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In order to create new mononuclear diamagnetic complexes (M = Zn (II) and Hg (II)),
fluconazole and thiocyanate ion ligands were utilized. Physicochemical and spectroscopic
approaches were used to describe the synthesized metal complexes. The spectral data show
that the fluconazole served as a bidentate ligand and linked to metal ions via the nitrogen of the
imine group, the thiocyanate ion connected to metal ions through nitrogen. The antibacterial
capacities of the strains of Candida albicans (MTCC 183) for fungi and Escherichia coli (MTCC
732) for bacteria were assessed using the disc diffusion method. The results showed that Zn (II)
and Hg (II) complexes have much stronger antibacterial activity than pure ligands because of
metal chelation. The complexes interactions with the stable free radical DPPH are measured.
The free radical scavenging activities of the complexes and the ligand have been determined
by measuring their interaction with the stable free radical DPPH. The complexes have larger

antioxidant activity as compared to the ligands.
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Fungal strains that cause invasive
infections have been posing a serious threat not
only to human health all over the world but also to
agriculture and the environment'. The Aspergillus,
Candida, Cryptococcus, and Pneumocystis species
are primarily to blame for the annual mortality of
1.5 to 2 million people from fungal infections®.
Patients with compromised immune systems, such
as those who have received hematopoietic stem
cells or solid organ transplants, and HIV-infected
individuals are particularly vulnerable to these
pathogens®. Currently, fungal infections are treated
with four classes of organic compounds categorized
according to their mode of action: polyenes like
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amphotericin B and nystatin, azoles like caspofungin
and micafungin, echinocandins like micafungin,
and antimetabolites like 5-fluorocytosine®. Due to
their broad-spectrum antifungal activity, superior
efficacy, and acceptable toxicity profile, azoles
are the most commonly used antifungal agents’.
The enzymes (cytochrome P450) involved in the
synthesis of ergosterol, a component of the fungal
cell membrane, are inhibited by this class of
antifungal agents®’. Fluconazole (fcz), a triazole
that belongs to the first generation of azoles, was
residential to treat infections caused by Candida,
such as C. albicans, C. tropicalis, C. parapsilosis,
and dermatophytes. In contrast, Aspergillus
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species or other hyphomycetes, C. krusei, and
other hyphomycetes are naturally resistant to
fluconazole, whereas C. glabrata occasionally
exhibits reduced sensitivity. Additionally, the
overuse of this antifungal agent has resulted
in a rapid rise in the number of fluconazole-
resistant strains'®. Due to fluconazole’s limited
antifungal spectrum, development of resistance,
and other drawbacks, it is urgent to discover novel
compounds that can address these issues.

Diamagnetic Zn(II) and Hg(Il) metal
complexes containing fluconazole (Fig.1) and
thiocyanate ion as ligands will be synthesized
and characterized spectrally using microwave
assisted synthesis as the primary objectives of this
investigation. The biological research is also the
focus of the ligands and their complexes.
Experimental Method
Materials

Fluconazole, metal nitrate, and potassium
thiocyanate (KSCN) were obtained from the Alfa
Aaser Company and used as such. The utilized
organic solvents, namely, The AnalaR-grade
dimethyl sulfoxide (DMSO), dimethylformamide
(DMF), methanol, and ethanol were utilized as-is
without further purification.
Synthesis of Zn(II) complex

1g(3.33 mmol) of fluconazole in methanol
and 1.00g (3.40 mmol) of KSCN in ethanol were
added to the methanolic solution of zinc nitrate
(1.00g (3.33 mmol), and this was followed by
microwave irradiation for few minutes after each
addition by using IFB 25 BG-1S model microwave
oven. The resulting precipitate was filtered off,
washed with 1:1 ethanol: water mixture and dried
under vacuum. A colorless complex was obtained
with the yield of 42.44%.
Synthesis of Hg(II) complex

1.11g (3.60 mmol) of fluconazole in
methanol and 0.54g (8.40 mmol) of 0.75g (7.50
mmol) of KSCN in ethanol were added to the
methanolic solution of mercury chloride contained
1.00g (3.42 mmol) and this was followed by
microwave irradiation for few minutes after each
addition by using IFB 25 BG-1S model microwave
oven. The resulting precipitate was filtered off,
washed with 1:1 ethanol: water mixture and dried
under vacuum. A colorless complex was obtained
with the yield of 47.02%.

