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Abstract

Isatin and thiocarbohydrazide exhibit a broad spectrum of biological functions including antibacterial, antiviral, antioxidant and
antimalarial activities. In this study, copper(Il) and zinc(ll) complexes derived from isatin thiocarbohydrazide were synthesized
and assessed for their potential as antileukemia agents. *H and *3C NMR, infrared spectroscopy, UV-Vis spectroscopy, thermal
and elemental analysis were used to elucidate the structures of the synthesized compounds. The complexation was observed from
the shifting frequencies of the v(C=N) and the appearance of new peaks assigned as v(M-N) and v(M-O) at 499 and 583-594 cm"
L. The formation of the complexes is also supported by the d-d transition in UV-visible spectra. Using proper DFT functionals and
basis sets, the optimized geometries and electronic energies of the complexes were ascertained. Theoretical simulations provide
important insights into the stability and electrical structure of the complexes, assisting in understanding their potential biological
actions. Cytotoxicity screening was conducted against the human leukemia K562 cell line and low activity was reported, thus
indicating minimal toxic profile of the complexes.
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Abstrak
Isatin dan tiokarboidrazida mempunyai fungsi biologi yang luas seperti aktiviti antibakteria, antivirus, antioksidan dan antimalaria.
Dalam kajian ini, kompleks kuprum(I1) dan zink(I1) telah disintesis daripada isatin tiokarboidrazida dan dinilai potensinya sebagai
agen antileukemia. Kaedah spektroskopi iaitu 'H dan 3C NMR, inframerah, UV-Vis, analisis haba dan unsur digunakan untuk
menjelaskan struktur sebatian tersintesis. Pengkompleksan diperhatikan daripada frekuensi peralihan v(C=N) dan puncak
penampilan baharu yang boleh ditetapkan kepada v(M-N) dan v(M-O) di 499dan 583-594 cm. Pembentukan kompleks juga
disokong oleh peralihan d-d dalam spektrum UV-Cahaya Nampak. Menggunakan fungsi dan set asas DFT yang sesuai, geometri
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molekul dioptimumkan dan tenaga elektronik kompleks telah dikenalpasti. Simulasi teori memberikan gambaran penting tentang
kestabilan dan struktur elektrik kompleks, membantu dalam pemahaman potensi tindakan biologi mereka. Saringan sitotoksisiti
telah dijalankan terhadap garisan sel leukemia manusia K562 dan sitotoksisiti yang rendah dilaporkan, dengan itu menunjukkan

profil toksik kompleks.

Kata kunci: sitotoksisiti, pencirian, teori fungsi ketumpatan, isatin, tiokarboidrazida

Introduction

In contemporary medicinal chemistry, isatin is a
privileged scaffold with a wide range of biological
activity. Using nitric and chromic acids, Erdmann and
Laurent originally isolated it as an indigo oxidation
byproduct [1]. Isatin consists of two cyclic rings, which
are a six-membered ring with an aromatic character and
a five-membered ring possessing an anti-aromatic
character [1]. A literature survey reported that isatin is
known to have anticancer [2, 3], antiviral [4, 5],
antioxidant [6], analgesic [7] and antimicrobial [8, 9]
properties. Another important part of the production of
the ligand is the higher homologue of
thiosemicarbazide, known as thiocarbohydrazide.
Thiocarbohydrazide has an extra nitrogen atom that can
serve as a metal-coordinating center [10]. Compared to
thiosemicarbazide, there are limited studies on the
theoretical study and cytotoxicity effects of the
thiocarbohydrazide. Therefore, the present work was
done to screen for their respective cytotoxicity activity
against human leukemia K562 cancer cell lines.

Copper and zinc are chosen as the metal ions to be bound
with the isatin-derived thiocarbohydrazide ligand in this
work. Formerly, the addition of copper was reported to
have increased the antiproliferative activity of
salicylaldehyde monothiocarbohydrazide against breast
cancer and human prostate adenocarcinoma cell lines
[11]. On top of that, zinc(ll) complexes also appear to
be extremely appealing because zinc is substantially less
toxic in larger dosages than other metals [12]. The
computational analysis using the B3LYP method with
6-31G+ (d,p) and LANL2DZ basis set has been done on
all the compounds to explore their electronic properties.
Subsequently, all parameters like the relationships
between the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO) energies were used to explain the anticancer
activity.
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Materials and Methods
Materials
All chemicals used in this study were purchased from
Sigma Aldrich Company, St Louis, USA and were used
without further purification.

