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Abstract

Metal (1) complexes based on the ligand, N-[(1E)-1-(4-hydroy-6-methyl-2-ox0-2H-pyran-3-yl)ethylidene]-2-(4-
methylanilino)acetohydrazide (HL) with Co (11), Mn (1), and Cu (II) were successfully synthesized and characterized by the
use of analytical, spectral (IR, UV-vis, 'H NMR), and thermal (TGA) measurements. Also, magnetic moment, molar
conductance, and electron spin resonance (ESR) spectral assignments for Cu(ll) complexes were measured. Moreover, the
newly synthesized complexes were tested against Huh-7, HCT-116, A549 cancer cell lines using MTT assay. Their apoptotic
activity was determined through flow cytometry using Annexin-V-FITC/PIl. Moreover, their ability to arrest cell cycle was
studied. Results revealed that the complex of Mn (11) is a high spin octahedral, cobalt (I1) complexes are high spin tetrahedral,
and copper (1) complexes are square planar. Also, Mn (1), Co (I1), and Cu (I1) complexes of the ligand showed cytotoxicity
activity. The tested complexes showed cytotoxic activity towards three human cancer cell lines, particularly complexes 3 and
5. Complex 3 recorded ICs values 10.51 pM and 24.96 pM, respectively against Huh-7 and A549 cells. Complex 5 showed
ICs values 28.86 uM and 7.2 puM, respectively against Huh-7 and A549 cells. Furthermore, results of the Annexin-V-FITC/PI
apoptosis assay revealed that compounds could induce apoptosis in cancer cells by increasing the percentage of apoptosis.
Complex 3 induces total apoptosis of 37.15% in Huh-7 cells while complex 5 gives 34.15% in A549 cells. Complex 3 gives a
significant diminishing of cells in GO/G1 phase in HCT-116 cells, complex 5 caused less accumulation in GO/G1 phase in
A549 cells. In conclusion, the new complexes exerted their anticancer activity through induction of apoptosis and cell cycle
arrest of cancer cells.
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1. Introduction

Dehydroacetic acid  (3-acetyl-4-hydroxy-6-
methyl-2H-pyran-2-one) (DA) is an outstanding
chelating agent. It has bactericidal, fungicidal,
herbicidal, and insecticidal activities [1,2] in
addition to its participation in the formation of
extensive types of heterocyclic ring systems [3,4].

The interests for a long time in the synthesis and
characterization of transition metals with ligands
from the hydrazine family [5-14] and the Schiff
base hydrazones formed usually by the action of
hydrazine and ketones or aldehydes. They have

been demonstrated to possess industrial, antifungal,
antibacterial, antimicrobial [15], antitumor [16,17],
herbicidal applications [18-20], antioxidant [21],
anti-angiogenic ~ [22], anti-convulsant  [23],
antitubercular [25], anti-inflammatory activities
[26], and insecticidal activity that showed an effect
on the percentage of larval mortality, pupation and
adult emergence of the cotton leafworm Spodoptera
littoral is treated as second larval instar by applying
different concentration of the complexes [27-28]
and the oral administration of vanadium complexes
induced a significant hypoglycemic effect in
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diabetic rats [29]. Furthermore, some hydrazones
have also been used as stabilizers and plasticizers
for polymers [30,31] and hydrazones metal
complexes have been used as catalysts [32-35]. So,
some metal complexes of hydrazides have been
synthesized and characterized [36-50].

Hydrazone derivatives are recognized for their
wide range of biological activities [51,52]. A broad
range of hydrazones have been applied as anticancer
drugs including zorubicin and bisantrene. Sulfonyl
hydrazone-substituted 8-ethoxy-3-nitro-2H-
chromenes has been studied [53] which were active
towards several cancer cell lines. Synthesized
plumbagin hydrazone derivatives were active
towards breast cancer [54,55]. Also, flurbiprofen
hydrazide derivatives were active towards leukemia
and ovarian cancer cell lines [56,57]. Also, definite
compounds were synthesized and reported to
possess antitumor activity towards MCF-7 cell lines
[58, 59].

The antitumor activity of hydrazones-based
compounds is induced through several manners,
such as apoptosis, inhibition of angiogenesis and
DNA intercalation. Several compounds also show
their activity through cell cycle arrest. Stimulation
of apoptosis is a good approach for the prevention
of multiplication of cancer cells. Several hydrazones
exhibited less toxic than hydrazides because of
blockage of -NH, group. Consequently, hydrazones
design with the aim to activate and promote
apoptosis consider a crucial strategy in the
development of potential anticancer agents such as
(S)-2-(6-methoxynaphthalen-2-yl)-N’-{(E)-[2-
(trifluoromethoxy)phenyl]methylidene}propanehyd
razide which induce apoptosis and inhibit VEGFR-2
[60,61]. Furthermore, the tolmetinhydrazide-
hydrazone with 2,6-dichlorophenyl moiety showed
considerable cytotoxicity and apoptosis stimulation.
Moreover, organotin (IV) complexes were reported
with antibacterial activity [62—-64]. In continuation
to our interest [65,66] the current study aimed to

