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Original Article

Abstract
 Despite extensive research on antimicrobial drugs, efforts to find suitable alternatives to older 
drugs have not been very successful yet, due to microbial resistance. Heterocycles including azole and py-
rimidine derivatives were used to design antimicrobial activity in this research, 12 novel pyrimidine-azole 
derivatives (3a-3l) that were previously synthesized were screened for their antibacterial and antifungal 
activities by using CLSI standard method. In this study, we used four species of bacteria, seven species of 
fungi, and five species of yeast. Molecular docking studies were also performed to investigate their binding 
mode and orientation toward lanosterol 14-α- demethylase (CYP51), as a plausible mechanism of azole 
antifungal compounds. The biological results showed that none of the compounds had antibacterial and 
antifungal effects compared to the control drugs. The molecular docking study showed that the compounds 
had a low binding affinity in the active site of the lanosterol 14-α- demethylase target, which confirmed the 
weak antifungal and antibacterial activities of these compounds.
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1. Introduction 
 The widespread use of antibiotic drugs led 
to increased resistance to treatment (1). Therefore, 
efforts are being made to design new and potent 
compounds with high efficacy. In the research, the 
design of the new antimicrobial compounds was 
developed with modifications to the scaffolds of 
the current drugs (2). Heterocycles including azole 
and pyrimidine derivatives were used to design 
the antimicrobial activity (3). Azole derivatives 
are the main backbone of most antifungal drugs 
(4, 5). Azoles antifungals are destructed fungal cell 

walls with binding to the iron atom of porphyrin of 
14-alpha lanosterol demethylase enzyme through 
a nitrogen atom (6). Due to the indiscriminate pre-
scription of azole drugs, resistance to them has in-
creased. The resistance has been observed mostly 
in C. albicans and A. fumigatus species (7). Py-
rimidine is the main scaffold of biological materi-
als such as DNA, and RNA for which appropriate 
biological activities including anticonvulsant (8, 
9), antibacterial (10, 11), antifungal(12), antivi-
ral(13), and anticancer properties (14) have been 
reported. Extensive studies have been carried out 
on pyrimidine and azole hybrids, as antifungal and 
antibacterial agents (15). In a study, oxadiazole- 
pyrimidine hybrids showed high antibacterial and 
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nas aeruginosa) pathogenic bacteria. Ciprofloxa-
cin was used as a standard drug. 
The antifungal activities of compounds (3a–3l) 
were assayed in vitro at a serial dilution of 0.5-256 
μg.ml-1 against the yeasts and filamentous fungi 
species. For the measurement of minimum in-
hibitory concentrations (MIC) of the studied com-
pounds, we used the broth micro-dilution method 
based on the CLSI (Clinical & Laboratory Stan-
dards Institute) protocol. Firstly, stock suspensions 
of yeasts and fungi were prepared in 1-5×106 cells/
mL, so they were diluted to 50 and 1000 times with 
RPMI for filamentous fungi and yeasts, respec-
tively. To each well, an amount of 0.1 mL of the 
inoculums was added and incubated at 30 °C for 
24-48 h. In this method, the un-inoculated medium 
and fluconazole were utilized as blank and control.

2.3. Molecular docking
 The X-ray crystal structure of lanosterol 
14-α- demethylase enzyme (CYP51) was down-
loaded from the Protein Data Bank http://www.
rcsb.org/pdb (PDB ID: 5TZ1) (21). Adding explic-
it hydrogens and removing the co-crystal ligand 
and solvent molecules from the PDB file were per-
formed for the preparation of protein molecules. 
For starting docking studies, the structures were 
drawn in ChemDraw Professional 16.0, optimized 
with Chem3D 16.0, and finally saved as pdbqt for-
mat (22). The molecular docking was performed 
using Autodock Vina. The visualization of interac-
tions and binding modes was done using Discov-
ery Studio 2016 Client.

3. Results and discussion
3.1. Chemistry
 The physicochemical properties (Log 
P, MW, M.p.) were determined, as presented in  
Table 1.

