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ABSTRACT

New series of dinuclear transion metal chelates of guanidine ligand have been synthesized and characterized by spectroscopic measurements
such as: 'H-NMR, mass spectra, IR, UV-Visible, ESR, magnetic moments and conductance measurements, as well as elemental and thermal
curves (DTA and TGA). The IR data clarify that, the Schiff base is a neutral bidentate or monobasic bidentate ligand attached to the ions of
metal through the (N) atom of azomethine and (O) atom of hydroxyl in deprotonated or protonated form adopting tetragonal distorted
octahedral geometries. Solutions of molar conductances in DMF clarified that, the chelates are not electrolytes. The ESR spectra of solid Cu(ll)
chelates (2) and (4) show an axial type. However, Mn(Il) complex (8) show isotropic type indicating distorted octahedral geometry.
Anticarcinogenic effects of the ligand chelates have been carried out. Chelates show enhanced activity in comparison to the ligand of guanidine
and standard drug.

Keywords: Guanidine, Chelates, ESR, Thermal analyses (DTA-TGA), Anticarcinogenic effects

INTRODUCTION

Owing to excellent donor properties of guanidines are capable to stabilize various transition metals in several oxidation states which renders
them very valuable for bioinorganic chemistry. Guanidines can be categorized by the number of guanidine units or type of the coordinating atom
of the non-guanidine function. In bioinorganic chemistry, the most studies used mono(guanidines), then bis- and tris(guanidines) and mixed of
guanidines with other donor atom such as nitrogen and sulfur [1-3]. Characterization of guanidine, basic highly due to the positive charge
delocalization of CN; group, which resonance-stabilizes the cation. Rapidly, moisture sensitive guanidine reaction in the atmosphere gives rise
to its corresponding guanidinium [4-6]. Almost studies had been showed dealing with chemistry of derivatives of guanidinum, which had
performed as anticancer [7,8] green corrosion inhibitor for mild acidic solution [9], antiglaucoma and cardio tonic effects and polymer synthesis
[10,11]. Guanidinum derivatives show as anion-building fragments in designed super molecular receptors [12,13], improving insulin sensitivity
[14] and promotion weight loss of a depose tissue in animal models of non-insulin dependent diabetes mellitus [14]. Also, their effect on
function of the mitochondria in the cell [15], their mineralization in soils [16]. In enzymatic transformations, the ion of guanidinium participates
in a transition state assembly with the substrates reducing the activation energy or stabilization anionic intermediates, and to orient specific
substrates based on their electronic behaviour [17]. Our group focuses on design and spectroscopic characterization of antitumor effect of some
transition metal chelates of a wide variety. Herein, we report synthesis and characterization of new chelates of guanidinum ligand. These
chelates were characterized by elemental analysis spectral, magnetic and conductivity studies as well as thermal analyses (TGA/DTA). The work
was extended to study the anticarcinogenic effects of the ligand as well as some of its metal chelates in related with standard drug (Vinblastine).

MATERIALS AND METHODS

Experimental
The chemicals were used without further purification.
Measurements

At the Analytical Unit of Cairo University, Egypt, C, H, N and CI analyses were determined. Metal ion was determined by using standard
gravimetric method [18]. All metal chelates were dried under vacuum over P,O;o. A Perkin-Elmer 683 spectrophotometer (4000-200 cm™) used
to measure the infra-red spectra. But, the spectra of electrons (qualitatively) were recorded on a Perkin-Elmer 550 spectrophotometer. At 25°C
with a Bibby conductimeter type MCI measured the conductance of 10-3 molar solutions of the chelates. Perkin-Elmer R32-90-MHz
spectrophotometer using TMS as internal standard measured *H-NMR spectra (ligand and its Cd(I1) chelate). JEULIMS-AX-500 mass
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spectrometer recorded spectrum of the mass ligand. From 27 to 800°C at a heating rate of 10°C per min, the thermal analyses (DTA and TGA)
were carried out in air on a Shimadzu DT-30 thermal analyzer. The Gouy method using mercuric tetrathiocyanato cobalt(l1) measured magnetic
susceptibilities at 25°C. Diamagnetic corrections were estimated from Pascal's constant [19]. From this Equation:

g = 2.844/;(,%"’”.T

We calculate the magnetic moments. A Varian E-109 spectrophotometer recorded the ESR spectra of solid chelates, but a standard material used
DPPH. The purity of all chelates was confirmed using the TLC.

