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Abstract. New zinc(IT) complexes of the mixed ligands were synthesized using a benzohydrazide derivative (L),
yielded from reaction of benzohydrazide and isatin, in combination with (Phen) and various phosphine co-ligands,
including 1,10-phenanthroline (Phen), 1,2-bis(diphenylphosphino)ethane(dppe), 1,2-bis(diphenylphosphino)
propane (dppp), and triphenylphosphine (PPh;). Characterization methods included molar conductivity, atomic
absorption, FTIR, and 'H, *C{'H},>'P{'H}-NMR spectroscopy, confirming tetrahedral geometry around zinc(IT)
with the ligand N'-(2-oxoindolin-3-ylidene) benzohydrazide (L) acting as a bidentate chelating ligand. The
thermogravimetric (TG) analysis of the papered complexes [Zn(L)(Phen)]CL, [Zn(L)(PPh3)]Cl,, and
[Zn(L)(dppp)]CL, showed that each of them has been decomposed in three stages. The in vitro biological activities
were evaluated against four types of bacteria, Staphylococcus aureus, Streptococcus faecalis, Pseudomonas
aeruginosa, and Escherichia coli, along with cancer human liver (Hep-G2) cell lines, revealing that the complexes
exhibited significant cytotoxicity. Notably, the [Zn(L)(Phen)]Cl, complex showed the strongest inhibitory effect on
human liver (Hep-G2) cells, with an ICsy of 31.12 + 1.57 uM. Antibacterial tests indicated that [Zn(L)(Phen)]Cl,
and [Zn(L)(dppp)]Cl, complexes effectively inhibited Streptococcus faecalis, and [Zn(L)(Phen)]Cl, also had limited
efficacy against Gram-negative bacteria. Structure-activity relationship studies highlighted that the choice of
phosphine ligand significantly influences the biological properties of these zinc(II) complexes.

KEY WORDS: Antibacterial, Anticancer, Benzohydrazide derivative, Mixed ligands complexes, Phosphines,
Spectroscopy

INTRODUCTION

New zinc(II) complexes featuring isatin Schiff bases or N'-(2-oxoindolin-3-ylidene)
benzohydrazide (L) and phosphine ligands have received significant research interest due to their
unique structural and functional properties, which offer diverse coordination geometries and
potential applications in medicinal chemistry and industry.

Isatin, an indole derivative, is a naturally occurring compound found in plants of the isatis
genus [1, 2]. Isatin possesses several unique properties, including electrophilic behavior, and
serves as a key structural unit in the synthesis of various organic and heterocyclic compounds. Its
derivatives exhibit a wide range of biological and pharmacological activities, including
antibacterial, anticancer, and anti-HIV properties [3]. These derivatives are utilized in organic
synthesis, the production of dyes, and even as precursors in the synthesis of illicit drugs [4, 5]. As
a versatile ligand, isatin can be employed alone or in combination with other ligands, such as
Schiff bases, formed by its reaction with amino groups [6]. This ability to form coordination
complexes has been extensively studied, particularly involving transition metals. Research shows
that complexes derived from isatin Schiff bases exhibit promising medical and biological
applications [7, 8]. Numerous studies have demonstrated the diverse activities of isatin Schiff base
derivatives, including antibacterial, antifungal, antiviral, anticancer, anti-inflammatory, and
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anticonvulsant effects [9]. Recent investigations into the biological activity of isatin derivatives
have led to the synthesis of various complexes. For instance, compounds like isatin-3-
thiosemicarbazone have shown significant anti-inflammatory and antifungal activity [10-13].
Other studies have highlighted the potential of isatin-based complexes as inhibitors of the HDAC
enzyme, show casing their anticancer properties [7, 8]. Furthermore, isatin derivatives have been
synthesized in combination with different metal ions, resulting in complexes that exhibit notable
biological activity [14-16]. Alongside the unique roles of isatin derivative complexes,
diphosphines and phosphine metal complexes have received considerable attention in recent years
for their antitumor effects, both in vitro and in vivo [17, 18]. This study seeks to explore the
synthesis, characterization, and biological activities of novel zinc(II) complexes that incorporate
isatin Schiff base and phosphine ligands, highlighting their potential in therapeutic applications.