Instrumentation

Elemental analysis (C, H, N and S) for the ligand and
complexes were determined using a Thermo Scientific
Flash Smart analyzer. The magnetic susceptibility of the
complexes was determined using Sherwood Auto
Magnetic Susceptibility at room temperature. Molar
conductivities were measured using a conductivity
standard of 1413 uS/cm. Perkin Elmer 1600
Spectrometer was employed in obtaining the FTIR
spectra for ligand and complexes as KBr disc in the
region of 400-4000 cm. Proton (*H) and carbon (*3C)
NMR (400 MHz) spectra were recorded using Jeol
ECZS spectrometer in DMSO-ds. The UV-Vis spectra
were obtained on Perkin Lambda 365 in acetonitrile at
1x10* M solution using a quartz cuvette in the range of
200-800 nm. Thermal analyses were performed in
nitrogen atmosphere using TA Instruments Q50 TGA
analyzer with a heating rate of 10 °C/min in a
temperature range between 25 and 500 °C. Powder XRD
patterns were collected using PANalytical X pert PRO
in Bragg-Brentano reflecting geometry with CuKa (k=
1.5418740 A). The X-ray tube was utilized for a copper
tube operating at 45 kV and 40 mA. Data were collected
in 20 range of 5-90° with 0.0167° and 10 s exposure per
step.

Synthesis of ligand

The ligand was prepared with a modification from
previous studies [13, 14] by dissolving isatin and
thiocarbohydrazide in hot absolute ethanol (30 mL) and
the reaction mixture was refluxed for three hours. A
yellow precipitate was filtered off, washed with cold
ethanol and air-dried overnight. The remaining filtrate
was left for recrystallization.
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Scheme 1. Synthesis of L1

Synthesis of complexes

Cu(ll) and Zn(ll) complexes were synthesized by
refluxing the ligand with metal salt (copper(ll) acetate
monohydrate and zinc(lI1) chloride) with the ratio of 1:1

6hrs, reflux

in a solution of absolute ethanol for six hours. The
resulting precipitates were filtered off, washed with cold
ethanol and air-dried.
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Scheme 2. Synthesis of CuL1 and ZnL1

Computational methods

The structures of the ligand and the complexes were
built using Gaussian view 16.0. DFT calculations were
then carried out using Gaussian 09 program and B3LYP
method [15, 16]. The geometrical optimizations were
done against the ligand using the 6-31G+ (d,p) [17] basis
set and the complexes using LANL2DZ [18].

Cytotoxicity

A 3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium
bromide (MTT) cell proliferation assay described by
Mossmann [19] was used to assess the cytotoxicity
activity of all the synthesized compounds against human
leukemia K562 cell line with slight modification. In a
96-well culture plate, the cells (5x10* cells/mL) were
seeded and incubated for 24 hours. Subsequently, the
cells were treated with the compounds at 100, 50, 25,
12.5, 6.25 and 3.125 uM for 48 hours. Each well
received 20 pL of MTT solution, which was then
incubated for an additional four hours to observe for cell

viability. DMSO was used to dilute the purple formazan
in the well and the absorbance was measured at 570 and
690 nm. The cytotoxicity activity of the compounds was
expressed as 1Cso. Doxorubicin was used as a positive
control against the cancer cell line.