Synthesis of the ligand [H,L], (1)

[H,L], (1), for 2 h with stirring, was prepared by refluxing thiourea (25 g, 0.3228 mol) and hydrazine hydrate (16.42 g, 0.3284 mol) in ethanol
(100 cm®). Filter the product to separate the hydrazide after cooling at room temperature. 2-hydroxy-3-methylbenzaldehyde (18.76 g, 0.1378
mol) was reacted with the hydrazide crystals (8 g, 0.0689 mol) and refluxed with stirring for 3 h, ethanol was used to wash the yellow precipitate
several times. It was dried in vacuum over P,O,,. Table 1 showed analytical data.

Table 1: Analytical and physical data of the ligand [H,L]and its metal chelates

Anal./Found (Calc.) (%) Molar
S. . M.P Yield conductance
No. Ligands/Complexes Color FW °C) (%) c H N M cl Am (Q'llcmz'
mol™)
! ClSE:ZI’:l]GOZ Yellow | 35239 215 8 (gégg) (gzg) (ggsg) ) ) )
2 o | ey | 7065 | >a00 | a5 | 38| M0 | o | ares | - 15
I IR B A
4 CasHaCUNsO1Ss green | 81573 | >800 | 70 2598) | (434) | 1019) | (15:32) 12
5 CisHauCUsNgO1 brown | (496 | 2800 | 75 2917) | (443) | 15.75) | (17.02) 14
[(ONL(OAQ)(H:0)d]. H,0 3711 538 | 1180 | 16.49 ]
6 CosHagNsNi,Oss Green | 71196 | >300 | 81 (3745 | (526) | 177) | (16.5) 15
! c[fthCg;)éE:?ﬁ:c))zl(szo)G] Brown | 69442 | >300 | 74 (32183) (giig) (gég) (12:2;) - 11
8 “”éﬁfﬂiﬁfﬁf?iﬁgf Kl 200 ;'Zgr(\ 72246 | >300 | 67 (32322) (g:gg) (ﬁ:gi) (Eé% - 9
9 [(Lt):f:ﬁfl\ﬁgfg;?)s]QHzo Yellow | 743.36 | >300 | 74 (gg'.gi) (gigi) (ﬁ:gi) (15323) - 10
10 | o | oenge | 5542 | 5300 | 68 | o7y | g | @on) | (son | - 16
1 “%'j?ﬁﬁ?@?ﬁ.ﬁ'éf)ﬁ]' 31O gDrE’L? 1031.78 | >300 | 64 éf—,jﬁ%) (g:ég) (gé% éijig) - 1
[(L)CuZn(OAC)2(H20)6] Dark 37.45 5.14 11.91 Cu=9.01 )
12 CooHasCUNGOLZN green | 70949 | >800 | 72 (3739) | (491) | a198) | zn=9.27 20
[(ONIZn(OAC)(H;0)e].2H,0 | Pale 35.87 547 | 1141 | Ni=7.97 ]
13 CasHaoNsNiO1Zn green | (3667 | >300 | 63 (35.89) | (5.21) | (11.58) | zn=8.88 B
[(OMnZn(OAc),(H:0)s].H,0 | Bright 36.96 536 | 1176 | Mn=7.68 | _
14 szHsaMﬂNeOuZﬂ brown 714.9 >300 68 (2676) (571) (1181) Zn=9.15 21

Metal chelates synthesis (2)-(14)

