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Abstract 

The bactericidal properties of 5-acetyl-substituted-3,4-dihydropyrimidin-2 

(1Н)-ones/thions were studied, and the dependences of the inhibitory effects 

of these compounds against sulfate-reducing bacteria on their structure were 

examined. 3,4-dihydropyrimidin-2(1H)-ones are pyrimidine derivatives which 

belong to heterocyclic nitrogen-containing compounds and have biological 

and bactericidal properties. Given such properties of this class of compounds, 

the dependences of bactericidal efficiencies on their structure and the presence 

of various functional groups and atoms in their structure were studied. As a 

result of the comparative characteristics of the bactericidal efficacy of 3,4-

dihydropyrimidin-2-(1Н)-ones/thions, depending on their structure, it was 

found that the presence of a nitro group, a nitrogen and sulfur atoms in the 

structure of these compounds increases their inhibitory efficiencies while the 

presence of hydroxy, methoxy, carboxy groups, as well as chlorine atoms 

reduce their effectiveness. The best bactericidal inhibitory effect was  

exhibited by 5-acetyl-6-methyl-4-(2-nitro)phenyl-3,4-dihydropyrimidin-2-

(1H)-thione due to the presence in its structure of a nitro group bound to 

phenyl to the radical and sulfur and nitrogen atoms in the pyrimidine ring, 

since the nitro group, as well as sulfur and nitrogen compounds, have high 

bactericidal properties 
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Introduction 

Microbiological corrosion of metals is widespread in soil and water. Sulfate-reducing 

bacteria (SRB) are the most important microorganisms that cause corrosion of underground 

pipelines under anaerobic conditions. Despite the fact that SRB are obligate anaerobes, they do 

not completely die in the presence of air, and this explains their wide distribution in nature. 

Typically, SRB are common in natural waters, where the amount of SO4
2-

 varies from 0.15 to 

15%. The existence of a particular microorganism determines the acidity of the habitat of 

microorganisms. SRB develop favorably in a fairly wide pH range of 5.7–7.2 [1-4]. 

     In microbiological corrosion, bactericidal inhibitors are widely used [6,8,9]. However, SR 

bacteria quickly adapt to reagents, so the assortment of bactericides must be constantly updated. 

Nitrogen-containing organic compounds — amides, quaternary amines, salts of amides and 

amines, imidazolines and imidazoles, as well as pyrimidines and their derivatives can be 

mailto:gunel4ik@mail.ru


DEPENDENCE OF THE BACTERICIDAL EFFICACY OF 3,4-DIHYDROPYRIMIDIN … 

 

ISSN: print - 1726-4685; online - 2519-2876 459 

successfully used as effective inhibitors of SRB [2,5,7]. Obtained by the three-component 

Biginelli reaction, 3,4-dihydropyrimidin-2(1Н)-ones/thions are nitrogen-containing biologically 

active substances with biological and bactericidal properties. 

     The bactericidal properties of 5-acetyl-substituted-3,4-dihydropyrimidin-2(1H)-ones/thions 

were studied and the dependences of the bactericidal efficacy of these compounds on their 

structure and the presence of various radicals and atoms in the pyrimidine ring were examined. 

Experimental Part 

The synthesis of 5-acetyl-substituted-3,4-dihydropyrimidin-2-(1H)-ones/thions (1-10) was 

carried out by the interaction of a three-component system - aromatic aldehyde (10 mmol), urea/ 

thiourea (30 mmol) and acetylacetone (10 mmol) in the presence of an ionic liquid, N-

methylpyrrolidonium perchlorate (N-MPPC) (3 mmol%) at 80°C for 1 hour. The preparation of 

these compounds, as well as their physicochemical characteristics, are given in [10]. 

 

R =C6H5-; 4-(NO2)-C6H4-; 3-(OCH3)-C6H4-; 4-(Cl)-C6H4-; 2,4-(Cl)-C6H3-; 2-(NO2)-C6H4-;                 

2-(COOH)-C6H4-; 2-(OH)-C6H4.                          Х = -О, -S.       

The bactericidal effect of the reagents is studied mainly by observing for 15 days and 

calculating the amount that formed H2S, which is determined by iodometric titration. The most 

favorable nutrient medium for sulfate-reducing bacteria is Postgate B. The methods for 

investigating the bactericidal-inhibitory properties of 3,4-dihydropyrimidin-2-(1H)-ones/thions 

are given in detail in [5]. 

