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Green synthesis of thioxoimidazolidine derivative ligand: Spectroscopic, 
thermal and biological assignments of new Cu(II), Co(II), and Ni(II) 
chelates in neutral system
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Eco-friendly synthesis of ethyl 3-(4-oxo-3-(1-(pyridin-3-yl)ethylideneamino)-2-thioxoimidazolidin-1-yl)propanoate (4) 
ligand (L) using microwave irradiation technique was described. The structure of thioxoimidazolidine derivative 
ligand compound has been established based on different types of analyses such as infrared, 1H-NMR, 13C-NMR, 
and mass spectra as well as elemental analysis. The copper, cobalt, and nickel(II) complexes with molecular for-
mula [M(L)(H2O)4]Cl2 (where M = Co(II), Ni(II), and Cu(II), L = thioxoimidazolidine derivative ligand), have 
been prepared and well-characterized using microanalytical, conductivity measurements, magnetic, spectroscopic, 
and physical analyses. Upon the outcome results of analyses, the stoichiometry of the synthesized complexes is 
1:1 (M:L). The molar conductance values concluded that the behavior of metal complexes was electrolytes. The 
3-(4-oxo-3-(1-(pyridin-3-yl)ethylideneamino)-2-thioxoimidazolidin-1-yl)propanoate chelate acts as a monovalent 
bidentate fashion via nitrogen and oxygen atoms of both thioxoimidazolidine and propanoate ester moieties. The 
geometric structures of the synthesized metal complexes are an octahedral confi guration based on spectroscopic 
and magnetic moment studies. The thermogravimetric assignments deduced that the presence of four coordinated 
water molecules. The synthesized copper(II), cobalt(II), and nickel(II) complexes were biologically checked against 
G+ and G- bacteria and two species of fungi (Aspergillus Nigaer, and Penicillium Sp.). 
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INTRODUCTION

                                          Thiohydantoins are the sulfur isotopes of hydantoins in 
which both carbonyl groups or one of them are replaced by 
thiocarbonyl groups1. Enzalutamide, midazolidine-4-one-
2-thion, is a drug used to treat Metastatic Castration 
Resistant Prostate Cancer (CRPC)2. Also, enzalutamide 
is used to treat patients with mCRPC3. Apalutamide, is 
an anti-androgen drug that is also used to treat prostate 
cancer4–6 (Figure 1).Thioxoimidazolidin-4-one deriva-
tives prevent the α-amylase and α-glucosidase enzymes 
activities and used for the treatment of diabetes-related 
diseases7. Moxonidine is a new generation antihyper-
tensive drug containing imidazole moiety8. Tipifarnib 
is an imidazole derivative which used for treatment of 
acute myeloid leukemia (AML)8. Thiohydantoins, is 
well known due their amazing applications as human 
immunodefi ciency virus (HIV)9, 10, antimutagenic12, 13, an-
ticarcinogenic14, anti-microbial15–17, anti-viral18, hypolipid-
emic19, 20, anti-thyroidal21–23 and tuberculosis24, anti-ulcer, 
anti-infl ammatory agents25, and pesticides26. In addition, 

2-thiohydantoins are used as a reference standard for 
developing the C-terminal protein sequence27, 28, and are 
also used as a reagent for developing pigments29, 30. It 
is used also in textile printing, polymerization catalysis 
and metal cation complexation and31.

In the literature survey, much attention was devoted 
to the study metal-to-ligand complexes that contain do-
nor bonds to nitrogen, oxygen, and sulfur due to their 
diverse biological activities, such as antimicrobial32, 33 
anti-infl ammatory34, antipyretic, herbicides35 anticancer36 
and anti-ulcer37. These also play an interesting role in 
the activation of enzymes and are used for the stora-
ge and transport of active substances38. The study of 
formation transition metal complexes is relevant in the 
fi eld of analytical chemistry because the use of metal 
complexes allows the development of methods with 
increased selectivity and sensitivity. It is also of great 
importance in the fi eld of biological and environmental 
chemistry39. These facts prompted us to synthesize new 
cobalt, nickel and copper transition metal complexes, 
to study the effect of antimicrobial activity of organic 
moieties in combination with metal ions.

EXPERIMENTAL

Instruments and biological experiment
The antimicrobial effi ciency of the tested samples 

was assessed by a modifi ed Kirby-Bauer disc diffusion 
method40–43.

