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Abstract: Trifluoroacetic acid (TFA) is introduced as an effective catalyst for 
promotion of Biginelli reaction. 3,4-Dihydropyrimidin-2(1H)-one (-thione) 
derivatives (DHPMs) were simply and efficiently prepared using TFA 
catalyzed one-pot, three-component condensation β-dicarbonyl compounds, 
aldehydes and urea (thio). 
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Introduction 
Recently, DHPM and their derivatives have attracted considerable interest because they 
exhibit promising activities as calcium channel blockers, antihypertensive agents and α-1a-
antagonists and neuropeptide Y (NPY) antagonists1. Furthermore, several bioactive isolated 
marine alkaloids were also found to contain a 2-amino-1,4-dihydropyrimidinone-                    
5-carboxylate core2. Most notably among them are the batzalladine alkaloids, which have 
been found to be potent HIV-gp-120-CD4 inhibitors3. Their derivatives also exhibit a wide 
spectrum of biological effects including antifungal, antiviral, anticancer, antibacterial, anti-
inflammatory and antihypertensive effects4.  
 The three-component cyclocondensation reaction constituting aldehyde, β-ketoester, 
and urea in an acidic medium, which was originally reported by Biginalli5a, is the earliest 
and most effective effort to formation of DHPMs. The multi-component nature of the 
procedure together with the existence of a wide variety of commercially available β-
dicarbonyls and aldehydes makes this reaction an ideal candidate for the combinatorial 
synthesis technology5b. Although, Biginelli-type dihydropyrimidinones synthesis could 
be  done  without  catalyst,  but  all   such  reported  conditions  used of   microwave  ovens6, 
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or classical heating7, to reach high temperatures for promotion of reactions at acceptable 
rates. For this reason and due to the importance of the Biginelli reaction products, much 
work on improving the yields and reaction conditions has been actively pursued. Thus, in 
the past ten years, many improved methods, including enantioselective versions, have been 
exploited and till about 400 papers were correspondingly published8. In these advanced 
methods, Lewis or Brønsted acids were mainly used as catalyst under milder conditions with 
much better results compared to the results obtained by employing traditional conditions. On the 
other hand, this condensation was found to be equally effective when Lewis acids were replaced 
by a strong Brönsted base (KOH), but in this case the reaction involves two steps9. While some 
of the catalysts are really very fascinating from a synthetic chemist’s point, most are exotic, 
expensive, complex, unavailable, harmful and even ineffective in the absence of acid additives. 
 Trifluoroacetic acid (TFA) is the simplest perfluorinated carboxylic acid which is 
commercially available. TFA is a versatile solvent for acid stable compounds in NMR 
spectroscopy and also used as a calibrant in mass spectrometry. Furthermore, because of its 
interesting properties, such as low toxicity, solubility in water and organic solvents, and 
strength, TFA is considered to be a special reagent for highly sensitive microsequencing of 
proteins10, as well as a special catalyst for promotion of numerous organic reactions11. 

