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INTRODUCTION

Chalcones and its derivatives show numerous organic
activities. Chalcones are medicinally critical course of materials.
It’s also used as most important intermediate for synthesis of
heterocyclic compounds like pyrazolines, isoxazolines, flavonone,
pyrimidines and so forth. They have virtually been said to possess
biological behaviour like antioxidant [1], antimalarial [2],
analgesic [3], anti-inflammatory [4], anticancer [5], insecticidal
[6], antibacterial activity [7], fungicidal [8] activities. Currently,
it’s far simply one of the reliable computational method to pick
out the interplay of two molecules, forecast the interplay power
in among two molecules as well as to locate the most effective
alignment of ligand with receptor molecule. It moreover offers
honestly useful information regarding the affinity and additio-
nally pastime of the tiny molecule on the goal proteins. Micro-
organisms have surely recognized before hand proper into
presence more than 3.5 billion years ago [9]. Efficient healing
options to combat Staphylococcus aureus infection are never-
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theless restricted. And this makes a main burden to govern
Staphylococcus aureus [10]. S. aureus is a commensally Gram-
nice bacterium, which colonizes in human nasal mucosa either
permanently or transiently [11], causing extreme infections
ultimately [12,13]. However the medical signs aren’t visualized
until the immune device is affected [14]. But, the predominant
trouble in controlling the S. aureus contamination is the inci-
dence of multi-drug resistance produced specially because of
the misuse of antibiotics. That is also as a result of the treatment
of non-bacterial infections with antibiotics or inadequate
compliance with the guidelines for drug ingestion. Conse-
quently, new healing molecule is an urgence to be delivered
as antibiotic inside the remedy of multi-drug resistant S. aureus.
Treatment for S. aureus infection encountered several roadblocks
because of high stage of penicillin, vancomycin and Methicillin
resistance [15]. For this reason, there is a needful for develo-
ping new anti-staphylococcal marketers. The enzymes DNA
gyrase B and methylthioadenosine/S-adenosylhomocysteine
nucleosidase (MTAN) are found in bacteria and absent in



humans thereby appearing as a potential target in treating the
S. aureus associated sicknesses. DNA gyrase is a type II topo-
isomerase that catalyzes the terrible supercoiling of DNA in
prokaryotes. It supercoils DNA via a system of strand breakage/
resealing and DNA wrapping [16]. Its function is essential to
DNA replication, transcription and bacteriophage λ integrative
recombination [17,18]. Its capacity to negatively supercoil a
comfortable plasmid DNA substrate is precise consequently
serving as a goal for antimicrobial pills.

MTAN has currently been determined and it’s miles
concerned in the quorum sensing pathway of microorganism
[19]. Inhibition of MTAN prevents the catalyzing mechanism
had to produce autoinducers that’s important for the bacterial
cells to sense the presence of its population. MTAN additio-
nally catalyzes the irreversible cleavage of the glycosidic bond
in 5'-methylthioadenosine (MTA) and S-adenosylhomo-
cysteine (SAH) [20]. Inhibition of MTAN leads to aggregation
of MTA and SAH substrates which in flip inhibits crucial bio-
logical strategies in microorganism like polyamine synthesis,
methylation, bacterial quorum sensing and methionine
recycling [21]. Subsequently, the absence of MTAN enzyme
in mammalian species and its vital position in microorganism
has implicated this as a target for antimicrobial drug layout
[22,23]. In chalconeimine synthesis, most of the techniques
have treasured advantages, which include moderate response
situations, accurate yields and no undesirable byproducts. The
period of the pronounced method as well as yields is not suffi-
ciently accurate. So, regardless of the aforementioned advan-
tages of this technique, we determined to sell some elements
of this studies which includes the reactivity of substrates. There-
fore, we carried out the reactions the usage of zinc oxide nano-
particles as green catalysts.

The current literature survey famous that nano-ZnO as
heterogeneous catalyst has obtained enormous interest due to
its ecofriendly nature and has been explored as a effective catalyst
for several natural changes [24]. As a result, precipitated by
means of those observations and in continuation to our hobby
in organic synthesis with the usage of nanocatalyst [25], we
record a clean and rapid catalytic software of ZnO nanopar-
ticles for one-pot synthesis of hydrazone derivatives incorpo-
rating methylene dioxy moiety.