Tools and instruments used in compounds identifi ca-
tions are listed in Table 1.
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Figure 1. Biologically active thioxoimidazolidine derivatives
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Synthesis of thioxoimidazolidine derivative ligand
All chemicals were received from Sigma (NY, USA) 

and used without further purifi cation.
3-((1-Aminocarbonothioyl)hydrazono)ethylpyridine (2) 
Method A: a mixture of 2-acetylpyridine (1.21 gm, 

0.01 mol) and thiosemicarbazide (0.9 gm, 0.01 mol) in 
glacial acetic acid (20 mL) stirred with refl ux for 3h, the 
precipitate formed after cooling fi ltered and crystallized 
from methanol to give yellowish crystals (yield 59%), m.p. 
243–245oC. Method B: In a glass beaker, a mixture of 
2-acetylpyridine (1.21 gm, 0.01 mol) and thiosemicarba-
zide (0.9 gm, 0.01 mol), dissolved in methylene chloride 
(20 mL) then silica gel added (1.0 g, 200–400 mesh), the 
mixture stirred with glass rod till solvent evaporated, the 
dried mixture irradiated for 1.5–2.0 min in a domestic 
microwave oven (2450 MHz, 800 W). The product isolated 
from silica gel by dissolving in acetone and fi ltered off. 
The product formed after acetone evaporation crystal-
lized from methanol to give pale yellow crystals. Yield 
91%, m.p. 244–246oC. IR: 3289–3186 cm−1 (NH2 and 
NH), 2666 cm−1 (C=S thiamide). 1H NMR (DMSO-d6, 
300Mz): δ = 2.63 (s, 3H, CH3), 7.07 (dd, 1H, pyridine 
C5H), 7.50 (d, 1H, J = 9.00, pyridine C4H), 7.58 (s, 2H, 
NH2), 7.67 (d, 1H, J = 6.00, pyridine C6H), 7.93 (s, 1H, 
pyridine C2H), 10.17 (s, 1H, NH). 13C-NMR (DMSO- 
d6, 75Mz): δ = 13.06 (CH3), 121.4 (pyridine C5), 134.8 
(pyridine C3), 138.5 (pyridine C4), 145.7 (C=N), 149.8 
(pyridine C6), 153.3 (pyridine C2), 173.7 (C=S). Anal. 
Calcd for C8H10N4S (194.26): C, 49.46; H, 5.19; N, 28.84; 
S, 16.51; Found: C, 49.12; H, 5.61; N, 28.74; S, 16.32. 
MS m/z (int. %): 194 (100), 169 (49.4), 168 (64.6), 141 
(17.7), 140 (71.0), 129 (20.0), 115 (31.7), 114 (28.6), 113 
(64.0), 112 (20.29), 100 (15.9), 99 (21.76), 88 (50.6), 87 
(64.6), 86 (34.5), 85 (25.3), 76 (38.0), 75 (39.4), 71 (34.5), 
64 (45.8), 63 (61.8), 62 (71.1).

1-(1-(Pyridin-3-yl)ethylideneamino)-2-thioxoimidazolidin-
-4-one (3)

Method A: a mixture of 1 (1.94 gm, 0.01 mol) and 
ethyl chloroacetate (1.22 gm, 0.01 mol) in DMF (15 
mL) refl uxed with stirring for 4h, the reaction mixture 
cooled, poured onto ice-watering and the crude preci-
pitate formed fi ltered and crystallized from methanol to 
give orange crystals (yield 74%), m.p. 261–263oC. Method 
B: In a glass beaker, a mixture of 1 (1.94 gm, 0.01 mol) 
and ethyl chloroacetate (1.22 gm, 0.01 mol), dissolved 

in methylene chloride (20 mL) then silica gel added 
(1.0 g, 200–400 mesh), the mixture stirred with glass rod 
till solvent evaporated, the dried mixture irradiated for 
3.0–3.5 min in a domestic microwave oven (2450 MHz, 
800 W). The product isolated from silica gel by disso-
lving in acetone and fi ltered off. The product formed 
after acetone evaporation crystallized from methanol 
to give orange crystals. Yield 89%, m.p. 262–264oC. 
IR: 3177 cm−1 (NH), 2640 cm−1 (C=S thiamide), 1645 
cm–1 (C=O amide). 1H NMR (DMSO-d6, 300Mz): δ = 
2.37 (s, 3H, CH3), 4.40 (s, 2H, imidazolidine CH2), 7.09 
(dd, 1H, pyridine C5H), 7.51 (d, 1H, J = 9.00, pyridine 
C4H), 7.60 (d, 1H, J = 6.00, pyridine C6H), 7.95 (s, 1H, 
pyridine C2H), 10.28 (s, 1H, NH). 13C-NMR (DMSO- d6, 
75Mz): δ = 15.15 (CH3), 63.96 (CH2), 121.8 (pyridine C5), 
134.9 (pyridine C3), 135.5 (pyridine C4), 138.7 (C=N), 
142.9 (pyridine C6), 153.3 (pyridine C2), 164.3 (C=O), 
170.7 (C=S). Anal. Calcd for C10H10N4OS (234.28): C, 
51.27; H, 4.30; N, 23.91; S, 13.69; Found: C, 51.03; H, 
4.11; N, 23.81; S, 13.60. MS m/z (int. %): 234 (45.5), 206 
(31.2), 185 (73.3), 175 (47.1), 157 (11.51), 146 (3.80), 129 
(9.14), 118 (8.53), 103 (32.93), 90 (14.83), 76 (67.56), 64 
(100), 55 (59.05).