Solution of ethanol (30 cm®) of (5.67 g, 0.0284 mol) of Cu(OAc),.H,0, (1L:2M), chelate (2) was added to the ligand (1) (5.0 g, 0.0171 mol) in
ethanol (50 cm®), (2.81 g, 0.0284 mol) of CuCl,.2H,0, (1L:2M), chelate (3), (4.53 g, 0.0284 mol) of CuSO,.5H,0 (1L:2M), chelate (4), (6.86 g,
0.0284 mol) of Cu(NO3),.3H,0, (1L:2 M), chelate (5), (7.06 g, 0.0284 mol) of Ni(OAc),.4H,0, (1L:2M), chelate (6), (7.07 g, 0.0284 mol) of
Co(OAC),.4H,0, (1L:2M), chelate (7), (6.96 g, 0.0284 mol) of Mn(OAc),.4H,0, (1L:2M), chelate (8), (6.23 g, 0.0284 mol) of Zn(OAc),.2H,0,
(1L:2M), chelate (9), (7.56 g, 0.0284 mol) of Cd(OAc),.2H,0, (1L:2M), chelate (10), (9.04 g, 0.0284 mol) of Hg(OACc),, (1L:2M), chelate (11),
(2.83 g, 0.01419 mol) of Cu(OAc),.H,0 and (3.11 g, 0.01419 mol) of Zn(OAc),.2H,0, (1L:1M:1L), chelate (12), (3.53 g, 0.01419 mol) of
Ni(OAc),.4H,0 and (3.11 g, 0.01419 mol) of Zn(OAc),.2H,0, (1L:1M:1L), chelate (13), (3.48 g, 0.01419 mol) of Mn(OAc),.4H,0 and (3.11 g,
0.01419 mol) of Zn(OAc),.2H,0, (1L:1M:1L), chelate (14). Reflux the mixture with stirring for 2-4 h, depending on the behaviour of the metal
ion and the anion. Washing the precipitate with ethanol and dried in vacuo over P40, after filtration. Analytical data are given in Table 1.

Anticarcinogenic activity

In vitro anticarcinogenic activity of the synthesized chelates using SRB assay as the published method [20]. For 24 h, cells were plated in 96-
multiwell plate (10* cells/well) before the chelates treatment. Using Dimethyl Sulfoxide (DMSO), the chelates concentrations (0, 1.56, 3.125,
6.5, 12.5 and 25 pg/ml) were added to the cell monolayer triplicate wells were prepared for each individual dose. For 48 h at 37°C under 5%
CO,, monolayer cells were incubated with the chelates. Staining with SRB assay after cell fixing and washing. Acetic acid was used to wash
excess stain. An Enzyme-linked Immunosorbent Assay (ELISA) reader was used to measure color intensity. The survival curve of each tumor
cell line was given from the relation between surviving fraction and drug chelates concentration.
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RESULTS AND DISCUSSION

Tables 1-3 reveal that, the chelates are synthesized in (1L:2M) stoichiometric ratio. All the chelates are stable at room temperature, insoluble in
common solvents, viz: MeOH, EtOH, CHCl3, CCl, and (CHs),CO but soluble in DMSO [18,19]. Condensation of tetraamine hydrazide with p-

methyl salicyaldehyde (1:2) molar ratio to synthesize [H,L], (1) as shown in Figures 1 and 2.

NH; OH
HoN 4<
N—
NH, o
HoN
H
tetraamine hydrazide m - methyl salicaldhyde
257
o
=<
2w
=
3
NH |
)\ N N OH
OH N NEI
| NH,
ligand (1)

Scheme 1: Ligand synthesis

Scheme 1 formation of strong hydrogen bondings or steric effect of ligand (1) by adding 1:2 molar ratio of tetraamine hydrazide to p-methyl salicyaldehyde (1).

Proposed structures of the chelates are shown in Figure 1.

Table 2: Mass spectra of ligand (1) and its Cd(l1), chelate (10)

Compound No. Fragment m/z Rel. Int.
C2HsN, 55.03 25
CeHs 77.04 30
C/H;0 107.05 45
CgH:N, 131.06 20
@ C4H7N 139.07 35
CioHoN, 185.08 40
CieH1sNs 261.11 26
CisH17Ns 289.14 27
CisH17N,O; 321.14 18
C2HsN, 55.03 18
C2Hs0, 59.02 13
CsH:N, 131.06 17
(10) C;HsNOCd 232.94 22
C4H-NsOCd, 382.87 26
Ci16H13Ns0:Cd; 548.92 30
C20H21Ns0,Cd, 636.97 28
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Figure 1: Suggested structures of ligand and its chelates
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Table 3: IR frequencies of the bands (cm™) of ligand [H,L] and its metal chelates and it's assignments