2.2. Preparation of ligand (HL)
Firstly, 4-methylaniline (1.07g, 10 mmol in 20 mL

of ethanol) was added to a solution of
ethylchloroacetate (1.22 g, 10 mmol in 40 mL of
ethanol) to prepare ethyl(4-methylailino)acetate
(m.p. = 43 °C). Secondly, to prepare 2-(4-
methylanilino)acetohydrazide (m.p. = 162 °C), a
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prepare new metal (II) complexes derived from
acetohydrazide ligand.
2. Materials and Methods
2.1. Instrumentation and measurements
Elemental Micro analyses [C, H, N] were
evaluated in Micro Analytical Unit, Faculty of
Science, Cairo University, Egypt. KBr discs on FT-
IR Shimadzu spectrophotometer model spirit
Fourier Transform Infrared spectrophotometer was
used in the measuring the IR spectra. The '"H NMR
ligand spectrum has been recorded in DMSO-d6 on
Varian Gemini 200 NMR spectrophotometer at 300
MHz. Mass spectrum ligand occurred on direct
probe controller intel part to single quadropole mass
analyzer in thermo scientific model (ISQLT)
applying THERMO X-CALIBUR SOFTWARE.
Electronic spectra in solid states in Nujol nulls and
in N,N-dimethylformamide (DMF) solutions were
recorded by the use of Schimadzu UV-Vis 1800
spectrophotometer. The molar conductance of (1
x10® M) solution of the complexes in N,N-
dimethylformamide (DMF) had been estimated at
25 °C by a Bibby conductometer type MCI. The
resistance is measured in ohms and molar
conductivities had been calculated by using this
equation { Ay = VxKxg /Mw-Q } where: Ay =
molar conductivity /Q'cm*mol™, V = volume of the
complex solution/ mL, K = cell constant (0.92/cm’
), Mw = molecular weight of the complex, g =
weight of the complex/g, Q = resistance/Q. The
thermal analyses (TGA) were carried out under
nitrogen applying Shimadzu DT-30 thermal
analyser. Magnetic susceptibilities had been
measured at 27 °C using the modified Gouy method
with a Johnson Matthey balance. Magnetic
moments were calculated using the following
equation:

2. 84 co rr.T
{ Meff= A

solution of ethyl (4-methylanilino)acetate (1.79 g,
10 mmol) in 100 ml ethanol was added drop wise to
a solution of hydrazine hydrate (2.5 g, 50 mmol).
The mixture that obtained was refluxed by stirring
for 3 h and left to cool at room temperature. The
precipitate which formed was filtered off, washed
with ethanol, and dried over anhydrous CacCl,.
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Finally, dehydroacetic acid (3-acetyl-4-hydroxy-6-
methyl-2H-pyran-2-one (1.68 g, 10 mmol) in 30 mL
ethanol was added drop wise to a solution of 2-(4-
methylanilino)acetohydrazide (1.79 g, 10 mmol) in
100 mL ethanol. The formed mixture was refluxed

NH, o
PR
+ o CHs
HsC

with stirring for 3 h, then left to cool at room
temperature. The obtained precipitate was filtered
off, washed with ethanol, dried over anhydrous
CaCl, as shown in Figure 1.
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Figure 1: Preparation of ligand (HL) and the chemical formulations of its tautomeric forms [a], [b], and [c].

The ligand structure (Figure 1) has been
elucidated according to the data of elemental
analyses collected in Table 1, FT-IR spectral data
listed in Table 2, '"H NMR spectral data shown in
Figure 2. The elemental analytical data agrees with
the suggested formula. FT-IR spectral data of ligand
displayed bands near 3354 (s), 3160 cmi' and 3100
cm’, the first band is assigned to v(4-C-O-H), the
second two bands are assigned to imido -NH-
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groups [67]. The spectrum of the ligand also had
shown bands in 1708, 1677 and 1612, assigned to
v(C=0) of lactone moiety (2-one carbonyl group)
[67,68], v(C=0) of hydrazine moiety, v(C=N) of
azomethine groups, respectively [69]. The presence
of the band’s characteristic to lactone (2-one) group
and 4-C-OH and lack of bands characteristic to 4-
one carbonyl group, have been taken as evidence
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that the ligand exists mainly in the tautomeric form
[a] shown in Figure 1.

As shown in Figure 2, '"H NMR spectrum of
ligand (HL) were recorded in DMSO-d6. The
chemical shifts are given in ppm downfield from
tetramethylsilane represented in Figure 2. Also,
Figure 2 showed signals at 15.77 (1H, s, 4-C-OH),
11.11 ppm (1H, s, -CO-NH-), 6.42, 6.49 ppm (2H,
d, CH) and 6.89, 6.91 ppm (2H, d, CH), these two
doublet signals corresponding to the 4 aromatic
protons of 1,4 disubstituted benzene [70]. The
proton attached to the C5 carbon of dehydroacetic
acid (DA) ring seemed like a sharp singlet at 5.87

13.822
nan

...........

ppm [71]. Methyl protons attached to C6 carbon
seemed like a singlet at 2.15 ppm, whereas methyl
protons attached to C4 of anilino moiety and
azomethine carbon (C7) appeared at 2.45 and 2.11
ppm, consequently. Aliphatic protons (-CH,)
appeared at 3.93 ppm. A singlet signal characteristic
to (1H, s, anilino-NH-) was observed at 3.3 ppm.
The existence of the signal characteristic to (1H, s,
4-C-OH), and the appearance of band characteristic
to the lactone carbonyl group in the infrared
spectrum confirmed that the ligand exists mainly in
tautomer [a] shown in Figure 1.
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Figure 2: "H NMR spectrum of HL.

2.3. Preparation of metal (II) complexes (2-6)

Metal (I1I) complexes of ligand were prepared
by mixing a hot ethanolic solution (30 cm’) of metal
salts: Mn(OAc),, Co(OAc),.4H,0, Co(NO3),.H,0
CuCl,.2H,0 and Cu(OAc),.H,0, with suitable
amount of a hot ethanolic solution of ligand in 1:1,
(ligand/metal) molar ratio. The reaction mixture
was then refluxed for about 2 h. The formed
precipitates had been filtered off, washed with
ethanol, dried under vacuum over anhydrous CaCl,.
The chemical structures of complexes were shown
in Figure 4.