Ethyl 3-(4-oxo-3-(1-(pyridin-3-yl)ethylideneamino)-2-thio-
xoimidazolidin-1-yl) propanoate (4) 

Method A: a mixture of 2 (2.34 gm, 0.01 mol) and ethyl 
chloropropionate (1.36 gm, 0.01 mol) in DMF (20 mL) 
refl uxed with stirring for 4h, the reaction mixture cooled, 
poured onto ice-water and the crude precipitate formed 
fi ltered and crystallized from methanol to give yellow 
crystals (yield 62%), m.p. 196-198°C. Method B: In 
a glass beaker, a mixture of 2 (2.34 gm, 0.01 mol) and 
ethyl chloropropionate (1.36 gm, 0.01 mol), dissolved 
in methylene chloride (25 mL) then silica gel added 
(1.0 g, 200–400 mesh), the mixture stirred with glass rod 
till solvent evaporated, the dried mixture irradiated for 
3.0–3.5 min in a domestic microwave oven (2450 MHz, 
800 W). The product isolated from silica gel by dissolving 
in acetone and fi ltered off. The product formed after 
acetone evaporation crystallized from methanol to give 
yellow crystals. Yield 93%, m.p. 274°C. IR: 821 cm−1 
(C=S thiamide), 1629 cm–1 (C=O amide). 1H NMR 
(DMSO-d6, 300Mz): δ = 1.73 (t, 3H, J = 6.0, CH2CH3), 
2.76 (s, 3H, CH3), 2.87 (q, 2H, CH2CH3), 4.06 (s, 2H, 
imidazolidine CH2), 4.13 (t, 2H, J = 9.0 NCH2CH2), 
4.23 (t, 2H, J = 6.0 NCH2CH2), 7.10 (dd, 1H, pyridine 
C5H), 7.16 (d, 1H, J = 9.00, pyridine C4H), 7.23 (d, 1H, 
J = 6.00, pyridine C6H), 7.27 (s, 1H, pyridine C2H). 13C-
NMR (DMSO- d6, 75Mz): δ = 13.29 (N=C-CH3), 13.93 
(CH2CH3), 31.15 (NCH2CH2), 50.74 (NCH2CH2), 58.22 
(imidazolidine CH2), 60.39 (CH2CH3), 122.3 (pyridine 
C5), 134.8 (pyridine C3), 135.5 (pyridine C4), 149.7 (C=N), 
153.3 (pyridine C6), 155.5 (pyridine C2), 164.0 (imidazoli-
dine C=O), 170.7 (CH2CH2C=O), 173.7 (imidazolidine 
C=S). Anal. Calcd for C15H18N4O3S (334.39): C, 53.88; 
H, 5.43; N, 16.75; S, 9.59; Found: C, 53.63; H, 5.38; N, 
16.71; S, 9.48. MS m/z (int. %): (M++1) 335 (1.9), M+ 
334 (25.8), 305 (8.8), 233 (21.7), 234 (15.4), 232 (11.5), 
119 (10.9), 118 (10.0), 105 (29.1), 104 (34.9), 103 (19.7), 
77 (56.8), 76 (21.0), 63 (11.9), 62 (11.9), 59 (11.5), 58 
(11.4), 52 (44.3), 51 (100.0), 50 (92.5).

Table 1. Methods and instruments used to identify new com-
pounds
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due to NH2 and NH, also, showed a band at 830 cm−1 
due to C=S. The 1H NMR supported the structure, 
where, it showed a singlet signal at δ = 7.58 ppm due 
to NH2 group and another singlet at δ =10.17 ppm due 
to NH. The 1H NMR chart for compound 2 is shown 
in Fig. 3. The 13C NMR showed also, a peak at 173.7 
due to the carbon of the C=S as illustrated in Fig. 4. 

Synthesis of Cu(II), Co(II), and Ni(II) thioxoimidazo-
lidine complexes

An equimolar volume of CuCl2, CoCl2 
. 6H2O, and 

NiCl2 
. 6H2O metal salts was dissolved in 10 mL distilled 

water. A methanol solution of ethyl 3-(4-oxo-3-(1-(py-
ridin-3-yl)ethylideneamino)-2-thioxoimidazolidin-1-yl)
propanoate (4) ligand (L) was mixed to an aqueous 
solution of metal chloride with continuously stirring for 
about 2–3 hrs. The solid complex was separated, fi lte-
red, washed with methanol, diethyl ether and dried in 
an oven at 80oC and then stored in a desiccator under 
vacuum over anhydrous calcium chloride. The metal to 
thioxoimidazolidine ligand ratio is 1:1 stoichiometric 
proportion. Anal. Calcd for copper (II) complex: C, 
33.31; H, 4.85; N, 10.36; Found: C, 33.24; H, 4.81; N, 
10.11, Anal. Calcd for cobalt (II) complex: C, 33.59; H, 
4.89; N, 10.45; Found: C, 33.30; H, 4.77; N, 10.40; and 
Anal. Calcd for nickel (II) complex: C, 33.61; H, 4.89; 
N, 10.45; Found: C, 33.45; H, 4.79; N, 10.39.   