3.2. Antimicrobial assay
 Twelve newly synthesized pyrimidine-
azole derivatives were evaluated for antimicrobial 
activity. In this study, drug sensitivity was deter-
mined using the protocol CLSI (23). The antibac-
terial activity for pyrimidine-azole derivatives was 
done against standard gram-positive (S. aureus 
and E. faecalis) and gram-negative (E. coli and P. 

antifungal activity (16). Recently, molecules con-
taining pyrimidine-based imidazole scaffolds were 
known as potent antimicrobial agents (17). Appna 
et al. evaluated some of the triazole-hydrazine 
pyrimidine derivatives for antifungal activity and 
presented promising results as antifungal agents 
(18). 
 Based on our study on the synthesis and 
biological evaluation of azole compounds (13, 14), 
in this study, we aimed to assess the antifungal 
and antibacterial properties of a variety of novel 
pyrimidine-azole derivatives that were previously 
synthesized. The effect of these compounds on the 
growth of yeasts such as C. albicans, C. dublini-
ensis, C. glabrata, C. krusei, C.parapsilosis, C. 
tropicalis, C. neoformans and Filamentous Fungi 
of Aspergillus (A. flavus, A. fumigatus, A. clava-
tus), Pseudoalscheria (P. boydii), and Exophiala 
dermatitidis species and antibacterial effect on 
four bacterial species including Escherichia coli, 
Enterococcus faecalis, Pseudomonas aeruginosa, 
and Staphylococcus aureus were considered. The 
broth microdilution method was used for the evalu-
ation of their antimicrobial activity. Subsequently, 
interaction with the lanosterol 14-α- demethylase 
enzyme (CYP51) was analyzed using molecular 
docking studies of the tested compounds.

2. Experimental section
2.1. Materials and methods 
 All reagents and solvents were obtained 
from Merck Company. Novel synthesized com-
pounds (3a-3l) were obtained from Department of 
Medicinal Chemistry, School of Pharmacy, Shiraz 
University of Medical Sciences, Shiraz, Iran (19, 
20).

2.2. Antibacterial and antifungal assay
 Micro-dilution method was used ac-
cording to Clinical Laboratory Standard Institute 
(CLSI) for the determination of the minimum in-
hibitory concentration (MIC) of the studied com-
pounds (3a–3l) against the growth of bacteria and 
fungi. The Assay was performed at serial dilution 
on a range of 0.5-256 μg.ml-1 for all compounds 
(3a-3l) against strains of gram-positive (Staphy-
lococcus aureus and Enterococcus faecalis) and 
gram-negative (Escherichia coli and Pseudomo-
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Table 1. The structures and physicochemical properties of the test compounds (3a-3l).
ID Structure Log P M.P. (°C) ID Structure Log P M.P. (°C)
3a

N

N

O

O
CH3

N

N

3a

0.92 - 3g

N

N

O

O
CH3

Br

N
N

3g

2.42 160-165

3b

N

N

O

O
CH3

N

N

3b

1.41 120-125 3h

N

N

O

O
CH3

NN
N

3h

1.27 90-95

3c

N

N

O

O
CH3

N

N

3c

1.41 100-105 3i

N

N

O

O
CH3

NN
N

3i

1.76 125-135

3d

N

N

O

O
CH3

N

Br

N

3d

1.75 110-115 3j

N

N

O

O
CH3

NN
N

3j

1.76 125-130

3e

N

N

O

O
CH3

N
N

3e

1.59 138-140 3k
N

N

O

O
CH3

NN
N

Br3k

2.1 120-125

3f

N

N

O

O
CH3

N
N

3f

2.08 120-123 3l

N

N

O

O
CH3

NN
N

O

3l

0.15 100-105

Figure 1. 3D structure and binding pose of co-crystal (VT1) in the active site of 14-α lanosterol demeth-
ylase enzyme (5TZ1).

 

aeruginosa) bacteria. The results showed that none 
of the studied compounds had antibacterial activity 
in the concentration range of 0.5-256 μg/ml. Also, 

the results of antifungal and anti-yeast showed that 
all of the compounds had no inhibitory effect on 
microorganisms in the concentration range of 0.5-
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256 mg/ml (24). Generally, in concentrations less 
than 256 μg/ml, the compounds were not able to 
inhibit the growth of the studied bacterial and fun-
gal strains. 

3.3. Molecular docking studies
 The molecular docking study was per-
formed to confirm the obtained biological results. 
The tested compounds were docked on lanosterol 
14-α- demethylase enzyme with PDB ID: 5TZ1. 
The co-crystal ligand of 5TZ1 is a tetrazole-based 
antifungal drug candidate (VT1). The co-crystal 
docked on the 5TZ1 and the binding energy was 

obtained at -12.5 kcal.mol-1. The 3D crystal struc-
ture of the enzyme is shown in Figure 1. The key 
residues in the active site were His377 Tyr 118, 
Tyr 132, Phe 228, Phe 233, and Hem 601. Among 
the residues, His 377 participated in hydrogen 
bonding interaction, and other residues formed π 
interactions. 
 The RMSD value of re-docking of VT1 
is 1.07 Å that indicated the validation of docking. 
The re-docking conformation of docked pose and 
co-crystal of VT1 is shown in Figure 2.
 The docking results of twelve molecules 
on 14-alpha demethylase protein are shown in Ta-

