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SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL
ACTIVITY OF NEW THIOHYDANTOIN SCHIFF BASE
COMPLEXES
N.A.Farouk,, Ahmed.R.E.Mahdy, El-Sherbiny H. EL-Sayed
Abstract: A novel thiohydantoin Schiff base (THSB) ligand and its complexes {M(II)THSB; M = Mn(II), Cu(II), Zn(II)} have been succefully synthesized.
This series of Mn(II), Cu(II) and Zn(II) complexes of novel thiohydantoin Schiff base ligand (THSB, HL) have been prepared by reaction of ligand with
metal(II) chlorides in 1:1 molar ratio. The coordination profiles of HL with M(II) ions, stoichiometry, and stereochemistry of metal complexes were
investigated based upon various physicochemical and spectroscopic techniques. The thermal stability and surface morphological features of the free
ligand and its coordination compounds have been studied using TGA, DTA, SEM and XRD analysis. The comparative in-vitro anticancer studies
revealed cytotoxicty of the parent ligands and its complexes against MCF-7, and the result showed that Cu(II)THSB complex was the most potent
compounds against MCF-7 with IC50 value of 2.62 mg/mL. That may offering a probable alternative to conventional chemotherapeutic agents for cancer
therapy. The comparative in-vitro anticancer studies revealed cytotoxicty of the parent ligands and its complexes against MCF-7, and the result showed
that Cu(II)THSB complex was the most potent compounds against MCF-7 with IC50 value of 2.62 mg/mL. That may offering a probable alternative to
conventional chemotherapeutic agents for cancer therapy.
Keywords: Thiohydantoin, Spectroscopic study, SEM, XRD, Cytotoxicity.
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1 INTRODUCTION
Coordination chemistry[1] is one of the most advanced
branches in last decades . Schiff bases are considered one of
common complexing agents that have particular interests
because of their ease of preparation and structural diversity.
Schiff bases are usually synthesized due to their high yields and
ease of preparation by one-step process by simple
condensation reaction of amines and aldehydes/ketones. Metal
complexes of Schiff bases ligands [1] usually show broad
range
of biological applications[2] like antioxidant[3],
antitumor[4], antimicrobial [5] and anticancer[6] activities.
Synthesis of thiohydantoin derivatives[4] has occupied great
interests due to their properties such as are using as synthetic
intermediates and also used in therapeutic applications like
fungicides[7] and herbicides[8]. Furthermore, several
thiohydantoins compounds show potent activity against the
herpes simplex virus (HSV)[9], the human immunodeficiency
virus(HIV)[10] and the leukaemia subpanel[11].Thiohydantoin
and its derivatives have received considerable attention in the
drug-discovery community have received considerable
attention in the drug-discovery community due to their diverse
biological properties [12]. In this respect, they have exhibited
antimicrobial[13], anti-thrombotic, anticonvulsant [14], and
anticancer activities[15]. Structurally, 2 thiohydantoin moiety
contains a thioamide group (H–N–C=S) that can undergo the
thione–thiol tautomerism (H–N–C=S ↔ N=C–S–H) which
promote the capacity of this group to chelate to many metal
ions [16].Interestingly, coordination of thiohydantoin derivatives
to transition metal ions have proved advantageous in
improving biological activities and stability of these derivatives
[17], [18]. An enormous number of sulfone subsidiaries have
been discovered wide assortment of pharmacological
activities[19]. As well a that the bis heterocyclic compounds of
quinazoline and imidazolidine derivatives are known as
antifungal[5] and antitumor agents[16].