RESULTS AND DISSICATIONS

Interpretation of thioxoimidazolidine derivative (4) 
ligand 

Attempts were carried out for synthesis of compound 
ethyl 3-(4-oxo-3-(1-(pyridin-3-yl) ethylideneamino)-
-2-thioxoimidazolidin-1-yl)propanoate (4) with different 
methods, using the traditional method and microwave 
technique, for improving the quality of the product 
and increase the yield, if possible, and fi nally using the 
fi nal product to form metal ion complex with different 
metals. Firstly, 3-Acetylpyridine reacted with thiosemi-
carbazide in glacial acetic acid, as traditional technique, 
and they reacted under microwave irradiation over 
silica gel (200–400 mesh) with a domestic microwave 
oven (2450 MHz, 800 W) as an improvement technique 
(Figure 2), the products formed in the two methods 
showed the effectiveness of the microwave technique 
in improving the yield and increasing the melting point 
of the product. 

The structure of the 3-((1-Aminocarbonothioyl)hydra-
zono)ethylpyridine 2 was elucidated from its NMR and 
IR spectra along with the mass fragmentation. The IR 
showed the disappearance of the C=O of the acetyl 
group in the acetylpyridine with the appearance of the 
NH2, NH and C=S bands due to the condensation of 
the thiosemicarbazide with acetylpyridine. The IR of 
compound 2 showed bands at the range 3289–3186 cm−1 

Figure 3. 1H NMR of compound 2

Figure 4. 13C NMR of compound 2

Figure 2. Synthesis of imidazolidine derivative



4 Pol. J. Chem. Tech., Vol. 23, No. 3, 2021

With the same methods, compound 2 reacted with ethyl 
chloroacetate in DMF under refl ux and the same reaction 
carried out under microwave irradiation, the products 
formed in the two techniques showed, also, an improve-
ment of the yield and melting point of the product. The 
1-(1-(Pyridin-3-yl)ethylideneamino)-2-thioxoimidazolidin-
4-one 3 formed showed in its 1H NMR spectrum the 
presence of imidazolidine CH2 protons at δ = 4.40 ppm 
Fig. 5. Also, 13C NMR showed new peaks due to the 
carbon of imidazolidine CH2 and C=O at δ = 63.96 
and 164.3 ppm, respectively, Fig. 6.

Finally, compound 3 reacted in boiling DMF with ethyl 
chloropropionate and the reaction, also, repeated in mi-
crowave with the same previous manner to give compound 
4. The structure of compound 4, Ethyl 3-(4-oxo-3-(1-
(pyridin-3-yl)ethylideneamino)-2-thioxoimidazolidin-1-yl)
propanoate, proved with its 1H, 13C NMR, IR, and mass 
spectra. 1H NMR of compound 4 (Fig. 7), showed two 
triplets due to two CH2 groups of propionate moiety 
with quartet and triplet due to the ethyl group at δ 
= 4.13, 4.23, 1.73 and 2.87 ppm, respectively. The 13C 
NMR of compound 4 (Fig. 8), showed signals due to 
the propionate moiety at δ = 13.93, 31.15, 50.74 and 
60.39 ppm due to CH3, and 3 CH, respectively. The 
mass fragmentation chart and pattern for compound 4 
are shown in Fig. 9 and Fig. 10. respectively. 

Figure 5. 1H NMR of compound 3

Figure 6. 13C NMR of compound 3

Figure 7. 1H NMR of compound 4

Figure 8. 13C NMR of compound 4

Figure 9. Mass fragmentation for compound 4
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In the case of the infrared spectra (Fig. 11b-d) of the 
synthesized Cu(II), Co(II), and Ni(II) complexes, the 
broad bands within the region of 3446–3345 cm–1 and 
medium-weak bands at ~ 900 cm–1 44 can be assigned 
to the ν(O-H) stretching vibration and bending vibra-
tion δ(H2O) of the four coordinated water molecules, 
respectively. 

Regarding the infrared spectra of the synthesized com-
plexes, a very strong band at 1707 cm–1 (free ligand) is 
absent or shifted by 56 cm–1 in case of copper(II) complex 
to lower wavenumbers, the shift in ν(C=O) ester group 
supported that the chelation of thioxoimidazolidine 4 
ligand towards metal ion occurs through the oxygen atom. 

The stretching vibration motion of ν(N-C=S) thioxo-
imidazolidine ring in case of the synthesized complexes 
is shifted to a lower frequency by 15–25 cm–1 (1483–1473 
cm–1), this shift is a second items supported also the in-
volvement of nitrogen atom of thioxoimidazolidine ring 
in the coordination process. The new vibration bands 
presence in the spectra of metal complexes within the 
lower frequency region 543–518 cm–1 and 605–601 cm–1 

also confi rms the involvement of nitrogen and oxygen 
atoms of thioxoimidazolidine and ester groups, respec-
tively, in the coordination to metal ion. 

Both vibration motions of ν(C=O) and ν(C=S) of the 
thioxoimidazolidine ring haven’t been shifted due to the 
did not share of oxygen and sulfur of thioxoimidazolidine 
ring in the chelation towards metal ion. 