EXPERIMENTAL
Materials

Various chemicals and reagents were purchased from different suppliers, including zinc(II)
chloride (chlz), C12H3N2 (Phen), C26H24P2 (dppe), C27H2(,P2 (dppp), and P(C(,Hs)} (PPh3)
Additionally, methyl benzoate, hydrazine, isatin, glacial acetic acid, ethanol, chloroform, DMSO,
and diethyl ether were sourced from Fluka, BDH, Macklin, and Scharlau. Nuclear magnetic
resonance (NMR) spectroscopy ('H, C{'H}, and *'P{'H}) was performed using a Bruker
instrument in the range (400 MHz, DMSO-ds ) at the University of Tehran, College of Science.

Preparation of the ligand N'-(2-oxoindolin-3-ylidene) benzohydrazide (L) [19, 20]
To prepare the ligand (L), the following two steps are implemented:

a. Step one. (1.412 g, 44.000 mmol) of hydrazine was directly added to (6.000 g, 44.000 mmol)
of methyl benzoate, and the mixture was refluxed for three hours. The reaction was monitored
with TLC. The crude product left to cool, orange precipitate obtained then filtered (the m.p 115
°C, 4.8 g, 80% yield).

b. Step two. A solution of benzohydrazide (2.776 g, 20.39 mmol) in (10 mL) of absolute ethanol
was added to a suspension of isatin (3.000 g, 20.39 mmol) in (10 mL) of absolute ethanol, with
the addition of a few drops of glacial acetic acid. The mixture was then heated under reflux. After
15 min, the color of the mixture changed from orange to yellow, and it was left under reflux for
three hours, the reaction was monitored with TLC until completion. The product was then filtered,
washed with cold ethanol, and dried in a vacuum oven (287-288 °C, 4.6 g, 85% yield). As shown
in Scheme 1 step a (1) and step b (2)).

Synthesis of the zinc(Il) complexes
a. Synthesis of the complex [Zn(L)(Phen)]Cl> 1

A hot solution of ZnCl,(0.073 g, 0.542 mmol) in 10 mL of ethanol was added to a hot solution of
the ligand (L) (0.144 g, 0.542 mmol) in 10 mL of absolute ethanol. The mixture was stirred for
15 minutes, and then Phen (0.107 g, 0.542 mmol) was added. The final mixture was heated under
reflux for 3 hours, during which an orange precipitate formed. The precipitate was filtered, washed
with cold ethanol, and then dried under vacuum. Orange solid, 95%, m.p.: 265-267 °C, IRViax
(cm™): 3201, 3166, 3056, 1695, 1676, 1531, 1515, 1429, 1344, 1269, 1149, 1097, 918, 842, 721,
686, 563. "H NMR (400 MHz, DMSO-ds) & (ppm): s, 13.94,1H,NH; s, 11.37, 1H, NH; d, 9.17,
3Jun=9.39 Hz, 2H, H1Phen; d, 8.78, *Ju.u=9.39 Hz, 2H, H3Phen; s, 8.19, 2H, H4Phen; m, 8.08-
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8.05, 4H, HyPhen + He; d, 7.88, *Jin= 7.45 Hz, 1H, Ha; t, 7.60, Y= 7.49 Hz, 3H, He+ Hy t,
7.39, 3Jyn=7.05 Hz, 1H, H; t, 7.11, 3Juu= 7.68 Hz, 1H, Hy; d, 6.95, *Juu=7.89 Hz, 1H, Hq. A,
(Q'.cm?.mol ) = 77.3, Zn% theoretical (practical) = 11.24 (11.09).
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Scheme 1. Synthesis of the ligand N'-(2-oxoindolin-3-ylidene) benzohydrazide (L).

b. Synthesis of the complex [Zn(L)(PPhs3)CI]CI 2

A hot solution of ZnCl, (0.073 g, 0.542 mmol) in 10 mL of ethanol was added to a hot solution of
(PPh3) (0.142 g, 0.542 mmol) in 5 mL of absolute ethanol, and the mixture was heated under
reflux. After one hour, a hot solution of the ligand (L) (0.144 g, 0.542 mmol) in 10 mL of absolute
ethanol was added to the mixture. The final mixture was heated under reflux for 3 hours, during
which a pale yellow precipitate formed. The precipitate was filtered, washed with cold ethanol,
and then dried under vacuum. Pale yellow solid, 78%, m.p. 255-257 °C, IRVyax (cm™): 3193, 3172,
3056, 1695, 1677, 1620, 1533, 1434, 1269, 1149, 1000, 916, 750, 689, 501, 389. "H NMR (400
MHz, DMSO-ds) & (ppm): s, 13.97, 1H, NH; s, 11.41, 1H, NH; d, 7.92, *Ju.u= 6.94 Hz, 2H, He
m, 7.72-7.59, 18H pphs + H, + 2H¢; t, 7.41, 3Jun=7.74 Hz, 1H, H; t, 7.13, 3Jun=7.54 Hz, 1H,
Hy; d, 6.98, 3J.a=7.80 Hz, 1H, Hy,>'P{'"H}-NMR 3 (ppm): § = 32.61. A, (Q"'.cm> .mol ") =32.7,
Zn% theoretical (practical) =10.32 (10.14).