EXPERIMENTAL

Thin layer chromatography (TLC) became used to check
the progress and final touch of the response the usage of silica
gel G as an adsorbent (stationary phase) and ethyl acetate and
hexane as cell phase. Open glass capillaries were used to deter-
mine the melting factor on famous melting point apparatus
and had been uncorrected. 1H and 13C nuclear magnetic reso-
nance spectra were recorded on Bruker Avance II 400 NMR
spectrometer (400 MHz) at 298 K, in suitable deuterated solvent.
Chemical shift were mentioned as δ (ppm) relative to tetra-
methyl silane (TMS) as internal popular. Infrared spectra (IR)
had been recorded as KBr pellet on Shimadzu toes-IR spectro-
meter.

Docking studies: X-ray crystal structures of DNA gyrase
B (PDB Id: 3G7B) and 5'-methylthioadenosine/S-adenosyl-

homocysteine nucleosidase [MTAN] (PDB identity: 3BL6)
were retrieved from the Protein Data Bank [26]. The docking
research has been achieved the use of crystal structure of DNA
gyrase of S. aureus (PDB Id: 3U2D) retrieved from the Protein
Data Bank. To put together the receptor for docking studies,
cocrystallized ligand and water molecules were eliminated, at
the same time as polar hydrogen atoms and Kollman-united
costs have been protected to the DNA gyrase receptor molecules.
The essential pdb and pdbqt documents of ligands and S. aureus
DNA gyrase receptor were prepared the usage of AutoDock
4.2 software [27]. The observe become finished the use of the
usual docking protocol applied for AutoDock Vina in PyRx
0.8 software [28]. The docking consequences were analyzed
using Discovery Studio four.Zero (Accelrys, Inc. San Diego,
CA 92121, U.S.).

Anibacterial activity: All of the synthesized chalcone-
imine derivatives (4a-e) had been tested for their antibacterial
interest towards a bacterial strain, specifically, Staphylococcus
aureus with the aid of paper disc diffusion method with various
concentrations of the derivatives prepared in dimethyl sulfoxide.
The reason of choosing DMSO for antibacterial research become
that it has no impact at the above referred to bacterial strains
[29]. Nutrient agar used as the tradition medium for the growth
of bacterial colony that turned into organized by the usage of
peptone (3.0 g), NaCl (3.0 g), yeast (1.5 g), agar (6.0 g) in 300
mL of distilled water with pH at 7.00. The prepared medium
is autoclaved at 15 pa for 20 min and kept at a 120 °C for 30
min to sterilize the media. This media became then poured
into petri-dishes slowly in laminar go with the flow surroun-
dings, allowed to solidify and stored at 30 °C for 24 h [30].
The bacterial lines have been inoculated by means of spreading
in peptidases and its temperature is maintained at 30 °C for 24
h. The usage of paper disc (8 mm) in nutrient agar medium,
exclusive concentrations (50, 100, 150 µg/mL) of the newly
synthesized chalcone imines (4a-e) were loaded via bacteria
unfastened micro pipettes. The antibacterial activity changed
into determined by means of measuring the zone of inhibition
in millimeters and as compared with standard drug amoxicellin
and cefixime.

Synthesis of ZnO nanoparticles: Natural ZnO turned
into organized through hydrolysis and oxidizing method.
Zn(NO3)2 (1 mmol) dissolved in 100 mL of distilled water with
continuous stirring. NaOH was added into brought into the
former solution drop by drop until the pH of the answer became
12. White precipitate were washed 3 times with distilled water
and dried for 24 h at 80 °C.

General procedure for the synthesis of (E)-1-(4-(difluoro-
methoxy)-3-hydroxyphenyl)-3-phenylprop-2-en-1-one (3):
4-(Difluoromethoxy)-3-hydroxybenzaldehyde (1, 0.02 mol)
and 1-(benzo[d][1,3]dioxol-5-yl)ethanone (2, 0.02 mol) have
been dissolved in 30 mL of alcohol. To this reaction mixture
40 % NaOH (10 mL) and ZnO nanoparticles catalyst (0.003 g),
in ethanol (5 mL) had been introduced. The development of the
reaction become accompanied through TLC. After completion
of the reaction, the combination became filtered to remove
the catalyst and the filtrate turned into taken in ether, washed
with water and dried over anhydrous sodium sulfate. Elimi-
nation of solvent gave the crude product which changed into
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recrystallized from methanol. m.p.: 96 °C; m.f.: C17H12O5F2;
m.w.: 334.