Nsc')_ V(H;0/0H) v(H-bond.) N(NHy) | w(C=N) | v(N-N) V(AD) v(C- v(OAC) /SOy | v(M-0) | v(M- "g‘g
OH)/(C-0) NOs N)
| voren | 2 Lo | 5 e |0 | 0 | | |
2 | ssaa120 | S0S | as00,3255 | 0S| a0 | 0TS | VB sz | osw0 || -
3| Satoaseo | atroarro | 553235 | Yo | 104 | jgeeta | 1o : B | g | 40
o | movwm | BRI | s | 1 | o | 00| 2R Cmems | w0 | | -
5 | a0 | atesosrs | 35320 | igog | 1071 | jiided | o | msies | S0 | s | -
© | Za00050 | ateoss | 2753240 | e | 1083 | jggoise | ppe | 036 | sl | g | -
7| g0 | atozsso | 0 | gy | 106 | joigdny | ppg | MO | S| g
8 | Spsoaoos | atoveses | 51325 | gog | 1025 | jigrng | oy | I3 | S| g |
| | [ | 1 | o | R | B | o | = | e |
3600-3225 | 3610-3125 1621 1567, 755 | 28L
10| 3200-2080 | 3100-2857 | 33203210 | yg05 | 1025 | 4g5gigps | 1199 1442, 1330 509 445 -
1| Sho0oms | atsoerto | 3908 | gy | 102 | i | | 143033 | s | g |-
o] mmme | e [ | 2 | om0 | | e | e | |
o | T [ [ | 0 | | B | T | | @ ||
| E 30 [ | 2 | |02 | B | | %0 ||

Mass spectra

Figure 1 reveals a molecular ion peak (m/z) at 352.39, coincident with the ligand molecular weight. A parent ion peak fragmentations at
(m/z)=55.03, 77.04, 107.05, 131.06, 139.07, 185.05, 261.11, 289.14 and 321.14 amu. correspond to C,H3N,, CgHs, C;H,0O, CgH;N,, C4H;N,
Ci1oHgNy4, Ci6H13N,4, CigHy7N, and CigH17N4O, moieties, respectively (Table 2). In the chelate (10), the mass spectrum suggested its structure,
revealed a molecular ion peak (m/z) at 855.42, coincident with the chelate molecular weight. Moreover, the fragmentation pattern splits a parent
ion peak at (m/z)=55.03, 59.02, 131.06, 232.94, 382.87, 548.92 and 636.97 amu correspond to C,H3N,, C,H;0,, CgH;N,, C;HsNOCd,
C4H;NgOCd,, C16H13NgO,Cd,, and C,oH»;NsO4Cd, moieties, respectively (Table 2).

'H-NMR spectra

The *H-NMR spectra of (1) and its chelate (9) show signals consistent with the suggested structure. The peak of proton of OH group appeared at
11.8 ppm [21,22]. The signals of the protons of CH; group observed at 1.31 ppm [21]. The signals of protons of NH, group observed at 4.22 and
3.10 ppm [21]. The proton of azomethine group appears at 10.2 ppm [23,24]. The peaks of aromatic protons observed as multiple ones at 6.0-7.9
ppm [23]. The chelate (9) spectrum shows, the protons of NH, group appeared at 4.11 and 3.09 ppm and the hydroxyl groups (OH) participate in
the coordination due to their disappearance in the same position of the ligand [22]. Significant downfield shift appeared at (8.9 ppm) due to
complexation of the azomethine proton relative to the free ligand confirms that, the azomethine nitrogen atom coordinates to the metal (N-Zn)
[24]. The signals appeared in the 6.1- 8.5 ppm range due to the aromatic protons and new signal was observed at 1.94 ppm due to the protons of
the coordinated acetate group [21].

The molar conductivity

Table 1 shows the molar conductance values of the chelates in DMF (10 M) lie in the 20-9 ©.mol*.cm? range, observed that, all the chelates
are non-electrolytes [21,25]. This indicating that, the coordination between the anion and the metal ion.
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Infrared spectra

