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Abstract The complex of dibutyltin(IV) dichloride with Schiff-base
of hydrazone ligand has been synthesized and characterized. The
complex formed was characterized by conductance measurements,
elemental analysis, TGA, FTIR, and 1H NMR. DFT calculations have
been achieved to study the equilibrium geometry of hydrazone ligand
and its dibutyltin(IV) complex. The optimization of the dibutyltin(IV)
complex structure shows that the Sn atom is six-coordinated in an
octahedral geometry and the hydrazone ligand nitrogen atoms and
the two chloride ions are in one plane. The distance between the two
nitrogen atoms in the free hydrazone ligand is 2.944 Å and decreased
to 2.647 Å in the complex. The anti-microbial activities of the ligand L
and dibutyltin(IV) dichloride and [Sn(C4H9)2LCl] complex have been
done against various strains of bacteria antimicrobial Staphylococcus
aureus (+ve), Klebsiella pneumonia (-ve), Escherichia coli (-ve) and
against antifungal Candida albicans. The complex exhibited higher
activity against Gram-positive Staphylococcus aureus than Gram-
negative Escherichia coli and Klebsiella pneumonia. The optimized
most stable configurations of the ligand and [Sn(C4H9)2LCl] were
obtained from the Gaussian 09 proGram. Molecular docking was
performed using MOA2022 software on Staphylococcus aureus
(Gram +ve bacteria) (PDB ID: 1jij) and antifungal Candida albicans.

Keywords dibutyltin(IV) complexes; hydrazone; Schiff-bases;
biological studies, DFT, docking

1. Introduction
The anticancer activity of coordination compounds,
R2SnX2L’s, is determined by the properties of the ligand.
The coordinated ligand (L) facilitates drug trafficking into
cells in a certain fashion, but the organotin(IV) moiety that is
separated from the complex is responsible for any anticancer
action [1]. The latter would behave similarly to how the
commonly used anticancer medication cisplatin interacts
with nucleic acids. Consequently, there is a connection
between the anticancer activity of the organotin(IV)
compounds and their stability. This is combined with
our earlier research on complexes of organotin(IV) [2,3,4,
5,6,7,8,9,10,11,12,13].

Schiff-bases have shown various biological actions
in biological chemistry, such as antibacterial, analgesic,
anti-inflammatory, antiviral, antipyretic, antifungal, and
antimalarial [14,15,16]. Due to their unique qualities
and structural modifications, such as their thermal stability,
versatility in coordination, biological and catalytic activities,
and preparative accessibility, Schiff-bases are a noteworthy
class of chemicals that have drawn significant interest across
a wide range of domains [17,18,19,20,21].

In inorganic chemistry, heterocyclic hydrazone mole-
cules are highly intriguing scaffolds. Many biological
activities, including antifungal, anti-HIV, antibacterial, and
antimicrobial properties, have been reported for them [22,
23,24]. Schiff-bases are used as models for organisms
known to exist in biology because of their high chelation
affinity and suitability for solid metal complexes [25].

Hydrazones are an important class of ligands; their
many coordination sites provide them with remarkable
ligation characteristics [17]. The current effort focuses
on producing hydrazone ligands from hydralazine using
salicylaldehyde and its metal complexes. The biological
activity of the produced complexes is also included in the
study.

2. Materials and methods

2.1. Materials

All chemicals used in this investigation including hy-
dralazine, dibutyltin(IV) dichloride Sn(C4H9)2Cl2, DMSO,
and salicylaldehyde were obtained from Sigma Chem. Co.
NaOH solution was prepared and standardized against
KHphthalate solution. All solutions were prepared in triply
distilled water.
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2.2. Instrumentation

Elemental analysis for C, H, and N was carried out
on a Perkin-Elmer (2400) CHN analyzer (USA) at the
Microanalytical Center of Cairo University, Egypt. 1H
spectra were analyzed in DMSO on a Bruker spectrometer
(850 MHz) utilizing tetramethylsilane as an internal
reference and 10 mg of the sample. FTIR spectra (KBr)
were recorded in a range of 4000–400 cm−1 on a Perkin-
Elmer model Frontier spectrometer (USA). TGA was
achieved using a Shimadzu TGA-50H thermal analyzer
(Japan) provided with standard platinum TG pans. The
measurements were carried out in an N2 environment, and
the heating rate of 10 °C/min over a temperature range of
25–900 °C was used.