Experimental  
TFA (0.04 mmol) was added to a mixture of dicarbonyl compound 1 or 4 (1 mmol), 
benzaldehyde or appropriately substituted corresponding benzaldehyde derivatives 2           
(1 mmol) and either urea or thiourea (1.1 mmol) in acetonitrile (4 mmL) and the reaction 
mixture was heated with stirring at 70 oC for appropriate time. Then the reaction mixture 
was allowed to cool to room temperature, the resulting solid was filtered off and washed 
with 10 mL of hot water. Almost resulting products have sufficient purity, but more 
purification if necessary, can access by recrystallization of the products from ethanol. 
5-Ethoxycarbonyl-6-methyl-4-(4-chlorophenyl)-3,4-dihydropyrimidin-2(1H)-one (3b) 
1H NMR (CDCl3, 300 MHz) 1.20 (t, J = 7.1 Hz, 3H, CH3), 2.20 (s, 3H, CH3), 3.94 (q, J = 7.1 
Hz, 2H, CH2), 5.14 (s, 1H, CH), 7.35-7.25 (m, 4H, arom), 7.76 (s, 1H, NH), 9.24 (s, 1H, NH). 
5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-thione (3e) 
1H NMR (CDCl3, 300 MHz) 1.17 (t, 3H, J= 7.0 Hz, CH3), 2.25 (s, 3H, CH3), 4.10 (q, 2H, J= 7.0 
Hz, CH2), 5.20 (s, 1H, CH), 7.35–7.19 (m, 5H, arom), 9.60 (s, 1H, NH), 10.25 (br s, 1H, NH). 
5-Methoxycarbonyl-6-methyl-4-(4-chlorophenyl)-3,4-dihydropyrimidin-2(1H)-one (3l) 
1H NMR (CDCl3, 300 MHz) 2.24 (s, 3H, CH3), 3.53 (s, 3H, CH3), 5.14 (s, 1H, CH), 7.41–
7.22 (m, 4H, arom), 7.74 (s, 1H, NH), 9.27 (s, 1H, NH). 
Ethyl 6-ethoxycarbonylmethyl-4-phenyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5a) 
1H NMR (CDCl3, 300 MHz) 1.14 (t, 3H, J= 7.4 Hz, CH3), 1.26 (t, 3H, J= 7.0 Hz, CH3), 3.67 
(d, 1H, J= 16.8 Hz, CH2), 3.94 (d, 1H, J= 16.8 Hz, CH2), 4.06 (q, J= 7.4 Hz, CH2), 4.18 (q, 2H, 
J= 7.0, CH2), 5.43 (s, 1H, CH), 6.02 (s, 1H, NH), (7.28-7.41 (m, 5H, arom),  8.91  (s, 1H, NH).  
Ethyl 6-ethoxycarbonylmethyl-4-(2-bromophenyl)-2-oxo-1,2,3,4-tetrahydropyrimidine 
-5-carboxylate (5d) 
1H NMR (CDCl3, 300 MHz) 1.50 (t, 3H, J= 7.2 Hz, CH3), 1.45 (t, 3H, J= 7.1 Hz, CH3), 3.43 (d, 
1H, J= 16.8 Hz, CH2), 4.33 (d, 1H, J= 16.8 Hz, CH2), 4.28 (q, 2H, J= 7.2 Hz, CH2), 4.41 (q, 2H, 
J= 7.1, CH2), 5.21 (s, 1H, CH), 7.20 (s, 1H, NH), 7.02-7.61 (m, 5H, arom), 8.79 (s, 1H, NH). 



S268 M. R. MOHAMMADIZADEH et al. 

Ethyl 6-ethoxycarbonylmethyl-4-(4-chlorophenyl)-2-oxo-1,2,3,4-tetrahydropyrimidine 
-5-carboxylate (5e) 
1H NMR (CDCl3, 300 MHz) 1.05 (t, 3H, J= 7.1 Hz, CH3), 1.18 (t, 3H, J= 7.0 Hz, CH3), 3.62 
(d, 1H, J= 16.9 Hz, CH2), 3.81 (d, 1H, J= 16.9 Hz, CH2), 3.94 (q, 2H, J= 7.2 Hz, CH2), 4.10 
(q, 2H, J= 7.1, CH2), 5.17 (s, 1H, CH), 7.34 (d, J= 8.4 Hz, arom), 7.41 (d, J= 8.4 Hz, arom), 
7.84 (s, 1H, NH), 9.33 (s, 1H, NH). 