The bonding modes between (1) and the metal ion can be revealed by comparing the IR spectra of the solid chelates with that of (1). Table 3
shows the infra-red spectral data of the (1) and its metal chelates. In (1), shows broad medium bands in the 3610-3120 and 3190-2650 cm™
ranges, attributed to intra- and intermolecular hydrogen bonds between NH, with C=N groups. Thus, the higher frequency band due to a weaker
hydrogen bond and the lower frequency band due to a stronger hydrogen bond. The stretching vibrations of the amino v(NH) associated through
intermolecular and intramolecular bondings show bands in the 3406-3210 cm™ range [26,27]. Strong bands of the v(C=N) imine and v(C=C)
are located at 1617, 1605 and 1575, 755 and 1546, 744 cm™ [28]. The decreasing intensity shifted the band due to azomethine v(C=N) imine,
indicating its coordination to the central metal ion in all chelates [29,30]. The bands appeared in the 3406-3210 and 1597-1530 and 766-720 cm™*
ranges due to v(NHy) and v(C=C)a, groups, respectively [31,32]. The bands of the hydrated or coordinated water molecules appeared at 3644-
3120 and 3300 - 2840 cm’® ranges [33]. However, the bands of intra- and intermolecular hydrogen bondings appeared at 3610-3120 and 3190-
2650 cm* ranges [28,29,32]. New bands observed in the 582-509 and 480-443 cm™ ranges indicated to the coordination between the metal ions
with O and N atoms, respectively [30,31]. Complex (3) shows band at 410 cm™? is due to the monodentate chloride anion v(M-CI) [33,34]. The
data of IR spectra showed on metal acetate chelates [30] indicating, the coordination of acetate ligand [30] in either a monodentate, bidentate or
bridging manner, the va(COO) and vs(COO) of the free acetate are at 1565 and 1424 cm™, respectively. In monodentate, coordination v(C=0) is
at higher energy than va (COO) and v(C-O) is lower than vs(COO). As a result, the separation between v(CO) bands is much larger in
monodentate complexes. In chelates (2) and (6-14) the bands is due to va(COO) appeared in the 1480-1430 cm™ and the vs(COO) appeared in
the 1385-1320 cm™ ranges. The acetate group coordinates in unidentate manner with the metal ions due to the difference between these two
bands is in the 50-65 cm™ range [28]. Chelate (5) shows bands at (1377, 1265, 825, 765) cm™ assigned to coordinated nitrate group [29,30].
Chelate (4), bands values at (1125, 1030, 888, 665, 435) cm™ indicate that the sulphate ion is coordinated to the metal ion in a unidentate
chelating fashion [33,35]. The v(NH;) group appeared at higher wave number comparing to the ligand indicating that it is not coordinate the
metal ion.

Transitions of electrons

At room temperature, DMF electronic spectral bands and effective magnetic moment values of (1-14) are shown in Table 4. (H,L) (1) Showed
three transition bands in the high energy region. The aromatic rings band appeared at 265 nm, due to unchanged upon complexation. The other
bands appearing at 320 and 385 nm may be assigned to n — 7" of the azomethine groups and CT transitions [36-39]. The bands were found to be
shifted upon complexation indicate to involve of theses transition in the coordination with the metal ions. The spectra of the electrons of chelates
(2-5) exhibited bands in the 645-660, 575-585 and 420-445 nm ranges which are due to *Byg — *A1g (dia-y2) — dy2), and “Byg — *EQ (da-y2) —
dyy, dy;) transitions, respectively. These transitions indicating the Cu(ll) ion has a tetragonal distorted octahedral geometry because of the
operation on the d° electronic ground state of six coordinate system to elongate one trans pair of coordinate bonds and shortening the remaining
four ones [35,37]. The magnetic moments for all chelates (2-5) are in the 1.69-1.75 B.M. range, indicating that, the complexes have square
planar and octahedral geometry [40]. The electronic absorption spectra of chelate (6) appeared three bands at 498, 625, 755 nm, these bands are
corresponding to *A,g (F) — °T,g (F)(1), *Asg (F) — *T1g9(F)(2) and *A,g (F) — °T1g(P)(3) transitions, respectively, indicating octahedral of
these chelates [37,39]. The lower value of 2/1 ratio for the chelates (1.27-1.34) range which are less than the usual range of 1.5-1.75, indicating
distorted octahedral Ni(Il) chelate. The magnetic moment values of chelate (6) is 2.86 BM, respectively, which are consistent with two unpaired
electrons state and confirming octahedral geometry for around the Ni(ll) ion [38]. The spectra of the electrons of the chelate (7) show three d—d
transition bands at 550, 617, 730 nm. These bands are assigned to *T;g(F)— “T,g(F)(1), “T:g(F) — *T19(p)(2), *T.1g(F) — *A.(F) (3) transitions,
respectively, corresponding to high spin Co(ll) octahedral chelates [38,39]. The magnetic moment of chelate (7) is 3.45 B.M., which is well
within the reported range of high spin octahedral Co(ll) chelates. The spectrum of absorption of chelate (8) showed bands at 455, 515, 615 nm.
The last two bands can be assigned to °B;g — °Eg and ®B,g — °A,qg transitions, respectively, suggesting an distorted octahedral arrangement
around the manganese(ll) ion [41,42]. The magnetic moment values for the chelate (8) are 4.95 B.M., which is consistent with a high spin
octahedral geometry around the Mn(ll) ion [41,42]. The mixed chelates (12-14) give bands indicating octahedral structures and diamagnetic
Zn(I1), Cd(11) and Hg(ll) chelates which give only intraligand transitions are reported in Table 4.