2.4. Cell lines and cell cultures
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Liver cancer Huh-7 cells, lung adenocarcinoma
A549 cells, and colorectal carcinoma HCT-116
cells had been grown in Dulbecco's Modified
Eagle's Medium (DMEM) with the supply of 10%
fetal bovine serum (FBS) and 100 pg/mL
kanamycin. The maintenance of cells was done at a
5% CO,-humidified atmosphere at 37 °C and the
replacing of the culture medium with new one was
completed after couple of days. The cells were sub-
cultured when the cell confluency reached about
80%.
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Mass spectrum of ligand showed a peak at m/z 329 attributed to M"' peak that corresponds to molecular weight

of ligand 329 gram/mole as shown in Figure 3.
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Figure 4: Chemical structures of metal (1) complexes (2-6)
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2.5. Cell proliferation assay

The antiproliferative activity of acetyl
hydrazone metal (II) complexes (6.25-100 puM)
against Huh-7, A549 and HCT-116 cells had been
evaluated through using 3-(4,5-dimethylthiazol-2-
yl)-2, diphenyltetrazolium bromide (MTT) assay as
described [72]. In brief, the cells at a density of 5
x103 cells/well in complete media had been seeded
in 96-well plates. After 24 h of culture, complexes
(6.25-100 mM) were individually added. Post 48 h,
the cells had been subjected to MTT at a final
concentration of 1 mg/mL for 4 h. A 10% SDS
containing 0.02 N HCI had been used for dissolving
the formed formazan crystals. A spectrophotometer
at 570 nm was used to read the optical density.

2.6. Apoptosis assay

The apoptotic effect of acetyl hydrazone metal
(I) derivatives (6.25-100 puM) against Huh-7,
A549, and HCT-116 cells was determined [73]
using Annexin V-FITC kit based on the
manufacturer’s instructions. In brief, cancer cells
had been individually treated with complexes (1Cs)
for 24 h. After twice washing of the cells with cold
PBS, the cells were resuspended in 1 x binding
buffer (1 x10° cells/ml). In the dark, 5 mL of
Annexin V-FITC, 5 mL of PI had been added to
cells and then samples had been vortexed, incubated
at room temperature for 15 min. A binding buffer
(1x, 400 mL) was added to tubes then samples were
analyzed using flow cytometry.

2.7. Cell cycle analysis
The effect of acetyl hydrazone metal (I1)
complexes on Huh-7, A549 and HCT-116 cell cycle
distribution was performed using Fluorescence
Activated Cell Sorter (FACS). In brief, cells
(2x10°/well) had been seeded on 6-well plate and
after 24h, the cells had been treated with ligand,
complexes (ICso) for 24 h. An ice-cold Ethanol:
PBS (70:30, v/v) was used to fix the cells for 30
min at 4 °C. RNase, propidium iodide (PI) had been
added to cells for 30 min with incubation at 37 °C.
A FACSCalibur instrument equipped with FACS
Calibur software was used to analyze the DNA
content of 10,000 cells.
2.8. Statistical Analysis
The results of the assays were presented in the
form of mean + SD. One-way ANOVA, Tukey post
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hoc test had been used for analyzing statistical
comparison among studied groups. A statistically
significant had been considered at p < 0.05.

3. Results and Discussion
3.1. Characterization of metal complexes (2-6)
Ligand had been reacted with manganese (I1),

cobalt(Il) and copper(Il)) salts in 1;1 molar ratios ,
produced complexes listed in Table 1 and their
chemical formulations were shown in Figure 4.
Colors, elemental analyses, stoichiometry, molar
conductivity of the prepared metal complexes were
listed in Table 1. The obtained solid metal
complexes are air stable and partially soluble in
most organic solvents except N,N-
dimethylformamide (DMF) and N,N-
dimethylsulfoxide (DMSO) are completely soluble.
The elemental analyses confirmed that the
complexes (3, 5 and 6) include ligand and metal
ions with molar ratios 1L:1M, whereas complexes 2
and 4 are formed in 2L:1M molar ratio. Analytical,
physical, spectral data are suitable with suggested
structures (Figure 2). Resulting complexes were
characterized by different analytical, spectroscopic
techniques such as 'H NMR, FT-IR, UV-Vis
spectra, magnetic moment, molar conductivity
measurements in addition to elemental, TGA
analyses.

3.2. The molar conductivity

The molar conductivities in DMF (10° M) at
25 °C of metal (II) complexes are listed in Table 1.
Metal complexes 2—6 display molar conductivity
values ranging from 11.95 to 19.24 ohm'cm’mol’,
indicating their non-electrolytic nature. This
confirmed that anions in all these complexes are
directly attached to metal ions [74-75].

3.3. Infrared spectra
IR spectra of complexes had been

investigated, compared with that of the ligand for
illustrating mechanism of bonding of ligand with
several metal ions. The most diagnostic infrared
spectral bands, their assignments were collected in
Table (2). The band corresponding to v(C=N) in
spectra of all complexes shifts to lower
wavenumber, showing that azomethine-nitrogen
atom is existed in the coordination in all complexes
[76-77].
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Table (1): Yield, melting point, color, molar ratio, molecular weight, elemental analyses, and molar electrical

conductivity of ligand and metal complexes.

NO Compound Yiozld l\glé’ ’ I\fgtli?)r c '\/Iv(\)lle:ei;lrj1ltar %C %eH %N Aw
LM olor g/mol F(C) F (C) F(C) @
! HL I - ygﬁLeW 329 (6612'.5(;‘) (65.181) (31(7)2)
2 | mnoagsELd | ¥ B0l 1 | vellow | s31.00 (5543;7) (‘S‘:gg) (}8%) 18.80
3 [Co(OACc),(HL)] 75 280 1:1 green 505.70 (igég) (338) (08?.3900) 17.34
4 [Co(L).] OB | orange | 71490 égfg) é:gz) (} }:;g) 11.95
s | [ccioEonHo | %0 | 20 g brown 463 (3431'.2)2) (j:‘;g) ?9?37(’) 15.48
6 [Cu(OACc),(HL] 66 230 1:1 green 510.5 (352(6)) (338) (ggg) 19.24

(a) = molar conductivity (chm™ cm”’mol™); F: found (C) calculated.

