyst offers simple means of recovery and the isolated 
catalyst was reused for number of times without significant loss of catalytic activity. 
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1. Introduction 

       Dihydropyrimidinone and their derivatives are one of the prime interests because of their promising 
biological and pharmacological activities such as antihypertensive reagent,1 antimicrobial,2 anti-
inflammatory,3 antifungal,4 and calcium channel blockers.5 In addition, they also act as an anticancer 
agent,6 and anti-HIV agent.7 Therefore, synthesis of this type of heterocyclic compound is of much 
current importance. 

       MCR’s is the efficient tools in the modern organic synthetic chemistry in view of their significant 
features such as atom economy, straightforward reaction designing. MCR drawn great interests in the 
synthesis of biological and pharmacological compound by introducing several steps in one pot reaction, 
as they lead to time, energy and environmental saving.8,9,10 Green chemistry approach holds significant 
potential for energy efficiency, prevents solvent waste and toxicity but also in development of new 
methodologies towards previous not obtainable material, using existing technologies. The synthesis of 
organic compound without using organic solvent attributed to reduce the amount of residual solvent 
and environmental pollution. Solvent free reactions attract most of the researcher to develop new 
protocols in synthetic organic process.11,12 
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        The first synthetic method for the synthesis of dihydropyrimidione-2(1H)ones was reported by 
Biginelli, that involves one-pot three component condensation of bezaldehyde, ethylacetoacetate and 
urea under strongly acidic condition.13 However, this reaction usually required harsh reaction condition, 
long reaction time and afford low yield. To overcome those disadvantages, improved procedure with 
different type of catalytic system and conditions such as PPh3,14 Zeolite,15 Yb(OTf)3,16 H3BO3,17 
Ziegler-Natta catalyst,18 Indium(III) halides,19 trypsin,20 Mn(OAc)3.2H2O,21 FeCl3-Supported nanopore 
Silica,22 Ceric ammonium nitrate under ultrasound irradiation,23 P-sulphonic acid calixarenes2,4 

Iron(III) tosylate,25 montmorillonite KSF,26 1-n-butyl-3-methyl imidazolium tetrafluoroborate 
(BMImBF4) or hexafluorophosphorate (BMImPF6) in ionic liquids,27 LiClO4,28 Lanthanum Chloride,29 
nonmagnetic supported sulphonic acid,30 KAl(SO4)2.12H2O supported on silica,31 graphite,32 
polyphosphate ester,33 HCOOH,34 and classical conditions including microwave irradiation,35 and so 
on. However, above mention methods have potential utility, in spite of these many methods suffer from 
drawbacks such as use of expensive reagent, volatile strong acidic condition, high temperature, long 
reaction time, unsatisfactory yields and non-recyclable catalyst. Therefore, to avoid these limitations 
there is need for versatile, simple and environmentally efficient process for synthesis of 
dihydropyrimidione-2(1H) ones. 
 
          Hydrotalcite and hydrotalcites like compounds are natural layer materials with anionic species 
such as hydroxide and carbonates located in the interlayer, which have been reported to be used as 
catalyst or catalyst supports,36,37 ion – exchanger,38 and drug delivery reagent.39 As far as green 
chemistry concern hydrotalcite attention as heterogeneous catalysts, due to their stability and the scope 
for modification of their surface properties by intercalation of various metal ions in its structure. These 
materials has been developed and applied as heterogeneous catalyst and metal support for organic 
transformation including condensation, isomerisation and cycloadditions.40,41,42 In view of the 
advantage associated with the use of hydrotalcite as catalyst in performing synthetic organic chemistry, 
we report multicomponent and simple approach using Mg/Fe=3 hydrotalcite as a catalyst to produce 
dihydropyrimidione-2(1H)one under solvent free condition.  

  
2. Results and discussion  
 
         A systematic study was carried out to optimize the reaction conditions including the quantity of 
catalyst, reaction medium and nature of catalyst. To find the optimal reaction conditions, we carried 
out reaction of benzaldehyde, ethylacetoacetate and urea/thiourea as a model reaction (Scheme1). 

 
Scheme 1. Synthesis of dihydropyrimidinones/thiones 

 
          To illustrate the efficiency of catalyst, this reaction was run with Mg/Fe hydrotalcite of molar 
ratio = 2:1,3:1,4:1,5:1 (Table 1). Basicity of HT’s mainly depends on calcinations temperature and 
Mg/Fe molar ratio. On calcinations, at a high temperature, the Lewis basicity of hydrotalcites increases, 
while the bronsted basicity of hydrotalcite decreases. Total basicity of hydrotalcite increases gradually 
with Mg/Fe molar ratio and comes to maximum value at the Mg/Fe = 3. Hence calcined Mg/Fe = 3 
hydroalcite was found to be best catalyst for this reaction. When reaction carried out without catalyst, 
no product was observed for long time in absence of catalyst. 
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Table 1. Evaluation of catalysts activity in reaction of benzaldehyde with urea, and ethyl acetoacetate  
Entry Hydrotalcite Yield of product (%) 