Table 4: The electronic absorption spectral bands (nm) and magnetic moment (B.M) for the ligand [H,L] and its chelates

S. No. Amax (€) Lett in BM
265 (=6.15 x 10 mol™.cm™)
1 320 (e=7.69 x 10° mol™.cm™) -
385 (e=9.36 x 10° mol*.cm™)
2 255, 323, 389, 420, 581, 660 1.72
3 260, 320, 385, 428, 585, 645 1.74
4 255, 324, 390, 424, 582, 649 1.75
5 260, 318, 387, 445, 575, 645 1.69
6 260, 315, 385, 498, 625, 755 2.86
7 250, 325, 390, 550, 617, 730 3.45
8 265, 315, 370, 455, 515, 615 4.95
9 260, 320, 370 Dia
10 265, 315, 380 Dia
11 265, 325, 387 Dia
12 265, 315, 390, 450, 540, 630 1.96
13 270, 325, 383, 448, 535, 635 3.77
14 270, 318, 385, 455, 540, 620 5.11
*innm

Thermal analyses (DTA and TGA)

The thermal analyses (DTA and TGA) were listed in Table 5. In the temperature 27-800°C range, the thermal curves of chelates (2), (4), (8) and

(10) are stable up to 35°C. The endothermic peaks of dehydration characterized by within the temperature 70-90°C range due to the loss of
hydrated water molecules [43,44]. Chelate (2), the decomposition step started with the breaking of H-bonding accompanied with endothermic
peak at 43°C, followed by the elimination six coordinated water molecules through endothermic peak at 135°C, with 15.26% weight loss (Calc.
15.35%). However, the peak observed at 185°C with 19.55% weight loss (Calc. 18.81%), assigned to two acetate groups. The endothermic peak
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observed at 315°C may be assigned to the melting point. The decomposition of the oxides occurs in the 430-660°C range with exothermic peaks,
leaving CuO 32.98% weight loss (Calc. 33.28%) [43,44]. The decomposition step for chelate (4) starting with the breaking of H-bonding
accompanied with endothermic peak at 45°C, followed by the elimination of two hydrated water molecules (2H,0) at 80°C with 4.33% weight
loss (Calc. 4.41%), followed by the elimination six coordinated water molecules through endothermic peak at 140°C, with 13.76% weight loss
(Calc. 13.89%). Another thermal decomposition peaks at 210°C with 28.48% weight loss (Calc. 28.58%), which could be due to the loss of two
coordinated sulphate groups. Also, Endothermic peak observed at 330°C with no weight loss may be due to melting point. Also, the chelate
shows exothermic peaks in the 430-610°C range, due to oxidative decomposition gives final residue at 610°C, assigned to CuO [44,45].

The decomposition step for chelate (8) starting with the breaking of H-bonding accompanied with endothermic peak at 46°C, followed by the
elimination of two hydrated water molecules (2H,0) at 85°C with 4.67% weight loss (Calc. 4.98%) and then the elimination six coordinated
water molecules through endothermic peak at 130°C, with 15.62% weight loss (Calc. 15.73%). However, the peak observed at 175°C with
20.23% weight loss (Calc. 20.39%), assigned to two acetate groups. The endothermic peak observed at 340°C may be assigned to the melting
point. The decomposition of oxides appears at the 450-660°C range with exothermic peaks, leaving MnO 30.79% weight loss (Calc. 30.81%)
[43,44]. The decomposition step for chelate (10) starting with the breaking of H-bonding accompanied with endothermic peak at 44°C, followed
by the elimination of three hydrated water molecules (3H,0) at 90°C with 6.11% weight loss (Calc. 6.31%) and then the elimination six
coordinated water molecules through endothermic peak at 145°C, with 13.25% weight loss (Calc. 13.48%). However, the peak observed at
180°C with 16.89% weight loss (Calc. 17.02%), assigned to two acetate groups. The endothermic peak observed at 310°C may be assigned to
the melting point. The decomposition of oxides occurs in the 455-670°C range with exothermic peaks, leaving CdO 44.54% weight loss (Calc.
44.22%) [44,45].

