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1. Introduction

The frequency of microbial infections is 
increasing globally even though vigorous research 
devoted to the discovery and development of 

novel antimicrobial agents.[1] The problem 
of drug resistance increased dramatically 
due to appearance of multiresistant strains of 
bacteria.[2] Various attempts were carried out 
to the current existing drugs for reducing the 
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microbial resistance.[3] The literature survey 
reveals that tetrazole containing azodyes 
derivatives have been reported [4] and possess 
antimicrobial activity.[5] Tetrazole derivatives 
are well known compounds for possessing high 
level of biological activities [6]. It includes 
antiviral, antibacterial, antifungal, antiallergic, 
anticonvulsant and anti-inflammatory properties 
[7]. Recently, Popova et. al. and others [8] 
reported new tetrazole derivatives as promising 
compounds for anticancer activity. Tetrazoles 
have also found a wide range of applications 
in explosives, photography and information 
recording systems [9]. They are precursors for 
a variety of nitrogen containing heterocyclic 
compounds [10]. It exhibit stronger resistance 
to in vivo metabolization than the carboxylate 
group, thus conferring to the corresponding 
drug longer lifetimes (bioavailability) in 
blood [11]. Owing to their wide importance, 
much attention is being paid to the tetrazole 
containing heterocyclic compounds [12]. 
Azodyes play a major role in textile, printing, 
leather, papermaking, drug and food industries 
[13]. However, very few heterocyclic azodyes 
are reported in literature having antimicrobial 
and antioxidant activities [14]. In the present 
study, we have synthesized tetrazole containing 
azodye derivatives. In addition, antimicrobial 
activity and docking study of newly synthesized 
compounds is reported.

2. Materials and Methods

2.1 General

All reagents were purchased from Merck and 
Aldrich and used without further purification. 
Melting points were determined in open 
capillaries and are uncorrected.  1H and 13C 
NMR spectra were recorded on a Bruker 400 
MHz and 100 MHz spectrometer respectively. 

 2.2. General procedure for the preparation 
of tetrazole containing azodye derivative.

Substituted tetrazole amine (20 mmol), Fe3O4@
SiO2-SO3H MNPs (20 mol%) and sodium 
nitrite (40 mmol) were grinded in a mortar with 
a pestle for a few minutes. Then, a few drop 
of water was gradually added to the reaction 
mixture and grinding continued for further 10 
minutes to obtain a homogeneous mixture. 
Then, the corresponding coupling reagent (20 
mmol) was added to the diazonium salt and the 
grinding continued till the reaction completion. 
The progress of the reaction was monitored by 
TLC. The crude product was extracted with 
ethyl acetate and solid acid was magnetically 
separated. The solvent was evaporated by rotary 
evaporator and the crude product purified by 
recrystallization in ethanol.

2.3. Characterization of the synthesized 
compounds

1-((3-methyl-4-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-2-ol (3a):
1H NMR (CDCl3, 400 MHz): δ 2.17 (s, 3H), 
2.51 (s, 3H), 6.80 (d, J = 10 Hz, 1H), 7.31 (t, 
J = 8 Hz, 1H), 7.45 (d, J = 8 Hz, 1H), 7.59 (t, 
J = 8 Hz, 2H), 7.67-7.75 (m, 3H), 8.50 (d, J = 
8Hz, 1H), 16.20 (s, 1H). 13C NMR (CDCl3, 100 
MHz): δ 9.10, 17.67, 116.03, 120.01, 122.06, 
125.69, 126.80, 128.15, 128.37, 128.99, 129.44, 
129.91, 131.05, 133.29, 137.11, 142.20, 145.64, 
152.67, 176.69.

1-((4-methyl-2-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-2-ol (3b):
1H NMR (CDCl3, 400 MHz): δ 1.74 (s, 3H), 
2.73 (s, 3H), 2.74 (s, 3H), 6.34 (s, 1H), 6.78-
6.80 (m, 2H), 7.74-7.80 (m, 1H), 7.82-7.99 (m, 
1H), 8.01 (s, 1H), 12.61 (s, 1H).

1-((4-methyl-2-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-2-ol (3c):
1H NMR (CDCl3, 400 MHz): δ 2.47 (s, 3H), 
2.59 (s, 3H), 6.57 (d, J = 8 Hz, 1H), 6.77 (d, J = 
8 Hz, 1H), 7.27-7.29 (m, 4H), 8.00 (s, 1H), 8.35 
(d, J = 4 Hz, 1H), 8.47 (d, J = 8 Hz, 1H), 15.24  
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(s, 1H).