1 C-Mg-Fe HT-2 45 
2 C-Mg-Fe HT-3 90 
3 C-Mg-Fe HT-4 21 
4 C-Mg- Fe HT-5 62 
5 Without HT No reaction 
6 Without HT 80 (at 105 °C) 

Reaction conditions: benzaldehydes (3 mmol), urea (4 mmol), ethyl acetoacetate (3 mmol), catalyst (0.02 g), temperature (55 °C) 

 
       In next step, the amount of the catalyst was optimized for the synthesis. According to data 
represented in (Table 2) the best yield was obtained by using 0.02 g of calcined Mg/Fe = 3 hydrotalcite. 
Further increasing in quantity of catalyst, did not increase the yield. Hydrotalcite acts as heterogeneous 
solid catalyst.  
 
Table 2. Evaluation of C-Mg-Fe-HT-3 catalyst loading in reaction of benzaldehyde with urea and ethyl 
acetoacetate 
  Entry     Catalyst quantity (g)   Yield of product (%) 

1  0.01 65 
2  0.02 90 
3  0.03 90 
4  0.04 90 
5  0.05 90 

Reaction conditions: benzaldehydes (3 mmol), urea (4 mmol), ethyl acetoacetate (3 mmol), temperature (55 °C) 

 
       After the reaction, the catalyst can be reused for model reaction number of times without significant 
decrease in product yield and which is essential for designing truly green synthesis protocol (Table 3). 

 
Table 3. Reusability of C-Mg-Fe-HT-3 catalyst 
Run Yield of product (%)
1 90 
2 90 
3 90 
4 89 
5 89 

 
Reaction conditions: benzaldehyde (3 mmol), urea (4 mmol), ethyl acetoacetate (3 mmol), C-Mg-Fe- 
HT- 3 catalyst (0.02 g), temperature (55 °C). 

 
       The plausible mechanism for the formation of pyrimidine derivative has shown in (Scheme 2). To 
understand the mechanistic study of the pyrimidine we carried out three sets of reactions. Theoretically, 
there are at least three routes, which make possible this transformation: the enamine, Knoevenagel 
condensation, and iminium pathways. Firstly, ethyl acetoacetate was reacted with urea, enamine 
product was formed, which was then reacted with benzaldehyde under solvent free condition in 
presence of calcined Mg/Fe = 3 hydrotalcite required product was not formed. Secondly, ethyl 
acetoacetate was treated with benzaldehyde as a result of which knoevengel condensate was obtained 
which was treated with urea under solvent free condition in presence of calcined Mg/Fe = 3 hydrotalcite 
desired product was not formed. Finally, benzaldehyde was treated with urea yielded Schiff base or 
iminium ion which was then treated with ethyl acetoacetate under solvent free condition in presence of 
calcined Mg/Fe = 3 hydrotalcite to give 3,4-dihydropyrimidinione. We were also extending our study 
towards the synthesis of 6-Methyl-1,4,-diphenyl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic 
acid ethyl ester, in which we first prepared  different 1-(p-substituted/o-substituted Phenyl)thiourea 



 

80

precursors from different substituted aniline is  reflux with ammonium thiocyanate in the presence of 
hydrochloric acid. The different 1-(p-substituted/o-substituted Phenyl) thiourea was treated with 
benzaldehyde, which yielded intermediate reacted with ethyl acetoacetate in presence of calcined Mg-
Fe = 3 hydrotalcite under solvent free condition afford product 3,4-dihydropyrimidin-2-thiones 
(Scheme 3). 

 

 
Scheme 2. Plausible routes to 3, 4,-dihydropyrimidine-2(1H)-ones 

 
 

 
Scheme 3. Synthesis of 3,4-dihydropyrimidin-2-thiones 

 
       The above optimized reaction conditions were subsequently applied to the reaction between 
various aldehyde, ethyl acetoacetate and urea in solvent free condition at 55 0C. It is also clear that from 
the tabulated results (Table 4).  
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Table 4. Synthesis of a series of dihydropyrimidinone/thiones in the presence of C-Mg-Fe HT-3 at 55 °C 

Entry Benzaldehydes  Product Time, min Yield, % 
Mp, 0C Mp, 0C 

Found Reported 

1  
CHO

 N
H

NH

O

EtO

O R

30 90 204 - 206 202 - 20443 

2  

CHO

NO2  N
H

NH

O

EtO

O R

20 95 205 - 207 206 - 20843 

3  

CHO

NO2  
N
H

NH

O

EtO

O R

 