2 EXPERIMENTAL

2.1 MATERIALS AND METHOD

2.2 Synthesis of THSB [((E)-3-(benzylideneamino)-2thioxoimidazolidin-4-one) (2)]
A certain amount of benzaldhyde thiosemicarbazone (1) (1.13
114
IJSTR©2021
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 10, ISSUE 07, JULY 2021

g, 5.12 mmol) and ethyl chloroacetate (0.62 mL, 5.11 mmol)
were dissolved in a hot dry ethanol (20 mL) containing
catalytic amount of anhydrous sodium acetate (0.75 g, 9.14
mmol). Thereafter, the reaction mixture was heated under
stirring and reflux for 5 h. The reaction progress was followed
by TLC to investigate the disappearance of (1) and
consequently reaction completion. After the disappearance of
(1), the reaction mixture then cooled to room temperature and
then poured into an ice-water mixture. The product then
collected, dried and crystallized from hot ethanol to afford
yellow crystals of the desired ligand (2). Yield 71%; mp 235–
242 °C. FTIR (KBr, cm-1): 3450 (s, sh), 3105 (m, br), 3057 (s,
br), 2965 (s, sh), 2764 (m, sh), 1711 (vs, sh), 1544 (s, sh),
1569 (s, sh), 1490 (w, sh), 1441 (s, sh), 1330 (m, sh), 1303 (s,
sh), 1248 (s, sh), 1213 (w, sh), 1071 (w, sh), 1036 (s, sh), 969
(m, sh), 833 (m, sh), 787 (m, sh), 731 (m, sh), 694 (m, sh), 629
(m, sh), 531 (s, sh). 1H NMR (400 MHz, DMSO-d6) δ (ppm):
3.91(s, 2H, CH2 of imidazole ring), 7.46,7.49 (m, 3H, Ar-H),
7.77,7.79 (m, 2H, Ar-H), 8.42 (s,1H, CH=N), 12.01 (s, 1H,
NH)ppm .13C NMR (100 MHz, DMSO-d6) δ (ppm): 174.66
(C=S), 165.83 (C=O), 156.73 (C=N), 134.65,131.55,129.63,
128.11(C-aromatics), 33.50(CH2 of imidazole ring). EI-MS: m/z
292.20 ([M]+·, 68%). Anal. Calcd for C10H9N3OS (M=219.2
g/mol): C, 54.79; H, 4.11; N,19.18; S,14.59 %. found C, 54.54;
H, 3.89; N, 18.88; S, 14.32%.
2.3 Preparation of THSB complexes (3a-c):
The following steps were used to prepare THSB complexes
(3a-c). A hot aqeous ethanolic solution (1:1, 25 mL) of the
divalent metal salt (MCl2.xH2O; CuCl2.2H2O, MnCl2.4H2O,
ZnCl2) (1 mmol) was added to a hot ethanolic solution (25 mL)
of THSB (0.265 g, 1 mmol) containing few drops of ammonium
hydroxide (pH 9.2). The reaction mixture heated under reflux
*pruioor 2 hqwe. Thereafter, the solvent was partially
evaporated under a reduced pressure and then the reaction
mixture was cooled to room temperature to allow the
precipitation of the desired products. These products were
filtered, washed with H2O (5 mL x 3), warm EtOH (5 mL x 2)
and Et2O (5 mL x 3) successively, and dried in vacuo.
[Mn(THSB)Cl(H2O)3] (3a): Pale brown powder (65%). FTIR
(KBr, cm-1): 3410 (s, sh), 2965 (w, br), 1644 (vs, sh), 1589 (s,
sh), 1489 (s, sh), 1441 (s, sh), 1406 (m, sh), 1340 (s, sh),
1214 (m, sh), 1170 (s, sh), 1072 (w, sh), 1038 (m, sh), 969 (w,
sh), 853 (w, sh), 877 (m, sh), 834 (m, sh), 694 (s, sh), 505 (s,
sh), 443 (m, sh). EI-MS: m/z 431.20 ([M]+·, 35%). Anal. Calcd.
for C10H13ClMnN3O3S (M = 345.53 g/mol): C, 34.72; H, 3.76;
N, 12.16; S, 9.26 %. Found: C, 34.55; H, 3.52; N, 11.99; S,
9.04 %. [Cu(THSB)Cl(H2O)3] (3b): Redish-brown powder
(68%). FTIR (KBr, cm-1): 3449 (s, sh), 3055 (w, br), 1775 (w,
br), 1620 (s, sh), 1555 (m, sh), 1445 (m, sh), 1327 (s, sh),
1279 (m, sh), 1056 (m, sh), 1035 (w, sh), 969 (m, sh), 936 (m,
sh), 882 (w, sh), 757 (m, sh), 731 (w, sh), 540 (w, sh), 507 (m,
sh), 433 (w, sh). EI-MS: m/z 435.20 ([M]+·, 35%). Anal. Calcd.
for C10H13ClCuN3O3S (M = 354.3 g/mol): C, 33.87; H, 3.67; N,
11.85; S, 9.03; Found: C, 33.35; H, 3.39; N, 11.26; S, 8.96
[Zn(THSB)Cl(H2O)3] (3c): Yellowish-white powder (58%). FTIR
(KBr, cm-1): 3510 (s, br), 3057 (m, sh), 2965 (m, sh), 2772 (m,
br), 1964 (m, sh), 1710 (w, br), 1641 (s, sh), 1438 (s, sh), 1406
(s, sh), 1332 (m, sh), 1248 (m, sh), 1040 (s, sh), 903 (m, sh),
834 (m, sh), 727 (s, sh), 572 (m, sh), 533 (m, sh), 503 (m, sh),
467 (m, sh). EI-MS: m/z 399.20 ([M]+·, 35%). Anal. Calcd. for
C10H13ClZnN3O3S (M = 356.2 g/mol): C, 33.69; H, 3.65; N,
11.79; S, 8.98 %. Found: C, 33.46; H, 3.58; N, 11.43; S,
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8.82%.
2.4 In Vitro cytotoxicity assay against (MCF-7) cell line
The cell line was supplemented with 10% fetal bovine serum
and kept in culture flasks in atmosphere of 5% CO2. Cell lines
2.5 Cell Cycle Analysis