c. Synthesis of the complex [Zn(L)(PPhs);]Cl, 3

A solution of ZnCl, (0.073 g, 0.542 mmol) in 10 mL of ethanol was added to a solution of the
ligand (L) (0.1442 g, 0.542 mmol) in 10 mL of absolute ethanol, with stirring and heating. The
mixture was then heated under reflux. After 1 hour, PPhs (0.482 g, 1.084 mmol) was added to the
mixture, and the final mixture was heated under reflux for 3 hours. During this time, a dark yellow
precipitate formed. The precipitate was filtered, washed with cold ethanol, and then dried under
vacuum. Yellow solid, 80 %, m.p. 243-245 °C, IRV (cm™): 3195, 3170, 3070, 1695, 1676, 1533,
1481, 1431, 1344, 1269, 1149, 1095, 918, 752, 690, 503, 391. "H NMR (400 MHz, DMSO-d;) &
(ppm): s, 13.93, 1H, NH; s, 11.37, 1H, NH; d, 7.89, 3Ju.u= 7.21 Hz, 2H, He; d, 7.67, 3Ju.u= 6.98
Hz, 1H, H, m, 7.65-7.40, 33H 2, PPh; + 2H¢; t, 7.39, *Jun= 7.82 Hz, 1H, H; t, 7.11, *Juu= 7.26
Hz, 1H, Hy; d, 6.95, *Ju.u= 7.40 Hz, 1H, Ha , *'P{'"H}-NMR § (ppm): § = 25.69. A, (Q".cm?.
mol ™) = 76.6, Zn% theoretical (practical) = 7.05 (7.20).

Bull. Chem. Soc. Ethiop. 2025, 39(2)



316 Nazk M. Aziz and Ahmad A. Irzoqi
d. Synthesis of the complex [Zn(L)(dppe)]Cl; 4

A hot solution of ZnCl1,(0.073 g, 0.542 mmol) in 10 mL of ethanol was added to a hot solution
of the ligand (L) (0.1442 g, 0.542 mmol) in 10 mL of absolute ethanol. The mixture was then
heated under reflux for 1 hour. After 1 hour, a hot solution of dppe (0.299 g, 0.542 mmol) was
added to the reaction mixture, and the final mixture was heated under reflux for 3 hours. During
this time, a pale orange precipitate formed. The precipitate was filtered, washed with cold ethanol,
and then dried under vacuum. Pale pink solid, 72 %, m.p.: 283-286 °C, IRVimax (cm™): 3243, 3056,
1687, 1623, 1537, 1469, 1429, 1269, 1151, 1099, 811, 750, 690, 528, 484. 'H NMR (400 MHz,
DMSO-ds) 8 (ppm): s, 13.96, 1H, NH; s, 11.41, 1H, NH; d, 7.93, *Jun= 6.89 Hz, 2H, H.; d, 7.71,
3Jun=7.15 Hz, 1H, H,, m, 7.67-7.54, 23H, dppe +2H;; t, 7.42 *Juu=7.70 Hz 1H, H; t, 7.14,
3Jun=7.60 Hz, 1H, Hy; d, 6.99, *Ju.u= 7.40 Hz, 1H, Hg; s, 2.85, 4H, 2CH,, dppe, *'P {'H}-NMR
3 (ppm): 8 =29.97. A, (Q'.cm®.mol™!) = 85.4, Zn% theoretical (practical) = 8.17 (7.99).