General procedure for the synthesis of 5-((1Z,3Z)-3-
(benzo[d][1,3]dioxol-5-yl)-4-(substituted pyridin-2-yl)buta-
1,3-dien-1-yl)-2-(difluoromethoxy)phenol (4a-e): (E)-1-(4-
(Difluoromethoxy)-3-hydroxyphenyl)-3-phenylprop-2-en-1-
one (3, 0.01 mol) and substituted aniline (0.01 mol) was dissol-
ved in ethanol (20 mL). To this mixture ZnO nanoparticles
was added and it was refluxed for 3 h. On cooling and dilution
with ice cold water, a solid mass separated out. It was recrysta-
llized from ethanol (Scheme-I). The physical data of the
synthesized compounds are given in Table-1.

TABLE-1 
PHYSICAL DATA OF VARIOUS SYNTHESIZED COMPOUNDS 

Compd. Colour m.f. m.w. Solubility m.p. 
(°C) 

4a Yellow C22H15N2O4ClF2 444 Ethanol 157 
4b Yellow C22H15N2O4ClF2 444 Ethanol 133 
4c Yellow C22H15N2O4ClF2 444 Ethanol 148 
4d Pale yellow C23H18N2O4F2 424 Ethanol 128 
4e Pale yellow C23H18N2O4F2 424 Ethanol 118 

 

RESULTS AND DISCUSSION

UV visible absorption spectra had been examined with
the aid of dispersing nano catalyst in the high purity at room
temperature (Fig. 1). The UV absorption for plant mediated
synthesized ZnO observed in wavelength 377 nm. Which is
ideal settlement with the preceding paintings [31]. Fig. 2
suggests XRD diffraction sample of ZnO nanoparticles. It’s
miles located that there exist sturdy diffraction height with 2θ
values of 31.73°, 36.23°, 47.48°, 56.58°, 62.83° and 67.88°.
Similar to the crystal planes of (100), (101), (102), (110), (103)
and (112), respectively. All diffraction peaks of sample corres-
pond to the characteristic hexagonal wurtzite shape of zinc
oxide nanoparticles. Similar, X-ray diffraction sample become
reported via Culity et al. [32] and Bhattacharyya et al. [33].
The use of the Scherer equation [34] the common crystalline
length of ZnO nanoparticles is found to be 20 nm. Diffraction
pattern similar to impurities are determined to be absent. This
proves that pure ZnO nanoparticles had been synthesized.
Hence the morphology and length of the ZnO nanoparticles
had been analyzed with the aid of scanning electron microscope.
SEM photograph had proven character ZnO nanoparticles in
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Fig. 1. UV-visible absorption spectrum of ZnO nanoparticles
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Fig. 2. XRD pattern of bio derived ZnO nanoparticles

addition to range of aggregates. Fig. 3a illustrates the particles
are predominantly round in shape and aggregates into larger
particles without a well-defined morphology The chemical

purification of samples as well as their stoichiometry changed
into tested through EDX studies. As proven Fig. 3b zinc and
oxygen are the most effec-tive fundamental additives of the
prepared nanoparticles.

In FT-IR spectrum of ZnO nanoparticles, the band at 619
cm-1 is assigned to the stretching vibrations of (Zn–O) bond.
The broad band with low intensity at 3448 cm-1 is associated to
vibration mode of (OH) group, representing the being there of
little quantity of water adsorbed on the ZnO nanoparticles surfaces.

The IR frequencies of compounds 4a-e are showed in
Table-2 in which the C=N stretching frequency come out at
1667-1586 cm-1 aromatic (CH) stretching frequencies appear
at 3093-3084 cm-1 and stretching frequency observed at 1666-
1625 cm-1 C=O group there in the derivatives.

 TABLE-2 
IR SPECTRA OF CHALCONEIMINE DERIVATIVES (4a-e) 

Frequency (νmax, cm–1) 
Compd. 