2.3. Preparation of Schiff-base

The Schiff-base (L) was prepared by adding an ethanolic
solution of 2.01 g (10 mmol) of salicylaldehyde with
10 mmol (1.13 g) of hydralazine hydrochloride in the
same volume of ethanol and sodium bicarbonate (3.46 g,
10 mmol). The mixture was then refluxed with continuous
stirring for 5 h. The resultant was left overnight, washed
with water, ethanol, and diethyl ether several times, and
crystallized from ethanol. The Schiff-base ligand (L)
formed yellow crystals, m.p. 190 °C, and yielded 81%.
Anal. Calcd.: for C15H12N4O (%); C, 68.71; H, 4.58; N,
21.20. Found (%): C, 69.0; H, 4.7; N, 20.9.

2.4. Preparation of the dibutyltin (IV) complex

The complex was prepared by refluxing a mixture of
(1.3916 g; 5 mmol) of the L, and Sn(C4H9)2Cl2 (1.0984 g;
5 mmol) in 25 mL of ethanol for 4 h. The solid complex
formed was separated and washed with water, ethanol, and
diethyl ether. The solid complex was dried in a vacuum
desiccator. The color of the formed complex is pale yellow
crystals, m.p. 180 °C, and yields 79%. Anal. Calcd.: for
C23H29ClN4OSn (%); C, 51.96; H, 5.50; N, 10.54. Found
(%): C, 52.0; H, 5.4; N, 10.7.

The absence of water of crystallization was confirmed
by TGA. in a N2 atmosphere, for the complex. No loss of
weight was observed below 180 °C. The residue is consistent

with the formation of Sn metal corresponding to the previ-
ously mentioned formulae.

2.5. Antimicrobial tests
The antimicrobial activities of the ligand and its complex
were determined using the agar well diffusion method. The
solvent control used is DMSO. The compounds were tested
at a concentration of 15 mg/mL against both fungal and
bacterial strains.

2.6. Computational study
DFT (density functional theory) calculations have been car-
ried out to investigate the lowest energy geometry of ligand
and its complex at the B3LYP/GENECP level of theory, with
C, H, N, and O atoms at 6-311G++(dp) and tin atoms at
LANL2DZ, using Gaussian 09 proGram [26].

2.7. Molecular docking
The molecular docking investigations were carried out
using MOA2022 software [27]. The structures of ligand
and complex were created in PDB file format from the
output of Gaussian09 software. The crystal structures of
the receptor of Gram +ve bacteria (Staphylococcus aureus)
(PDB ID: 1jij) and of the receptor Candida albicans
oxidoreductase/oxidoreductase INHIBITOR (PDB ID:
5V5Z) [28] were obtained from the protein data bank
(https://www.rcsb.org/).

3. Discussion

3.1. Complex characterization
The prepared [Sn(C4H9)2LCl] complex was inspected by
elemental analyses. The results showed a 1:1 complex com-
position. The mass spectrum of the complex was studied.
The molecular ion peak agrees with the suggested formula
of the complex, Figure 1. This agrees with elemental analy-
sis results and TGA.

The infrared spectra of L and its complex are shown
in Figure 2 and the characteristic IR spectral bands are
compared. The absorption at 3730 cm−1 ν(OH) in the
free L spectrum is absent in the complex modifying the
expression. The stretching vibration at 3310 cm−1 ν(NH) in
the IR spectrum of the L is shifted in the spectrum of the
complex to 3348 cm−1. The bands at 3043 and 2949 cm−1

in the ligand are due to ν(CH) stretching of aromatic CH
and shifted in the complex to 3039 and 2958 cm−1. The
bands at 2915 and 2845 cm−1 in the ligand are due to ν(CH)
stretching of aliphatic CH and shifted in the complex to
2920 and 2855 cm−1. The stretching vibrations of ν(C−−N) at
1600 cm−1 in free L are shifted in the complex spectrum to
1606 cm−1. The bending vibrations of δ(NH) at 1525 cm−1

in free L are shifted to 1537 cm−1 in the complex spectrum.
The absorption at 586 cm−1 is for ν(Sn−O) in the complex
spectrum. The band at 528 cm−1 in the complex spectrum
corresponds to the ν(Sn−N) stretching vibration [29,30].

https://www.rcsb.org/
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Figure 1: Mass spectrum of L-Schiff base (upper) and complex (lower).