25 92 225 - 227 226 - 22743 

4  

CHO

O2N  N
H

NH

O

EtO

O R

20 93 210 - 212 209 - 21045 

5  

CHO

Cl

 
N
H

NH

O

EtO

O R

25 90 216 - 218 217 - 21845 

6  

CHO

Cl  N
H

NH

O

EtO

O R

25 92 214 - 216 213 - 21543 

7  

CHO

H3CO  N
H

NH

O

EtO

O R

 

25 88 201 - 203 201-20343 

8  

O

CHO

 N
H

NH

O

EtO

O R

35 90 208 - 210 209 - 21144 

9  
CHO

 N
H

NH

S

EtO

O R

35 92 208 - 209 208 - 21043 

10  
 
 
 
 

CHO

Cl  N
H

NH

S

EtO

O R

 

30 90 191 - 193 192 - 19445 

11  
 

CHO

H3CO  N
H

NH

S

EtO

O R

35 87 151 - 153 150 - 15243 

12  

O

CHO

 N
H

NH

S

EtO

O R

40 91 160 - 162 - 

 
      Aromatic aldehyde carrying either electron withdrawing or electron donating substituents also 
afford high yields of product with high purity and important feature of these process is that presence of 
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functional group such as nitro, halides, hydroxyl, unsaturation etc. do not much affect the yield of the 
product. Acid sensitive group like furfuraldehyde also reacted very well under same conditions without 
formation of side products and α,β-unsaturated aldehyde also react very well with high yield. There is 
no polymerization and decomposition under this optimizes reaction condition. Similarly, thiourea and 
substituted thiourea have been reacted with similar success to afford the corresponding thio-derivative 
of 3,4-dihydropyrimidiniones. Also, different 1-(p-substituted/o-substituted phenyl) thioureas have 
been treated with benzaldehyde and ethyl acetoacetate under above optimized condition and it was 
observed that this reaction furnish good yield of desired products (Table 5). 
 
Table 5. Synthesis of a series of 3,4-dihydropyrimidin-2-thiones in the presence of C-Mg-FeHT-3 at 55 °C 

Entry Anilines Product Time, min Yield, % Mp, °C 

1 

NH2

 N

NH

S

EtO

O

R

40 82 205 - 206 

2 

NH2

Cl  
N

NH

S

EtO

O

R

45 84 198 - 200 

3 

NH2

Br  
N

NH

S

EtO

O

R

45 83 202 - 203 

4 

NH2

NO2 
N

NH

S

EtO

O

R

36 86 212 - 214 

5 

NH2

NO2

 N

NH

S

EtO

O

R

40 84 208 - 209 

 
2.1. Characterization of hydrotalcite 
 
2.1.1. XRD (X-ray diffractogram) 
 
       Powder XRD of calcined Mg/Fe = 3 hydrotalcite catalyst is in agreement with the standard 
hydrotalcite peaks, which indexes are correlating with the reported hydrotalcites. After calcinations, 
due to removal carbonate and water from the hydrotalcite structure mixed oxides of hydrotalcite 
precursors are formed. The powder X-ray diffraction pattern of LDH with Mg/Fe = 3:1 molar ratio 
(Fig. 1) shows peaks at 2θ = 43.14 ,62.60 ° which are corresponding to MgO and at 2θ = 30.14, 35.52, 
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43.14 and 62.60 ° which can be attributed to MgFe2O4 spinel structure (JCPDS 17-0465) those peaks 
have been observed in literature.46,47 

 

 
Fig. 1. XRD spectrum for hydrotalcite with Mg/Fe=3:1 calcinied at 5000C. 

 
2. 1. 2.  FTIR 
 
      The FTIR spectra of LDH with Mg/Fe = 3:1 molar ratio as shown in (Fig. 2 & Fig. 3) are typical 
of LDH and which are in agreement well with the typical results previously report.46-52The broad band 
observed at 3442 cm-1 is attributed to interlayer water molecules, this band become weaker and is 
shifted to 3409 cm-1 when hydrotalcite calcined. The strong band at 1355 cm-1 is due to the mode ν3 of 
the interlayer carbonate species as reported in the literature. The bands in the range of 500-750 cm-1 are 
attributed to metal-oxygen-metal bond stretching. 

 
Fig. 2. FTIR spectra of LDH with uncalcined Mg/Fe = 3:1 
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Fig. 3. FTIR spectra of LDH with Mg/Fe = 3:1 calcined at 500 °C 

 
2.1.3. Thermogravimetric analysis and Scanning electron microscopy 
 
       The Thermogravimetric analysis (TGA) Plot of LDH having Mg/Fe molar ratio 3:1 shows three 
distinct phase loss in the range 50-200, 200-400 and 460-750 °C (Fig. 4).  The first weight loss in the 
temperature range of 50-200 °C which was about 13%. This weight loss of hydrotalcite mainly due to 
interlayer and physisorbed   water. Further weight loss of 21% which occurs between 200-460 °C which 
is related to removal of carbonate ions from the interlayer of hydrotalcite and first step dehydroxylation. 
Final the third mass loss, that occurs further than 460 °C can due to continuous dehydroxylation and 
decarbonization and formation of oxide metals as MgO which are detected in X-ray differ action of 
calcined LDH and possibly MgFe2O4 as reported in the literature.47,50 Beyond 600 °C temperature, there 
was no significant mass loss was observed. 
 