e. The synthesis of the [Zn(L)(dppp)]Cl> 5

The complex follows the same procedure, just substituting dppe (1,2-
bis(diphenylphosphino)ethane) for the dppp (1,3-bis(diphenylphosphino)propane) ligand. The
following (Scheme 2) shows the route of synthesized of Zn(II) complexes. Pale orange solid, 85
%, m.p. 249-251 °C, IRvmax (cm™): 3195, 3055, 1687, 1616, 1529, 1431, 1265, 1147, 1099, 933,
808, 746, 686, 505. "H NMR (400 MHz, DMSO-ds) & (ppm): s, 13.97, 1H, NH; s, 11.48 1H, NH;
d, 7.93, *Jun= 6.81 Hz, 2H, He; m, 7.62-7.40; m, 7.86-7.80, 21H dppp + H. ; d, 7.71, *Jyu=7.10
Hz, 1H, H,; t, 7.64, *Jun=7.20 Hz, 2H, Hs; t, 7.14, *Jiun=7.60 Hz, 1H, Hy; d, 7.00, *Jun=7.80
Hz, 1H, Hg; t, 2.73, 4H, 2CHy; m, 1.73, 2H, CH, dppp *'P{!H}-NMR § (ppm): & = 57.70. A,
(Q!. em?.mol!) = 73.8, Zn% theoretical (practical) = 8.03 (7.96).
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Scheme 2. Synthesis Zn(II) complexes (1-5).

Evaluation of the antibacterial activity of the synthesized Zn(Il) complexes

The antibacterial (biological) activity of the synthesized complexes was evaluated against four
types of bacteria - two Gram-positive (Staphylococcus aureus (ATCC 25923), and Streptococcus

faecalis (ATCC 29212)) and two Gram-negative (Pseudomonas aeruginosa (ATCC 27853), and
Escherichia coli (ATCC 25922)) using the agar well diffusion method [8, 21].
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The procedure

The zinc complexes were prepared in DMSO at concentrations of (1x1073, 1x104, and 1x105 M).
For the culture medium, 38 g of nutrient agar was dissolved in 1 L of distilled water, heated until
fully dissolved, then autoclaved at 121 °C and 15 bar for 15 min. After cooling, the medium was
poured into Petri dishes to solidify.

To evaluate biological activity, 53.5 g of Mueller-Hinton agar was prepared similarly. After
sterilization, bacterial samples were spread on the agar and incubated at 37 °C for 24 hours. Four
5 mm holes were made in the agar, and 1 mL of each zinc complex solution was added. The plates
were incubated for another 24 hours. Amikacin at 10° M served as a reference, and inhibition
zones were measured with a ruler for comparison.

Cytotoxicity and cell viability assay (MTT) [14]

The cytotoxicity of the prepared compounds [Zn(L)(Phen)]Cl,, [Zn(L)(PPh;),]Cl,,
[Zn(L)(dppe)]Clz, and [Zn(L)(dppp)]Cl. was tested against human liver cancer cell lines (Hep-
G2) using the method described in the literature [22, 23]. Briefly, 2.9 x 103 cells were seeded in
a 96-well plate and incubated for 24 hours, followed by the addition of different concentrations
(5-500 uM) of the studied complexes for 48 hours, and compared with (Cis-platin) as a positive
control. After the specified treatment period, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
2H- tetrazolium bromide) was added to each well, followed by incubation of the plate for another
3 hours before the addition of dimethyl sulfoxide (DMSO). Then, the absorbance of each well
was measured using a Tecan M200 Infinite Pro-microplate Reader at 570 nm, with a reference
wavelength of 650 nm. Absorbance is measured at a wavelength of 570 nm because it is the
optimal wavelength for detecting the conversion of the MTT compound into formazan, which is
the substance produced by the activity of living cells. When there is cellular activity and viability,
the MTT compound is converted into formazan, which has a high absorbance at 570 nm. As for
the 650 nm wavelength, it is used to compensate for any nonspecific effects, such as scattering in
measurements or optical interferences. This helps improve the accuracy of the reading by
removing unwanted signals that may affect the precision of calculating cell viability. The
percentage of cell viability was calculated by reference to the untreated control, and the ICso value
was recorded by plotting the percentage of survival against the concentration of the test compound
on a logarithmic scale using the Graph-Pad Prism 9 software.

RESULTS AND DISCUSSION
Molar conductivity measurement

The zinc complexes No. 1, 3, 4, and 5 exhibited molar conductivity values in the range of (73.8-
85.4) ohm™!. cm?. mol’!, indicating the presence of two chloride (CI) ions outside the coordination
sphere. In contrast, the complex 2 [Zn(L)(PPh;)CI]Cl showed a molar conductivity value in the
range of 32.7 ohm™.cm®.mol’!, suggesting the presence of only one chloride (CI’) ion outside the
coordination sphere [24]. These molar conductivity data are consistent with the proposed
structural formulas for these zinc complexes, which are further supported by the other analyses
and measurements carried out.