C=O C=N Ali C-H CH=CH arom C-H 
4a 1666 1597 2966 1452 3089 
4b 1645 1586 2924 1425 3084 
4c 1645 1589 2924 1448 3084 
4d 1625 1586 2926 1452 3093 
4e – 1667 2924 1450 3088 

 
The 1H NMR chemical shift values of compounds (4a-e)

are given in Table-3. The singlet observed in the range 6.30-
6.60 ppm is owing –CH2 methylene proton of 3',4'-methylene-
dioxy acetophenone moiety proton. The singlet observed at 7.41-
7.49 ppm is due –CH proton of –CHF2 moeity. The signals appe-
aring 7.14-8.38 ppm are apparently owing to aromatic protons.

The three dimensional X-ray structures of DNA gyrase B
(PDB ID: 3G7B) and MTAN (3BL6) of S. aureus, retrieve from
the Protein Data Bank are shown in Figs. 4 and 5 along with
its active site residues. DNA gyrase B and MTAN were solved
in complex with its particular inhibitors specifically, methyl
((5-(4-(4-hydroxypiperidin-1-yl)-2-phenylthiazol-5-yl)-1H-
pyrazol-3-yl)methyl)carbamate and formycin A.

(b)
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Fig. 3. SEM image (a) and EDX (b) of bio derived ZnO nanoparticles

2160  Prithivirajan et al. Asian J. Chem.



TABLE-3 
1H NMR SPECTRA OF HYRAZONE DERIVATIVES (4a-e)  

Compounds -CH2 CHF2 Aromatic protons 
4a 6.30 (2H, singlet) 7.48 (1H, singlet) 7.43-8.36 (11H, multiplet) 
4b 6.60 (2H, singlet) 7.47(1H, singlet) 7.47-7.95 (11H, multiplet) 
4c 6.55 (2H, singlet) 7.49 (1H, singlet) 7.43-8.38 (11H, multiplet) 
4d 6.58 (2H, singlet) 7.46 (1H, singlet) 7.28-7.96 (11H, multiplet) 
4e 6.55 (2H, singlet) 7.41 (1H, singlet) 7.14-8.38 (11H, multiplet) 

 

(a) 

(b) 

(c) 
(d)

Fig. 4. (a) DNA gyrase B of S. aureus; (b) Binding pose of amoxicillin with DNA gyrase B; (c) Binding pose of cefixime with DNA gyrase
B; (d) Binding pose of co-crystal structure ligand with DNA gyrase B

These complex structures of the inhibitor and the protein
and these interactions are taken as the reference for the chal-
coneimine derivative (4a-e). The co-crystallized ligand forms
the hydrogen bond interaction with the residues GLY 85, ARG
144 and ARG 84 (Figs. 4 and 5) which are there within the
ATP binding pocket. The ligand is well additional stabilized
by a number of hydrophobic contacts with the residues ILE
175, ILE 51, ILE 86, GLU 58 and PRO 87. The co-crystallized
ligand of MTAN forms several hydrogen bonds with the
residues of SER 75, ASP 196, MET 172, VAL 170, GLU 11
and GLU 173 (Table-4).

The docking studies clearly make known that some of
these compounds bind proficiently to the enzymes produced
from S. aureus. Binding score of Autodock 4.2 vary between

-8.1 to -8.8 for compounds 4a-e tested for DNA gyrase B and
-7.3 to -7.7 for MTAN (Table-5). Out of the five chalconeimine
derivatives analyzed, compound 4a forms the best interaction
with DNA gyrase B and MTAN, respectively.

The compound 4a has the highest binding score of -8.8.
The hydrogen atom on pyridine ring forms hydrogen bond
with the oxygen atom of ILE 51, SER 55 and ASP 81 (Fig. 4).
Compound 4b and 4e having a binding score of -8.5 makes
hydrogen bonds with the active site residue GLU 58 of DNA
gyrase B (Fig. 4). The hydrogen atom on pyridine ring of comp-
ound 4a forms a hydrogen bond with the side chain carboxylate
group of GLU 58 (Fig. 4). Hydrogen bond pattern are different
for these two compounds. Re-docking of the inhibitor from
the co-crystallized complex structure (Fig. 4) of DNA gyrase
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(a) 

(b) 

(c) 

(d)