 

 
 

Fig. 4. TGA Plot of hydrotalcite with Mg/Fe = 3:1 
      
      Catalyst morphologies as indicated by the Scanning electron microscopy (SEM) image of C-Mg-
Fe-HT-3 showed the materials to be clearly point out the homogeneity in shape for the sample and high 
crystallinity (Fig. 5). 
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Fig. 5. SEM image of hydrotalcite with Mg/Fe = 3:1 calcinied at 500 °C 

 
3. Conclusion  
 
      We have successfully described a new strategy that provides highly efficient and green one-pot 
synthesis of Dihydropyrimidione-2(1H)-one using Mg/Fe = 3 hydrotalcite as a heterogeneous base 
catalyst. Solvent free condition and non-toxic reusable hydrotalcite catalyst make this method simple, 
convenient, environmentally friendly and cost effective in character, which will have advantages over 
the reported methodologies. 
 
Acknowledgement 
 
      The Authors are thankful to the principal and Management of G.N.C. College, G.T.B. Nagar, 
Mumbai for constant encouragement and providing necessary facilities. Authors are also thankful to 
TIFR, Mumbai for providing spectral data. 

 
4. Experimental 
 
4.1. Materials 
 
      All chemicals of AR grade were purchased from S. D. Fine Chemicals Ltd., Mumbai, India and 
were used without any further purification.    

 
4.2. Method of characterization  
 
      Melting points of all synthesized compounds was measured on electro thermal apparatus using open 
capillary tubes and are uncorrected. TLC for purity of compounds was performed on silica gel coated 
aluminum plate as adsorbent and which was analyzed with UV light as visualizing agent. FT-IR Spectra 
were recorded on Bruker Spectrometer in the region of 400-4000 cm-1. 1H and 13C NMR spectra were 
recorded on Varian 500 MHz NMR spectrophotometer using TMS as an internal standard and 
CDCl3/DMSO-d6 as solvent (chemical shifts in δ ppm). Powder X-ray diffraction pattern was collected 
with monochromatic CuKα radiation (λ = 1.54059 Å) at 40 kV and 15 mA using Shimadzu 7000S 
diffractometer. Thermo gravimetric analysis was performed with a RIGAKU Thermo Plus TG 8120 
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thermobalance with a heating rate of 10 °C/min from 25 to 900 °C. The morphological information 
gathered using scanning electron microscope ZEISS Ultra FESEM. 
4.3. Catalyst   preparation. 
 
      Mg-Fe-HTs with different Mg/Fe molar ratios (Mg/Fe = 2:1, 3:1, 4:1 and 5:1) were synthesized by 
co-precipitation method.38,53 An aqueous solution of Mg (NO3)2.6H2O and Fe (NO3)2.9H2O were 
prepared and mixed aqueous solution of Mg(NO3)2.6H2O and Fe(NO3)2.9H2O was add drop wise using 
addition funnel to an aqueous solution containing NaOH and Na2CO3 under vigorous stirring. After 
complete addition, the solution was heated at 80 °C for 18 h and maintain pH of solution in range of 
10-11 during stirring. After complete stirring, the solution was allowed to cool about room temps and 
filtered. The obtained residue was washed with hot deionized water several times till filtrate was 
neutral. The solid was dried in an oven at 60 °C in the air. Dry solid then calcined at 500 °C for 5 h. 

 
4.4.1. General procedure for synthesis of Dihydropyrimidinone/thione 
 
      Urea/thiourea (4 mmol), benzaldehyde (3 mmol), ethyl acetoacetate (3 mmol) and 0.02 g C-Mg-Fe 
hydrotalcite, as catalyst were taken in a round bottom flask and contents heated on oil bath at 55 °C for 
about 30 min. The reaction mixture was monitored by TLC using ethylacetate: hexane (2:8). After 
completion, reaction mixture was cooled to room temperature and the product formed was separated 
by filtration. The removal of solvent on water baths resulted in recovery of solid product. This product 
was recrystallised using ethanol. Purify product characterized by mp, NMR and IR. 