Interpretation of Cu(II), Co(II), and Ni(II) thioxoimi-
dazolidine (4) ligand complexes 

Microanalytical and molar conductance studies
The elemental, color, melting points (oC), ma-

gnetic susceptibility (B.M), and molar conductance 
(ohm–1cm2mol–1) values are summarized in Table 2. The 
microanalytical data concluded that the stoichiometry 
between Metal: Ligand is (1:1) with speculated general 
formulae as [M(L)(H2O)4]Cl2. The synthesized metal 
complexes have a higher melting point within 350–400oC 
temperature range. The Cu(II), Co(II), Ni(II) thioxo-
imidazolidine complexes are insoluble in H2O, alcohols, 
and common organic solvents, but soluble in dimethyl 
sulfoxide (DMSO) and dimethyl formamide (DMF). The 
molar conductivity values are located within the range of 
129–152 ohm–1cm2 mol–1 due to an electrolytic property. 

Infrared spectra
The infrared spectra of thioxoimidazolidine derivative 

(4) ligand (Fig. 11a & Table 3) included four characteristic 
vibration bands at 1707 cm–1, 1629 cm–1 44, 1498 cm–1 and 
821 cm–1 attributed to the ν(C=O) ester group, ν(C=O) 
thioxoimidazolidine ring, ν(N-C=S) thioxoimidazolidine 
ring, ν(C=S) group, respectively. Randall et al.45 have 
been observed that a strong band presence within the 
range of 1471–1613 cm–1 in the case of thioxoimidazoli-
dine ring is assigned to the stretching vibration motion 
of N-C=S group, while the stretching vibration of (C=S) 
group is present at 821 cm–1 31. 

Table 2. Analytical data of thioxoimidazolidine derivative ligand 4 and its complexes

Figure 10. Mass fragmentation pattern for compound 4
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Electronic, ESR spectra and magnetic measurements
The electronic spectrum of Cu(II) complex has a single 

broad band at 14.045 cm–1, due to 2Eg→2Tg electronic 
transition. The magnetic moment value of copper(II) 
complex is 1.83 B.M., which is matched with an octa-
hedral geometry32, 33. Regarding the ESR analysis of the 
copper(II) complex, the spectral analysis are g║ = 2.15 
and g┴ = 2.08. The experimental g║ value is less than 
2.3 with consent to the covalent bond character. The 
experimental data of the copper(II) complex agrees with 
g║ > g┴ > 2.003, These results proved that the unpaired 
electron is present in dx²-y² orbital around the Cu(II) 
metal ion and the spectral behavior are characteristic 
of axial symmetry. The octahedral Co(II) complex has 
a two electronic transition bands at 20.202 cm–1 and 
11,765 cm–1, these are assigned to 4T1g(F)→4T1g(P) (ν3) 
and 4T1g(F)→4A2g(F) (ν2) respectively32. The magnetic 
moment of cobalt(II) complex is 5.12 B.M which is 
matched with an octahedral geometry. Nickel(II) complex 
has a three electronic transition bands at 25.641 cm–1, 
16.949 cm–1 and 10.989 cm–1 due to 3A2g (F)→3T1g (P)
(ν3), 3A2g(F)→3T1g (F) (ν2), 3A2g (F)→3T2g (F) (ν1)46, 47 
respectively. The distorted octahedral geometry of the 

Ni(II) complex has a magnetic moment 3.85 B.M., this 
high μeff value is due to the mixing of multiplet excited 
states in which spin orbit coupling is ratable48. Based 
on the above spectroscopic and magnetic results, it can 
be deduced that the thioxoimidazolidine complexes are 
formulated as [M(L)(H2O)4]Cl2 (Fig. 12)

Table 3. Infrared spectral assignments of thioxoimidazolidine derivative ligand 4 and its complexes

Figure 12. Suggested structures of the synthesized [M(L)(H2O)4]
Cl2 complex (M = Cu, Co, and Ni(II) metal ions)

Figure 11. Infrared spectra of a-free ligand, b-Cu(II), c-Co(II), and d-Ni(II) complexes

Thermogravimetric analyses

The thermogravimetric (TGA) and the differential 
thermal analysis (DTA) data of the solid Cu(II), Co(II), 
and Ni(II) thioxoimidazolidine complexes are displayed 
in Fig. 13a–c and their assignments are summarized in 
Table 4.
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The thermal analysis discussions have confi rmed the 
presence of four coordinated water molecules inside the 
coordination sphere. The representative of [Cu(L)(H2O)2]
Cl2, [Co(L)(H2O)2]Cl2, and [Ni(L)(H2O)2]Cl2 complexes 
are stable up to 400oC and after that, the mass losses 
are in the range of 74.94–75.82% (calcd. 74.94–75.82%) 
corresponding to the loss of four coordinated water 
molecules and thioxoimidazolidine ligand (C15H18N4O3S) 
moiety. In the fi nal thermal decomposition step, the 
residues percentages are located within the range of 
24.18–25.06% (calcd. 24.18–24.86%). The complexes 
under study have an anhydrous metal chlorides MCl2 
as a residual product.