Table 2. The binding energy and involved residues in the active site for test compounds (3a-3l).
ID Involved Residues in 

HB
Involved Residues in 

π interaction
Involved Residues  

in Hydrophobic
Binding Energy 

(Kcal/mol)
3a Tyr132  

Ile304
Tyr118, Hem601 
Leu376, Hem601

Ile131, Hem601 -9.1

3b - Tyr118, Leu376 
Tyr118, Hem601

Ile131, Hem601, Leu376 -9.3

3c Tyr132  
Ile304

Tyr118, Tyr132 
Hem601, Leu376 
Tyr118, Phe233 

Phe126

Ile131, Hem601  
Leu121

-9.6

3d Tyr132  
Ile304

Tyr118, Tyr132 
Hem601, Leu376 
Tyr118, Phe126 

Phe233

Ile131 
Leu121

-9.3

3e Ile304  
Tyr132

Tyr118, Hem601 
Leu376, Phe228 

Hem601

Ile131, Ile304 
Hem601, Met508

-9.6

3f Gly307 Leu376, Tyr118 
Phe233, Hem601 

Leu376

Gly307, Phe126 
Leu121, Ile131

-9.1

3g Tyr132  
Ile304

Tyr118, Tyr132 
Hem601, Leu376 
Tyr118, Phe126 
Phe228, Phe233

Ile131, Ile304 
Hem601, Leu121

-9.8

3h Tyr132,  
Ile304

Leu376, Hem601 
Tyr118

Ile131, Hem601 -9.1

3i Tyr132 Tyr118, Leu376 
Tyr118, Hem601

Ile131, Hem601 
Leu376

-9.3

3j Tyr132  
Ile304

Tyr118, Tyr132 
Hem601, Leu376, Tyr118, Phe126, 

Phe233

Ile131, Hem601 
 Leu121

-9.7

3k Tyr132  
Ile304

Tyr118, Tyr132 
Hem601, Leu376 
Tyr118, Phe126 

Phe233

Ile131, Hem601 
Leu121

-9.5

3l Hem601, Tyr132 
Hem601

Ile131, Hem601 
Tyr118

-9.0
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Figure 2. The superimposition docked pose and co-crystal of VT1 in the active site of lanosterol 14-α- 
demethylase enzyme with PDB ID: 5TZ1.

 

ble 2. As indicated the Table 2, the binding energy 
for all compounds was in the range of -9 to -9.8 k 
cal.mol-1; it was found that none of the compounds 
had the binding affinity to the active site of the pro-
tein. Figure 3 and 4. is shown the interaction and 
binding pose of the studied structures. The results 

indicated that all compounds had the same bind-
ing pose in the active site and a small part of the 
compounds was located in the binding pocket. 
Compound 6g with a binding energy of -9.8 kcal. 
mol-1 was the best compound that established the 
hydrogen bonding with Tyr132 and Ile304 and the 

 

 

3a 3b 

3c 3d 

3e 3f 

Figure 3. 2D Structures and interactions of the test compounds (3a-3f).
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π contacts with Tyr118, Tyr132, Hem601, Leu376, 
Tyr118 and Phe126 residues. The rest of the com-
pounds had almost the same interactions in the 
active site; among the key residues, most of the 
compounds interacted with Tyr 132 as hydrogen 
bonding and Tyr 118 as π interaction. Generally, 
the docking results proved that all compounds had 
a weak binding with the active site of 14-α lanos-
terols demethylase, which is consistent with the 
results of antimicrobial activities.

4. Conclusion
 A series of pyrimidine-azole hybrid de-
rivatives, which had been previously synthe-
sized (19-20) were assayed as antifungal and  
antibacterial activities by using CLSI standard 
method. The biological evaluation of all com-
pounds showed that none of the compounds had 

an inhibitory effect in the concentration range 
of 0-256 µg/ml. The molecular docking analysis 
was carried out for all of the derivatives against 
lanosterol 14-α- demethylase protein (5TZ1). The 
docking results indicated that all of the compounds 
exhibited a low binding affinity compared to the 
internal ligand of the 5TZ1 protein which con-
firmed the obtained biological effects. 
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Figure 4. 2D Structures and interactions of the test compounds (3g-3l).
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