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1. Introduction 

 

      In the last several decades, pyrimidine derivatives 

are a group of heterocyclic compounds that have 

attracted considerable attention in medicinal chemistry 

because they have a diverse range of biological 

properties such as antihypertensive [1], anti-tumor [2], 

antimalarial [3], antioxidant [4], antimitotic [5], 

antileishmanial [6], and anti-HIV activities. A study of 

literature displayed that thiazolo [3,2-a]pyrimidine 

derivatives have received much regard during recent 

years because they are ulcerogenic [7], antifungal [8], 

antibacterial and antitubercular [9], cytotoxic [10], anti-

inflammatory [11], antihypertensive [12], 

psychopharmacological [13], antinociceptive agents 

[14]. The current method for pyrimidine synthesis is the 

Biginelli reaction. Pyrimidines are prepared by 

condensation reactions between carbonyl compounds 

and amidines in the presence of catalyst sodium 

hydroxide or sodium ethoxide. Many synthetic methods 

of pyrimidines have been reported starting from 

thiobarbituric acid [15], chalcones [16], and thioureas 

[17]. No report has been presented for the synthesis 

dialkyl 5-oxo-5H-[1,3]thiazolo[3,2-a]pyrimidine-2,3-

dicarboxylats under solvent and catalyst-free 

conditions, in connection with our interest in the 

synthesis of heterocycles [18-20], we reported a two-
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component reaction of 2-thiouracil and dialkyl 

acetylenedicarboxylate in solvent-free and thermal 

conditions in good yields and mild reaction conditions. 

We also used ethyl phenyl acetylenecarboxylate and 

methyl acetylenecarboxylate instead of DMED and 

DEAD in this reaction, but no reaction happened. 
 

        

2. Experimental 

2.1. Chemical Methods 

 The starting materials and solvent were obtained 

from Merck (Germany) and Fluka (Switzerland) and 

were used without further purification. The IR spectra 

were recorded on a Jasco FT-IR 6300 spectrometer. The 
1H-NMR and 13C-NMR spectra were measured (CDCl3 

solution) with a Bruker DRX-250 Avance spectrometer 

at 250.0 and 62.9 MHz, respectively. The elemental 

analyses were realized using a Heraeus CHN-O-rapid 

analyzer. 

2.2. General procedure  

 A mixture of 2-thiouracil (1, 1mmol) and dialkyl 

acetylenedicarboxylate (2, 1mmol) was stirred for the 

period indicated (TLC) (30-40 minutes) at 100oC. After 

the reaction, the viscous residue was purified by a 

preparative layer chromatography (petroleum 
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ether/ethyl acetate 2/1) on silica gel, and the products 

were obtained. The characterization data of compounds 

3a and 3b are given below. 

Dimethyl 5-oxo-5H-[1,3]thiazolo[3,2-a]pyrimidine-

2,3-dicarboxylate (3a): Yellow oil, yield: 63%; Anal. 

Calcd. for C10H8N2O5S: C, 44.77; H, 3.01; N, 10.44. 

Found: C, 44.88; H, 2.98; N, 10.37; IR (KBr, cm-1): 

2983 (CH, aliphatic), 1752 (C=O), 1675 (C=O), 1625 

(C=O), 1577, 1504, 1370, 1266, 1095, 1024, 754; 1H-

NMR (250.0 MHz, CDCl3) δ: 3.94 and 4.05 (6H, 2s, 

2OCH3), 6.31 (1H, d, 3JHH = 6.4 Hz, CH=CH-C=O) 7.97 

(1H, d, 3JHH = 6.4 Hz, CH=CH-C=O); 13C-NMR (62.5 

MHz, CDCl3) δ: 53.71 and 54.07 (2OCH3), 107.40 

(CH=CH-C=O), 117.11 and 132.89 (2C), 153.63 

(CH=CH-C=O), 157.97 (C=N), 159.25, 159.39 and 

161.84 (3C=O). 

Diethyl 5-oxo-5H-[1,3]thiazolo[3,2-a]pyrimidine-2,3-

dicarboxylate (3b): Yellow oil, yield: 56%; Anal. Calcd. 

for C12H12N2O5S: C, 48.64; H, 4.08; N, 9.45. Found: C, 

48.70; H, 4.03; N, 9.38; IR (KBr, cm-1): 2957 (CH, 

aliphatic), 1756 (C=O), 1735 (C=O), 1687 (C=O), 1565, 

1492, 1349, 1268, 1118, 1001, 794; 1H-NMR (250.0 

MHz, CDCl3) δ: 1.19- 1.40 (6H, m, 2CH3), 4.17- 4.44 

(4H, m, 2OCH2), 6.23 (1H, d, 3JHH = 6.6 Hz, CH=CH-

C=O), 7.76 (1H, d, 3JHH = 6.6 Hz, CH=CH-C=O); 13C-

NMR (62.5 MHz, CDCl3) δ: 14.23 and 14.33 (2CH3), 

63.13 and 63.70 (2OCH2), 105.82 (CH=CH-C=O), 

111.71 and 128.25 (2C), 154.35 (CH=CH-C=O), 159.21 

(C=N), 160.37, 162.53 and 162.73 (3C=O). 