Biological analyses
The ethyl 3-(4-oxo-3-(1-(pyridin-3-yl)ethylideneamino)-

-2-thioxoimidazolidin-1-yl)propanoate (4) ligand along 
with the Cu(II), Co(II), and Ni(II) complexes were tested 
for their antimicrobial activity G+ bacteria (Bacillus 
Subtillis, Streptococcus Pneumonia, and Staphyloccoccus 
Aurease), G- bacteria (Escherichia coli, and Pesudomonas 
Sp.) and fungi (Aspergillus Nigaer, and Penicillium Sp.) by 
paper disc diffusion method (Table 4). Dimethyl sulfoxide 
solvent was used as a control sample. The metal-ligand 
complexes show moderate activity rather than free ligand 
against all organisms except Streptococcus Pneumonia, and 
Staphyloccoccus Aurease. The synthesized Cu(II), Co(II), 
Ni(II) complexes show moderate antimicrobial activity 
against Bacillus Subtillis, Escherichia coli, Pesudomonas 
Sp. Aspergillus Nigaer, and Penicillium Sp. Copper(II) and 
cobalt(II) complexes have not possessed any activities 
against Escherichia coli. It was observed from these re-
sults that some metal compounds exhibit slightly higher 
free ligand activity against the same microorganisms and 
under similar conditions. The mode of action of the 
complexes may involve the formation of hydrogen bonds 
with microbials or ribosomes of microbial cells resulting 
in interference with normal cell processes.

ACKNOWLEDGMENT

Taif University Researches Supporting Project number 
(TURSP-2020/07), Taif University, Taif, Saudi Arabia.

LITERATURE CITED

1.  Johnson, T.B. & Chernoff, L.H.J. (1912). Hydantoins: 
Synthesis of 5-Thiohydantoins [Nineteenth Paper]. Am. Chem. 
Soc. 34(9), 1208–1213. DOI: 10.1021/ja02210a011.

2. Seki, M., Kajiwara, D., Mizutani, H. & Minamiguchi, 
K. (2020). Analysis of novel enzalutamide-resistant cells: up-
regulation of testis-specifi c Y-encoded protein gene promotes 

Table 4. Thermal analyses of Cu(II), Co(II), and Ni(II) thioxoimidazolidine complexes

Table 5. Antibacterial effi cient of free ligand and its Cu(II), Co(II), and Ni(II) complexes

Figure 13 a-c. TGA-DTA curves of a-Cu(II), b-Co(II), and c-
-Ni(II) complexes



8 Pol. J. Chem. Tech., Vol. 23, No. 3, 2021

orotic acid fatty liver. Biochem. Pharmacol., 21, 1127–1132. 
DOI: 10.1016/0006-2952(72)90106-2.

21. Marx, J.V., Richert, D.A. & Westerfeld, W.W. (1970). Pe-
ripheral inhibition of thyroxine by thiohydantoins derived from 
amino acids. J. Med. Chem. 1970, 13, 1179–1181. DOI: 10.1021/
jm00300a036.

22. Cheymol, J., Chabrier, P., Gay, Y. & Lavedan, J.P. (1951). 
[Inhibitory action on thyroid & molecular structure; 2. study of 
dithiocarbamates & their derivatives]. Arch. Int. Pharmacodyn. 
Ther. 1951, 88, 342–350. 

23. Cheymol, J., Chabrier, P. & Gay, Y., Arch. (1951). 
[Antithyroid action and molecular structure. I. A study of 
thiohydantoins and their methyl esters]. Int. Pharmacodyn. 
Ther. 1951, 87, 321–323. DOI: 10.1042/bj0490125.

24. Archer, S., Unser, M.J. & Froelich, E. (1956). Some 
5-(Oxoalkyl)-2-thiohydantoins and Their Derivatives. J. Am. 
Chem. Soc. 1956, 78, 6182. DOI: 10.1021/ja01604a064.

25. Curran, A.C.W.U.S. Pat. 3,984,430, 1976.
26. Nagpal, K.L.U.S. Pat. 4,473,393, 1984. 
27. Mo, B., Li, J. & Liang, S. (1997). A method for prepara-

tion of amino acid thiohydantoins from free amino acids acti-
vated by acetyl chloride for development of protein C-terminal 
sequencing. Anal. Biochem., 249(1), 207–211. DOI: 10.1006/
abio.1997.2156. 

28. Cromwellt, L.D., Stark, G.R. (1969). Determination of the 
carboxyl termini of proteins with ammonium thiocyanate and 
acetic anhydride, with direct identifi cation of the thiohydan-
toins. Biochemistry, 8, 4735–4740. DOI:10.1021/bi00840a012,.

29. Nelson, J.V., Helber, M.J. & Brick, M.C.U.S. Pat. 
5,695,917, 1997. 

30. Ooi, T., Fukui, T., Kobayashi, M., Ueno, K., Kagami, K., 
Suzuki, M. & Nishino, K.U.S. Pat. 5,482,814, 1996. 

31. Kandil, S.S., El-Hefnawy, G.B. & Baker, E.A. (2004). 
Thermal and spectral studies of 5-(phenylazo)-2-thiohydantoin 
and 5-(2- hydroxyphenylazo)-2-thiohydantoin complexes of 
cobalt(II), nickel(II) and copper(II). Thermochim. Acta, 414, 
105–113. DOI: 10.1016/j.tca.2003.11.021.