Table 5: Thermal data for some of metal chelates

Temperature DTA (peak) TGA (Weight loss) .
Compound ?’C) Endo and Exo cJaIcuIation found Assignments
43 Endo - - - Broken of H-bondings
Chelate (2) 135 Endo - 15.35 15.26 Loss of (6H,0) coordinated water molecules
185 Endo - 19.81 19.55 Loss of coordinated two (OAc) groups
315 - Exo - - Melting point
430-660 - Exo 33.28 32.98 Decomposition process with formation of CuO
45 Endo - - - Broken of H-bondings
85 Endo - 441 4.33 Loss of (2H,0) hydrated water molecules
Chelate (4) 140 Endo - 13.89 13.76 Loss of (6H,0) coordinated water molecules
210 Endo - 28.58 28.48 Loss of coordinated two (SO4) groups
330 Exo - - - Melting point
430-610 - Exo 33.14 32.82 Decomposition process with the formation of CuO
46 Endo - - - Broken of H-bondings
85 Endo - 4.98 4.67 Loss of (2H,0) hydrated water molecules
Chelate (8) 130 Endo - 15.73 15.62 Loss of (6H,0) coordinated water molecules
175 Endo - 20.39 20.23 Loss of coordinated two (OAc) groups
340 Endo - - - Melting point
450-660 - Exo 30.81 30.79 Decomposition process with the formation of MnO
44 Endo - - - Broken of H-bondings
Chelate (10) 90 Endo - 6.31 6.11 Loss of(3H,0) hydrated water molecules
145 Endo 13.48 13.25 Loss of coordinated two (OAc) groups
180 Endo - 17.02 16.89 Loss of two (OAC) groups
310 Exo - - - Melting Point
455-670 - Exo 44.63 44.22 Decomposition process with the formation of CdO

Electron spin resonance analyses

In Table 6 presented the ESR data of chelates (2), (4), (6), (8), (12) and (14). The spectra of chelates (2) and (4) are characteristic of species, d9
configuration and having axial type of a d(x2-y2) ground state which is the most common for Cu(ll) chelates [46,47]. The chelates showed
g|l>9+>2.0023, indicate to octahedral geometry around the Cu(ll) ion [48]. The expression G is related to g-values, G=(g||-2)/(g-2). If G>4.0,
then local tetrahedral axes are misaligned parallel or only slightly misaligned and if G<4.0, significant exchange coupling is present [49]. The
g|l/A|| values lie just within the range expected for the square planar or octahedral chelates [50]. The orbital reduction factors (K|, K1, K), which
are a measure of covalence were also calculated [51]. K values, for the chelates (2) and (4), indicate to covalent bond character [51]. Also, the g-
values show considerable a covalent bond character. The in-plane o-covalence parameter, a2 (Cu) suggests a covalent bonding. The chelates (2)
and (4) show? B, values indicating a covalence character in the in-plane m-bonding. While p® for the chelates indicating an ionic bonding
character in the out of plane n-bonding, however chelate (4) shows ionic bond character out of plane bonding [49,51]. The calculated orbital
populations (a?d) for the Cu(ll) chelate indicate a d(x2-y2) ground state [51]. Mn(l1) chelate (8) and mixed metal chelates (12) and (14) show
isotropic spectra with 2.15, 2.08 and 2.007 values, respectively.

Table 6: ESR data for the metal (11/111) chelates

a A AL Aisob
S. No. o1 o1 Jiso (G") (G) (G) (%)

(2) 214 | 206 | 2.08 | 160 | 10 16 2.17 | 19606 | 23809 | 0.83 | 0.38 | 0.68 0.82 134 | 062 | 1.32 | 180 75

G | AEy | AE. | K2 | K2 | K | g/A | a? | B2 | BZ | -2R

(4) 220 | 205 | 210 | 140 | 20 60 40 | 15456 | 19268 | 0.56 | 0.46 | 0.73 | 157.1 | 0.64 | 0.87 | 0.72 | 303 90

(6) 227 | 207 | 214 | 150 | 15 65 3.86 | 15625 | 19802 | 0.64 | 0.8 | 0.83 | 1427 | 0.78 | 0.82 | 1.02 | 2443 | 72.8

®) - - | 215 | - - - ; ; - ; . . - ; . . . ;
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(12)

2.08

(14)

2.007

(8) gio=(29++9))/13, (b) Aiso=(2AL+A)/3, ¢) G=(g-2)/ (9+-2)