3. Results and Discussion
ThiohydantoinSchiff base (THSB, HL, 3) was prepared from
the benzaldehyde as a starting material through two
consecutive steps outlined in Scheme 1. Initially condensation
reaction between benzaldhyde in the presence of an acid
catalyst
to
get
the
corresponding
benzaldehyde
thiosemicarbazone (1), quantitatively. The main aim of this
reaction to protect the terminal amino group of the
thiohydrazide fragment in thiosemicarbazide to avoid the
formation of a nucleophilic substitution product with ethyl
chloroacetate, in the next step. Finally, the cyclization of the
thiosemicarbazone (1) into 5-H-4-oxo-3-(benzylidene) aminoimidazolidine-2-thione [THSB (2)] was carried out by reaction
of 1 with ethyl chloroacetate over reflux in an ethanolic
medium containing a catalytic amount of fused sodium
acetate. Manganese(II), copper(II), and zinc(II) complexes of
the THSB ligand (M(II)THSB, 3a-c) were synthesized by
refluxing mixtures of the deprotonated THSB and metal
chlorides in aqueous ethanol (Scheme 1). The deprotonation
of the THSB was performed using ammonium buffer solution
(pH 9.2). The parent ligand and its complexes were obtained in
acceptable yields. The structures of these new compounds
were investigated based upon elemental and spectral analysis
(FTIR, NMR (1H, 13C), EI-MS) as well as thermal and XRD
analysis.
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Fig. 1: FTIR spectra of the parent ligand (THSB, HL) and its
chelates (M(II)THSB, M(II)L) for illustrating of the changes in
the positions and/ or intensities of the imine, and thiol.
Scheme 1: Schematic diagram for synthesis of thiohydantoin
Schiff base ligand (2) and its transition metal complexes
(M(II)THSB, 3a-c).
3.1 Structural characterization
3.1.1 Microanalytical data and mass spectrometry
The parent ligand (THSB) and its chelates (M(II)THSB) have
displayed satisfying elemental analyses which is consistent
with the proposed molecular formulas for them (see
experimental part). Meanwhile, the electron impact mass
spectra (EI-MS) of THSB and M(II)THSB complexes showed
dominant peaks for the molecular ions as a result of the
departure of a single electron from the parent molecules.
3.1.2 FTIR
The FTIR spectra of the free Schiff base ligand (THSB, HL)
and its metal M(II)-complexes are shwown in Fig.1 . In the
spectrum of THSB, the IR peaks distinctive for the azomethine
groups of the Schiff base segment were observed at 1569
cm−1. On the other hand, the ν(C=O), thioamide IV ν(C=S), νas(NCS),
and νs(NCS) of the thiohydantoin moiety were observed at 1711,
1213, 1441, 731 cm−1, respectively[21]. Moreover, The two
strong stretches at 1490 and 1303 cm−1 are assigned to the
thioamide I and II modes, respectively[22]. The emergence of
a weak IR band at 2764 cm−1 in the spectrum of THSB,
attributable to the ν(S–H) stretching vibration, confirms the minor
contribution of thiol form in the thiol↔thione tautomeric
equilibrium in the solid structure of THSB[23]. These FTIR
spectral results prove the succefull formation of
thiohydantoinSchiff base (THSB, 3) ligand.
These finding
suggest the deprotonation of thio group in chelation of metal
ions. Meanwhile, the absorption band chactrestic for
azomethine group[24] has appreciably shifted to lower
wavenumbers by 14-25 cm−1, respectively, in comparison to
the values for the native THSB. These downward shifts in
wavenumber values are indicative for the coordination of the
thio group of thiohydantoin segment and and an imine-N to
metal ions. It could be realized that the THSB have
coordinated to Mn(II) and Cu(II) ions via the thiol group-S,
azomethine-N, and imine-N of thiol tatumeric form rather than
the thione form, as reveled from disappearance of thiol band in
the spectra of THSB complexes.