4-((4-(5-methyl-1H-tetrazol-1-yl)phenyl)
diazenyl)benzene-1,3-diol (3d): 

1H NMR (CDCl3, 400 MHz): δ 2.73 (s, 3H), 
6.79 (d, J = 9.6 Hz, 1H), 7.00 (s, 1H), 7.74 (d, J 
= 6.8 Hz, 1H), 8.33 (d, J = 10 Hz, 2H), 8.74 (d, 
J = 8.4 Hz, 2H), 12.61 (s, 2H).

4-((3-methoxy-4-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-1-ol (3e): 

1H NMR (CDCl3, 400 MHz): δ 2.45 (s, 3H), 
3.90 (s, 3H), 6.69-6.76 (m, 1H), 7.12-7.48 (m, 
2H), 7.62-7.82 (m, 2H), 7.99-8.22 (m, 1H), 8.51 
(d, J = 8 Hz, 1H), 8.66-8.75 (m, 1H), 9.01 (s, 
1H), 12.24 (s, 1H).

4-((4-methyl-2-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-1-ol (3f):
1H NMR (CDCl3, 400 MHz): δ 2.67 (s, 6H), 
6.58 (d, J = 8 Hz, 1H), 6.81 (d, J = 12 Hz, 1H), 
7.74 (s, 1H), 7.81-7.87 (m, 4H), 8.49 (d, J = 8 
Hz, 1H), 8.92 (d, J = 8 Hz, 1H), 16.12 (s, 1H). 
13C NMR (CDCl3 + DMSO-d6, 100 MHz): δ 
13.38, 22.02, 112.26, 115.87, 117.44, 120.91, 
121.83, 122.06, 124.46, 125.93, 126.89, 128.28, 
134.92, 139.01, 142.23, 144.94, 149.14, 156.15, 
159.26.

1-((3-methoxy-4-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-2-ol (3g):
1H NMR (CDCl3, 400 MHz): δ 2.49 (s, 3H), 
3.95 (s, 3H), 6.79 (d, J = 8 Hz, 1H), 7.37-7.46 
(m, 4H), 7.58 (t, J = 8 Hz, 2H), 7.73 (d, J = 8 Hz, 
1H), 8.45 (d, J = 8 Hz, 1H), 16.25 (s, 1H). 13C 
NMR (CDCl3 + DMSO-d6, 100 MHz): δ 13.38, 
57.78, 119.91, 121.45, 123.24, 126.43, 128.82, 
129.78, 132.93, 136.68, 136.93, 139.24, 142.42, 
144.65, 147.57, 154.75, 158.01, 161.12, 165.63.

4-((3-methoxy-4-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)benzene-1,3-diol (3h):
1H NMR (CDCl3, 400 MHz): δ 2.50 (s, 3H), 
3.96 (s, 3H), 6.43 (d, J = 8 Hz, 1H), 7.05 (s, 
1H), 7.11 (d, J = 8 Hz, 1H), 7.34 (d, J = 4 Hz, 

1H), 7.40 (d, J = 8 Hz, 1H), 7.44 (s, 1H), 15.39 
(s, 1H); 15.89  (s, 1H). 13C NMR (CDCl3 + 
DMSO-d6, 100 MHz): δ 11.98, 51.48, 120.15, 
122.47, 124.18, 127.27, 127.89, 131.01, 133.60, 
136.42, 141.45, 153.55, 157.62, 163.31, 166.56.

7-hydroxy-8-((3-methoxy-4-(5-methyl-1H-
tetrazol-1-yl)phenyl)diazenyl)-4-methyl-2H-
chromen-2-one (3j): 

1H NMR (CDCl3, 400 MHz): δ 1.73 (s, 3H), 
1.74 (s, 3H), 3.82 (s, 3H), 6.34 (s, 1H), 6.78-
6.80 (m, 2H), 7.74-7.80 (m, 1H), 7.82-7.99 (m, 
1H), 8.02 (s, 1H), 12.61 (s, 1H).