Results and Discussion

The compounds were colored, stable in air and insoluble
in most organic solvents except for DMSO and DMA.
The elemental analyses for the complexes displayed that
they formed in a ratio of 1:1. The analytical findings and
the theoretical formula are in good agreement. CuL1
possessed a magnetic moment of 1.71 B.M. which is
relatively lower than the regular spin-only value of 1.73
B.M. and showed a square planar geometry, while ZnL1
is diamagnetic affording a tetrahedral geometry [20].
The physical and elemental analysis data are
summarized in Table 1.
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Table 1. Analytical data of the ligand and its metal complexes

Am % Found (Calc.)
Compounds ';/(I)Orlrfflﬂ?r Color ;:eld pett. (B.M.) f:r-lol'

lcm? c H N S
B CoMuNiGsS  Yellow 9146 - © oy (D) (08 (880
CuLl C19H20CuN6sO6S Black 85.78 1.71 0.010 ?3375?5) ?3855) 2'562084) ?61](.)2)
ZnL1 C17H15CINsO3SZn  Red 64.77 Diamagnetic  0.006 ?522157) (239122) (11773??6) ?5630)

Infrared spectroscopy

The emergence of v(C=N) at 1697 cm™ confirmed the
formation of Schiff base ligand L1 according to Figure
1, while bands at 499 cm and 583-594 cm™* correspond
to v(M-N) and v(M-O) respectively, showing the formation
of the proposed complexes, CuLl and ZnL1 [21, 22].
The strong v(C=0) band appeared at 1750 cm™ in the
free ligand and shifted in CuLl and ZnL1. The shifting
of the v(C=0) band indicates that the carbonyl oxygen
participated in coordination with the metal ions [23].
The broad band recorded at 3254 cm™ in the ligand

spectrum was attributed to the stretching vibration for
v(N-H). This band was later shifted to lower frequencies
in CuL1l at 3160 cm™ and ZnL1 at 3164 cm™. The O-H
stretching of the water molecules, which are connected
by a dense web of hydrogen bonds, results in a strong
and broad absorption that is centered at 3474 cm in
ligand, 3460 cm™ in CuL1 and 3429 cm™ in ZnL1 [24].
The tetrahedral and square planar geometry of ZnL1 and
CuL1 was stabilized through coordination with water
molecules.

Transmittance (%)

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™t)

Figure 1. Infrared spectra of the ligand and metal complexes

'H-NMR spectroscopy

The H NMR spectra of both ligand and zinc(ll)
complex were examined to determine each distinct type
of hydrogen nuclei. On the contrary, the NMR signal of
the copper(ll) complex was unable to be examined due
to its paramagnetic property. Singlet peaks were found
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between 12.94 and 11.34 ppm in both spectra, which
were  attributed to isatin  NH and NH
thiocarbohydrazide, respectively. The multiplets of the
aromatic protons of the isatin ring were recorded at 7.60,
7.42,7.14,and 6.98 ppm. ZnL1 showed similar aromatic
proton peak.
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13C-NMR spectroscopy

Based on the C NMR spectrum, L1 displays its
aromatic carbons between 112.16-138.35 ppm. The
signal for thione (C=S) was detected at 175.30 ppm
while those for azomethine (C=N) and carbonyl carbon
(C=0) were detected at 162.55 and 138.50 ppm,
respectively. Thione signal in ZnL1 appeared at a higher
range of 178.50 ppm compared to its parent ligand. The
peak was seen for azomethine and carbonyl carbon in
the range of 164.0 ppm and 144.0 ppm. As a result, it
can be inferred that azomethine nitrogen, carbonyl
oxygen, and thione sulphur participated in the
coordination of complexes, which was further supported
by the results from the infrared spectroscopy [25].

UV-visible spectroscopy

The ligand's UV-visible spectrum in Figure 2 showed
two absorption peaks that were identified as &= — =* for
benzene and n — 7* transitions for the azomethine
group (C=N) at 243 nm and 373 nm, respectively [26].
The two peaks appeared to have bathochromic or red
shifting in both copper(ll) and zinc(ll) complexes. A
redshift stipulates that the energy of the m-n* transition
decreases due to metal chelating. The copper(ll) and
zinc(Il) complexes spectra displayed ligand-to-metal
transfer (LCMT) peaks 509 and 484 nm [27].