This suggestion is further confirmed by the emergence of new
IR bands in the ranges of 451–467 cm−1 assigned for ν(M–N).
As well as new peaks in the range of 627 cm−1 characteristic
for ν(M–S)[21], [25]. The hydrated nature of M(II)-THSB, as
suggested by the analytical data, was reflected from the
growth of new absorption bands at 3463 ± 42 cm−1 ascribed
to ν(O-H) band as a result of combination of molecules of
water in metal complexes. Moreover, the two characteristic
peaks around 750 and 640 cm−1 are attributed to the
coordinated water molecules[5].
3.1.3 NMR spectrosacopy
The 1H and 13C NMR assignments confirm the successful
preparation of the parent ligand, thiohydantoinSchiff base
(THSB, HL,2). The 1H NMR spectrum of THSB shows that
3.91(s, 2H, CH2 of imidazole ring), 7.46 (m, 3H, Ar-H), 7.77
(m, 2H, Ar-H), 8.42 (s,1H, CH=N), 12.01 (s, 1H, NH)ppm.13C
NMR( DMSO- d6)δ:174.66 (C=S), 165.83 (C=O), 156.73
(C=N), 134.65,131.55,129.63, 128.11(C-aromatics), 33.50(CH2
of imidazole ring). While1H NMR spectrum of [Zn (II)THSB]
(Fig. 3) shows thatgeneral shift due to complex formation
3.75(s, 2H, CH2 of imidazole ring), 7.44 (m, 3H, Ar-H), 7.72 (m,
2H, Ar-H), 8.36 (s,1H, CH=N),and it is noticed that absence of
12.01 (s, 1H, NH)ppm due to formation of complex.
3.1.4 UV spectroscopy and magnetic moments
The copper complex showed a broad band at λmax = 405 nm
(24,691 cm−1) due to the d → d transition as given in Fig. 3.
This band represent distorted octahedral complex due to
Jahn–Teller distortion which appear in the presence of
distinguished shoulder at 428 nm (23,364 cm −1) nm. Table. 1
illustrated the electronic parameters and the assignments for
the ligand and metal complexes with the magnetic moment.
The conductivity of complexes was measured and found in the
range between (2.630 × 10–8- 9.772 × 10–11)Ω-1cm-1.[27],
[28]
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3.1.6 Morphological characterization

particulates scattered in between. Otherwise, SEM image of
Mn(II)THSB (Fig. 4B) displayed laminate surface with some
variable-sized rods scattered on the surface. The surface of
both Cu(II)THSB and Zn(II)THSB exhibited a high population
of semispherical microparticulate which are randomly
distributed over their surfaces, as shown in Fig. 4C,D.