FTIR spectrum of the ligand and zinc complexes

The ligand was characterized by studying its infrared spectrum and comparing it with the FTIR
spectra of the starting materials used in its preparation. A strong band appeared at 1695 cm™,
which was attributed to the stretching vibration of the new (C=0) group of the ligand [24]. The
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disappearance of the carbonyl (C=0) band of the free isatin, which usually appears around 1730
cm’!, was observed. The appearance of a new strong band at 1620 cm™ was assigned to the
stretching vibration of the (-CH=N-) group [25, 26], indicating the formation of the ligand. The
spectrum also showed a band at 1676 cm™!, corresponding to the stretching vibration of the (C=0)
group at position 1 of the ligand. Additionally, a band at 3199 cm™ was observed, which was
assigned to the N-H stretching vibration [22], and a band at 3089 cm™! was present, corresponding
to the aromatic (C-H) stretching vibration. The FTIR spectral analysis provided evidence for the
successful synthesis and formation of the ligand [23, 24], as shown in Figure 1.

The infrared spectrum of the ligand (L) and its zinc complexes, as shown in Figure 1,
demonstrates that the stretching vibration of the carbonyl (C=0) group which is located at position
2 and azomethine (-CH=N-) group are shifted to a lower frequency in which confirms that the
oxygen and nitrogen atoms are coordinated with zinc ion. Additionally, the spectra of the zinc
complexes 1, 3, 4, and 5 showed weak bands around the range (550 cm™), (490 cm™") which are
attributed to (M-0O), and (M-N) groups, respectively [23, 26, 27], and complex 2 showed strong
band at (390 cm™) assigned to (M-Cl) group [28]. Furthermore the spectra of the complexes (4
and 5) also exhibited a new band at the position (1422 and 1433 cm!), respectively, which was
assigned to the vibrational frequency of the phenyl groups bonded to the phosphorus v(Ph-P) and
two bands were observed at (1099, 690 cm™) assigned to the v(C-P) group [27]. Additively, the
spectra displayed a band at (2920 cm™) corresponding to the v(C-H) aliphatic stretching vibration
of the phosphine [23].
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Figure 1. FTIR spectrum of the ligand (L).
'H, BC{'H}, and *' P{' H}~NMR spectra data

"H-NMR spectrum of the ligand showed a singlet signal at the chemical shift (§ = 13.93 ppm),
corresponding to the amidic (NH) group. The spectrum also showed a singlet signal at the
chemical shift (5 =11.37 ppm), corresponding to the (NH) group in the isatin moiety. Furthermore,
the spectrum exhibited a doublet signal at the chemical shift (6 =7.88 ppm) with coupling constant
of (*Juu = 7.70 Hz), which was assigned to the H. and a triplet signal at the chemical shift
(8=7.60ppm) with coupling constant of (*Ju.n= 7.62 Hz), which was assigned to the H¢ protons.
Additionally, the spectrum displayed a doublet signal at the chemical shift (6 = 7.67 ppm) with
coupling constant of (\Ju.y= 7.59 Hz), attributed to the H, proton. The spectrum also showed a
triplet signal at the chemical shift (§ = 7.38 ppm) with coupling constant of (*Ju.u= 7.13 Hz),
which was assigned to the H. proton.
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Furthermore, the spectrum exhibited a triplet signal at the chemical shift (6 =7.10 ppm) with
a coupling constant of (3Jy.y = 7.68 Hz), assigned to the H, proton. Furthermore, the spectrum
displayed a doublet signal at the chemical shift (5 = 6.95 ppm) with an integration of one proton
and a coupling constant of (*Jun= 7.88 Hz), attributed to the Hq proton [24, 28].

While the "TH-NMR spectra for the all zinc complexes (1-5) showed a singlet signal at the
chemical shift (6 = 13.94-13.97 ppm), assigned to the amide (NH) group. The spectrum also
showed a singlet signal at the chemical shift (6 = 11.37-11.48 ppm) assigned to the (NH) group
in the isatin moiety. Additionally, the complexes 4 and 5 were showed a triplet signal at (5 =2.73
ppm) corresponding to the terminal (2CH») groups. Furthermore, the triplet and multiple signals
were observed at (6 =2.73 and 1.73 ppm), attributed to the central (CH.) group of the dppp ligand
in the complex [29, 30], as illustrated in the Figures in the supplementary file.
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Figure 2. 'H and '3C{'H}-NMR of the ligand.