The stretching vibration band of hydrazino-
carbonyl group in the spectra of all metal complexes
(2-6) observed at the same wavenumber or showed
very slight shift in comparison with that of the free
ligand, showing that hydrazino carbonyl group not
participating in coordination to metal ion in all
complexes. The infrared spectrum of the complex
[Mn(OAc),(HI),] (2) showed that the band
characteristic to v(C=0) of Ilactone group
disappeared, a strong band appeared at 3352 cmr1,
assigned to v(2-C-OH). Moreover, a band observed
at 1615 cm™, was attributed to coordinated 4-one
carbonyl group. These are evidence that the ligand
bonded to the manganese(ll) in the tautomer [b]
shown in Figure 1. In this complex the ligand
behaves like a neutral bidentate,
coordinated via the azomethine nitrogen atom and

the 4-one carbonyl oxygen atom. The infrared
spectra of complexes [Co(OAc),(HL)] (3) and
[Cu(OAC),(HL)] (6) displayed the lactone band at
1705 and 1710 cm™ respectively, at same position
as that of the free ligand. Moreover, spectra of
complexes 3 and 6 had shown bands at 1630 and
1625 cm’', respectively, referred to coordinated 4-
one carbonyl group. The appearance of these two
bands and lack of any bands corresponding to
hydroxy group, have been taken as evidence that the
ligand in these two complexes reacted to metal ion
in the tautomer [c] (Figure 1) as a bidentate ligand
coordinated via azomethine nitrogen atom and 4-
one carbonyl (NO) mode. Infrared spectra of
complexes [Co(L),] (4) and [CuCI(L)(H,0)].H,O
(5) exhibited a band at 1614 cm’, assigned to
coordinated v(4-C=0). Infrared spectra of the two
complexes did not show any bands characteristic to
lactone carbonyl group (2-one), showing that the

Egypt. J. Chem. 67, No. 1 (2024)

ligand in these two complexes reacted in tautomer
[b] shown in Figure 1. The disappearance of the
bands corresponding to v(2-C-OH), indicating that
the ligand deprotonated and reacted as a monobasic
bidentate, coordinating  through azomethine
nitrogen atom and 4-CO (O4) oxygen atom, which
is in agreement with our finding [66] for the
complex of dehydroacetic acid N3-substituted 3-
[Cu(DAhexim-H) CI].MeCN, where DA is
dehydroacetic = acid and  hexim is = 3-
hexamethyleneiminyl thiosemicarbazide), which
studied by single crystal X-ray diffraction. The
study showed loss of O2 proton, coordination has
taken place via the O4, imine nitrogen and -S atom.
The study showed also that the O4 has the shortest
bond to copper (1) followed by imine-Cu and the S-
Cu. distances are similar. Significant IR spectral
surveys reported on metal acetate complexes [77],
showed that acetate ligand coordinating to centre of
the metal in a monodentate, bidentate or bridging
manner. va(-COO) and vs(-COQO) of free acetate
jons are at 1560, 1416 cm’', respectively. In
monodentate v(-C=0) is found at more high energy
than va(CO), v(C-O) is lower than wvs(-CO).
Therefore, separation between two v(C=0) bands is
bigger in monodentate complexes than free ion. The
reverse is noticed in bidentate acetate coordination.
IR spectra of the acetato complexes 2, 3 and 6
showing two bands at (1595- 1579) and (1357-
1352) em’, assignable to va (COO) and vs (COO),
respectively. The variation between these two bands
is about 243-227 cm’', the spectra exhibit a third
band near 766 cm’' assigned to 8(COO) shows that
the acetate in these complexes can coordinate to the
metal ion like a monodentate ligand [78]. The
inclusion of one water molecule in the coordinated
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sphere of metal complex 5 is dependent on the
appeal of bands near 3380, 935 and 618 cm’' due to
v(OH), prock(H,0) , pwagg(H,O) respectively [79].

IR spectra of all metal complexes indicates two new
bands at 618-583 and 551-531 cm’', assigned to
v(M-0O) [80] and v(M-N) [81], respectively.

Table (2): Infrared spectral bands, their assignments for ligand and Mn(ll), Co(ll), and Cu(ll) complexes

No | Compound v(C-OH) | v(N-H) v(C=0)* | v(C=0)° | v(C=0)° | v(C=N) | v(OAc) 3%:8))/
1 HL 3354 (s) | 3160,3100 | 1708 1677 1612 _

2 [Mn(OAGC),(HL),] 3352 3204(br) 1615 1666 1546 1995,1357 | 583/551
3 [Co(OAC),(HL)] - 3244 1705 1630 1680 1544 1579, 1352 | 589/ 545
4 [Co(L).] - 3207 1614 1666 1545 - 583/551

5 [CUCI(L)(H,0)].H,O | 3380° 3200 1614 1665 1545 - 618/537

6 [Cu(OAC),(HL] - 3243 1710 1625 1679 1543 1579,1352 | 585/534

®= lactone carbonyl group (2-0ne), b= 4- one carbonyl, °= hydrazone carbonyl group, = v(-OH) of water.