32. Verma, S., Shrivastva, S. & Rani, P. (2012).  Synthesis and 
spectroscopic studies of mixed ligand complexes of transition 
and inner transition metals with a substituted benzimidazole 
derivative and RNA bases. J. Chem. Pharm. Res., 2012, 4(1), 
693–699. 

33. Usharani, M., Akila, E. & Rajavel, R. (2012).  Mixed 
ligand Schiff base complexes: synthesis, spectral characteriza-
tion and antimicrobial activity. J. Chem. Pharm. Res., 2012, 
4(1), 726–731. 

34. Andrade, A., Namora, S.F. & Woisky, RG., (2000). 
Synthesis and characterization of a diruthenium–ibuprofenato 
complex: Comparing its anti-infl ammatory activity with that 
of a copper(II)–ibuprofenato complex. J. Inorg. Biochem., 81, 
23–27. DOI: 10.1016/S0162-0134(00)00106-9. 

35. Ray, S.M. & Lahiri, S.C. (1990). Some refl ections on 
“Future organizational trends of the ASA. J. Indian Chem. 
Soc., 67, 324–326. DOI: 10.1007/BF02691840.

36. Mathew, M., Palenik, G.J. & Clark, G.R. (1973). Crystal 
and molecular structures of chlorobis(acetone thiosemicarba-
zone)nickel(II) chloride monohydrate and nitratobis(acetone 
thiosemicarbazone)nickel(II) nitrate monohydrate. Inorg. 
Chem., 12(2), 446–451. DOI: 10.1021/ic50120a041. 

37. Arya, P., Singh, N., Gadi, R. & Chandra, S. (2010). 
Preparation, characterization and antiulcer activity of mixed 
ligand complex of Zn (II) with Famotidine and Glycine. J. 
Chem. Pharm. Res., 2(6), 253–257. 

38. Hughes, M.N., Wilkinson, G., Gillard, R.D. & McCleverty, 
J.A. Comprehensive Coordination Chemistry, Vol 6, Pergamon 
Press, Oxford, 1987. 

39. Raman, M., Muthuraj, P.V., Ravichandran, S. & Kuland-
aisamy, A., (2003). Synthesis, characterisation and electrochemi-
cal behaviour of Cu(II), Co(II), Ni(II) and Zn(II) complexes 
derived from acetylacetone andp-anisidine and their antimi-

the expression of androgen receptor splicing variant 7 Transl. 
Cancer Res., 2020, 9(10), 6232–6245. DOI: 10.21037/tcr-20-1463.

3. Kyriakopoulos, C.E., Heath, E.I., Ferrari, A., Sperger, 
J.M., Singh, A., Perlman, S.B., Roth, A.R., Perk, T.G., Model-
ska, K. & Porcari, A., et al. (2020). Exploring Spatial-Temporal 
Changes in 18F-Sodium Fluoride PET/CT and Circulating 
Tumor Cells in Metastatic Castration-Resistant Prostate Cancer 
Treated with Enzalutamide. J. Clin. Oncol. 38(31), 3662–3671. 
DOI: 10.1200/jco.20.00348.

4. Al-Salama, Z.T., (2018). Apalutamide: First Global Ap-
proval, Drugs, 78, 699–705. DOI: 10.1007/s40265-018-0900-z.

5. Dellis, A.E. & Papatsoris, A.G., (2018). Apalutamide: the 
established and emerging roles in the treatment of advanced 
prostate cancer. Expert. Opin. Investig. Drugs. 27(6), 553–559. 
DOI: 10.1080/13543784.2018.1484107.

6. Chong, J.T, Oh, W.K. & Liaw, B.C., (2018). Profi le of 
apalutamide in the treatment of metastatic castration-resistant 
prostate cancer: evidence to dateOnco. Targets Ther. 11, 
2141–2147. DOI: 10.2147/OTT.S147168.

7. Qamar, R., Saeed, A., Saeed, M. & Seo, S.Y., et al., 
(2018). Synthesis and enzyme inhibitory kinetics of some novel 
3-(substituted benzoyl)-2-thioxoimidazolidin-4-one derivatives 
as α-glucosidase/α-amylase inhibitors. Med. Chem. Res. 27(5), 
1528–1537. DOI: 10.1007/s00044-018-2170-4.

8. Desai, N.C., Vaghani, H.V., Karkar, T.J., Patel, B.Y. 
& Jadeja, K.A., (2017). Synthesis and antimicrobial studies 
of 1,2,3,4-tetrahydropyrimidine bearing imidazole analogues. 
Indian. J. Chem., 2017, 56B, 438–446. http://nopr.niscair.res.
in/handle/123456789/41188.

9. Chérouvrier, J.R., Carreaux, F. & Bazureau, J.P., (2004). 
Reactivity of 2-Thiohydantoins Towards Various Electrophilic 
Reagents: Applications to the Synthesis of New 2-Ylidene-3,5-
dihydro-4H-imidazol-4-ones. Molecules, 9(10), 867–875. DOI: 
10.1002/chin.200306129. 