Results and Discussions 

Based on the results of studies of the bactericidal properties of substituted 3,4-

dihydropyrimidin-2(1Н)-ones/thions given in [5], comparative characteristics of the dependence 

of the bactericidal efficiency of these compounds on their chemical structure, which are 

confirmed in work [10] by physicochemical methods. 

In the Tab. 1 shows the names and structures of the compounds studied, as well as the 

amount of hydrogen sulfide formed at various concentrations of 1% solutions of 3,4-

dihydropyrimidin-2- (1H)-ones with various functional groups in the aromatic ring. 

 

 

 

 



G.N. BADALOVA 

www.ppor.az 
460 

Table 1. Bactericidal properties of 1% solutions of 5-acetyl-substituted-3,4-dihydropyrimidin-

2(1H)-ones/thions 

№ Compounds Structure of 

compounds 

Cont. of 1% solutions, % 

0.025 0.05 0.1 

Content of obtained H2S, mg/l 

 

 

 1 

 

5-acetyl-6-methyl-4-phenyl-3,4-

dihydropyrimidin-2-(1H)-one 

 

 

 

140 

 

 

92 

 

 

72 

  

 

 2 

 

5-acetyl-6-methyl-4-(4-nitro) 

phenyl-3,4-dihydropyrimidin-2- 

(1H)-one 

 

 

 

46 

 

 

37 

 

 

27 

  

 

 3 

 

5-acetyl-6-methyl-4-(3-

methoxy)phenyl-3,4-

dihydropyrimidin-2-(1H)-one 

 

 

 

- 

 

 

70 

 

 

35 

   

 

 4 

 

5-acetyl-6-methyl-4-(4-chloro) 

phenyl-3,4-dihydropyrimidin-2- 

(1H)-one 

 

 

 

106 

 

 

87 

 

 

62 

   

 

 5 

 

5-acetyl-6-methyl-4-(2,4-

dichloro)phenyl-3,4-

dihydropyrimidin-2-(1H)-one 

 

 

 

- 

 

 

- 

 

 

25 
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Cont. of Tab. 1 
   
 
 6 

 
5-acetyl-6-methyl-4-(2-nitro) 
phenyl-3,4-dihydropyrimidin-2- 
(1H)-one 

 

 
 

57 

 
 

38 

 
 

27 

   
 
 7 

 
5-acetyl-6-methyl-4-(4-carboxy) 
phenyl-3,4-dihydropyrimidin-2- 
(1H)-one 

 

 
 

131 

 
 

92 

 
 

72 

 
 
 8 

 
5-acetyl-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2-(1H)-thione 

 

 
 

49 

 
 

37 

 
 

27 

 
 
 9 

 
5-acetyl-6-methyl-4-(2-hydroxy) 
phenyl-3,4-dihydropyrimidin-2- 
(1H)-thione 

 

 
 

98 

 
 

82 

 
 

35 

 
 
 10 

 
5-acetyl-6-methyl-4-(2-nitro)- 
phenyl-3,4-dihydropyrimidin-2- 
(1H)-thione 

 

 
 

30 

 
 

28 

 
 

26 

11 Control 1 (medium, without SRB) 25 
12 Control 2 (medium, with SRB) 450 

As can be seen from the Tab. 1, at various concentrations, 1% solutions of the compounds 
5-acetyl-6-methyl-4-(4-nitro)phenyl-3,4-dihydropyrimidin-2-(1H)-one (2) and 5-acetyl-6-
methyl-4-(2-nitro)-phenyl-3,4-dihydropyrimidin-2-(1H)-one (6) exhibits the effect of a biocide 
and reduces the amount of H2S from 450 to 27 mg/l, completely stopping the functioning of 
SRB. The presence of such bactericidal properties in compounds (2) and (6), even at low 
concentrations, is undoubtedly associated with the presence of a nitro group in the composition 
of 3,4-dihydropyrimidin-2-(1Н)-ones, which is due to the high bactericidal effect of nitrogen-
containing compounds. The location of the NO2 group associated with the phenyl radical in the 
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ortho- or in the para-position does not seem to significantly affect the effectiveness of the 
compounds, but the placement in the para-position increases the bactericidal-inhibitory effect of 
the nitro group in the chemical compound. 