Fig. 2: UV spectra of Cu complex
Table. 1: The electronic parameters and the assignments
for the ligand and copper complex with the magnetic
moment.

3.1.5 EPR spectroscopy
The powdered EPR spectra of Copper(II) complex (Fig. 3).
The weak coordination of the anions that imposes an
octahedral elongated structure, as suggested by IR spectra
are represented in the g values ― gx = gy < gz‖[29] as
illustrated in Table 2.
Table. 2: The powdered EPR spectra values of Copper(II)
complex
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Fig. 4: SEM micrographs of thiohydantoin Schiff base ligand
(THSB), (A); and its complexes with Mn(II), (B); Cu(II), (C);
and Zn(II), (D).
3.1.7 Thermal analysis
The thermal stabilities of the M(II)-THSB chelates were
investigated using thermogravimetric analysis (TGA) (Fig. 5A),
differential thermogravimetry (DTG) (Fig. 5B), and differential
thermal analysis (DTA) (Fig. 5C) techniques at the
temperature range from the ambient temperature up to 800 °C
under an inert nitrogen atmosphere. The phases of thermal
degradation, corresponding temperature ranges, DTG peak
temperature, and the fragments lost in each decomposition
stage as well as their respective weight loss (WL)percentages
are given in Table 3. The TG curves of the free ligand (THSB)
revealed its thermal stability up to 126.20 °C and begins to
loss of C7H7NOS (WL 70.61%) within the temperature range
126.20–427.79 °C with a relatively broad DTG peak centered
at 276.99 °C. With increasing the temperature, the ligand was
further decomposed to loss C2H2N2 (WL 25.8%) in the
temperature range 431.70–704.77 °C range with a broad DTG
peak at 174.50 °C.

3600

G (Gauss)

Fig. 3: EPR spectra of Cu complex
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Table 3: Thermal behavior of thiohydantoinSchiff base
ligand (THSB, 2) and its transition metal complexes (M(II)
THSB, 3a-c)

The thermogram of Mn(II)-THSB displays four successive
thermal degradation stages. The first stage was in the range of
28.22–146.37 °C with a broad DTG peak centered at 119.45°C
(WL 2.62%), resulted in the partial loss of the coordinated
water molecules. In temperature range 151.04–278.94 °C, as
a second decomposition phase involves the departure of
residual coordinated water and C2H2. The third degradation
stage (278.94–486.38 °C) involves the departure chlorine
atom and C2H2N2S. With increasing the temperature (491.45–
801.44°C), involves further decomposition to liberate of C6H4N.
The hydrated nature of Cu(II)-THSB complex can be
confirmed from its TG curves which show the volatilization of
coordinated-type water molecules, chlorine atom and C4H4N3S
in the first thermal decomposition stage ranged from 111.37418.02 °C (Fig. 5A) with a broad DTG peak around 269.23 °C
(Fig. 5B). Moreover, the thermogram of Cu(II) complex shows
other decomposition phases at higher temperatures (418.81786.15°C) assigned to the loss of (C3H2)2O. The TG patterns
of Zn(II)-THSB complex indicate that it is thermally
decomposed over three stages; The first stage spreads over a
wide range of temperature intervals (22.37-141.93°C) resulting
in loss of coordinated water and ammonia. On the other hand,
the second step is a quite steep ranging over a narrow range
of temperatures (142.72-244.64 °C) involves the departure of
C2H4. The third decomposition step was observed between
246.99-721.71°C and accompanied by a mass loss of
47.438% which may be attributed to the loss of C6H4N3S.