Table 1: The infrared spectra for ligand (L) and its complex.
L Complex

ν(OH) 3730 —

ν(NH) 3310 3348

ν(CH) Aromatic 3043, 2949 3039, 2958

ν(CH) Aliphatic 2915, 2845 2920, 2855

ν(C−−N) 1600 1606

δ(NH) 1525 1537

ν(Sn−O) — 586

ν(Sn−N) — 528

The 1H NMR spectra of L and its [Sn(C4H9)2LCl]
complex were performed in DMSO-d6. The 1H NMR
signals (δ, ppm) for free L protons and complex are
presented in Figure 3. The 1H NMR spectra of the L ligand
exhibited one singlet at 12.10 ppm due to phenolic-OH
proton which is absent in the complex spectrum to confirm
the involvement of OH-phenolic in the complexation with
the ionization of the H atom. The singlet at 10.29 and
10.30 ppm corresponds to the NH proton in the ligand
and complex, respectively. The azomethine group N−−CH
singlet is at 8.65 and 8.74 ppm in the ligand and complex,
respectively. Also, the 1HNMR spectrum of the L ligand
revealed bands between 6.87 and 8.65 ppm corresponding
to aromatic protons which shifted to 6.64 to 8.74 ppm in the
complex [31,32].

Figure 2: FTIR spectra of L (red) and DBT-L complex
(black).

The complex thermogravimetric analysis was carried out
in a temperature range from room temperature to 800 °C,
Figure 4. The percentage mass loss and thermal effects
accompanying the changes in the solid complex on heating
are shown in Table 2. The TGA curve shows three steps.
The first step shows the loss of a C8H6N3 between 25 and
214 °C, and the second step is due to the loss of C7H5NO
between 214 and 370 °C. The third step corresponds to the
loss of C4H9Cl between 370 and 565 °C. The last step is due
to the loss of C4H9 between 565 and 680 °C. The residue of
22.4% corresponds to Sn, which has a theoretical value of
23.33%.
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Figure 3: 1H-NMR spectrum of L (above) and its complex (below).

Figure 4: Thermogravimetric analysis for [Sn(C4H9)2LCl]
complex.

Table 2: TGA mass loss of the complex [Sn(C4H9)2LCl] in
the temperature range ∼ 25 to 800 °C with 10 degrees/min
heating rate.

Fragment loss TGA (°C) DrTGA (°C) Wt loss (%)
Found (calculated)

C8H6N3 25–214 171 27.3 (27.12)
C7H5NO 214–370 302 22.6 (22.40)
C4H9Cl 370–565 500 17.2 (17.41)
C4H9 565–680 623 10.6 (10.74)
Sn remaining > 680 — 22.4 (22.33)

3.2. Molar conductance measurements

The molar conductance value of the prepared complex was
determined using the relation: ΛM = K/C in 1 × 10−3 M
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Figure 5: The lowest energy structure, the natural charges on active centers, the vector of the dipole moment, and the MEP
(molecular electrostatic potential) surface of ligand.

Figure 6: The optimized structure and the natural charges on active centers of [Sn(C4H9)2LCl].

DMSO solution. The value of 31Ω−1 cm2 mol−1 indicated
that the prepared complex is nonelectrolytes. This is because
the conductivity values for a nonelectrolyte in a DMSO solu-
tion are below 50Ω−1 cm2 mol−1 [33].

3.3. DFT of ligand
DFT calculations have been carried out to investigate
the lowest energy geometry of ligand and its complex at
the B3LYP/GENECP level of theory, with C, H, N, and
O atoms at 6-311G++(dp) and tin atoms at LANL2DZ,
using Gaussian 09 proGram [26]. Figure 5 displays the
lowest energy-optimized structure of the ligand. The natural

charges obtained from NBO (natural bond orbital) analysis
show that the more negative active sites for ligand are O1
(−0.686), N1 (−0.371), N2 (−0.328), N3 (−0.230), and N4
(−0.440). So, the metal ions favor tridentate coordination to
O1, N1, and N2, forming 5- and 6-membered chelate rings.