4-bromo-2-((3-methoxy-4-(5-methyl-1H-
tetrazol-1-yl)phenyl)diazenyl)aniline (3k): 

1H NMR (CDCl3, 400 MHz): δ 2.46 (s, 3H), 
3.85 (s, 3H), 5.30 (s, 2H), 6.65-6.79 (m, 3H), 
7.12-7.18 (m, 1H), 7.31-7.53 (m, 1H), 8.23 (s, 
1H).

3. Results and Discussion

3.1. Chemistry

In continuation with our ongoing efforts 
for synthesis bioactive natural or synthetic 
compounds [15], we planned to synthesize 
tetrazole containing azodyes. Firstly, we 
prepared 1, 5-disubstituted tetrazole containing 
amines (1a-d) by using reported procedure 
[16]. Diazonium salts are very important 
intermediates in the synthesis of organic 
compounds, especially azodyes. However, the 
poor thermal stability of diazonium salts, strong 
acidic conditions, and the difficulty to separate 
the acidic catalysts from the reaction medium 
limit the application of these compounds. 
Hence, we performed the diazotization reaction 
in the presence of a magnetic solid acid catalyst 
[17]. Initially, we performed diazotization 
of 3-methyl-4-(5-methyl-1H-tetrazo-1-yl)
aniline (1a) in presence of sodium nitrite and 
Fe3O4@SiO2-SO3H solid acid catalyst followed 
by coupling with β-naphthol (2a) to furnish 
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1-((3-methyl-4-(5-methyl-1H-tetrazol-1-yl)
phenyl)diazenyl)naphthalen-2-ol (3a) as a 
model reaction. The structure of compound 
is confirmed by 1H NMR and 13C NMR data. 
The characteristic singlet of O-H is appeared at 
highly downfield δ 16.20 ppm, while benzene 
methyl and tetrazole methyl are appeared at 
highly upfield as singlet at δ 2.17 ppm and 2.51 
respectively. The remaining C-H peaks are as 
shown in figure 1. The peak at δ 176.69 ppm 
is of tetrazole carbon adjacent to methyl. The 
carbon adjacent to O-H is appeared at δ 152.67 
ppm, while the carbons attached to -N=N- is 
appeared at δ 142.20 and 145.64 ppm.     

Fig. 1. Spectral explanation of 1-((3-methyl-4-
(5-methyl-1H-tetrazol-1-yl)phenyl)diazenyl) 

naphthalen-2-ol (3a)

After establishing the suitable optimum 
conditions, we checked the generality of 
this method. The reactions of different 1, 
5-disubstituted tetrazole amines (1a-d) and 
coupling partners (2a-f) to furnished the 
corresponding tetrazole containing azodye 
derivatives (3a-k) with good yields by the 
grinding method under solvent free conditions 
at room temperature (Table 1). The structures of 
all azodye derivatives obtained were confirmed 
by their spectral and physical data. 
 
Scheme: Synthesis of tetrazole containing 
azodye derivatives.
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Table 1. Synthesis of tetrazole containing azodye derivatives.
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3.2. Biology

3.2.1. Antibacterial and antifungal activity:

All tetrazole containing azodye synthesized 
compounds were screened in vitro for 
the antibacterial and antifungal activity. 
Antibacterial activity was evaluated against 
Gram positive and Gram negative bacterial 
pathogens. Staphylococcus aureus, Bacillus 
cereus, Bacillus megaterium, Micrococcus 
glutamicum, Bacillus subtilis were Gram positive 
pathogens used in this study. Escherichia coli, 
Salmonella typhi, Shigella boydii, Enterobacter 
aerogenes, Pseudomonas aerogenosa, 

Salmonella abony were the used Gram negative 
pathogens. Antifungal activities of synthesized 
compounds were determined against Aspergillus 
niger, Saccharomyces cereviseae, Candida 
albicans fungal pathogens. Tetracyclin and 
fluconazol were used as standard antibacterial 
and antifungal drug respectively. DMSO was 
used as control solvent. The antimicrobial 
activity was determined by agar well diffusion 
method as described by Mancini et al. (2004) 
[18]. Antimicrobial activity was confirmed if 
the zone around the agar well was observed. 
Zones were measured and recorded. The results 
of compound 3g and 3k were as good as the 
standard drug, so these two compounds might 
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serve as a good antimicrobial for broad range 
of bacterial and fungal pathogens. Compound 
3k is very effective (more than standard) 
against S.typhi. It might be due to the presence 
of electron releasing amino group and bromine 
on the benzene ring. Another three compounds 
3a, 3b and 3g are showing good antimicrobial 
activity due the presence of tetrazole ring at 
para position and electron donating substituents 
(-OCH3 and -CH3) at meta position. Also, the 
β-naphthol like substituents are present on 
-N=N- bond. 