 
4.4.2. General procedure for synthesis of 3,4-dihydropyrimidin-2-thiones 
 
       Ammonium thiocyanate (0.1 mol) was dissolved in 10 mL of H2O, added with continuous stirring 
into a mixture of substituted aniline (0.1 mol) and 15 mL of concentrated HCl. The reaction mass was 
refluxed for few hours on water baths, then pour the reaction mass into cold water with continuous 
stirring. The product1-(p-substituted/o-substituted phenyl) thiourea obtained, which was crystallized 
from ethanol.1-(p-substituted/o-substituted phenyl) thiourea (4 mmol), benzaldehyde (3 mmol), Ethyl 
acetoacetate (3 mmol) and 0.02 g C-Mg-Fe hydrotalcite, as catalyst were taken in a round bottom flask 
and contents heated on oil bath at 55 °C for about 30 min. The reaction mixture was monitored by TLC 
using Ethyl acetate: Hexane (2:8). After completion, reaction mixture was cooled to room temperature 
and the product formed was separated by filtration. The removal of solvent on water baths resulted in 
recovery of solid product. This product was recrystallised using ethanol. Purify product characterized 
by mp, NMR and IR. 

 
4.5. Physical and Spectral Data. 
 
       6-Methyl-4-(4-nitro-phenyl)-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl 
ester(Entry No:4) :White Solid, Yield = 93, mp = 210-212 °C, IR (KBr) [cm-1]: 3455 cm-1   (NH), 1652 
cm-1 (C=O ester); 1600 cm-1 (amide C=O); 1509 & 1347(NO2). 1H NMR (500 MHz, DMSO-d6): δ ppm 
= 1.103 (t, 3H, CH3), 2.273 (s, 3H,CH3), 3.996 (q, 2H, CH2), 5.280 (s, 1H, CH), 7.505-7.890 (m, 4H, 
ArH), 8.224 (s, 1H, NH), 9.351 (s, 1H, NH). 13C NMR (500 MHz, DMSO-d6): δ ppm= 14.505 (CH3), 
18.312 (CH3), 54.225 (CH2), 59.819 (CH), 98.717 - 152.520 (C=C, ArC), 165.512 (C=O).  

 
       4-(2-Chloro-phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester 
(Entry No:6) :White Solid, Yield =92, mp = 214-216 oC IR (KBr) [cm-1]: 3220 cm-1 (NH), 1689 cm-1 
(C=O ester);1635 cm-1 (amide C=O); 617cm-1(-Cl) . 1H NMR (500 MHz, DMSO-d6): δ ppm = 1.00 (t, 
3H, CH3), 2.305 (s, 3H, CH3), 3.900 (q, 2H,CH2), 5.636 (s, 1H, CH), 7.271 - 7.415 (m, 4H, 
ArH),7.697(s, 1H, NH), 9.266 (s, 1H, NH). 13C NMR (500 MHz, DMSO- d6): δ ppm = 14.305 (CH3), 
18.098 (CH3), 51.955 (CH2), 59.511 (CH), 98.362 - 151.882 (C=C, ArC), 165.381 (C=O).  
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        6-Methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester (Entry 
No:9):White Solid, Yield = 92, mp =208-209, IR (KBr) [cm-1]: 3324 cm-1 (NH), 1665 cm-1 (C=O 
ester); 1571 cm-1 (amide C=S). 1H NMR (500 MHz, DMSO-d6): δ ppm =  1.110 (t, 3H, CH3), 2.510 (s, 
3H, CH3), 4.020 (q,2H,CH2), 5.180 (s,1HCH), 7.221-7.369 (m,5H,ArH), 9.652 (s,1H,NH), 10.333 
(s,1H,NH). 13CNMR (500MHz, DMSOd6): δ ppm = 14.431 (CH3), 17.593 (CH3), 54.484 (CH2), 60.016 
(CH), 101.176 - 145.465 (C=C, ArC), 165.570 (C=O). MS m/e = 276 (M+). 
 
References 

1 Atwal K. S., Swanson  B. N., and Unger S. E. (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. J. Med. Chem., 34 (2) 806 - 811. 

2 Jalali M., Mahdavi M., Memarian H. R., Ranjbar M., Soleymani M., Fassihi A., and Abedi D. 
(2012) Antimicrobial evaluation of some novel derivatives of 3,4-dihydropyrimidine-2(1H)-one. 
Res. Pharm.Sci., 7 (4) 243 - 247. 

3 3 Tale H. R., Rodge H. A., Hatnapured D.G., Keche P. A., Patil M. K., and  Pawar P. R. (2012) 
The synthesis, anti-inflammatory and antimicrobial activity evaluation of novel thioanalogs of 3,4-
dihydrothiopyrimidin-2(1H)-one derivatives of N-aryl urea. Med. Chem. Res., 21, 4252 - 4260. 