3.4. Molecular DFT calculation of [Sn(C4H9)2LCl]
The optimized structure of the complex [Sn(C4H9)2LCl] as
the lowest energy configuration is shown in Figure 6. The
tin atom is six-coordinate in a distorted-octahedral geometry
and the atoms O1, N1, N2, and Cl7 are almost in one plane
deviated by +8.469°, Table 3.



6 Journal of Transition Metal Complexes

Figure 7: Charge density HOMO and LUMO maps of L and [Sn(C4H9)2LCl].

Table 3: Important optimized bond lengths (Å) and bond
angles (°) of [Sn(C4H9)2LCl].

Complex (Å) L Complex (Å)

Sn-O1 1.777 Sn-C17 — 2.163
Sn-N1 2.379
Sn-N2 2.296 N1••••O1 2.656 2.643
Sn-Cl 2.684 N1••••N2 2.944 2.647
Sn-C16 2.179 N2••••O1 5.532 4.178

Complex (°) Complex (°)

N1-Sn-N2 68.94 C16-Sn-O1 94.55
N1-Sn-O1 79.01 C16-Sn-N1 88.21
O1-Sn-C17 99.62 C16-Sn-N2 87.86
N2-Sn-C17 109.6 C16-Sn-C17 110.3
Cl-Sn-O1 89.44 O1-Sn-N2 147.8
Cl-Sn-N1 73.45 Cl-Sn-C16 160.2
Cl-Sn-N2 78.62 N1-Sn-C17 161.4
Cl-Sn-C17 88.02 O1-N1-N2-C17 +8.469∗

∗Dihedral angle.

The distances between N1••••O1, N1••••N2, and
N2••••O1 are decreased from 2.656, 2.944, and 5.532 Å
(in free L) to 2.643, 2.647, and 4.178 Å (in the complex),
respectively, due to coordination of N1, N2, and O1.

The natural charges computed from the NBO analysis on
the coordinated atoms in [Sn(C4H9)2LCl] are Sn (+2.326),
O1 (−0.846), N1 (−0.386), N2 (−0.451), C17 (−0.946),
C16 (−0.954), and C17 (−0.691).

The computed total energy E, HOMO (the highest
occupied molecular orbital) energies, LUMO (the lowest
unoccupied molecular orbital) energies, and the dipole

Table 4: Calculated energies and properties of L and
[Sn(C4H9)2LCl].

Propertya L [Sn(C4H9)2LCl]

E (a.u.) −873.228 −1651.734
HOMO (eV) −5.8660 −5.6668
LUMO (eV) −2.2392 −2.6988
Eg (eV) 3.6268 2.9680
Dipole moment (Debye) 5.2690 11.3606
I =−EHOMO 5.8660 5.6668
A=−ELUMO 2.2392 2.6988
χ= (I+A)/2 4.0526 4.1828
η = (I−A)/2 1.8134 1.4840
S = 1/2η 0.2757 0.3369
µ=−χ −4.0526 −4.1828
ω = µ2/2η 4.5284 5.8948
aE is the total energy (a.u.). Highest occupied molecular orbital
(HOMO eV), lowest unoccupied molecular orbital (LUMO eV),
Eg = ELUMO − EHOMO (energy gap eV), and dipole moment
(Debye).

moment for the ligands and complexes were calculated, in
Table 4. The energy gap (Eg) = ELUMO − EHOMO is smaller
in the case of complex than that of ligand due to chelation
of ligand to metal ions, Table 7. The lowering of Eg in
complexes compared to that of ligands explains the charge-
transfer interactions upon complex formation, Figure 7.
Reactivity descriptors for example electron affinity (A),
ionization potential (I), electronegativity (χ), hardness (η),
softness (S), chemical potential (µ), and electrophilicity
index (ω), all derived from the HOMO and LUMO energies,
have been proposed for understanding various aspects of
reactivity associated with chemical reactions, Table 4.
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Figure 8: The 2D and 3D graphs of molecular docking studies of the interaction between (A) L, (B) (C4H9)2SnCl2, and (C)
[Sn(C4H9)2LCl] with 1jij.