Table 2. Antibacterial activity of tetrazole 
containing azodye derivatives.

 
Compounds→

Pathogens ↓ 3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3k Standard

S.typhi  
ATCC9207

18 16 -- -- -- -- 14 -- 12 14 27 24

E.aerogenes 08 17 -- 12 -- -- 06 13 -- -- 08 27
B.subtilis  
ATCC 6633

15 14 12 -- 10 -- 19 -- 14 10 30 25

C.albicans  
ATCC10231

13 15 -- -- -- -- 24 14 -- -- 22 25

P.aerugenosa  
ATCC9027

07 12 -- 06 -- -- 16 -- -- -- 16 33

S.abony  
NCTC6017

12 11 -- -- 09 -- 23 13 14 -- 20 21

B.megaterium  
ATCC 2326

11 10 15 -- -- -- 15 -- -- -- 23 20

E.Coli  
ATCC8739

18 12 -- 10 -- -- 15 -- 11 13 18 20

S.aureus  
ATCC 6538

10 14 13 -- -- -- 15 -- -- -- 24 33

S.boydii 12 12 -- -- 15 -- 20 -- 12 -- 25 26
S.cerevisiae  
ATCC 9763

13 08 -- -- -- -- 17 -- -- -- 12 20

A.niger  ATCC 
16404

12 09 -- -- -- -- 15 08 -- -- 20 25

B.cereus 16 17 08 14 14 -- 11 -- 13 11 15 28

M.glutamicus 17 18 -- -- -- -- 14 05 -- -- 14 30

  
3.2.2. Minimal inhibitory concentration 
(MIC): Minimum inhibitory concentration 
(MIC) is the lowest concentration of an 
antimicrobial (compounds) drug that will inhibit 

the visible growth of a microorganism after 
overnight incubation. The MIC was determined 
for the most potent selected antimicrobial 
compounds 3a, 3b, 3g and 3k. The MIC was 
determined against B. subtilis ATCC 6633, S. 
typhi ATCC 9207, E. Coli ATCC 8739, S. abony 
NCTC 6017 and C. albicans ATCC 10231. The 
MIC was determined by following of Kumar 
et al., (2012) [19] with some modification. 
From the table 3, it has been observed that the 
compound 3k was found to inhibit the visible 
growth of B. subtilis ATCC 6633, S. typhi ATCC 
9207, E. Coli ATCC 8739 and C. albicans 
ATCC 10231 at low concentration with MIC 
values 16, 18, 45 and 55 µg/ml respectively. 
While, the compound 3g was found to inhibit 
the visible growth of S. abony NCTC 6017 at 
low concentration with MIC value 18 µg/ml.

Table 3. MIC determination of most potent 
antimicrobial compounds.