4 Duguay D. R., Zamora M. T., Blacquiere J. M., Appoh F. E., Vogels C. M., Wheaton S. L., 
Baerlocher F. J., Decken A., and Westcott S. A. (2008) Synthesis, characterization and antifungal 
testing of 3,4-dihydropyrimidin-2(1H)-(thio)ones containing boronic acids and boronate esters. 
Cent. Eur. J. Chem., 6 (4) 562-568. 

5 Atwal K. S., Rovnyak G. C., Kimball S. D., Floyd D. M., Gourgoutas J. Z., Sehwartz J., Smillie K. 
M., and Malley M. F. (1990) Dihydropyrimidine calcium channel blockers. II. 3-Substituted-4-aryl-
1,4-dihydro-6-methyl-5-pyrimidinecarboxylic acid esters as potent mimics of dihydropyridines. J. 
Med. Chem.,33 (9) 2629 – 2635. 

6 Kapoor T. M., Mayer T. U., Conghlin M. L., and Mitchison J. J. (2000) Probing spindle assembly 
mechanisms with monastrol, a small molecule inhibitor of the mitotic kinesin, Eg5. J. Cell Biol., 
150 (5) 975 – 988. 

7 Heys L., Moore C. G., and Murphy P. J. (2000) The guanidine metabolites of 
Ptilocaulisspiculifer and related compounds; isolation and synthesis. Chem. Soc. Rev., 29, 57 – 67. 

8 Domling A., and Ugi I. (2000) Multicomponent Reactions with Isocyanides. Angew. Chem. Int. 
Ed., 39, 3168 - 3210. 

9 Thompson L. A., and Ellman, J. A. (1996) Synthesis and Applications of Small Molecule. Libraries. 
Chem. Rev., 96 (1) 555 - 600. 

10 Nuss J. M., and Renhowe P. A. (1999) Advances in solid-supported organic synthesis methods. 
Curr. Opin. Drug. Disc. Dev., 2(6) 631 - 650. 

11 Sanchez L. M., Sathicq A. G., Jios J. L., Baronetti G. T., and Thomas H. J. (2011) Solvent-free 
synthesis of functionalized pyridine derivatives using Wells-Dawson heteropolyacid as catalyst. 
Tetrahedron Lett., 52 (34) 4412 - 4416. 

12 Toda F., Suzuki T., and Higa S. (1998) Solvent-free Dieckmann condensation reactions of diethyl 
adipate and pimelate. Chem. Soc. Perkin Trans., 1 (21) 3521 - 3522. 

13 Biginelli P., and  Gazz. P. (1893) Synthesis of 3,4-dihydropyrimidin-2(1H)-one. Chim. Ital. 23, 360 
- 416. 

14 Debache A., Amimour M., Belfaitah A., Rhouati S., and Carboni B. (2008) A one-pot Biginelli 
synthesis of 3,4-dihydropyrimidin-2-(1H)-ones/thiones catalyzed by triphenylphosphine as Lewis 
base. Tetrahedron Lett.,49 (42) 6119 – 6121. 

15 Kulkarni M. G., Chavan S. W., Shinde M. P., Gaikwad D. D., Borhade A. S., Dhondge A. P., Shaikh 
Y. B., Ningdale V. B., Desai M. P. and Birhade D. R. (2009) Zeolite catalyzed solvent-free one-pot 
synthesis of dihydropyrimidin-2(1H)-ones-A practicle synthesis of monastrol. Beil. J. Org. Chem., 
5 (1) 1 - 4. 



 

88

16 Ma Y., Qian C., Wang L., and Yang M. (2000) Lanthanide Triflate Catalyzed Biginelli Reaction. 
One-Pot Synthesis of Dihydropyrimidinones under Solvent-Free Conditions. J. Org. Chem., 65 (12) 
3864 - 3868. 

17 Tu S., Fang F., Miao C., Jiang H., Feng Y., Shi D., and Wang X. (2003) One-pot synthesis of 3, 4-
dihydropyrimidin-2 (1H)-ones using boric acid as catalyst. Tetrahedron lett., 44 (32) 6153 - 6155.  

18 Kumar A., and Maurya R. A. (2007) Synthesis of 3,4-dihydropyrimidin-2(1H)-ones using Ziegler–
Natta catalyst system under solvent free conditions. J. Mol. Catal. A: Chem., 272 (1) 53 – 56. 

19 Fu N. Y., Yuan Y. F., Pang M. L., Wang J. T., and Peppe C. (2003) Indium(III) halides-catalyzed 
preparation of ferrocene-dihydropyrimidinones. J. Organomet. Chem.,672 (1) 52 – 57. 

20 Xie Z.-B., Wang N., Wu W.-X., Le Z.-G., and Yu X.-Q. (2014) Trypsin-catalyzed tandem reaction: 
One-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones by in situ formed acetaldehyde. J. 
Biotechnol., 170, 1 – 5. 