18
16

14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

n—n*

Absorbance (A)

LMCT

CulL1
— ZnL1

200 400

Wavelength (nm)

600 800

Figure 2. UV-visible spectra of the synthesized compounds

TGA studies

The thermal stability of the copper(Il) and zinc(Il)
complexes was determined using the thermogravimetric
(TGA) analysis. TGA aids in separating the coordinated
water molecule present in the compound from the lattice
water molecule [28]. Based on the curves in Figure 3 and
data in Table 2, CuLl breaks down into two phases,
according to the thermogram. Dehydration of the initial

lattice water molecule, with a weight loss of 2.30
percent, occurs in the first stage at temperatures between
50 and 125 °C. The second step showed a weight loss of
2.57 % indicating the elimination of the second lattice
water molecule. Adversely, ZnL1 revealed a
decomposition of water molecules through one stage
with a weight loss of 3.10 %.
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Figure 3. Thermogravimetric curves for (a) CuLl and (b) ZnL1

Table 2. Decomposition temperature and the percentage weight loss of complexes

Decomposition Temperature _Weight Loss (%) .
Compound ©C) Found  Calc. Lost Species
CulL1 50-125 2.30 3.43  One lattice water molecule
150-200 2.57 3.43  One lattice water molecule
ZnL1 100-130 3.10 3.72  One lattice water molecule

Powder XRD studies

All compounds were then examined using powder
diffraction XRD patterns due to unsuccessful attempts
in generating ligand and complexes as single crystals.
The 20 = 5-90 range lattice constants were used to
record the powder diffraction patterns. The compounds
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were found to be crystalline (L1) and semi-crystalline
(CuLland ZnL1). The X-ray diffractometry patterns for
complexes displayed in Figure 4 are entirely distinct
from those of the ligands, indicating the discovery of
new compounds [29].



Malaysian Journal of Analytical Sciences, Vol 27 No 6 (2023): 1337 - 1348

Intensity (a.u.)

20

40 60 80
20 (degree)

Figure 4. Powder XRD patterns for all synthesized compounds

Computational analysis: Frontier molecular orbitals
The frontier molecular orbitals are used to explore the
chemical reactivity of the molecules. The highest
occupied molecular orbitals (HOMO) and the lowest
unoccupied molecular orbitals (LUMO) are split into
molecular orbitals alpha (spin 1) and beta (spin |)
because of the doublet multiplicity in the complexes'
molecular geometry. The B3LYP/6-31G+ (d,p) and
LANDL2DZ level theory's calculations of the molecular
orbital energies (Exomo and ELumo) reveal that they are
all negative, indicating that the ligand and both
copper(ll) and zinc(ll) complexes are stable. The
HOMO region of the ligand and complexes are mainly
localized around the electronegative sulphur and

nitrogen atoms. Both atoms are bonded to the metal ions
and are able to attract electrons away from their aromatic
rings, thus reducing the HOMO electron density around
the rings. This explains why the rings contributed
significantly to the LUMO as according to Figure 5. The
value of the energy gap between the HOMO and LUMO
in Table 3 conveyed the stability and reactivity of each
compound. The energy gap of L1 is 3.143 eV, which is
considered to be similar to that of a previously reported
Schiff base [30]. In comparison, the energy gap of the
zinc complex for the alpha spin is the lowest among the
ligand and copper complex, indicating that the zinc
complex has a greater affinity for receiving electrons
[31].

Table 3. The HOMO, LUMO and gap energies of the synthesized compounds

Compounds Eromo (V) Erumo(eV) AEgap (eV)

L1 -6.044 -2.901 3.143
Alpha -6.006 -3.085 2.921

CuLl
Beta -6.007 -3.500 2.507
Alpha -4.987 -3.187 1.800

ZnL1
Beta -6.193 -3.434 2.759
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Figure 5. The energy gaps for ZnL1

Global chemical reactivity descriptors (GCRD)

Soft molecules are made of molecular systems with low
gap energies and low chemical hardness (7), which in
this case is ZnL1 as shown in Table 4. The small energy
of ZnL1 indicates that the charge may be transferred
easily, and therefore provides an impact on the
compounds biological activity [32]. The negative value
of chemical potential («) indicated that the molecule is

capable of accepting electrons from the environment
[33] and ZnL1 is considered to have the lowest. Thus, it
is suggested that ZnL1 will have the highest chemical
reactivity. The dipole moment is one of the parameters
responsible for the potential biological activity. The
compound with the highest polarity, ZnL1 is expected
to display high bio-efficiency [34].

