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A Schiff base ligand, N,2-bis(2-oxoindolin-3-ylidene)hydrazine-1-carbothiohydrazine (B1) was
synthesized via condensation reaction of isatin and thiocarbohydrazide. The ligand was
reacted with copper(ll) acetate monohydrate and zinc(ll) chloride producing N,2-bis(2-
oxoindolin-3-ylidene)hydrazine-1-carbothiohydrazinecopper(ll) (CuBl1) and N,2-bis(2-
oxoindolin-3-ylidene)hydrazine-1-carbothiohydrazinezinc(ll) (ZnB1). The ligand structures
and its together with copper and zinc complexes were characterized using elemental analysis,
melting point, infrared spectroscopy, *H and *3C Nuclear Magnetic Resonance spectroscopy and
UV-Visible spectroscopy. In this study, the optimized structures of the compounds were
calculated using the B3LYP hybrid function with a DNP basis set to evaluate the electronic
properties of the compounds. The antibacterial screening using microtitre-plate assay was
conducted against Streptococcus mutans Clarke (ATCC 700610) and Staphylococcus aureus

subsp. aureus Rosenbach (ATCC 6538) and no significant activity were reported.
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Schiff bases have played a vital role in developing
coordination chemistry due to their excellent chelating
ability as they are readily form stable complexes with
various metal ions. One such is isatin. Isatin was first
isolated from the oxidation product of indigo from
nitric and chromic acids by Erdmann and Laurent [1].
Isatin has been reported to possess many biological
properties such as, antibacterial [2, 3, 4], anticancer [5,
6], antituberculosis [7] and antiviral [8, 9]. Various
functional groups and their electronic characteristics
have given isatin the ability to exhibit biological
properties. Thiocarbohydrazone, which is another
important class of organic chemistry, aids the
coordination process via azomethine nitrogen and
sulfur [10]. The synthesis of Schiff base containing
isatin and thiocarbohydrazide with its subsequent
antitumor activity against Ehrlich ascites carcinoma in
Swiss albino mice have been reported earlier [11].
Therefore, this study aims to further discover and
determine the electronic properties of N,2-bis(2-
oxoindolin-3-ylidene)hydrazine-1-carbothiohydrazine
(B1), N,2-bis(2-oxoindolin-3-ylidene)hydrazine-1-
carbothiohydrazinecopper(ll) (CuB1) and N,2-bis(2-
oxoindolin-3-ylidene)hydrazine-1-carbothiohydrazine-
zinc(I1) (ZnB1) using density functional theory (DFT)
calculations as well as the antibacterial screening of
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the synthesized compounds against two bacterial
strains, Streptococcus mutans Clarke (ATCC 700610)
(S.mutans) and Staphylococcus aureus subsp. aureus
Rosenbach (ATCC 6538) (S.aureus). Both gram
positive bacteria have been chosen to be tested
because they have increasingly become the main
causes of infections among the community [12].
Scheme 1 shows the proposed synthetic route of
synthesizing ligand B1 and metal complexes.

MATERIAL AND METHODS
1. Materials

Isatin, thiocarbohydrazide, copper(ll) acetate mono-
hydrate, zinc(ll) chloride, absolute ethanol and all
other reagents were used without further purification
and commercially available from Sigma Aldrich.

2. Physical Measurements

Elemental analyses (carbon, hydrogen, nitrogen and
sulfur) were performed on Thermo Finnigan Flash EA
110 Elemental Analyzer. Infrared (IR) spectra were
recorded using KBr pellets on Perkin Elmer 1600
Spectrometer at 400 — 4000 cm™. 'H and 3C NMR
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Scheme 1. Synthesis of N,2-bis(2-oxoindolin-3-ylidene)hydrazine-1-carbothiohydrazine (B1) and its complexes.

spectra of the ligand and zinc(ll) complex were
recorded using Bruker Varian Spectrometer at 500
MHz in deuterated dimethyl sulfoxide (DMSO-
ds). UV-Visible spectra were obtained from Perkin
Elmer UV-Vis Lambda 35 using acetonitrile (MeCN)
solution in a quartz cell. All measurements were
carried out at room temperature.