Compounds→
Pathogens ↓ 3a 3b 3g 3k Standard

B. subtilis ATCC 
6633 70 70 50 16 3.5 (Tetracycline)

S. typhi ATCC 
9207 95 85 55 18 3.0 (Tetracycline)

E. Coli  ATCC 
8739 70 60 50 45 4.5 (Tetracycline)

S. abony NCTC 
6017 90 95 18 30 2.25 (Tetracycline)

C. albicans 
ATCC 10231 98 90 70 55 12. 5 (Fluconazole)

3.2.3. Molecular Docking Study:

Molecular docking has become an integral 
component of the drug discovery toolbox, and its 
relatively low-cost implications and perceived 
simplicity of use has stimulated an increasing 
popularity in academic and industrial research 
communities. Broadly used in modern drug 
design, molecular docking methods explore 
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the ligand conformations adopted within the 
binding sites of macromolecular targets and 
imparts knowledge on binding affinities and the 
associated thermodynamic interactions involved 
in the intermolecular recognition process that 
influence the inhibition of the pathogen. Thus, 
with the aim of rationalizing the significant 
antimicrobial activity demonstrated by the 
tetrazole containing azodye derivatives (3a, 3b, 
3g and 3k) and to understand the molecular basis 
of their interactions, a molecular docking study 
was carried out against DNA gyrase subunit b 
(pdb id:1KZN)  as the target receptor. GLIDE 
(Grid-Based Ligand Docking with Energetics) 
module integrated in the Small Drug Discovery 
Suite of Schrödinger molecular modeling 
software (Schrödinger, LLC, New York, NY) 
was used to carry molecular docking study [20]. 
With this purpose, the crystal structure of target 
enzyme- DNA gyrase subunit b was retrieved 
from the Protein Data Bank (RCSB) (http://
www.rcsb.org/pdb). The protein structure was 
preprocessed for docking simulation using the 
Protein Preparation Wizard which includes 
eliminating the crystallographically observed 
water molecules (since they were not found to be 
conserved in the interaction with the enzyme); 
appending the missing hydrogens/side chain 
atoms corresponding to pH 7.0 considering the 
appropriate ionization states for the acidic as 
well as basic amino acid residues, assignment 
of appropriate charge and protonation state 
and finally energy minimization  of obtained 
structure until the average r. m. s. d. reached 
0.3Å. The 2D structures of the most active 
azodye derivatives (3a, 3b, 3g and 3k) to be 
docked were sketched with the build panel in 
Maestro and converted to energy minimized 3D 
structures using ligand preparation tool. The 
active site of the enzyme were defined using 
the Receptor Grid Generation panel for which 
a grid box of 12X12X12Å dimensions around 
the centroid of the native ligand was generated 
which was sufficient to explore a larger space of 
the enzyme cavity. These optimized protein and 

ligand geometries were then used as input for the 
docking calculation against the defined active 
site using with extra precision (i.e., GlideXP) 
scoring function to estimate the protein–ligand 
binding affinities  and to rank the docked 
conformations. The output files generated in 
the form of the docking poses were visualized 
and analyzed using the Maestro’s Pose Viewer 
for the key interactions with the residues lining 
the active site. The optimized ligands were then 
subjected to docking against the defined active 
site of DNA gyrase using with extra precision 
(i.e., GlideXP) scoring function to gauze their 
binding affinities and mode of interaction. The 
best docking poses obtained for these ligands 
were visualized for the mode of binding and 
analyzed for the key interactions with the active 
site residues using the Maestro’s Pose Viewer 
utility. 

Bacterial DNA gyrase, is a ubiquitous enzyme 
that play a crucial role in the control of bacterial 
replicative DNA synthesis. It controls the 
topological state of DNA within cells and is 
critical for the essential processes of protein 
translation and cell replication. This enzyme is 
composed of two subunits, namely GyrA and 
GyrB subunits where the A subunit is engaged 
in interactions with DNA and contains the active 
site tyrosine responsible for DNA cleavage, 
while the GyrB subunit encompasses the active 
site of ATPase required for ATP hydrolysis which 
is further required for maintenance of DNA 
topology during the replication process [21]. 
Inhibition of this enzyme blocks the relaxation 
of supercoiled DNA and disrupts DNA synthesis 
leading to cell death.  Furthermore, it is exclusive 
to the prokaryotic kingdom and is essential 
across bacterial species for the survival of their 
making it a key drug target for antibacterial 
chemotherapy. The fluoroquinolones are 
examples of successful gyrase-targeted drugs, 
but rapidly emerging resistance to these agents 
necessitates development of novel compounds 
with new mechanism of actions against this 
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enzyme. 

A perusal of the ensuing docking simulation 
revealed that all the four active azodye derivatives 
(3a, 3b, 3g and 3k) could snuggly lock into the 
active of DNA gyrase at the co-ordinates close 
to that of the native ligand with significant 
binding affinity via formation of several bonded 
and non-bonded interactions. They produced 
an average docking score of -8.542 with Glide 
energy of -43.628kcal/mol.  The Glide energy 
signifies the energy required for the formation 

of complex between ligand and the enzyme; 
lower values signify excellent binding affinity. 
It also indicates that the ligand is buried inside 
the cavity of the enzyme. Furthermore a detailed 
per-residue interaction analysis between these 
compounds and the residues lining the active 
site of the enzyme was performed to understand 
the thermodynamic elements governing the 
binding of these molecules through which we 
can speculate the binding patterns in the cavity 
which is elaborated for 3b in the next section 
and is summarized in table 4 for 3a, 3g and 3k.