Table 4. The electronic parameters of the ligand and metal complexes

Ligand and Metal Complexes

Property L1 CuLl ZnL1
a B o B

EA (eV) 2.901 3.085 3.500 3.187 3.434
IP (eV) 6.044 6.006 6.007 4.987 6.193
X (eV) 4473 4.546 4.754 4.087 4.814
n (eV) 1.572 1.461 1.254 0.900 1.380
S (eV?) 0.318 0.342 0.399 0.556 0.362
u(eV) -4.473 -4546  -4.754 -4.087 -4.814
® 6.363 7.073 9.011 9.280 8.397
Total Energy (Hartree) -1532.21 -1722.05 -1300.98
Dipole moment (Debye) 1.885 9.452 14.394

Molecular electrostatic potential (MEP)

The binding properties of the compounds are presented
using the molecular electrostatic potential (MEP) map in
Figure 6. The electron density is displayed by the
molecular electrostatic potential, which helps to identify
the sites of electrophilic and nucleophilic reactions as
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well as hydrogen bonding interactions [35]. The
electronegative potential which is represented by red
color is concentrated around the oxygen atoms in the
isatin moiety of all the compounds and the acetate ion of
the copper complex. The blue color portrays the
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electropositive potential, which is centered around the
nitrogen atoms and water molecules.
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Figure 6. MEP diagrams of (a) L1, (b) CuL1 and (c) ZnL1

Cytotoxicity

The cytotoxicity of all synthesized compounds was
evaluated against human leukemia K562 cell line,
whereby three independent studies were conducted and
data for each test were reported in triplicates. The
anticancer drug, Doxorubicin was used as the positive
control. Based on the results shown in Table 5, the
ligand and its complexes gave ICsq values of more than
100 uM. This indicated that the compounds are poor

inhibitors of the human cancer cell line, thus proving to
have a low toxicity effect. L1, CuL1 and ZnL1 show low
toxicity to human cells due to the presence of the imine
group in the structure that may interfere with the
cytotoxicity of the compounds [36]. According to
Noruzi and co-workers, the toxicity of copper derivate
increased as the concentration increased to 200 pg/mL
[37].

Table 5. ICso values of the compounds against human leukemia K562 cancer cell line

ICso values in cancer cells (uM)

Compound

K562

L1
Cul1
ZnL1

Doxorubicin®

>100

>100

>100
0.26 +0.06

a= reference drug

Conclusion
Copper(Il) and zinc(ll) complexes were synthesized
through a condensation process with a Schiff base

ligand, N,2-bis(2-oxoindolin-3-ylidene)hydrazine
carbothioamide resulting in excellent vyields. The
characterization using  spectroscopic  techniques

confirmed the formation of the desired complexes and
ensured their chemical structure. The molar
conductivity values for the complexes gave an insight

into their non-electrolytic properties. The infrared
spectra highlight the shifting of v(C=N) and the
appearance of new bands which are v(M-N) and v(M-0O)
for complexes. Apart from that, *H and **C NMR spectra
displayed peaks that located the protons and carbon
present in each compound. UV-visible spectra
confirmed the complexation of metal ions with ligand
using the d-d transition. The zinc(ll) complex has a
better tendency to accept electrons since it has the lowest
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energy gap for the alpha spin compared to the ligand and
copper(ll) complex. From the chemical reactivity
descriptors, ZnL1 was predicted to have better
cytotoxicity activity compared to the ligand and CulL1.
However, low cytotoxicity was reported for all
compounds against human leukemia K562 cancer cell
line. This indicated a potential development for all
compounds due to their minimal toxic profile. In
addition, the contradiction between experimental and
theoretical results may be due to the solubility of the
compounds. Colored compounds may have interfered
with the reading of the OD values.
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