Table 5: The data calculations of docking interaction for L,
(C4H9)2SnCl2, and [Sn(C4H9)2LCl].

Receptor Interaction Distance (Å)∗ E (kcal/mol)

Ligand
N 20 O ASP 195 H-donor 3.55 (2.60) −0.5
O 23 OE1 GLN 156 H-donor 3.03 (2.07) −2.8
6-ring N SER 154 pi-H 4.17 −0.8
(C4H9)2SnCl2
Cl 2 N ASP 40 H-acceptor 3.40 (2.51) −0.6
[Sn(C4H9)2LCl] −25.3
C 33 NZ LYS 84 H-acceptor 3.20 (2.57) −17.4
C 33 NZ LYS 84 Ionic 3.20 −3.3
C 33 NH1 ARG 88 Ionic 3.07 −4.1
6-ring CA ARG 88 Ionic 4.15 −0.5

∗The H-bond lengths are in brackets.

3.5. Molecular docking studies

3.5.1. Docking on Gram-positive bacteria (Staphylococcus
aureus)

The ligand and complex structures were generated from the
output of Gaussian09 software in PDB file format. The crys-
tal structures of the receptor of Gram +ve bacteria (Staphy-
lococcus aureus) (PDB ID: 1jij) were obtained from the pro-
tein data bank (https://www.rcsb.org/).

In the present study, the binding free energy of the ligand
and its metal complexes with protein (PDB ID: 1jij) recep-
tor are found to be −4.1, −0.6, and −25.3 kcal/mol for L,

Table 6: The docking interaction data calculations of L,
(C4H9)2SnCl2, and [Sn(C4H9)2LCl] with the active sites of
the receptor of Candida albicans oxidoreductase/oxidore-
ductase INHIBITOR (PDB ID: PDB ID: 5V5Z).

Receptor Interaction Distance (Å)∗ E (kcal/mol)

L −4.6
N 20 SG CYS 470 H-donor 3.21 (2.22) −3.7
6-ring CA GLY 472 pi-H 3.60 −0.9
(C4H9)2SnCl2 −1.5
Cl 2 N HIS 377 H-acceptor 3.25 (2.32) −0.7
Cl 2 N SER 378 H-acceptor 3.26 (2.31) −0.8
[Sn(C4H9)2LCl] −119.4
C 33 NZ LYS 367 H-acceptor 2.87 (1.89) −111.5
C 33 NZ LYS 367 Ionic 2.87 −5.4
6-ring NZ LYS 367 pi-cation 3.44 −1.8
6-ring CA ASP 428 pi-H 4.42 −0.7

∗The H-bond lengths are in brackets.

(C4H9)2SnCl2, and [Sn(C4H9)2LCl], respectively, Table 5.
More negative binding energy means stronger interaction.
Thus, the interaction is in the order of [Sn(C4H9)2LCl] >
ligand > (C4H9)2SnCl2.

The molecular docking studies were achieved with
MOA2022 software [27], to find the possible binding modes
of the most active site of the receptor of Staphylococcus
aureus (Gram +ve bacteria) (PDB ID: 1jij), Table 5 and
Figure 8.

https://www.rcsb.org/
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Figure 9: The 2D and 3D graphs of molecular docking studies of the interaction between (A) L, (B) (C4H9)2SnCl2, and (C)
[Sn(C4H9)2LCl] with 5V5Z.

Table 7: Antifungal and antibacterial activity of L and
dibutyltin(IV) dichloride and complex.
Sample microorganism L DBT DBTL Standard antibiotic

Gram-negative bacteria Gentamicin
Escherichia coli
(ATCC:10536)

NA 17.3±0.6 14.6±0.5 27±0.5

Klebsiella pneumonia
(ATCC:10031)

10.3±0.6 21.3±0.6 19.6±0.6 25±0.5

Gram-positive bacteria Ampicillin
Staphylococcus aureus
(ATCC:13565)

NA 36.3±0.6 27.6±0.6 22±0.1

Fungi Nystatin
Candida albicans
(ATCC:10231)

15.3±0.6 24.6±0.6 10.6±0.6 21±0.5

The 2D and 3D plots of the interaction of L,
(C4H9)2SnCl2, and [Sn(C4H9)2LCl] with the receptor
of Staphylococcus aureus active site are shown in Figure 8.