Results and Discussion 
In continuing of our interest on synthesis of nitrogen containing heterocycles of potentially 
biologically valuables12 and as a part of our ongoing programs on studding of catalytic 
ability of TFA11a, here we introduced TFA as a new inexpensive, completely soluble in 
water and organic solvents, and easily available catalyst for Biginelli-type synthesis of          
3,4-dihydropyrimidin-2(1H)-ones (-thiones) 3 via one-pot three-component condensation of            
β-dicarbonyls 1, aldehydes 2 and urea or thiourea (Scheme 1). 
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Scheme 1. TFA-catalyzed Biginelli-type synthesis of 3,4-dihydropyrimidin-2(1H)-ones       
(-thiones) 3a-o 
 Our first finding was that the reaction of benzaldehyde and urea with ethyl 
acetoacetate in the presence of a catalytic amount of TFA in refluxing acetonitrile 
afforded the desired DHPM (3a) in 80% yield. The procedure was optimized by varying 
reaction temperature, reaction time, reagents molar ratio, and solvent for this reaction. 
After extensive screening, we found the optimized best yields and time profiles were 
obtained with a molar ratio of 0.04:1:1:1.1 of TFA, dicarbonyls, aldehydes, and urea, 
respectively, in acetonitrile at 70 oC, which furnished the corresponding DHPM (3a) in 
93% yield within 30 minutes.   
 Using this optimized reaction conditions, a broad range of structurally diverse           
1,3-dicarbonyl compounds, aldehydes and urea are subjected under this procedure to 
produce the corresponding DHPMs. Thiourea also works well to give the corresponding 
thio derivatives which are also of much interest with regard to biological activity7. The 
results are summarized in Table 1. Some physical properties and NMR characterization 
of various selected DHPMs (3) are given. All the other products included in Table 1 
were also characterized by 1H NMR and 13C NMR and/or by comparison with authentic 
samples.  
 Recently, we report same Biginelli-like one-pot three component procedure for 
preparation of 6-ethoxycarbonyldihydropyrimidinone derivatives (5a-e) using diethyl 3-
oxoglutarate instead of simple ordinary dicarbonyls in the presence of p-toluenesulfonic acid 
as catalyst (Scheme 2)13. The reported procedure was very simple and effective and 
reviewed more recently by other researchers14. Our observation in this work (Table 2) 
supports the effectiveness of TFA as catalyst for preparation of the attractive          
6-ethoxycarbonyl-dihydropyrimidinones (5a-e). 
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Table 1. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones and thiones (3a–q) in the presence of TFA 
3a,b R1 R2 Ar X Time, h Yield %c Mp[Ref.] 

a Et Me Ph O 0.5 88 202-203[16] 

b Et Me 4-Cl-Ph O 1.5 85 207-209[15] 

c Et Me 4-Me-Ph O 1 92 1701-173[15] 

d Et Me 4-MeO-Ph O 1 92 198-201[15] 

e Et Me 2-O2N-Ph O 2.1 90 217-218[16] 

f Et Me 4-O2N-Ph O 2 95 207-208[16] 

g Et  Me  4-F-Ph O  1.5 83 186-188[16] 

h Et  Me  4-Me2N-Ph O  1.3 90 251-253[15] 

i Et Me Ph S 1.5 79 205-207[8] 
j Et Me 4-Me-Ph S 1 77 193-194[15] 

k Et Me 4-Me2N-Ph S 1.2 78 207-209[15] 

l Me Me Ph O 1 83 210-212[17] 

m Me Me 4-Me-Ph O 1.2 90 209-211[17] 

n Me Me 4-Cl-Ph O 1 85 208-209[17] 

o Me Me 4-MeO-Ph O 1.1 91 193-195[17] 

aDiketone/aldehydes/urea (thio)/TFA: (1:1:1.1:0.02). bAll products are known compounds and their 
structures were characterized by their 1H NMR and comparison of their physical properties with 
reported data. cAll referred to isolated pure products 
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 Scheme 2. TFA-catalyzed Biginelli-type synthesis of 6-ethoxycarbonyldihydropyrimidinones (5a-e) 

Table 2. Physical constants of the 6-ethoxycarbonyldihydropyrimidinones (5a-e) 

5a Ar 
Time, 

h 
Yield 

%b 
M.P., 

oC 5a Ar 
Time, 

h 
Yield 

%b 
M.P., 

oC 
a Ph 2 84 177-178 d 2-Br-Ph 2.2 86 155-156 
b 3-O2N-Ph 2 79 148-151 e 4-Cl-Ph 2 92 136-138 
c 4-Me-Ph 2.2 75 133-135      

aSame conditions as Table 1 were used. bReferred to the isolated pure products. cProducts were 
characterized by comparison of their physical and spectroscopic data with previously reported ones13 

Conclusion 
We have developed a simple and efficient method for the synthesis of dihydropyrimidinones  
using a  catalytic  amount of TFA in acetonitrile at 70 oC. Mild reaction conditions, high 
yields of the products, ease of work-up, compatibility with various functional groups, are all 
characteristics that make the present method significant addition to the already existing 
methodologies for heterocyclics synthesis. 
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