3.4. Electronic absorption spectra, magnetic
moment of the ligand and metal complexes
The magnetic moment values per one metal
atom (B.M) estimated at room temperature and
electronic spectral data in solid and in DMF
solutions were depicted in Table 3. The magnetic
moment and electronic spectra go through light on
the geometry of metal complexes. Data in Table 3
showed that electronic spectrum of ligand exhibited
bands at 277, 315, 326, 355, and 370 nm. These
bands are due to electronic transitions, 1 — n* of
benzene rings, n — w* of the enolic functional
group (C=C-OH), n — =n* of the lactone carbonyl
group of dehydraacetic acid, n— 7* of hydrazine
carbonyl group and n — nn* of the free azomethine
group, respectively [82, 83]. Table 3 showed that
the n— =* does affect by complex formation,
whereas the n— 7* showed shifts to lower or higher
wavelength comparing with that of free ligand, due
to participating of function groups in coordination.
Electronic spectrum of Mn(ll) complex in DMF
solution showing two weak bands at 705 and 508 as
well as a strong band at 410 nm, assignable to the
transitions 6Alg —4Tlg, 6Alg — 4T2g, charge
transfer, respectively. The electronic transitions
together with a magnetic moment value 5.95 B.M,
which is close to the spin- only value (5.92 B.M)
suggesting d5 high spin octahedral geometry for
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Mn(11) complex [84,85]. Cobalt(Il) complexes (3,4)
give a magnetic moment value 3.75, 3.71 B.M for
metal ion respectively, that is agreement with higher
spin tetrahedral cobalt(ll) complexes [86]. The
electronic spectrum for complex 3 shows a broad
band with various features around 644 nm, assigned
to 4A2—4TI1(P) (v3) transition in a tetrahedral
arrangement around Co(ll) ion [86]. Spectrum
showed two charges transfer bands at 400 and 415
nm. The spectrum of complex 4 exhibited the
4A2—4T1(P) (v3) band, as a high intensity multiple
structured band (526, 516, 500 nm). The noticed
splitting, higher intensity of this band confirms
tetrahedral organizing around Co(ll) ion [87].
Complex 4 showed two bands at 440 and 470 nm
referred to charge transfer electronic transitions.
Copper(Il) complexes 5 and 6 display peff values
1.81 and 1.85 B.M., respectively near to spin value
1.73 B.M. Complexes 5 and 6 show a broad band at
650, 630 nm respectively which is assignable to the
transition 2B1g — 2Eg, confirming a square planar
geometry [88, 89] around copper(Il) ion. Complex 5
showed two strong bands at 440, 460 nm, whereas
complex 6 showed one strong band at 466 nm.
These bands are assigned to charge transfer
electronic transitions.
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Table (3): Magnetic moment values, electronic spectral bands, and their assignments for ligand and metal (I1)

complexes.

No Compound v(nom) v(n-om) Charge transfers d—d electronic Hetr. @.m) PEF
electronic transitions one metal
transitions ion

1 HL 277 315, 326, 355, 370 - -
2 [Mn(OAGC),(HL)] 274 286, 324, 389, 410 580(w), 708(w) 5.95
3 [Co(OAC),(HL)] 274 292,310, 324, 330 400 ,415 644 (br) 3.75
4 [Co(L),] 272 295,328, 354, 377 440, 470 500, 516, 526 371
5 [CuCI(L)(H,0)].H.O 270 295,318,343, 390 440(br), 460(sh) 650(br) 1.81

6 [Cu(OAGC),(HL] 303, 320 332,396 466(br) 630 (br) 1.85

3.5. Thermal analysis of metal (1) complexes

The TGA results for the solid ligand and its
complexes (2—6) had been listed in Table 4. Results
indicate a perfect harmony with formulae suggested
from analytical, spectral, and magnetic data (Figure
4). Generally, the ligand and complexes 2,3,4, and 6
show thermal stability up to 220 °C, 215 °C, 250 °C,
260 °C, and 230 °C, respectively. The TAG
thermograms of complexes 2, 3 and 6 displayed loss
weight ranging from 215-290 °C, 250-345 °C, and
300-332 °C, corresponding to loss of two acetate
groups.

Complex 5 displayed a weight loss from 44.37-150
°C and 151-327 °C, the first loss attributed to loss
of one mole hydrated water and the second loss
because of loss of one mole coordinated water and
one chloride. The TGA thermograms of compounds
(1-6) showed thermal decomposition to the
corresponding metal oxide and carbon residue
within the temperature ranges 220-600 “C, 290430
°C, 345-460 °C, 260-500 °C, 322-600 °C, and 333—
475 °C, consequently. TGA thermograms for metal
(IT) complexes 3 and 5 were proved in Figures 5 and
6 while the rest of the TGA thermograms were
presented in the supplementary file in Figures S1—
S4.

TGA DrTG:A\
% s mg/min
—41.00
Start s4.15C
End 807.42C
100.00- e — —T Onset 303.08C
\ Endset 350.95C
fmesr o oo o o | mecioee S —-Midpoint  387.13C lo.00
) Weight Loss -8.993mg
\ \ 7 61.138%
80.00 [ )
Nl +1.00
|
’ \. f Start 346.08C
‘ \ End 807.42C S50
Onset 385.47C 2-
.00 \
GO:0¢ ‘ \  Endsct 416.71C
\ Midpoint  417.68C
Start 5796 Weight Loss -5.532mg
End 345.59C A1807%
Onsct 303.11C \ 13.00
Endset 319.48C | \
40.00- Midpoint  31211C | VI N _
Weight Loss -3.450mg
-23.457%
-4.00
1 1 1 1 1
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400.00
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Figure 5: TGA for [Co(OAC), (HL)] (3)
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Figure 6: TGA for [CuCI(L)(H,0)].HO (5)

Table (4): TGA data for ligand, complexes, and their assignments.