Code Glide 
Score

Glide 
Interaction 
Energy
(kcal/mole)

Per-Residues interactions

Van der Waals (kcal/mol) Coulombic
(kcal/mol)

H-bonds 
(Å)

Pi-Pi 
Stacking
(Å)

3a -8.172 -43.568

Val167 (-1.249), Thr165 (-4.125), 
Arg136 (-1.343), Ser121 (-1.458), Val120 
(-1.441), Gly119 (-2.118), Ala96 (-1.723), 
His95 (-1.048),  Ile90 (-2.842), Pro79 
(-2.078), Ile78 (-4.152), Gly77 (-1.237), 
Arg76 (-1.321), Asp73 (-1.79) , Glu50 
(-1.561), Ala47 (-1.868), Asn46 (-4.135), 
Val43 (-1.878)

Gly119 (-1.234), 
His95 (-1.611), 
Gly77 (-1.272),  
Arg76 (-2.843),  
Asp74  (-1.038), 
Asp73 (-4.062), 
Glu50 (-4.058)

Glu50 
(1.74)

Arg76 
(2.404)

3b -8.882 -43.952

Val167 (-1.376), Thr165 (-1.726), Arg136 
(-1.63), Ser121 (-1.545), Val120 (-1.489), 
Gly119 (-2.002), Ala96 (-1.723), His95 
(-1.109), Ile90 (-2.176), Pro79(-4.112), 
Ile78(-5.392), Gly77(-1.794), Arg76(-
4.673), Asp73(-1.88), Glu50(-3.558), 
Ala47(-1.22), Asn46(-2.664)

Gly119 (-1.456), 
His95 (-1.921), 
Gly77 (-1.718), 
Arg76 (-3.223), 
Asp74 (-1.678), 
Asp73 (-1.067), 
Glu50 (-3.054) 

Thr165 
(2.21), 
Gly77 
(2.23)

Arg136 
(2.193), 
Arg76 
(2.139)

3g -8.871 -43.159

Val167 (-1.311), Thr165 (-3.123), 
Arg136 (-1.256), Ser121 (-1.403), Val120 
(-2.026), Gly119 (-2.45), Ala96 (-1.111), 
His95 (-1.120), Ile90 (-1.827), Pro79 
(-1.936), Ile78 (-3.351), Gly77 (-1.215), 
Arg76 (-1.064), Asp73 (-1.131), Glu50 
(-1.703), Ala47 (-1.023), Asn46 (-5.159), 
Val43 (-1.714)

Gly119 (-1.089), 
His95 (-1.794), 
Gly77 (-1.367), 
Asp73 (-6.102), 
Glu50 (-1.706), 
Asn46 (-1.442) 

Glu50  
(1.84)

Arg76 
(2.191)

3k -8.78 -43.834

Val167 (-1.811), Thr165 (-2.183), 
Arg136 (-1.471), Ser121 (-1.446), Val120 
(-1.183), Gly119 (-1.976), Ala96 (-1.723), 
His95 (-1.113), Ile90 (-1.153), Pro79 
(-3.846), Ile78 (-3.343), Gly77 (-1.745), 
Arg76 (-5.6), Asp73 (-2.621), 72 (-1.214), 
71 (-1.871), Glu50 (-3.13), Asp49 
(-2.064), Ala47 (-2.281), Asn46 (-3.033), 
Val43 (-2.152)

Arg136 (-4.727), 
Gly119 (-1.234), 
Asp73 (-2.188), 
Glu50 (-2.076), 
Asp49 (-1.254), 
Asp45 (-1.069), 
Glu42 (-2.079)

Arg136 
(2.05), 
Asp73 
(1.92)

Arg76 
(2.161) 