The 3C{'H}-NMR spectrum of the ligand showed a signal at (§ = 200.70 ppm) which was
attributed to the carbon of the (C=0) group within the ring. Additionally, the spectrum displayed
a signal at (8 = 175.95 ppm) which was assigned to the carbon of the (C=0) group. Furthermore,
the spectrum exhibited four signals within the range of (6 = 158.05-159.02 ppm) which were
attributed to C7, C1, C8, and C11 respectively. Additionally, a signal at (6 = 142.92 ppm) was
assigned to C5.The remaining carbon signals appeared in the range of (C = 111.70-132.51 ppm)
[7, 30], as shown in the Figure 2.
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Figure 3. "H{*'P}and *1P{1H}-NMR spectrum of the complex 3.
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3Ip {'H}-NMR spectrum study for the complex 2 [Zn(L)(PPh3).CI]C], showed the broad signal
at op = 32.61 ppm which suggests the presence of a single isomer of the complex 2
[Zn(L)(PPh3)CIJCL. The disappearance of the other signals upon cooling the sample solution
indicates that there are dynamic processes occurring in the complex, which is slowed down at
lower temperatures, leading to the simplification of the spectrum [26, 29].

The *'P {'H}-NMR spectrum of the complex 3 [Zn(L)(PPhs;),]Cl, showed a prominent singlet
signal at the chemical shift (3p = 25.69 ppm), which indicates the presence of a single isomer and
the equivalence of the two phosphorus atoms in the tetrahedral complex[26, 29], as shown in
Figure 3.

The *'P {'H}-NMR spectra of the complexes 4, and 5 [Zn(L)(dppe)]Clo,and [Zn(L)(dppp)]Cla,
showed a major singlet signal at the chemical shift 5p =29.97 , 57.70 ppm, respectively, indicating
the equivalence of the two phosphorus atoms in the two complexes, which suggest that the dppe,
and dppp ligands behave as a bidentate chelating ligand in the complexes [28, 30].

Thermogravimetric analysis (TGA)

The thermogravimetric curve can provide information related to the thermal stability, reaction
kinetics, chemical composition of the sample, as well as the thermal stability of the products. TGA
allows for the evaluation of the thermal stability of the complexes by monitoring the mass changes
that occur as the temperature is increased. The data obtained from the TGA analysis can provide
insights into the decomposition mechanisms, phase transitions, and the presence of volatile
components in the samples. The data presented in Table 1 show results that are consistent with
the proposed general formula of the complexes. The table also provides information for each stage
of the weight loss during the (TG) analysis of the complex, where: T; = the temperature at which
the decomposition in a single step begins. Tr= the temperature at which the decomposition in a
single step ends. Tmax = the temperature of maximum weight loss.

Table 1. Thermogravimetric analysis (TGA) data for the prepared complexes 1, 3, and 5.

Weight mass loss Total
Complexes Step Ti/°C T#°C | Tprc max % Reaction mass
Calc. | Found loss%

1 241.04 | 319.18 | 25846 | 27.07 | 27.13 Ci2H10N20 67.90
319.18 | 654.85 | 370.18 | 36.21 | 36.25 | Ci2HeCLN2O | 67.66
3 654.85 | 805.81 | 712.13 4.38 4.50 CHeN

3C+Zn0O
The percentage of the practical weight loss %67.90, and the residue %32.10. The percentage of the
theoretical weight loss %67.66, and the residue %32.34.

[Zn(L)(Phen)]Cl

1 19841 | 27922 | 24654 | 16.95 | 17.00 CoHi5N20 83.61
27922 | 34049 | 29856 | 36.61 | 36.73 C7H1lCLNP, | 86.82
[Zn(L)(PPh)]Cl2 3 34049 | 804.92 | 398.78 | 33.45 | 33.88 CioHi3
ZnO

The percentage of the practical weight loss %87.61, and the residue %12.39.The percentage of the
theoretical weight loss %86.82, and the residue %13.18.