Fig. 5: Thermograms of the native ligand (THSB) and its
complexes (M(II)-THSB); (A) (thermogravimetric analysis
(TGA), (B) differential thermogravimetry (DTG), and (C)
differential thermal analysis (DTA) curves.
The DTA curves of the native ligand and its complexes (Fig.
5C) display weak and broad endothermic peaks at the
temperature zone just prior to or accompanying the mass loss
step in the corresponding TG thermograms.
3.1.8 XRD analysis
The free ligand THSB and M(II)-THSB chelates were also
examinated by powdered X-ray diffraction studies. The XRD of
THSB and its chelates are shown in Fig. 6. From the observed
dXRD patterns, the grain size of the (THSB, HL) and its
chelates (M(II)-THSB) were determined from Schererr’s
formula[26], dXRD = 0.9k/bCosh, The grainsize of HL, Mn(II),
Cu(II) and Zn(II) complexes are nanocrystalline with grain
sizes 4.9, 5.1, 3.5 and 9.5 nm respectively[27].
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13.00±0.71
2.62±0.14
45.7±2.51
25.20±1.38
31.20±1.71

3.2.2 Cell cycle analysis
To investigate the mechanism underlying the cytotoxic activity
of the most active compound Cu(II)THSB complex, cell cycle
distribution profile of MCF-7 cells were measured after
treatment with Cu(II)THSB complex by using DNA flow
cytometric analysis. MCF-7 cells were treated with
Cu(II)THSB complex at its IC50 concentration value for 48 h.
The results showed that, compound Cu(II)THSB complex
treated MCF-7 cell revealed increase in the percentage cells at
G2/M phase with 34.90% compared with control MCF-7 which
showed 8.39%. This investigation suggested that Cu(II)THSB
complex cause perturbations in cell cycle progression at the
G2/M phase leading to inhibition of cell survival and induced
apoptosis.
C o n tro l M C F -7

Cu

Fig. 7: Cell cycle analysis of Cu(II)THSB complex at its
IC50 (μg/mL)

Fig. 6: XRD data of the native ligand (THSB) and its
complexes (M(II)-THSB); (A) XRD analysis of the ligand
(THSB), (B) Cu(II)THSB, (C) Mn(II)THSB, (D) Zn(II)THSB.
3.2 Evaluation of biological activity
3.2.1 In vitro cytotoxic activity against MCF-7
Free ligand and their metal complexes were evaluated for their
anticancer activity against MCF-7 using MTT assay. 5Fluorouracil (5-Fu) was used reference drug control. The data
were reported as compoundʹs concentration causing a net
50% loss of initial cells as presented in Table 4 and Fig. 7. The
obtained results of the tested derivatives showed that
Cu(II)THSB complex was the most potent compounds against
MCF-7 with IC50 value of 2.62 mg/mL, respectively compared
to 5-Fu IC50 = 31.20 mg/mL. Moreover, free ligand revealed
moderate cytotoxic activity with IC50 values of 13.00 mg/mL.
Table. 4: In vitro antitumor activity of Schiff base ligand
(THSB), and its complexes with Mn(II), Cu(II), and Zn(II).
Compound

3.2.3 Annexin V-FITC Staining assay
Apoptosis ratio was determined in MCF-7 cells for 48 h. In this
study, MCF-7 cells were incubated with Cu (II) complex for 48
h and then stained with Annexin V-FITC followed by flow
cytometry assay. The results in this assay (Fig. 8) sowed that,
Cu (II) complex enhance the early apoptosis stage by 3.31%
compared with the untreated cells. Moreover, Cu (II) complex
could increase the late apoptosis stage with 97.76% in
comparison with the control group. These data indicated the
involvement of apoptosis in inhibition of MCF-7 cells induced
by Cu (II) complex.
C o n tr o l M C F -7

Cu

Fig. 8: Annexin V-FITC of Cu(II) complex at its IC50
concentration dose value (mg/mL) compared to untreated
control cells.

IC50 values (mg/mL)/
MCF-7
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