Instrumentations

Thermo Finnegan’s Flash EA1112
Series CHNS(O) analyzer was used for the C,H,N
elemental analyses. At 30°C, 10-3 M solutions of
the metal complex in acetonitrile were used for the
molar conductivity measurements with a Systronic
Conductivity Bridge (model 304). On a Varian,
Cary 5000 model UV-Vis Spectrophotometer,
the complexes’ UV-Visible spectra were taken. In
KBr discs at room temperature, infrared spectra of
the complexes and ligands were recorded using a
Perkin Elmer Spectrum RX-I FT-IR Spectrometer.
The JES FA 200 EPR Spectrometer was used to
take measurements at room temperature of the
copper complex’s electron paramagnetic resonance
spectra.
Antimicrobial activity

The free fluconazole and its complexes
were tested for in vitro antimicrobial activity by
the well diffusion method using the agar nutrient
as the medium. The antibacterial and the antifungal
activities of the ligands and their complexes were
evaluated by the well diffusion method against
the strains, cultured on potato dextrose agar as
medium. In this typical procedure', a well was
made on the agar medium inoculated with the
microorganisms. The well was filled with the test
solution using a micropipette and the plate was
incubated for 24 hours for bacteria and 72 hours
for fungi at 350C. At the end of the period, the
inhibition zones formed on the medium were
evaluated as millimeters (mm) diameter12. The
microbial strains employed in the biological assays
were Escherichia coli (MTCC 732) for bacteria and
Candida albicans (MTCC 183) for fungal strains,
obtained from Microbial type culture collection
(MTCQC) at the institute of Microbial Technology
(IMTECH), Chandigarh, India.
Antioxidant activity

Antioxidant testing DPPH (1,1-diphenyl-
2-picryl-hydrazyl) was created as a set assay for
in vitro radical scavenging evaluation'® because it
exhibits immediate and constant activity for the
examined substances. Ascorbic acid (Vitamin C)
was used as the standard medication, and the DPPH
radical scavenging activity was determined by
measuring the change in DPPH’s molar absorbance
value at 517 nm at various doses (100, 200, 300,
400, and 500 g/mL) in DMSO™. One mL of the
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aforementioned solutions should be added to one
mL of DPPH solution (5§ mg per 100 mL) produced
in DMSO. The volume of the resulting solution
should then be increased with more DMSO. The
prepared mixture was shaken briskly and kept at
room temperature for about 30 minutes in complete
darkness. DPPH and DMSO were used as a
reference or blank to determine the compounds’
molar absorbance at 517 nm. The colour change
of the solution and the DPPH values at 517 nm,
which both help measure the antioxidant’s radical-
scavenging ability, are proof that the antioxidant
is actively scavenging DPPH radicals by donating
a hydrogen radical or electron to create a stable
DPPH-H molecule. The proportion of DPPH’s
free radical generation that was prevented by
radical scavenging activity was calculated using
the formula below:

Where Abscontrol stands for the
absorbance of the blank and Abssample for the
absorbance of the sample. Each test experiment was
carried out in triplicate, the data were averaged, and
the mean and standard deviation were calculated. A
graph is drawn between the concentration (g/mL)
on the X-axis and the % scavenging effect on the
Y-axis'*!6.

RESULTS AND DISCUSSION

Elemental analysis

The molecular formulas for the metal
complexes were derived from the elemental
analytical data. It matched the theoretical values
perfectly. Based on each complex’s molecular
formula'” (Table 1), the theoretical values in
parentheses are calculated.
Molar conductance

Molar conductance tests on the complexes
with acetonitrile as the solvent revealed that the
complexes did not behave like electrolytes at a
concentration of 10-3M'°. Complexes can be
formulated as non-electrolyte nature (1:0).
UV-Visible spectrum of complexes

The d shell is complete and unavailable
for bonding in the Zn(II) complex. The absence
of d electrons in the metallic bond may be the
reason why the metal is so soft in comparison to
other transition metals. Zn2+ ions lack a ligand
field stabilization effect due to their complete d
shell. The charge transfer®® transition CT band

is shown as an absorption band at 32258 cm-1
in the electronic spectrum of the Zn(II) complex
in Fig.2. The empirical formula suggests that the
Zn(Il) complex has a tetrahedral geometry with
sp3 hybridization and is diamagnetic.

The diamagnetic Hg(II) complex d10
has no bonding potential because its d shell is
completely filled. The absence of d electrons in
the metallic bond probably accounts for the metal’s
relatively softness in comparison to other transition
metals. Because of its complete d shell, Hg2+ ions
have no effect on stabilizing the ligand field. In
the electronic spectrum, the Hg(IT) complex has
only one absorption band at 37735 cm-1, which is
known as the charge transfer transition CT band?'
in Fig.2. The Hg(II) complex is said to have a
tetrahedral geometry with sp3 hybridization based
on analytical, conductance, and spectral data.
FT-IR Spectra of free ligands and their
complexes

The FT-IR spectra of the free ligands
and their complexes were recorded in the 4000-
400 cm-1 range®. According to C=N stretching
vibrations, the fluconazole FT-IR spectrum
contains strong and weak absorption bands at
1612 cm-1 and 1597 cm-1, respectively?*. The
stretching vibrations of C-N revealed distinct
peaks at 3298 cm-1 (OH stretch), 1582 cm-1
(C=C aromatic symmetric stretch), and 1512 cm-1
(C=C aromatic asymmetric stretch) at 1107 cm-1
strongly and weakly. According to the bands at
1509 cm-1 and 1098 cm-1 that were shifted to

I

Fig. 1. Structure of fluconazole
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lower frequencies, fluconazole was coordinated
to metals in a bidentate manner through the imine
nitrogen of C=N in metal complexes®*.