3. Synthesis of B1

The method for the synthesis of the ligand refers to
[11] with some modifications. The ligand was
prepared by dissolving isatin and thiocarbohydrazide
into hot absolute ethanol (30 mL) and the reaction
mixture was refluxed for three hours. The yellow
precipitate formed was filtered off, washed with cold
ethanol and air dried overnight. The remaining filtrate
was left for recrystallization.

4. Synthesis of ZnB1 and CuB1

The ligand and zinc(I1) chloride were dissolved in a hot
ethanolic solution (30 mL). 1 mL of triethylamine was
added into the solution and refluxed for 6 hours. The
red solution was cooled to room temperature, filtered
and washed with cold ethanol forming a solid red
powder. The powder was air-dried overnight. The steps
were repeated by replacing zinc(ll) chloride with
copper(ll) acetate monohydrate.

5. Computational Details

Theoretical studies were made based on density
functional theory (DFT) calculations using BIOVIA
Material Studio DMol?® with Becke’s three-parameter
hybrid functional (B3) for the exchange and Lee, Yang
and Parr (LYP) correlation functional [13]. The basis

set used in the study is the double numerical with
polarisation (DNP) function. This type of basis set
is acknowledged to be comparable basis set to the 6-
31G** Gaussian [14].

6. Microtiter Plate Assay for Antibacterial
Screening

The microtiter plate assay method was used in the
antibacterial screening according to [15]. Anti-
bacterial screening for the synthesized compounds
was evaluated against the Staphylococcus aureus
subsp. aureus Rosenbach (ATCC 6538) and
Streptococcus mutans Clarke (ATCC 700610). The
bacterial glycerol stocks were obtained from Natural
Approach to Oral Health (NatOH) research initiative
group, Faculty of Dentistry, UiTM. The glycerol stock
was inoculated in 5 mL Trypticase Soy broth for S.
aureus ATCC 6538 and Brain Heart Infusion broth for
S. mutans ATCC 700610. The bacteria were grown for
24 hours at 37 °C. The overnight inoculum was later
streaked onto each corresponding agar plate to select
the single colonies for the antibacterial assay. The
isolated colonies of microorganisms were cultured in
Mueller Hinton Broth (MHB) and placed in an
incubator shaker for 24 hours at 37 °C. The overnight
grown microorganisms were adjusted to a
standardized final ODg2snm Of approximately 0.08-0.10,
which is equivalent to 108 CFU/mL. Further dilution
was done using sterile MHB to achieve a final
concentration of 5x10° CFU/mL. Samples, Ampicillin
(positive control) and DMSO (negative control) were
prepared accordingly to achieve final concentration of
10 mg/mL. Next, the samples together with the
controls were made triplicates and loaded into the
wells. The plates were covered and incubated for 24
hours at 37 °C. The results were determined visually by
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observing the turbidity of the wells. For further
confirmation on the presence of bacteria, the samples
from the well were streaked onto the agar for the next
24 hours.

RESULTS AND DISCUSSION
1. Physicochemical Data Analysis

The physical characteristics of the B1 ligand and its
metal complexes are tabulated in Table 1. Elemental
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analyses of carbon, hydrogen, sulfur and nitrogen
were performed to determine the elemental content of
the synthesized compounds.

The elemental analyses data were acceptable
within the calculated values. The melting point of the
complexes was recorded to be higher than that of the
ligand, likely being attributed to increase in molecular
size and the presence of stronger dative covalent and
ionic bonds [16].

Table 1. Physicochemical data of B1 ligand and metal complexes.

Percent Melting
Elemental Analysis % Calculated (Found)
Compounds  Colour  Yield  Chemical Formula Point
% °C
(%) ¢€) c H N S
56.04 3.32 23.06 8.80
B1 Yellow 91.46 Ci17H12N6O2S 281.7
(55.38) (3.58) (22.46) (7.03)
43.99 2.39 18.10 6.91
ZnB1 Red 64.77  C17H11CINgO,.SZn 380.9
(43.91) (3.24) (17.86) (5.90)
43.73 3.48 16.10 6.14
CuB1 Black 85.78 C19H18CuUNgO6S 290.0
(43.73) (3.09) (17.28) (6.07)
2. Infrared Spectroscopy
ZnBl N-H lactam C=N (=%
CuB1
Bl
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™)