1| 6077 | 27034 | 232.67 | 16.98 | 17.00 CoHsN.O [ 75.78
[Zn(L)(dppp)]CL |2 | 27034 | 402.65 | 329.97 | 36.39 | 39.73 | CxHnCINP: | 75.97
3 | 403.65 | 804.75 | 455.19 | 33.88 | 33.45 CiHCl
C+Zn0

The percentage of the practical weight loss %57.78, and the residue %24.22. The percentage of the
theoretical weight loss %75.97, and the residue %24.03.
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This information from the TG analysis can provide insights into the thermal stability and
decomposition behavior of the prepared complexes. The thermogravimetric (TG) analysis of the
complex [Zn(L)(Phen)]Cl, shows that it decomposes in three stages. The diagram depicts the
mechanism of the weight loss stages for the complex and the critical temperature at which the
maximum transformation of the compound (maximum weight loss) occurs. The experimental and
theoretical percentages of weight lost at each stage are indicated in the mechanism. The results in
Table 2 show that the experimental weight loss is 67.88% and the remaining weight is 32.12%,
while the theoretical weight loss is 67.66% and the remaining weight is 32.34%. The remaining
material is identified as the metal oxide (ZnO +3C). This detailed TG analysis provides insights
into the thermal decomposition behavior and the composition of the final residue for the
[Zn(L)(Phen)]Cl, complex [31].

Results of bacterial sensitivity to some prepared compounds

After conducting the tests related to the efficiency of the solutions towards different bacterial
genera, diverse results were obtained among the prepared compounds. Two types of Gram-
negative bacteria and two different types of Gram-positive bacteria were selected, all of which are
considered pathogenic to humans and animals. The results showed that some solutions had
antimicrobial activity against the selected bacterial genera, despite the resistance of some of them
to antibiotics. As for the other solutions that did not show antimicrobial activity against the
selected bacterial genera, as shown in Table 2.

Table 2.The inhibitory activity of prepared zinc(II) complexes on four types of (G+) and (G-) bacteria
(inhibition zone diameter measured in mm).

Concentration Pseudomonas | Escherichia | Staphylococcus | Streptococcus
Complexes aeruginosa G— coli G— aureus G+ faecalis G+
103 19 20 21 19
[Zn(L)(phen)]CL 10* 0 12 15 13
10° 0 2 6 8
103 16 19 22 20
[Zn(L)(PPhs)2]ClL 10* 0 15 12 12
10 0 0 0 6
1073 0 20 0 6
[Zn(L)(PPh3)CI]CI 10+ 0 15 0 2
10° 0 0 2 2
107 17 2 12 0
[Zn(L)(dppe)]CL 10+ 12 2 0 0
10° 0 0 0 0
103 17 16 20 8
[Zn(L)(dppp)]CL2 10+ 10 9 12 8
10 0 0 0 6

The microbial inhibition zones of the solutions ranged between 9 to 22 mm, except for the
solutions that did not show any effect on the bacteria, indicating that these solutions have diverse
biological activities depending on the concentrations used. The complexes [Zn(L)(Phen)]Cl, and
[Zn(L)(dppp)]CL, showed the highest inhibition at the lowest concentration against (Streptococcus
faecalis). From the antibacterial data of these complexes, we observed that their sensitivity or
resistance is influenced by the lipophilic nature of the metal ion, which can change through
chelation with free ligands. This affects the permeability of the bacterial membrane, either
allowing or preventing the complexes from passing through the lipoid layer of the bacteria.
Furthermore, the stereochemistry of these ligands (Phen), and (dppp) is crucial for their
antimicrobial activity, potentially enhancing their binding with the amino acids of (Streptococcus
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faecalis). Other factors such as solubility, conductivity, electron density, molecular size,
membrane permeability, and concentration also impact the activity of the synthesized complexes.
As for the Gram-negative bacteria, the complex [Zn(L)(Phen)]Cl, gave the highest inhibition rate
at the lowest concentration, reaching (2 mm), which is a weak effect, while the other complexes
did not give any significant effect on (Escherichia coli). The studied complexes did not affect the
species (Pseudomonas aeruginosa) at the lowest inhibitory concentration [26, 28].