21 Kumar K. A., Kasthuraiah M., Reddy C. S., and Reddy C. D. (2001) Mn(OAc)3·2H2O-mediated 
three-component, one-pot, condensation reaction: an efficient synthesis of 4-aryl-substituted 3,4-
dihydropyrimidin-2-ones. Tetrahedron Lett., 42 (44) 7873 – 7875. 

22 Ahn B. J., Gang M. S.,Chae K., Oh Y., Shin J., and Chang W. (2008) A microwave-assisted 
synthesis of 3, 4-dihydro- pyrimidin-2-(1H)-ones catalyzed by FeCl3-supported nanopore silica 
under solvent-free conditions. J. Ind. Eng. Chem.,14 (3) 401 – 405. 

23 Yadav J. S., Reddy B. V. S.,  Reddy K. B.,  Raj K. S., and Prasad A. R. (2001)  Ultrasound-
accelerated synthesis of 3,4-dihydropyrimidin-2(1H)-ones with ceric ammonium nitrate. J. Chem. 
Soc. Perkin Trans., 1 (16) 1939-1941. 

24 da Silva D. L., Fernandes  S. A., and Sabino A. A. (2011) p-Sulfonic acid calixarenes as efficient 
and reusable organocatalysts for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones/-thiones. 
Tetrahedron Lett., 52 (48) 6328 - 6330. 

25 Starcevich J. T., Laughlin T. J., and Mohan, R. S. (2013) Iron(III) tosylate catalyzed synthesis of 
3,4-dihydropyrimidin-2(1H)-ones/thiones via the Biginelli reaction. Tetrahedron Lett., 54 (8) 983 
– 985. 

26 Bigi F., Carloni S., and Frullanti B. (1999) A revision of the Biginelli reaction under solid acid 
catalysis. Solvent-free synthesis of dihydropyrimidinesovermontmorillonite KSF. Tetrahedron 
Lett., 40 (17) 3465 - 3468. 

27 Peng J., and Deng Y. (2001) Ionic liquids catalyzed Biginelli reaction under solvent-free conditions. 
Tetrahedron Lett., 42 (34) 5917 - 5919. 

28 Yadav J. S., Reddy B. V. S., Srinivas R., Venugopal C., and Romalingam T. (2001) LiClO4-
Catalyzed One-Pot Synthesis of Dihydropyrimidinones: An Improved Protocol for Biginelli 
Reaction. Synthesis., 2001 (9) 1341 - 1345. 

29 Lu J., Bai Y., and Wang Z. (2000) One-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones using 
lanthanum chloride as a catalyst. TetrahedronLett., 41 (48) 9075 - 9078. 

30 Kolvari E., Koukabi, N., and Armandpour O. (2014) A simple and efficient synthesis of 3,4-
dihydropyrimidin-2-(1H)-ones via Biginelli reaction catalyzed by nanomagnetic-supported 
sulfonic acid. Tetrahedron, 70 (6) 1383 – 1386. 

31 Azizian J., Mohammadi A. A., Karimi A. R., and Mohammadizadeh M. R. (2006) 
KAl(SO4)2·12H2O supported on silica gel as a novel heterogeneous system catalyzed biginelli 
reaction: One-pot synthesis of di-hydropyrimidinones under solvent-free conditions. Appl. Catal. 
A Gen.,300 (1) 85 - 88. 

32 Dhumaskar K. L., Meena S. N., Ghadi S. C., and Tilve S. G. (2014) Graphite catalyzed solvent free 
synthesis of dihydropyrimidin-2(1H)-ones/thiones and their antidiabetic activity. Bioorg. Med. 
Chem. Lett., 24 (13) 2897 – 2899. 

33 Kappe C. O., Kumar D., and Varma R. S. (1999) Microwave-Assisted High-Speed Parallel 
Synthesis of 4-Aryl-3,4-dihydropyrimidin-2(1H)-ones using a SolventlessBiginelli Condensation 
Protocol. Synthesis., 1999 (10) 1799 - 1803. 

34 Cheng J., and Qi D. Y. (2007) An efficient and solvent-free one-pot synthesis of 
dihydropyrimidinones under microwave irradiation. Chin. Chem. Lett., 18 (6) 647 – 650. 



V. V Dabholkar et al.  / Current Chemistry Letters 6 (2017) 
 

89

35 Gupta R., Gupta A.K., Paul S., and   Kachroo ,P.L. (1995) Improved syntheses of some ethyl 4-
aryl-6-methyl-1, 2, 3, 4-tetrahydropyrimidin-2-one/thione-5-carboxylates by microwave 
irradiation. Ind. J. Chem., 34 B, 151-152. 