Figure 1. IR spectra of ligand and complexes.
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The functional groups in the compounds were
determined from infrared analysis. A strong stretching
band was observed at 1697 cm* indicating v(C=N) in
the ligand spectrum [17]. This band shifts to a lower
frequency for zinc(ll) and copper(ll) complexes at
1693 and 1691 cm™, respectively due to ligand
coordination with the metal ions via azomethine
nitrogen [18]. Meanwhile, the v(C=0) band for the
ligand appeared at 1735 cm™! and completely
disappears for zinc and copper(ll) complexes. The
absence of this band shows carbonyl oxygen of
isatin might participated in the coordination of the
metal ions. This is further supported by the
stretching band around 1253 cm™ in both complexes
attributed to v(C-0O). The v(NH) of isatin moiety
registers peaks in the range of 3254 cm* for the ligand
to 3160 and 3164 cm* for CuB1 and ZnB1 indicating
the nitrogen atom involve-ment in the coordination of
complexes. Besides, the v(C=S) band at 1339 cm™* for
the B1 ligand spectrum too shifts in the spectra of the
complexes 1317 and 1347 cm, respectively showing
that the metal ion is coordinated via the sulfur atom.

3. 'H Nuclear Magnetic Resonance (NMR)
Analysis

'H NMR spectra of ligand and zinc complex were
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analyzed to elucidate each distinct type of hydrogen
nuclei. CuB1 was not analyzed due to its para-
magnetic property. Singlet peaks were observed near
12.94 and 11.34 ppm ascribed to NH thiocarbo-
hydrazide and isatin NH, respectively. The aromatic
protons of the isatin ring were observed at 7.60, 7.42,
7.14 and 6.98 ppm as multiplets. Similar peaks of
aromatic protons were also observed for ZnB1. The
aromatic protons were focused on the downfield
region due to the ring current effect.

4, 13C Nuclear Magnetic Resonance (NMR)
Analysis

The 3C NMR of B1 shows aromatic carbons in the
region of 138.35 — 112.16 ppm. The signal for thione
(C=S) appeared at 175.30 ppm while azomethine
(C=N) and carbonyl carbon appeared at 162.55 and
138.50 ppm respectively. Meanwhile, for ZnB1, the
signal for thione (C=S) which appeared around 178.5
ppm shifted to a higher range compared to the B1
ligand. For azomethine and carbonyl carbon, the peak
appeared at the range of 164.0 ppm and 144.0 ppm.
Thus, it can be deduced that there was participation of
azomethine nitrogen, carbonyl oxygen and thione
sulfur in the coordination of complexes and further
supported for the data in infrared analysis [3].
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Figure 2. 'H NMR spectrum of B1.
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Figure 3. Absorption spectra of ligand and complexes.

5. UV-Visible Spectroscopy

Two absorption peaks were observed in the UV-
Visible spectra of the ligand at the region of 249-274
nm and 372 nm ascribed as 1 — n* and n — 7w*
transitions. The zinc and copper complexes spectra
showed the ligand to metal charge transfer (LMCT)
transition at 493 and 483 nm, respectively. This shift
further supports the formation of the complexes [5].

6. Computational Analysis
6.1. Frontier Molecular Orbitals Analysis

The relative structural stability of the ligand and both
complexes were investigated using DFT calculations.
One of the most important parameters of molecular
electronic structure is Frontier Molecular Orbitals
(FMO). The analysis of FMO can be used to evaluate
the stability of the compounds [19]. Higher HOMO
energy values indicate that the molecule is a good

Orbital energy/eV

electron donor. Conversely, lower HOMO energy
values show that the ability of the molecule to donate
electrons is low. B3LYP method using DNP basis set
of monomer form in the ground state was used to
calculate the electron density of HOMO and LUMO
[20].