3.5.2. Docking on Candida albicans inhibitor

The molecular docking investigations were carried out using
MOA2022 software [27], to find the possible binding ways
of the most active site of Candida albicans oxidoreductase/
oxidoreductase INHIBITOR (PDB ID: 5V5Z) [28].

The binding free energy of ligand and complex with
the receptor of Candida albicans oxidoreductase/oxidore-
ductase INHIBITOR (PDB ID: PDB ID: 5V5Z) are found to
be −4.6, −1.5, and −119.4 kcal/mol for L, (C4H9)2SnCl2,

Figure 10: Antibacterial and antifungal activity of L,
(C4H9)2SnCl2, and the complex at 15 mg ml−1 concentra-
tion of Gentamicin, Ampicillin, and Nystatinas standard as
references of antifungal and antibacterial agents for Gram-
negative and Gram-positive bacteria and Candida albicans,
respectively.

and [Sn(C4H9)2LCl], respectively, Table 6. The more
negative the binding energy, the stronger the interaction. So,
the interactions are in the order of [Sn(C4H9)2LCl] > L >

(C4H9)2SnCl2.
The 2D and 3D plots of the interaction of L,

(C4H9)2SnCl2, and [Sn(C4H9)2LCl] with the active sites of
the receptor of Candida albicans oxidoreductase/oxidore-
ductase INHIBITOR (PDB ID: PDB ID: 5V5Z) are shown
in Figure 9.

https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Candida%20albicans%20SC5314
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Candida%20albicans%20SC5314
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Candida%20albicans%20SC5314
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3.6. Biological studies

The biological activities of a compound depend on the
minimum amount by which the chemical substance is vital
to inhibit the growth or to kill the microorganism that
produces the disease, besides minimum cytotoxicity. Both
the ligand and complex were examined for their antifungal
and antimicrobial activities. The prepared compounds were
examined for their inhibitory effects on the growth of
Staphylococcus aureus (Gram-positive) and Escherichia
coli (Gram-negative) and Klebsiella pneumonia (Gram-
negative), and antifungal Candia albicans at a concentration
of 15 mg/mL in DMSO as solvent using Ampicillin is
used as standard material Gram-positive Staphylococcus
aureus, Gentamicin as standard material Gram-negative
Escherichia coli and Klebsiella pneumonia, and Nystatin as
standard material Candida albicans since such organisms
can attain resistance to antibiotics through biochemical and
morphological modification [34].

Antibacterial agents of L, Sn(C4H9)2Cl2, and the com-
plex are recorded in Table 7 and Figure 10. The antibacterial
and antifungal activities were examined by the disc diffusion
method. The results indicated the following:

• The results indicated that the L exhibited no activity
against Gram-positive Staphylococcus aureus and
Gram-negative Escherichia coli but moderate activity
against Klebsiella pneumonia and Candida albicans.

• The data indicated that the complex has lower activity
against the fungal strains when compared to standard
Nystatin.

• The results indicated that the complex exhibited higher
activity against Gram-positive Staphylococcus aureus
than Gram-negative Escherichia coli and Klebsiella
pneumonia as a broad-spectrum antibiotic and highly
promising for MRSA (methicillin-resistant Staphylo-
coccus aureus) and multi-drug resistant (MDR).

4. Conclusions

The condensation reactions of the organotin(IV) complex
form an octahedral complex of Sn(IV) produced by the reac-
tion of dibutyltin(IV) dichloride with Schiff bases of hydra-
zone ligands. The molecular properties of the complex and
ligand as hardness, the HOMO-LUMO gap, bond angles,
and bond lengths have been investigated employing DFT
calculations. The results show that the complex has higher
activity against Gram-positive Staphylococcus aureus than
Gram-negative Escherichia coli and Klebsiella pneumonia.
The use of the complex in drug design could have a sub-
stantial influence on human lives and give different medica-
tion which might be cheaper and better than the currently
available drugs. The prepared complex can act as a broad-
spectrum antibiotic and is highly promising for MRSA and
MDR.
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