36 Vaccari A. (1999) Clays and catalysis: a promising future. Appl. Clay Sci., 14 (4) 161 – 198. 
37 Choudary B. M., Lakshmi Kantam M., Rahman A., Reddy V. C., and  KoteswaraRaoK. (2001) The 

First Example of Activation of Molecular Oxygen by Nickel in Ni-Al Hydrotalcite: A Novel 
Protocol for the Selective Oxidation of Alcohols. Angew. Chem. Int. Ed., 40 (4) 763 – 766. 

38 Cavani F.,  Trifiro F., and Vaccari A. (1991) Hydrotalcite-type anionic clays: Preparation, 
properties and applications. Catal. Today., 11 (2) 173 – 301. 

39 Costantino U., Ambrogi V., Nocchetti M., and Perioli L. (2008) Hydrotalcite-like compounds: 
Versatile layered hosts of molecular anions with biological activity. Microporous Mesoporous 
Mater., 107  (1) 149 – 160. 

40 Ebitani K., Motokura K., Mori K., Mizugaki T., and Kaneda K. (2006) Reconstructed Hydrotalcite 
as a Highly Active Heterogeneous Base Catalyst for Carbon−Carbon Bond Formations in the 
Presence of Water. J. Org. Chem., 71 (15) 5440 – 5447. 

41 Vaccari A. (1998) Preparation and catalytic properties of cationic and anionic clays. Catal. Today., 
41 (1) 53 – 71. 

42 Prescott H. A., Li Z.-J., Kemnitz E., Trunschke A., Deutsch J., Lieske H., and Auroux  A. (2005) 
Application of calcined Mg–Al hydrotalcites for Michael additions: an investigation of catalytic 
activity and acid–base properties. J. Catal., 234 (1) 119 – 130. 

43 Salehi P., Dabiri M., Zolfigol M. A., and Bodaghi Fard M. A. (2003) Silica sulfuric acid: an efficient 
and reusable catalyst for the one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones. Tetrahedron 
Lett., 44 (14) 2889 - 2891. 

44 Paraskar A. S., DewKar G. K., and Sudalai A. (2003) Cu(OTf)2: a reusable catalyst for high-yield 
synthesis of 3,4-dihydropyrimidin-2(1H)-ones. Tetrahedron Lett., 44 (16) 3305 - 3308. 

45 Pasha M. A., Ramachandra Swamy N., and Jayashankara V. P. (2005) One pot synthesis of 3,4-
dihydropyrimidin-. 2(1H)-ones/-thionescatalysed by zinc chloride. Ind. J. Chem., 44 (3) 823 - 826. 

46 Zhang H., Qi R., Evans D. G., and Due X. (2004) Synthesis and characterization of a novel nano-
scale magnetic solid base catalyst involving a layered double hydroxide supported on a ferrite core. 
J. Solid State Chem., 177 (3) 772 – 780. 

47 Ferreira O. P., Alves O. L., Gouveia D. X., Souza Filho A. G., de Paiva J. A. C., and Mendes 
Filho J. (2004) Thermal decomposition and structural reconstruction effect on Mg–Fe-based 
hydrotalcite compounds. J. Solid State Chem., 177 (9) 3058 – 3069. 

48 Reichle W. T. (1986) Synthesis of anionic clay minerals (mixed metal hydroxides, hydrotalcite). 
Solid State Ionics., 22 (1) 135 – 141. 

49 Fernandez J. M., Ulibarri M. A., Labajos F. M., and Rives V. (1998) The effect of iron on the 
crystalline phases formed upon thermal decomposition of Mg-Al-Fe hydrotalcites. J. Mater. Chem., 
8 (11) 2507 – 2514. 

50 Kovanda  F., Balek V., Dornièák V., Martinec P., Masláò M., Bílková L., Kolousek D., and 
Bountsewa I. M.  (2003) Thermal behaviour of synthetic pyroaurite-like anionic clay. J. 
Therm. Anal. Calorim., 71 (3) 727 – 737. 

51 Bouraada M., Lafjah M., Ouali M. S., and de Ménorval L. C. (2008) Basic dye removal from 
aqueous solutions by dodecylsulfate- and dodecyl benzene sulfonate-intercalated hydrotalcite. J. 
Hazard. Mater., 153 (3) 911 – 918. 

52 Trujillano R., Holgado M. J., González J. L., and Rives V. (2005) Cu-Al-Fe layered double 
hydroxides with CO3

2-and anionic surfactants with different alkyl chains in the interlayer. Solid 
State Sci., 7 (8) 931 – 935. 

53 Zhao C., Zeng H. Y., Huang Y., Liu P. L., Wang Y. J., Yang Y. J., and Zhang W.  (2012) Preparation 
of MgFe-hydrotalcites and their catalytic performance in synthesis of biodiesel oil from chlorella 
protothecoides oil. J. Fuel Chem. Technol., 40 (3), 337 - 344.  

 
  



 

90

 

© 2016 by the authors; licensee Growing Science, Canada. This is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