Fig. 5. (a) MTAN of S. aureus; (b) Binding pose of amoxicillin with MTAN; (c) Binding pose of cefixime with MTAN; (d) Binding pose of
co-crystal formycin ligand with MTAN

TABLE-4 
INTERACTION PATTERN OF CHALCONEIMINE DERIVATIVES (4a-e) WITH DNA GYRASE B AND MTAN PROTEIN 

DNA gyrase B MTAN 
Compounds 

Hydrogen bond interaction Other interaction Hydrogen bond interaction Other interaction 
4a PHE 188, ALA 117,GLN 119 PRO 115 ILE 51, SER 55, ASP 

81,ARG 144 
ILE 102, GLU 58, ARG 
84, PRG 87 

4b ALA 128, ALA 117 PRO 115, GLN 119, SER 
120, VAL 116 

GLU 58 ARG 84, ILE 86, PRO 87 

4c ALA 117, ASN 185 GLN 119, CYS 181, TYR 
182, VAL 116, PRO 115, 
VAL 186 

  ILE 86, ASP 57, ARG 84, 
PRO 87 

4d PHE 188, ALA 178 VAL 116, ALA 117, GLN 
119, PRO 187, VAL 186 

ARG 144, ASP 81, THR 
173 

ILE 51, ILE 86, PRO 87, 
ILE 102, ARG 84 

4e CYS 181 ALA 178, SER 121, PRO 
123, PRO 187, GLN 119 

GLU 58 ARG 84, PRO 87, ILE 86, 
ALA 61 

Amoxillin GLN 119, CYS 181, PRO 
187, PHE 188, PRO 123 

TYR 182 GLU 58, ASP 81, ARG 84 ILE 175, ILE 51, ILE 102 

Cifixime PRO 165, ASP 80, ASN 166, 
LYS 140 

  ILE 51, ILE 102, ASN 54, 
VAL 130, SER 129 

ILE 86 

Co-crystallized ligand SER 75, ASP 196, MET 172, 
VAL 170, GLU 11, GLU 173 

ALA 76 GLY 85, ARG 144, ARG 
84 

ILE 175, ILE 51, ILE 86, 
GLU 58, PRO 87 

 
B resulted in a binding score of -8.1 which is comparable to
the scores found for compound 4a, 4b and 4e. The re-docked
conformation of co-crystallized ligand (Fig. 4) resembles the

conformation of chalconeimine derivatives (compound 4a, 4b
and 4e, respectively).
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TABLE-5 
BINDING SORES OF THE CHALCONEIMINE COMPOUNDS 

WITH DNA GYRASE B AND MTAN OF S. aureus 

Compounds DNA gyrase B MTAN 
4a -8.8 -7.7 
4b -8.5 -7.7 
4c -8.1 -7.6 
4d -8.1 -7.6 
4e -8.5 -7.3 

Amoxicillin -6.7 -6.9 
Cefixime -7.0 -6.5 

Co-crystallized ligand -8.1 -6.7 

 
We also analyzed the interaction and energy profile of DNA

gyrase B with the amoxicillin and cefixime (Fig. 4). The docking
of amoxillin and cefixime with DNA gyrase B of S. aureus
resulted in a binding score of -6.7 and -7.0, which is less binding
energy than compound 4a, 4b and 4e.

The compound 4a and 4b form the best interactions with
MTAN of S. aureus. The compound 4a form hydrogen bonds
with PHE 188, ALA 117 and GLN 119 of MTAN with the
binding score of -7.7. Apart from this, hydrophobic interactions
are observed between the compound 4a with PRO 115 and
compound 4b with PRO 115, GLN 119, SER 120 and VAL
116 which also contributes to the stability of this complex.
The compound 4b form hydrogen bonds with ALA 117 and
ASN 185 of MTAN with the binding score of -7.7.

The MTAN compound 4b complex is mostly stabilized
by hydrophobic and van der Waals interactions resulting in a
binding score of -7.7. In order compare the binding mode of
chalconeimine derivative with the already established inhibitor
for this enzyme, formycin A. The docking results showed that
present compounds also bind with MTAN produced from
S. aureus in a almost similar way as like formycin A. (binding
score -6.7).