10. Khodair, A.I., El-Subbagh, H.I., El-Emam, A.A. (1997). 
Synthesis of certain 5-substituted 2-thiohydantoin derivatives 
as potential cytotoxic and antiviral agents. Boll Chim Farm, 
136, 561–567. Molecules 2006, 11 749. 

11. Wang, Z.D., Sheikh, S.O., Zhang, Y. (2006). A Simple 
Synthesis of 2-Thiohydantoins. Molecules, 11, 739–750. DOI: 
10.3390/11100739.

12. Takahashi, A., Matsuoka, H., Ozawa, Y. & Uda, Y. (1998). 
Antimutagenic Properties of 3,5-Disubstituted 2-Thiohydantoins. 
J. Agric. Food Chem., 46, 5037–5042.  DOI:10.1021/jf980430x; 

13. Froelich, E.; Fruehan, A.; Jackman, M.; Kirchner, F.K.; 
Alexander, E.J.; Archer, S. (1954). 5-Heptyl-2-Thiohydantion, 
A New Antitubercular Agent. J. Am. Chem. Soc. 1954, 76, 
3099–3100. DOI: 10.1021/ja01640a088.

14. Al-Obaid, A.M.; El-Subbagh, H.I.; Khodair, A.I. & El-
mazar, M.M. (1996). 5-substituted-2-thiohydantoin analogs as 
a novel class of antitumor agents. Anticancer Drugs, 7, 873. 
DOI: 10.1097/00001813-199611000-00009.

15. Lacroix, G., Bascou, J.-P., Perez, J. & Gadras, A.U.S. 
Pat. 6,018,052, 2000; 

16. Lacroix, G., Bascou, J.P., Perez, J. & Gadras, A.U.S. 
Pat. 5,650,519, 1997; 

17. Marton, J., Enisz, J., Hosztafi , S. & Timar, T.J. Agric. 
(1993). Preparation and Fungicidal Activity of 5-Substituted 
Hydantoins and Their 2-Thio Analogs. Food Chem., 41, 148–152. 
DOI: 10.1021/jf00025a031.

18. El-Barbary, A.A., Khodair, A.I., Pedersen, E.B. & Nielsen, 
C.J. (1994). S-Glucosylated hydantoins as new antiviral agents. 
Med. Chem., 37, 73–77. DOI: 10.1021/jm00027a009.

19. Tompkins, J.E. (1986). 5,5-Diaryl-2-thiohydantoins and 
5,5-diaryl N3-substituted 2-thiohydantoins as potential hypo-
lipidemic agents. J. Med. Chem., 29, 855–589. DOI:10.1021/
jm00155a042. 

20. Elwood, J.C., Richert, D.A. & Westerfeld, W.W. (1972). 
A comparison of hypolipidemic drugs in the prevention of an 



  Pol. J. Chem. Tech., Vol. 23, No. 3, 2021 9

A3. National Committee for Clinical Laboratory Standards, 
Villanova, Pa.

44. NakamotoK, Infra-Red Spectra of Inorganic and Co-
ordinated Compounds, John Wiley, New York (1963) p. 167.

45. Randall, H.M., Fowler, R.G., Fuson, N. & Dangl, J.R. 
Infrared Determination of Organic Structures. D. Van Nos-
trand, New York (1949).

46. Lever, A.B.P., Inorganic Electronic Spectroscopy, Elsevier, 
Amsterdam, 1968.

47. Lever, A.B.P. & Mantovani, E. (1971). Far-infrared and 
electronic spectra of some bis(ethylenediamine) and related 
complexes of copper(II) and the relevance of these data to 
tetragonal distortion and bond strengths. Inorg. Chem., 1971, 
10, 817–826. DOI: 10.1021/ic50098a031.

48. Drago., R.S., Physical Methods in Inorganic Chemistry, 
Rein Hold Publishing Corporation, New York (1976) p. 395.

crobial activity. Acad. Sci (Chem. Sci.), 2003, 115(3), 161–167. 
https://www.ias.ac.in/article/fulltext/jcsc/115/03/0161-0167.

40. Bauer, A.W., Kirby, W.M., Sherris, C. & Turck, M. (1966). 
Antibiotic Susceptibility Testing by a Standardized Single Disk 
Method. Amer. J. Clinical Pathology., 45, 493. DOI: 10.1093/
ajcp/45.4_ts.493.

41. Pfaller, M.A., Burmeister, L., Bartlett, M.A. & Rinaldi, 
M.G., (1988). Multicenter evaluation of four methods of yeast 
inoculum preparation. J. Clin. Microbiol. 26 (1988) 1437–1441.

42. National Committee for Clinical Laboratory Standards, 
Performance Vol. antimicrobial susceptibility of Flavobacteria, 
1997.

43. National Committee for Clinical Laboratory Standards. 
1993. Methods for dilution antimicrobial susceptibility tests 
for bacteria that grow aerobically. Approved standard M7-