The IR spectra of the complexes organized
have been additionally in comparison with the
spectra stated for the thiocyanato complexes. The
C-N stretching frequency of N-bonded complicated
of thiocyanate ion became almost 2050 cm-1
shown in Fig.3 and Fig.4, It became moved via
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way of means of 58-23 cm-1 to better frequency
variety in all of the complexes?®’.

The new bands are found in the spectra
of the all synthesized metal complexes, suggesting
that the asymmetric and symmetric vibrations of
metal-nitrogen ?(M-N) bond as other evidence
for binding of ligand to metal center are seen at
460-490 cm—1 as moderate and weak peaks28.
This indicates that the ketoconazole coordinates
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Fig. 2. UV-Visible Spectrum of Zn(II) and Hg(II) complexes
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Fig. 3. FT-IR spectrum of Zn(II) complex



685

to the metal via, nitrogen atom. The bands at
484-535cm-1 have been tentatively assigned to
?(M-N) mode29, which confirm the thiocyanate
ion coordinate to the metal via., nitrogen atom.
Biological activity
Antibacterial activity

Using the agar-properly diffusion
technique under in vitro conditions, the synthesized
Zn(IT) and Hg(II) complexes as well as their
free ligand fluconazole are examined in relation
to the microorganism Escherichia coli (MTCC
732). When compared to the unattached ligand
fluconazole, the complexes have the ability to play
nice with microorganisms30. Because of increased
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activity of the metal complexes can be explained
on the basis of chelation theory, it tends to make
the ligand act as powerful and potent bactericidal
agents, thus killing more of the bacteria than the
ligand alone.
Antifungal activity

Through the agar-well diffusion method,
the antifungal properties of the loose ligand
fluconazole and the synthesized Zn(II), Hg(II)
complexes are examined against the fungus
Candida albicans (MTCC 183)*'. Compared to
fluconazole without a ligand, the complexes are
more effective against the fungi shown in Fig.5
because of metal chelating.
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Fig. 4. FT-IR spectrum of Hg(II) complex
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Fig. 5. Antimicrobial activity of Zn(II), Hg(II) complexes and fluconazole ligand against
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Fig. 6. Antioxidant activity of ligand and its complexes
Table 1. Elemental analysis and molar conductance
S.No Ligands/Complexes Elements found (Calculated) % Am
C H N M
(Q'em? mol™)
1 [Zn(FAZ),(SCN),] 41.37(39.53) 7.99(5.82) 26.94(27.73) 21.23(22.44) 94.37
2 [Hg(FAZ),(SCN),] 40.37(35.83) 8.99(7.21) 26.94(25.34) 17.36(19.13) 67.66

(Theoretical values are given in the parentheses)

Candida albicans
Antioxidant activity (Radical Scavenging
Activity)

The antioxidant activity of the free ligand
fluconazole and the complexes were determined
using the DPPH scavenger method and vitamin
C as a standard. The reducing ability of DPPH
radicals was determined by the antioxidant-
induced decrease in absorbance at 517 nm*. The
graph plots percentage capture efficiency on the
y-axis and concentration (ug/ml) on the x-axis.
The scavenging capacities of complexes were
compared with vitamin C as a standard®*-**. Metal
complexes showed enhanced activity as radical
scavengers compared to ascorbic acid. These
results are in good agreement with previous metal
complex studies where the ligand is expected to
have antioxidant activity and the metal moiety
enhances that activity*>*'. The scavenging activity
of ligands and their complexes is shown in Fig.6.

CONCLUSION

Using fluconazole and thiocyanate ions
as ligands, we recently tried to construct and
analyze diamagnetic Zn(IT) and Hg(II) complexes.
Microwave irradiation was used to create fresh
metal complexes. Various chemical and spectral
investigations were used to identify the produced
complexes. We evaluated the synthetic complexes
antimicrobial efficacy. Compared to free ligand,
metal complexes have substantial antibacterial and
antioxidant action. Because of increased activity of
the metal complexes can be explained on the basis
of chelating theory, it tends to make the ligand act
as powerful and potent bactericidal agents, thus
killing more of the bacteria than the ligand alone.
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