5-acetyl-6-methyl-4-(4-chloro)phenyl-3,4-dihydropyrimidin-2-(1H)-one (4) shows a 
biostatic effect at a concentration of 0.025% and the effect of the biocide with increasing 
concentrations to 0.05 and 0.1%. The relatively weak manifestation of the protective effect from 
bacteria of compound (4) is due to the presence of chlorine and oxygen atoms in the structure of 
3,4-dihydropyrimidin-2-(1H)-one which appearently reduce the bactericidal effect of the 
nitrogen-containing compound. 

The solution of 5-acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2-(1H)-thione (8), as 
can be seen from the Table 1, shows a high bactericidal effect at the taken concentrations and 
reduces the development of SRB to 27 mg/l. Such a high bactericidal effect of a 1% solution of 
compound (8) is explained by the presence of a sulfur atom and nitrogen in the pyrimidine ring, 
since sulfur and nitrogen compounds are known to be good bactericides. 

5-acetyl-6-methyl-4-(2-hydroxy)phenyl-3,4-dihydropyrimidin-2-(1H)-thione (9) exhibits 
the effect of a biocide, and shows the best inhibitory property against SVB at a concentration of 
0.1 % reducing the amount of hydrogen sulfide formed to 35 mg/l. This effect, presumably, is 
associated more with the presence of a sulfur and nitrogen atom in the pyrimidine ring than with 
the presence of a hydroxy group bound to the phenyl radical. If we compare the structures and 
effectiveness of compounds (8) and (9), we can suggest that the content of the OH group in 
structure (9) reduces the bactericidal effect of this compound. 

A 1% solution of 5-acetyl-6-methyl-4-(3-methoxy)phenyl-3,4-dihydropyrimidin-2-(1H)-
one (3) at a concentration of 0.025% does not show a protective effect against sulfate reducing 
bacteria, but with increasing concentration, compound (3) exhibits an inhibitory effect, and at 
0.1% concentration, the effect of biocide is observed. A similar effect is observed with 5-acetyl-
6-methyl-4-(2,4-dichloro)-phenyl-3,4-dihydropyrimidin-2-(1H)-one (5), which affects the 
development of SR bacteria only at 0.1% concentration. Such a weak manifestation of the 
bactericidal effect of these compounds is explained by the presence of a methoxy group in the 
meta-position (3) and the presence of two chlorine atoms in the ortho- and para-positions (5) in 
the phenyl radical of the pyrimidine ring, since neither the chlorine atom nor the OCH3 group 
high bactericidal properties and only in high concentrations can exhibit a weak inhibitory effect 
against SRB. 

Compounds of 5-acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2-(1H)-one (1) and 5-
acetyl-6-methyl-4-(4-carboxy)phenyl-3,4-dihydropyrimidin-2-(1H)-one (7) exhibit a biostatic 
effect at a concentration of 0.025%, and with an increase in their concentrations to 0.05 and 
0.1%, they begin to show the effect of a biocide. Presumably, this effect is explained by the 
unsubstituted phenyl radical associated with the pyrimidine ring (1) and the carboxy-substituted 
phenyl radical (7), which also reduce the bactericidal effect of nitrogen-containing compounds. 

The best bactericidal-inhibitory effect among the studied compounds (1-10) was shown by 
5-acetyl-6-methyl-4-(2-nitro)-phenyl-3,4-dihydropyrimidin-2-(1Н)-thione (10), which already at 
a 0.025% concentration it reduces the amount of H2S from 450 to 30 mg/l, and at a concentration 
of 0.1% it completely stopped the development of SRB. The high bactericidal efficacy of 
compound (10) is associated with the presence of a nitro group in the phenyl radical and sulfur 
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and nitrogen atoms in the pyrimidine ring, since sulfur and nitrogen-containing compounds have 
high bactericidal properties.      

Conclusion 
The comparative characteristics of the bactericidal efficacy of 3,4-dihydropyrimidin-2-

(1Н)-ones/thiones (1-10), depending on their structure, showed that the presence of high 
bactericidal-inhibiting properties of these compounds is primarily due to the fact that this class 
belong to nitrogen-containing compounds, which are known to have high anticorrosive and 
antibacterial properties. Also the presence in the structure of 3,4-dihydropyrimidin-2-(1H)-ones 
of the nitro group and the sulfur atom increase their inhibitory efficiencies. The presence of 
hydroxy, methoxy, carboxy groups, as well as chlorine atoms reduce the effectiveness of 
pyrimidine derivatives and only at high concentrations can exert a biocide effect, thereby 
reducing the development of SRB. 
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