Table 4. Quantitative per-residue interaction analysis of the Molecular docking study on DNA 
gyrase enzyme for the most active azodye derivatives.
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The lowest energy docked conformation (Fig. 
3) of 3b revealed that the compound binds with 
a significantly higher binding affinity through 
multiple interactions with the residues in the 
active site. It binds with a docking score of 
-8.882 with a Glide energy of -43.952Kcal/
mol. Quantification of per-residue interactions 
with active site indicate that the two halves of 
the molecule represented by quinolone ring 
attached to azo group and tetrazolo phenyl 
ring attached to azo group showed a balanced 
network of interactions with the active site 
to hold the molecule within. The compound 
is stabilized in the active site of DNA gyrase 
through an extensive network of favorable van 
der waals interactions with Val167 (-1.376 kcal/
mol), Thr165 (-1.726 kcal/mol), Val120 (-1.489 
kcal/mol), Gly119 (-2.002 kcal/mol), Ile90 
(-2.176 kcal/mol), Ile78 (-5.392 kcal/mol), 
Gly77 (-1.794 kcal/mol), Asp73 (-1.88 kcal/
mol), Glu50 (-3.558 kcal/mol), Ala47 (-1.22 
kcal/mol), Asn46 (-2.664 kcal/mol) residues 
through the quinolone ring attached to azo 
group while the other half i. e. tetrazolo phenyl 
ring attached to azo group was observed to be 
involved in a similar network of interactions 
with Arg136 (-1.63 kcal/mol), Ser121 (-1.545 
kcal/mol), Ala96 (-1.723 kcal/mol), His95 
(-1.109 kcal/mol), Pro79 (-4.112 kcal/mol) and 
Arg76 (-4.673 kcal/mol)  residues lining the 
active site of enzyme. The enhanced binding 
affinity can also be attributed to the significant 
electrostatic interactions observed via Gly119 
(-1.456 kcal/mol), His95 (-1.921 kcal/mol), 
Gly77 (-1.718 kcal/mol), Arg76 (-3.223 kcal/
mol), Asp74 (-1.678 kcal/mol), Asp73 (-1.067 
kcal/mol), Glu50 (-3.054 kcal/mol) residues. 
The interlocking of 3b is further enhanced by 
two hydrogen bonds and two pi-pi stacking 
interactions. A very close hydrogen bonding 
interaction was observed between the quinolone 
oxygen and Thr165 and Gly77 residues with a 
bond distance of 2.21 Å and 2.23 Å. Furthermore 
two very prominent pi-pi (π- π) stacking 
interactions were observed first between the 

tetrazole ring and Arg76 (2.139 Å), while the 
second was observed between the phenyl ring 
and Arg136 (2.193 Å). Such hydrogen bonding 
and Pi- stacking interactions “anchor” the ligand 
into the active site of enzyme facilitating the 
steric and electrostatic interactions. The other 
active analogues- 3a, 3g and 3k (Fig. 2, 4 and 
5 respectively) also exhibited a similar mode 
of binding and network of bonded and non-
bonded interactions. An overview of the per-
residue interaction analysis indicates that the 
mechanical interlocking of these compounds is 
dominated by the steric complementarity with 
the active site of DNA gyrase as reflected in 
the relatively higher contribution of favorable 
van der waals interactions compared to the 
other components adding to the overall binding 
affinity. Thus the molecular docking study 
suggests that these azo derivatives possess 
excellent affinity for the DNA gyrase qualifying 
them as potential starting points for structure-
based lead optimization.

Fig. 2. Binding mode of 3a into the active site 
of DNA gyrase CYP51 (on right side: green 
lines signify π-π stacking interactions while 
the pink lines represent the hydrogen bonding 
interactions).

Fig. 3. Binding mode of 3b into the active site 
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of DNA gyrase CYP51 (on right side: green 
lines signify π-π stacking interactions while 
the pink lines represent the hydrogen bonding 
interactions). 

Fig. 4. Binding mode of 3g into the active site 
of DNA gyrase CYP51 (on right side: green 
lines signify π-π stacking interactions while 
the pink lines represent the hydrogen bonding 
interactions). 

Fig. 5. Binding mode of 3k into the active site 
of DNA gyrase CYP51 (on right side: green 
lines signify π-π stacking interactions while 
the pink lines represent the hydrogen bonding 
interactions). 

4. Conclusion

In conclusion, we have reported a series of 
novel tetrazole containing substituted azodye 
derivatives. These azodyes were synthesized 
via diazotization reaction of 1, 5-disubstituted 
tetrazole containing amines in presence of 
Fe3O4@SiO2-SO3H solid acid catalyst followed 
by coupling reaction. The structures of the 
compounds were characterized by 1H NMR 
and 13C NMR spectra.  The compounds 3a, 3b, 
3g and 3k have shown very good antibacterial 
and antifungal activity. Furthermore, the 

docking simulations and more specifically the 
per-residue interaction energy analysis suggest 
that these compounds have promising affinity 
for the DNA gyrase enzyme making them 
pertinent starting points for structure-based lead 
optimization.
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