. Weight loss . . ,
No. Compound Temp. range (°C) Found (calc)% Assignment Residual’s formula
thermal stability up to
220 zero 220°C HL
1 HL 220-600 82.4(82.0) complete sC
’ : decomposition of
ligand to C
Thermal stability up
215 °C
0-215 zero o [Mn(OAC),(HL).]
Loss of 20Ac group 2+
2 [Mn(OAG)(HL).] 215-290 ;;‘ggg;‘g; decomposition  of mngf L+)§]C
290430 : : complex to Mn,O; and >3
C
Thermal stability up
0-250 zero 0250 'C [CO(OAC),(HL)]
3 250345 23.45(23.1) Loss of (20Ac) [Co (HL)I*
[Co(OAC),(HL)] 37 67(3§§ 5) decomposition of | 00210 C
345460 - : complex to CoO and
C
0-260 2610 ;I;h;grga}IC stability up [Co(L)s]
4 [Co(L)] 260-500 28.9(58.0) decomposition  of | COOH19C
complex
Loss of hydrated
water (H,O)
44.37-150 3.95(4.00) Lossing of
5 [CUCILHONHO 1y 555 12.63(12.00) coordinating water + %gﬂg_')(]':)(Hzo)]'
322-600 42.50(43.00) Cl N Cuo +10C
decomposition of
complex forming
metal oxide, carbon
Thermally sable up to
230 °C loss of 2
0230 zero OAc [Cu(OAC)-(HL]
6 [Cu(OAC)(HL] 300—332 25.73(25.00) decomposition of | [Cu(HL)]*
333—475 41.00(41.00) complex formation to | CuO +8C
copper oxide and
carbon
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3.6. Electron spin resonance (ESR) spectra of
copper(ll) complexes

The ESR spectra of the copper(ll) complexes
were recorded with X-band EMX spectrometer
(Bruker, Berlin, Germany) using a standard
rectangular cavity of ER 4102 operating at 9.5 GHz
with 100 kHz modulation at 298 °K. Ag-marker for
the calibration of the spectra  was
diphenylpicrylhydrazide (DPPH). The ESR spectra
for Cu(ll) complexes provides more information
about their geometry. The ESR data of Cu(ll)
complexes 5 and 6 in the polycrystalline state at 298
K are listed in Table 5. The ESR spectrum of
complex 5 (Figure 7), shows rhombic type
distortion with three g-values g3(g|| ) = 2.7149, g2=
22101, and gl = 1.79. gl= (gl +g2)2 =
(2.2101+1.79)/2 = 2.00002. The rhombic symmetry
for this complex is attributable to the bulkiness of
the ligand and to the unequal bond lengths of the
four Cu-O, Cu-N, Cu-OH,, and Cu-CI [90]. The g
tensors g3>g2>gl, indicative of complexes with
d(x2—y2) ground state. This is also supported by the
value of R factor R=(g2-gl/(g3-g2) <1 (= 0.8322),
confirming a d(x2—y2) ground state [91,92].

The ESR spectrum for complex 6 (Figure 8)
demonstrates anisotropic signals with
g/>9L>2.0023 which are distinctive of an axial
symmetry type of a d(x2-y2) ground state, resulting
in a 2Blg ground state that is known for Cu*
complexes [93,94]. These g-values support that the
Cu*" complex 6 has a square-planar geometry
[95,96] The geometric parameter G, which is a
measure of the exchange interaction between the
copper centers in the solid state, is calculated using
the equation G=(g|]-2.0023)/(gL-2.0023)=(2.7150-
2.0023)/(2.006-20023)=57.5 for axial spectra. If
G>4, exchange interaction is negligible and if it is
less than 4, considerable exchange interactions exist
[93,97]. The value of G>4, indicating that exchange
interaction is negligible. Kivelson and Neiman have
reported that the g||-values for Cu**-complexes can
be used to identify the nature of copper-ligand
bonding. If the g|-value is smaller than 2.3 an
environment is essentially covalent, while if the
value is larger than 2.3 the environment is
essentially ionic [98]. For complexes 5 and 6, the
g|>2.3 denoting that there a considerable ionic
character for copper-ligand bonding.

Table (5): ESR spectral assignments and bonding parameters for Cu(ll) complexes in polycrystalline state at

298K.
Complex no. gj orgs gLorg: ,o: gL Oav G R
[CuCI(L)(H,0)].(H:0) (5) 2.7149 2.2101,1.79 | 2.00002 22383 - 0.8322
[Cu(OAC),(HL)] (6) 2.7150 2.006 2.2389 575 -
(-): no value available
1.00E+03 1.50F+04
A
8.00E+02 /\/ .\ -
6.00E+02 / \
- / \ ~ 5.00E+03
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Figure 7: ESR for [CuCI(L)(H,0).(H,0)] (5)

3.6. Biological activity
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Figure 8: ESR for [Cu(OAC),(HL)] (6)
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3.6.1. Cytotoxicity of the ligand and metal
complexes against cancer cell lines

Ligand and metal complexes had been
investigated against Huh-7, A549, HCT-116 cell
lines through MTT assay. The ICs, values are
reported in Table (6).

3.6.1.1. Cytotoxicity of ligand
complexes against Huh-7 cells

The most cytotoxic complex was complex 3 with
recorded ICsy value 10.51 pM. The ICsy values for
Complexes 5 and 6 were (28.86 uM), (13.32 uM),
respectively. Complex 4 didn’t show cytotoxic effect
and its ICsy value was 1726 uM compared to ligand
(1074 uM), and doxorubicin (55.94 uM) as shown in
Table (6).
3.3.1.2. Cytotoxicity of ligand
complexes against A549 cells

and metal

and metal

As illustrated in Table (6) and concerning A549
cells, the 1Cs, results showed that the most cytotoxic
complex was complex 5. It gave ICsy value (7.204
pUM). The ICsy valued for complex 3 and 6 were
(24.96 uM) and (46.11 uM), respectively compared
to ligand (75.05 uM), and doxorubicin (10.1 pM).

3.6.1.3. Cytotoxicity of the ligand and metal
complexes against HCT-116 cells

Relate to HCT-116 cells, the ICs, values showed
that the most cytotoxic complex was complex 3 with
I1Cs, value (30.49 uM). The ICs, for complexes 5 and
6 were (45.74 uM), and (34.91 pM), respectively
while complex 2 showed the least cytotoxic activity
(142 uM), compared to ligand (105 pM) and
doxorubicin (27.7 uM) as shown in Table (6).