Anticancer activity of the prepared compounds

The anticancer activities of the studied complexes were tested against human liver cancer
cell lines (Hep-G2) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay [32, 33]. The required concentrations of the prepared compounds for 50%
inhibition concentration (ICso) and cell viability percentage (%) are listed in Tables 3 and 4,
as well as Figure 4. The results are compared with cisplatin as a standard anticancer drug.
The complexes [Zn(L)(Phen)]Clz, and [Zn(L)(dppe)]Cl> showed in Table 4 have the highest
inhibitory effect, with an ICso value of 31.12 £ 1.57 uM and57.24 £+ 1.79 uM, respectively.
While the complexes [Zn(L)(dppp)]Cl, and [Zn(L) (PPhs),]Cl; have higher ICso values of
65.16 £ 1.87 uM and 113.8 + 2.15 uM, respectively, indicating lower cytotoxicity compared
to the first two complexes. These results suggest that the [Zn(L)(Phen)]Cl> complex has the
most potent anti-cancer activity against the (Hep-G2) liver cancer cell line among the tested
compounds. The increased activity of the complex [Zn(L)(Phen)]Cl; can be attributed to the
presence of a nitrogen atom in the heterocyclic ring, which can potentially form hydrogen
bonds with DNA bases. Furthermore, the planar structure of Phen enables it to coordinate
more effectively than phosphine ligands, which face steric hindrance from the phenyl groups
bonded to the phosphorus atoms [34]. The [Zn(L)(dppe)]Cl, complex also demonstrates
promising cytotoxicity, while the [Zn(L)(dppp)]Cl: and [Zn(L)(PPhs);]Cl> complexes exhibit
lower inhibitory effects. The differences in the ICso values reflect the relative potency of the
zinc(I) complexes and could be attributed to factors such as the nature of the ligands (Phen,
PPhs, dppp, dppe) and their influence on the overall structure and reactivity of the complexes

[18]

Table 3. The cell viability (%) of the prepared compounds against the (Hep-G2) cell line.

Concentration Cell viability (%)*
(uUM) [Zn(L)(Phen)]Clz | [Zn(L)(PPh3).]C1 | [Zn(L)(dppe)ICl> | [Zn(L)(dppp)]ICL
0.000 100.0 100.0 100.0 100.0
5 954 94.7 93.5 95.4
10 58.6 86.7 714 70.4
25 25.6 59.9 51.0 51.2
50 24.3 46.6 37.3 38.1
250 14.3 323 25.8 14.9
500 12.8 31.9 224 12.8

* These values are average for triplicate times.
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Table 4. The ICso values of the synthesized zinc compounds against the (Hep-G2) cell line in comparison to

cis-platin.
Compound 1Cso value (uUM)
NAS 73 =[Zn(L)(Phen)]Cl> 31.12+1.57
NAS 74 = [Zn(L)(PPhs)2]Cl2 113.8 +2.14
NAS 88 =[Zn(L)(dppp)]CL 5724 +1.79
NAS 89 =[Zn(L)(dppe)]Cl 65.16 + 1.87
Cis-platin 1.98 £0.11
1 ICsy (NAS 73) = 3112 pM "] 1Cs0 (NAS 74) = 1138 uM
P P
g i
# H H
WLl rT . Bi
0.0 50 10.0 250 50.0 2500 5000 I]IU 5:" IDI.B HEI.D Eﬂl 0 25:?.0 w‘ﬂ o
Goncentration pM Concentration pM
10~ 10=
1€ (NAS 89) = 65.16 M
1Csy (NAS 88) = 57.24 uM B
p : *
5 , .
| |—" | |—"
IHEEEE . 11117
0.0 50 10.0 5.0 50.0 2500 500.0 00 5.0 100 250 500 2500 500.0
Concentration pM Concentration pM

Figure 4. The anticancer activity of Zn(II) complexes against (Hep-G2) cell lines at different
concentrations (uUM). The p-value = 0.005 in each case.

CONCLUSION

Five zinc(Il) complexes were prepared using the ligand N'-(2-oxoindolin-3-ylidene)
benzohydrazide (L) and co-ligands such as Phen, dppp, dppe, and PPhs. The ligand L coordinates
in a bidentate chelating manner through oxygen and nitrogen atoms, while the co-ligands also
coordinate in a bidentate fashion. We made two complexes with PPh; in 1:1 and 2:1 ratios, where
PPh; functions as a monodentate ligand. Some of the complexes exhibited good thermal stability,
decomposing in multiple stages. The antibacterial activity was evaluated, showing the
[Zn(L)(Phen)]Cl, and [Zn(L)(dppp)]Cl. complexes had the highest inhibition against
Streptococcus faecalis at the minimum concentration tested. For Gram-negative bacteria, the
[Zn(L)(Phen)]Cl> complex exhibited the highest inhibition at a concentration of 107 M, while it
showed the lowest inhibition at 10~° M, indicating a weak effect at that lower concentration. The
cytotoxicity of the [Zn(L)(Phen)]Cls, [Zn(L)(PPh;),]Clz, [Zn(L)(dppp)]Clz, and [Zn(L)(dppe)]Cl2
complexes was tested against human liver (Hep-G2) cell lines. The [Zn(L)(Phen)]Cl, complex
exhibited the highest inhibitory effect, with an ICso of 31.12 + 1.57 micromolar, compared to the
other studied complexes.
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