Anticarcinogenic effects

The anticarcinogenic effects of the [H,L], (1) and its chelates against HepG-2 cell lines of (hepatic cellular carcinoma) was evaluated by using
the (SRB) assay method under concentrations ranged from 0.1-100 pg/ml. The 1Cs, values obtained of ligand and its complexes are depicted in
Figure 2 and listed in Table 7. After the incubation of tumor cells, in the presence of the tested chelates for 48 h, the I1Cs, values for all of ligands
and chelates ranged from 4.82-50 pg/ml against HepG-2, indicating varying degree of antitumor activity of the ligand and its chelates. It was
reported that comps exhibiting 1Csq values more than 10-25 pg/ml indicate weak cytotoxic activities while chelates with 1Cs, values less than 5
pa/ml are considered to be very active. Those having intermediate values ranging from 5-10 pg/ml are classified as moderately active [52,53].
Accordingly, the 1Cs, values refer to a strong cytotoxic activity of the ligand against HepG-2 with 1Cs, (30.6 and 16 pg/ml). It is worth noting,
the cytotoxic activity was enhanced upon complexation of the ligand to the metal ions. It was interestingly found that the Cu(ll) chelates (2), (4)
and (5), Co(ll) chelate (7), Zn(I1) chelate (9) and mixed chelates (12), (13) and (14) formed in (1L:2M) ratios, recorded the highest cytotoxicity
against HepG-2 with 1Csy 11.02, 8.05, 13.4, 10.05, 14.33, 12.33 17.8 and 9.24, respectively which are presented in Table 8 and Figure 3. The
cytotoxicity of the ligand and its metal complexes of both was found to be concentration dependent, the cell viability decreased with increasing
the concentration of the chelates [44-54]. The resulting concentration—effect obtained with continuous exposure for 48 h are depicted in Figure 2.

100
20
80
70O
60 B concentration 50 (pg)
50 B concentration 25 (pg)
W concentration 12.5 (pg)
40 B concentration 6.25 {pg)
30 M concentration 3.125 (pg)
M concentration 1.56 {pg)
20
10
(o]

Figure 2: The anticarcinogenic effects of chelates (2), (4), (5), (7), (9), (12), (13) and (14) against HEPG-2 cell line
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Figure 3: 1Cs values of some chelates (2), (4), (5), (7), (9), (12), (13) and (14) against human hepatocellular carcinoma cells (HepG-2)

Table 7: The Antiproliferative activity of chelates (2), (4), (5), (7), (9), (12), (13) and (14) against HEPG-2 cell line

Chelates

standard

chelate (2)

chelate (4)

chelate (5)

chelate (7)

chelate (9)

chelate (12)

chelate (13)

chelate (14)

concentration 50 (ug)

26.21

8.88

6.36

9.12

24.25

18.74

8.14

14.68

12.02
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concentration 25 (ug) 18.89 16.82 12.65 15.88 28.87 21.33 16.59 26.41 19.87
concentration 12.5 (ug) 21.19 25.89 22.03 19.89 35.46 29.26 22.23 37.05 30.16
concentration 6.25 (ug) 31.18 56.42 27.06 23.22 40.99 37.74 30.28 42.63 36.78
concentration 3.125 (ug) 73.12 60.15 32.13 30.45 46.56 48.85 37.55 56.24 40.99
concentration 1.56 (ug) 88.5 66.18 41.21 55.47 62.05 70.09 57.41 84.11 60.45

Table 8: 1Cs, values of some metal chelates (2), (4), (5), (7), (9), (12), (13) and (14) against human hepatocellular carcinoma cells (HepG-2)

Chelates No. 1Cs values
Standard 3.73
Chelate (2) 11.02
Chelate (4) 8.05
Chelate (5) 13.4
Chelate (7) 10.05
Chelate (9) 14.33
Chelate (12) 12.33
Chelate (13) 17.8
Chelate (14) 9.24

CONCLUSION

Novel metal complexes derived from new ligand have been successfully prepared and spectrally characterized. Based on spectroscopic methods
as well as magnetic moment measurements, the proposed geometries of the complexes are distorted octahedral around metal ions in nature. The
antitumor activity results revealed that the ligand showed a weak inhibition effect against hepatocellular carcinoma cell lines (HEPG-2), on the
other hand, the metal complexes showed outstanding high activities against (HEPG-2) cell line.
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