Table (6): 1Cs, values (uM) for ligand and complexes against Huh-7, A549, and HCT-116 cancer cell lines.

No. Compound I1C50 (uM)

Huh-7 A549 HCT-116
1 Ligand (HL) 1074 + 1.52 75.05 +2.02 105 +2.18
2 [Mn(OAc)»(HL).] 77.18 +1.38 33.63 +1.09 142 +2.72
3 [Co(OAC),(HL)] 10.51 +1.88 24.96 +2.08 30.49 +1.08
4 [Co(L)2] 1726 +2.51 26.89 +1.03 65.15+2.13
5 [CuCI(L)(H,0)].H,O | 28.86 + 1.54 7.20 +1.08 4574 +1.59
6 [Cu(OAc),(HL] 1332+ 1.94 46.11 +2.08 3491 + 1.40
Reference drug Doxorubicin 55.94 +2.01 10.10 + 1.09 27.70 +1.63

3.7. Apoptotic activity of metal complexes

The ability of ligand and metal (1) complexes to
induce apoptosis in Huh-7, A549, and HCT-116 cells
had been determined by flow cytometry using
Annexin V, propidium iodide (PI) dual staining.
Cancer cells had been treated with ligand and its
metal complexes at ICs, values for 24 h.

3.7.1. Apoptotic activity of ligand and complexes
against HCT-116 cells

In HCT-116 cell, all the synthesized metal (II)
complexes showed apoptotic activity more than that
found in ligand (6.85%). Complex 3 increased
apoptosis two-fold (19.03%) compared to ligand. The
recorded apoptotic effect for complexes 5 and 6 was
13.61% and 9.77%, respectively as shown in Table

).

Table (7): Apoptotic activity of ligand and complexes against HCT-116 cells

Compound HCT-116 cell apoptosis Necrosis
Total Early Late

Ligand (1) 6.85 +0.46 0.73+0.03 4.05+0.46 2.07 +0.46
Complex (3) 19.03 +0.32 1.79+0.18 14.16 + 0.43 3.08 +0.44
Complex (5) 13.61 +0.29 1.19+0.15 8.50+0.35 3.92+0.36
Complex (6) 9.77 + 0.36 2.15+0.13 4.99+0.33 2.63 +0.32
Doxorubicin 3594 +0.19 1.64 +0.15 23.11 +0.31 11.19 £ 0.41
Control cells 247 +0.09 0.48 +0.04 0.13+0.05 1.86 +0.07
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3.7.2. Apoptotic activity of ligand and complexes
against Huh-7 cells

Results in Table (8) illustrated that the complexes 3,
5, and 6 possessed an apoptotic ability to induce
apoptosis in Huh-7 cells more than that found in

ligand (5.42%). Complex 3 is the most effective
complex to induce apoptosis (37.15%) compared to
the reference drug (doxorubicin) followed by
complex 6 (31.03). Complex 5 induces apoptosis by
almost three-fold (16.47%) compared to ligand.

Table (8): Apoptotic activity of ligand and complexes against Huh-7 cells.

Compound Huh-7 cell apoptosis Necrosis
Total Early Late
Ligand (1) 5.42 +0.24 0.92 +0.03 3.19+0.78 1.31+0.23
Complex (3) 37.15+0.23 291+0.11 26.88 + 0.65 7.36+0.19
Complex (5) 16.47 +0.13 3.41+0.08 6.84+0.55 6.22+0.18
Complex (6) 31.03 +0.12 2.76+ 0.07 12.96 + 0.47 15.31 +0.10
Doxorubicin 38.11+0.11 2.52 +0.06 22.64 +0.36 12.95 +0.05
Control cells 2.09 +0.08 0.63 +0.06 0.28 +0.13 1.18 +0.05

3.7.3. Apoptotic activity of ligand and complexes
against A549 cells

Compared with the apoptotic activity of
doxorubicin (39.21%), complex 5 had the most
potent apoptotic ability towards A549 cells (34.15%)

activity of ligand was 9.31%, while complex 3 and 6
induce apoptosis by 11.82% and 6.01%, respectively
as demonstrated in Table (9). Our results are
compatible with that previously reported which
indicated the antiproliferative activity and apoptosis
mechanism of new arene Ru(ii) carbazole-based

among the synthesized complexes. The apoptotic hydrazone complexes [99].
Table (9): Apoptotic activity of ligand and complexes against A549 cells.
Compound A549 cell apoptosis Necrosis
Total Early Late
Ligand (1) 9.31+0.29 1.41+0.27 3.72+0.18 4.18+0.78
Complex (3) 11.82+0.17 1.08 +0.24 7.59 +0.45 3.15+0.65
Complex (5) 34.15+0.11 5.03+0.21 20.71 +0.36 8.41 +0.55
Complex (6) 6.01 +0.085 0.77+0.19 3.28+0.26 1.96 + 0.47
Doxorubicin 39.21 +0.072 349+0.14 16.65 +0.12 19.07 + 0.36
Control cells 1.95 +0.061 0.61 +0.06 0.22 +0.07 1.12+0.13

3.8. Cell Cycle Distribution Analysis
For determining the effect of ligand and
complexes on cell cycle, three human cancer cell
lines (HCT -116, Huh-7 and A549) were stained with
PI, the cell cycle analyzed using flow cytometry.