As shown in Figure 4, the calculated molecular
orbital unveiled that HOMO region for ligand and
complexes are mainly distributed around the sulfur
atom. In contrast, the LUMO region of the compounds
delocalized around the azomethine group. The value
of energy gap between the HOMO and LUMO for B1
ligand is 2.785 eV which can be considered to be
almost similar with the value of analogous Schiff base
(2.882 eV) reported previously [21]. The stability and
reactivity of the compounds can be seen from the value
of the energy gap. ZnB1 has the least energy gap
compared to CuBl1 and the B1 ligand. Thus, this
indicates that ZnB1 may have lower stability, better
conjugation and also rich in conductivity [22].
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Figure 4. The optimized molecular structure and HOMO-LUMO region of the compounds.
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6.2. Global Chemical Reactivity Descriptors (GCRD) Analysis
(17) = [(ELumo - Eromo)/2] (Chemical hardness) @)
(S)=1[1/2n] (Chemical softness) 2
(1) = [(Enomo + ELumo)/2] (Chemical potential) (3)
Electronegativity (x) = [(1 + A)/2] (4)
Electrophilicity index (w) = [12/27] (5)
Maximum additional electric charge (ANmax) = [-u/#] (6)

Global Chemical Reactivity Descriptors (GCRD)
method is one of the main techniques in analysing the
chemical properties of compounds such as chemical
potential, chemical hardness, electronegativity,
electrophilicity index and chemical softness [23].
These properties can be calculated from the energies
of frontier molecular orbitals [24]. The values of
GCRD were calculated by using equation (1) to (6) as
shown in Table 2.

The values of GCRD can be used to predict the
relative reactivity of the compound. The ability of the
compound to accept electrons is indicated by the value
of chemical potential («). The value of chemical
potential is calculated using equation 3. Consequently,
the least value of chemical potential that can be
observed is 1.357 eV which indicates that ZnB1 has
the highest electron acceptor ability. This is further
supported with the electronegativity value that is
calculated using equation 4 giving value of 3.447 eV.
Chemical hardness (r) measures the change in
chemical potential with electron density in distinct
parts of the compound whereas chemical softness (S)
is the contradiction [25]. By using equation 1 and
equation 2, B1 has the highest value of chemical
hardness () (1.393 eV) and lowest value of chemical
softness (0.359 eV1). So, it can be said that B1 has the
least tendency to exchange its electron cloud and has
low polarizability effect. The electrophilicity index

computes for the energy lowering of a B1 ligand due
to maximal electron flow between donor and acceptor
[24]. Strong electrophilicity index can be attributed to
ZnB1 as it has the highest ability to accept electrons.
Generally, organic compound can be classified as
strong electrophile when it has value of w exceeding
1.5 eV [26]. The maximum number of electrons (A
Nmax) that can be accepted by the synthesized
compounds were calculated using equation 6. It is
found that ZnB1 has the highest value. Accordingly,
based on the calculated GCRD parameters in Table 2,
the results suggested that ZnB1 has the highest
chemical reactivity.

7. Antibacterial Screening

The ligand and complexes possessed no antibacterial
activity against Streptococcus mutans Clarke (ATCC
700610) and Staphylococcus aureus subsp. aureus
Rosenbach (ATCC 6538). Triplicates of the ligand and
complexes appeared cloudy in the 96 well plates,
indicating the growth of bacteria. At the concentration
set up, the synthesized compounds could not inhibit
the growth of the bacteria, showing that there is no
interaction between the molecule with the pathogen-
specific protein in the bacteria [27]. Nonetheless,
ampicillin, the positive control used during screening
was susceptible to both bacteria strains, provided that
the assay conducted was functional.

Table 2. Theoretically calculated reactivity descriptors.

Compound  Chemical Chemical Chemical Electronegativity, y Electrophilicity A Nmax
hardness, softness, potential, index, @
n S JZ
B1 1.393 0.359 -3.978 3.978 5.680 2.856
ZnB1 0.679 0.743 -3.447 3.447 8.749 5.077
CuB1 1.144 0.437 -3.892 3.892 6.680 3.402
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CONCLUSION

In summary, N,2-bis(2-oxoindolin-3-ylidene) hydrazine-
1-carbothiohydrazine and its complexes were
synthesized with good yields of 65-91%. All the
products were characterized using IR, *H NMR, *C
NMR, elemental analyses and UV-Visible Spectro-
scopy. DFT/B3LYP/DNP method was used for the
theoretical calculations. The calculations showed that
ZnB1 has the highest reactivity compared to the B1
and CuB1. Therefore, ZnB1 exhibits the potential to
be applied to corrosion-based studies for its richness
in conductivity. However, all the synthesized
compounds showed no significant antibacterial
activity.
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