We also analyzed the interaction and energy profile of
MTAN with the already available drug amoxillin and cefixime
(Fig. 5). The docking of amoxillin and cefixime with MTAN
of S. aureus resulted in a binding score of -6.9 and -6.5, which
is less binding score results found for compound 4a and 4b.

All the synthesized compounds were studied for their
antibacterial activity against clinically isolated Gram-positive
strains S. aureus using conventional disc diffusion method. The
minimum inhibitory concentration (MIC) values were calculated
by comparison to amoxicillin and cefixime as the reference
bacterial drug and they are shown in Table-6. Compounds 4a-e
have shown antibacterial activity with MIC value in the range
of 100 µg/mL against Gram-positive S. aureus. Compounds
4a, 4b and 4e have shown antibacterial activity with MIC value
in the range of 50 µg/mL against Gram-positive S. aureus. In
terms of structure activity relationship, results suggest that
compounds having chloro and methyl on pyridine ring at C-2,
3 and 5 exhibited the most potent antibacterial activity. GyrB
has been proposed as the main binding target for antibacterial
activity [35]. Molecular docking described an explanation for
the mechanism for synthesized derivatives antibacterial
activities by illustrating the interaction between chalconeimine
with GyrB and MTAN. From the docking study we predicted
that chalconeimine analogues (4a-e) possess better antibac-

TABLE-6 
MINIMUM INHIBITORY CONCENTRATIONS (MIC)  

OF CHALCONE IMINE DERIVATIVES (4a-e)  
AGAINST Staphylococcus aureus 

Zone of inhibition (mm) 
Compound 

50 µg/mL 100 µg/mL 150 µg/mL 
4a 17 24 27 
4b 19 24 26 
4c 15 21 24 
4d 16 20 22 
4e 21 26 26 

Amoxicillin (100 µg/mL) – 28 – 
Cefixime (100 µg/mL) – 28 – 

Control – – – 

 
terial activity equal to the standard drugs by having good binding
affinity with target protein and it could be used as potential
drug as antimicrobial. Amongst all the docked compounds, com-
pound 4a, 4b and 4e shows good binding affinity and inter-
action with DNA gyrase and MTAN enzymes with reference
to amoxicillin and cefixime. It was found that the predicted
docking results using Autodock 4 software were quite accurate
after comparing it with the actual antimicrobial activity.

Conclusion

We documented a one-pot synthesis of hydrazone deri-
vatives incorporating fluoro and methylene dioxy moiety. We
have demonstrated a relatively efficient catalytic method for
the one-pot synthesis of chalconeimine derivatives catalyzed
successfully via ZnO nanoparticles. This method gives many
benefits consisting of avoidance of dangerous organic solvents,
high yield, quick reaction time, simple work-up method, ease
of separation and recyclability of the catalyst. Docking analysis
of all of the 5 chalcone imine derivatives (4a-e), capsules
amoxillin and cefixime, co-crystallized ligands of DNA gyrase
B and MTAN with the protein objectives, DNA gyrase B and
MTAN produced from S. aureus found out important inter-
actions among the derivatives and enzymes. The docking
research with the structure of chalcone imine derivatives show
that the compound 4a, 4b and 4e being small and compact
molecule are positioned deep into the energetic website online
of the MTAN and DNA gyrase B produced from S. aureus.
With a view to compare chalconeimine derivatives for its
performance standard tablets amoxicillin, cefixime and co
crystallized ligands methyl ((5-(4-(4-hydroxypiperidin-1-yl)-
2-phenylthiazol-5-yl)-1H-pyrazol-3-yl)methyl)carbamate and
formycin A is covered in our docking studies. The antibacterial
interest of synthesized novel chalcone-imine derivatives were
correctly screened towards Gram-nice S. aureus bacterial
strain. Most of those compounds display slight antibacterial
activity comparable with to marketable compounds. The zone
of inhibition of tested compounds indicates, the chalconeimine
derivative 4a, 4b and 4e encompass powerful bio-sports
towards bacterial pressure. Due to the robust bio-pastime of
our synthesized hydrazones can be further allowed to strive
different bio-activities in opposition to a number of diseases
and this paintings may be valuable for further research in
terms of toxicity effect and amount structural activity relation-
ship (QSAR) to improve their organic and pharmacological
researches.
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