3.8.1. Cell cycle distribution analysis of HCT-
116 cells treated with ligand and complexes
The impact of metal complexes on cell cycle
distribution had been investigated in HCT-116.
Control cells had been found in GO/Gl phase
(43.85%), S phase (42.41%), and G2/M phase
(13.74%). Pre-G0/G1 population percentage shows
apoptosis rate of cells that were found in accordance
with the flow cytometry analysis results of apoptosis
assay. Cells treated with ligand and complex 3
showed various patterns than control cells for GO/G1
phase (44.14% and 35.94%), S phase (43.61% and
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54.15%), and G2/M phase (12.26% and 9.91%),
respectively (Table 10). The data showed that, in
cells treated with complex 3, the percentage of cells
in GO/G1 phase declined almost 8% related to the
values for ligand. Conversely, complex 5 enhanced
the percentage of cells in G2/M phase approximately
8% compared to the values for ligand. Therefore,
complex 3 directed a marked lessening of cells in
GO0/G1 phase, and complex 5 produced much growth
in G2/M phase in HCT-116 cells.
3.8.2. Cell cycle distribution analysis of Huh -7
cells treated with metal (11) complexes

In Huh-7 cells, metal complexes showed an
effect on cell cycle distribution where control Huh-7
cells showed percentages of G0/G1, S, and G2/M
phases were 39.81%, 49.26%, and 10.93%,
respectively compared to that found in ligand
43.61%, 47.36%, and 9.03%.
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Table (10): Cell cycle distribution of HCT-116 cells treated with ligand and complexes.

Cell cycle phases (HCT- 116 Cells)
Compound

%G0-G1 %S %G2/M %Pre-G1

Ligand (1) 44.13 + 0.59 43.61 +1.32 12.26 +2.29 6.85+1.30
Complex (3) 35.94+1.23 54.15+0.74 9.91+232 19.03 + 1.44
Complex (5) 41.36 + 0.89 38.07 +1.32 20.57 +1.32 13.61 +0.36
Complex (6) 42.54 +1.36 41.32+0.37 16.14 + 0.88 9.77 £ 0.79
Doxorubicin 29.86 + 0.89 24.25+0.99 4589+ 1.16 35.94 + 145
Control cells 43.85 + 0.68 4241+ 0.74 13.74 +0.19 247 +1.32

respectively. This data suggests that complex 3

On the other hand, cells treated with complexes 3 and
5 exhibited unique distribution than control cells for
GO/G1 phase (41.52% and 31.88%), S phase (56.29%

leading to elevation of cells in GO/G1 phase and
triggered a reduced amount of G2/M phase in Huh-7
cells as shown in Table (11).

and 44.26%), and G2/M phase (2.19% and 23.86%),

Table (11): Cell cycle distribution of Huh-7 cells treated with ligand and complexes.

Cell cycle phases (Huh -7 cells)
Compound %G0-G1 %S %G2/M %Pre-G1
Ligand (1) 43.61 +0.72 47.36 + 0.69 9.03+0.72 542 +0.58
Complex (3) 41.52 +0.44 56.29 + 1.83 2.19+1.68 37.15+1.00
Complex (5) 31.88 +0.58 44.26 + 1.69 23.86 + 1.01 16.47 + 0.89
Complex (6) 36.23 +1.01 42.51+1.92 21.26 +1.48 31.03 +1.00
Doxorubicin 44.59 +0.76 51.26 + 1.26 4.15+1.01 38.11 +0.44
Control cells 39.81 +0.58 49.26 + 1.51 10.93 +1.01 2.09 +0.96

3.8.3. Cell cycle distribution analysis of A549 cells
treated with ligand and complexes

As shown in Table (12), metal (II) complexes
exerted an effect on A549 cell cycle distribution. The
results revealed that in control cells, the percentages
were 54.72%, 39.25, and 6.03% for GO/G1, S, and
G2/M phases, respectively comparing with that found
for ligand 55.21%, 41.12%, and 3.67%. Cells treated
with complex 3 showed a distribution pattern for
GO0/G1 phase (46.31%), S phase (38.56%), and G2/M

phase (15.13%). In cells treated with complex 5, the
cells proportion in GO/G1 phase was 42.62% and
reduced nearly 12% compared with values for ligand
(55.21%). Also, complex 5 conducted a significant
decline of cells in GO/G1 phase (2.12%) compared to
5.01% in doxorubicin. These findings are compatible
with complexes derived from hydrazone that
exhibited an in vitro anticancer activity mediated by
cell cycle arrest at the G2/M phase [100].

Table (12): Cell cycle distribution of A549 cells treated with ligand and complexes.
Cell cycle phases (A549 cells)

Compound %G0-G1 %S %G2/M %Pre-G1

Ligand (1) 55.21 +0.93 41.12 + 0.66 3.67 +0.69 9.31+0.75

Complex (3) 46.31 +1.25 38.56 +0.76 15.13+0.83 11.82 +0.48

Complex (5) 42.62 +0.93 55.26 + 1.00 2.12+0.69 34.15+0.78

Complex (6) 52.13+0.8 42.39 + 0.66 5.48 +0.92 6.01 +1.01
Doxorubicin 36.85 +0.95 58.14 +0.58 5.01+1.26 39.21 +0.76
Control cells 54.72 +0.71 39.25+0.74 6.03 +0.51 1.95+0.58

4. Conclusion

Mn(11), Co(ll), and Cu(ll) complexes of ligand were
prepared and characterized. The results of
analytical, magnetic susceptibility and electronic
measurements reveal that the Mn(ll) display
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octahedral geometry. The cobalt(ll) complexes
exhibit tetrahedral geometry. Copper(l1) complexes
are square planar. TGA of ligand and metal
complexes agreed with the suggested structures for
complexes. The tested complexes showed cytotoxic
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activity towards three human cancer cell lines,
particularly complexes 3 and 5. Furthermore,
compounds could induce apoptosis in cancer cells
by increasing the percentage of apoptosis. Complex
3 induces total apoptotic % of 37.15% in Huh-7
cells while complex 5 gave 34.15% in A549 cells.
Complex 3 provides a significant reduction of HCT-
116 cells in GO/G1 phase, complex 5 causing less
accumulation in GO/G1 phase in A549 cells. The
novel complexes exerted their anticancer activity
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