 

3. Computational Methods 

 The quantum mechanics calculations were 

performed using the Gaussian 09 program [21]. The 

main group elements were described by standard 6-

311G(d,p) basis set [22- 25]. The geometries of the 

compounds were optimized by the CAM-B3LYP 

functional. This function is Handy and coworkers’ long-

range corrected version of B3LYP using the Coulomb-

attenuating method [26]. 

 

4. Results and Discussion 

    2-Thiouracil (1) and dialkyl acetylenedicarboxylate 

(2) react via a two-component reaction to give dialkyl 5-

oxo-5H-[1,3]thiazolo[3,2-a]pyrimidine-2,3 

dicarboxylate derivatives (3) (Scheme 1). The reaction 

proceeds smoothly and cleanly and affords the product. 

The substitution may occur at the sulfur atom and one of 

the cyclic nitrogen atoms, due to the position of 

hydrogen atoms in pyrimidine moieties. The 

intramolecular dehydration and cyclization can occur 

from tautomers (5) or (6) and the obtained compound 

may be described by one of the structures (3) or (4). A 

mechanistic rationalization for this reaction is provided 

in Scheme 2. The structures of the products were 

deduced  from   their     1H-NMR,  13C-NMR,  and  IR 

spectra, and elemental analysis. For example, the 1H-

NMR spectrum of 3a exhibited distinct signals arising 

from two OCH3 groups (3.94 and 4.05 ppm, 2s), and two 

CH groups (6.31 and 7.97 ppm, 2d). The 13C-NMR 

spectrum of 3a showed 10 distinct resonances arising 

from two OCH3 groups (53.71 and 54.07 ppm), two CH 

groups (107.40 and 153.63 ppm), two olefinic carbons 

(117.11 and 132.89 ppm), one C=N group (157.97 

ppm), and three C=O groups (159.25, 159.39 and 161.84 

ppm). 
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Scheme 1. The two-component reaction of 2-thiouracil and 

dialkyl acetylene dicarboxylate 
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5. Energetic aspects    

Possible isomers of the dimethyl 5-oxo-5H-

[1,3]thiazolo[3, 2-a]pyrimidine-2,3-dicarboxylate 

molecule are depicted in Scheme 1. The absolute 

energy and relative energy values of conformers are 

gathered in Table 1. As can be seen, the 3-isomer is 

more stable than the 4-isomer.  

Table 1. total energy (a.u), relative energy (E, kcal/mol), 

and dipole moment (, Debye) of the two possible isomers of 

dimethyl 5-oxo-5H-[1,3]thiazolo[3, 2-a]pyrimidine-2,3-

dicarboxylate molecule  at the CAM-B3LYP/6-311G(d,p) 

level of theory. 

 

 E E  

4 -1269.5601 8.44 8.17 

3 -1269.5736 0.00 3.12 

 

6. Dipole moment 

The dipole moment values of the possible isomers of 

dimethyl 5-oxo-5H-[1,3]thiazolo[3, 2-a]pyrimidine-

2,3-dicarboxylate molecule are listed in Table 1. Dipole 

moment values of polar 3-isomer are smaller than 4-

isomer. The obtained result is consistent with smaller 

dipole moment values for more stable conformers [27]. 

  

7. Molecular orbital analysis 

The frontier orbital energy and HOMO-LUMO gap 

values of the possible isomers of dimethyl 5-oxo-5H-

[1,3]   thiazolo   [3, 2-a]  pyrimidine -2,3- dicarboxylate 

molecule are calculated. It is also possible to find out 

that the larger HOMO-LUMO gap value in the 3-isomer 

than in the 4-isomer. This increase is compatible with 

the principles of minimum energy, and maximum 

hardness (MHP), that is, while a conformer changes 

from the most stable to the less stable species in most 

cases, the energy increases, and the hardness decreases 

[28-32]. 

The calculated electrophilicity () values are listed in 

Table 2. It can be observed the smaller  values in 3-

isomer in compared to 4-isomer. This trend is 

compatible with the minimum electrophilicity principle 

(MEP) [33, 34] that is, while a conformer change from 

the most stable to another less stable species in most 

cases, the energy increases, and the electrophilicity 

increases.  

MEP, MHP are used for comparison of thermodynamic 

stability of isomers. We have not discuss about of 

reactivity of molecules. 

Table 2. Frontier orbital energy (eV), HOMO-LUMO gap 

energy (E, eV), hardness (, eV), chemical potential (, 

eV) , and electrophilicity (, eV) of the two possible isomers 

of dimethyl 5-oxo-5H-[1,3]thiazolo[3, 2-a]pyrimidine-2,3-

dicarboxylate molecule  at the CAM-B3LYP/6-311G(d,p) 

level of theory.  

Isomer E 

(HOMO) 

E 

(LUMO) 

E    

4 -7.90 -1.36 6.53 3.27 -4.63 3.28 

3 -7.88 -1.13 6.75 3.38 -4.50 3.00 

 

8. Conclusion  

The reported method offers a mild, simple, and green 

chemistry route for the preparation of dialkyl 5-oxo-5H-

[1,3]thiazolo[3,2-a]pyrimidine-2,3- dicarboxylate 

derivatives via a two-component reaction of 2-thiouracil 

and dialkyl acetylenedicarboxylate and solvent-free 

conditions. Computational investigations at the CAM-

B3LYP/6-311G(d,p) level of theory revealed that the 3-

isomer is more stable than the 4-isomer. This trend was 

compatible with the MEP, MHP, and MElP. 
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