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Abstract: The ligand 4-(di 1,3- (2-hydroxybenzylidene) guanidino) benzoic acid reacted
with Cr (1), Mn (I1), Fe (111), Co (I1), Ni (1), Cu (1), Zn (I1), Cd (I1), Sr (11), Hg (I1),
Ag (1), TI (1), ZrO (I1) and UO, (I1) ions forming octahedral or square planar complexes.
These complexes have been synthesized and characterized by elemental analyses, IR,
UV- Vis spectra, mass spectra (ligand and its cadmium(ll) complex), 'H-NMR spectra
(ligand and its mercury(Il) complex), magnetic moments, conductances, thermal analyses
(DTA and TGA) and ESR measurements. The IR data show that, the ligand behaves as
dibasic hexadentate, (2), (4), (5), (6), (12) and (13) , dibasic tetradentate, (3), (8), (9) and
(10) mono-basic tetradentate, (7), (11), (14) and (15). Molar conductances in DMF
indicate that, the complexes are non- electrolyte. The ESR spectra of solid Cu (II)
complex (3) at room temperature show axial type symmetry, indicating a d.y2) ground
state with significant covalent bond character in square planar geometry. However, Cu
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(1) complex (2) shows broad signals in the low and high field regions indicating spin
exchange interactions take place between Cu (II) ions through deprotonated hydroxyl
group. Complexes of Mn (Il) (5) , Co(ll), (6), Cr (llI), (12) and Fe (II), (13) show
isotropic type, indicating octahedral structure around the metal ion. Cu (Il) complex (2),
Ni (1) complex (4), UO, (II) complex (7), Hg (I1) complex (8) and Fe (I11) complex (13)
showed inhibitory effect on liver carcinoma (HePG- 2 cell line) in comparing with the
standard drug (Sorafenib), Also, Cu (1) complex (3) Ni (I1) complex (4) and Cd (II)
complex (10) show Antibacterial activity. Hg (I1) complex (8), Cd (1) complex (10) and
TI (1) complex (11) show antifungal activity.

Keywords: Guanidine ligand and its complexes, Magnetism, Spectroscopy, Biological
activity.

INTRODUCTION

Guanidines are the imido derivatives of urea which carry three nitrogen functions - one imine and two
amine units'. The special assembly is the origin of the most significant characteristic of guanidines their
extremely high basicity due to the planar arrangement of the central carbon atom and the three nitrogen
atoms attached to it>. The benzoyl substituted guanidines have shown good bactericidal and fungicidal
properties® against several microbial strains, while polyhexamethylene biguanide (PHMB) and
polyhexamethylene guanidine (PHMG) were broad spectrum antibacterial agents®. Guanidinium-based
molecules were also extensively used as cardiovascular drugs®, antihistamines®, anti-inflammatory
agents”®, antidiabetic drugs®, antibacterial and antifungal drugs™, antiprotozal and other antiparasitic
drugs™! and antiviral drugs.

A chitosan derivative, quaternized carboxymethyl chitosan containing guanidine groups (QGCMC),
demonstrated a strong antimicrobial activity at acidic, neutral, and basic pH conditions and could
significantly lengthen the shelf life of strawberries™. Aminoguanidine and related derivatives were
effective in inhibiting nitric oxide production in cells expressing inducible nitric oxide synthase
(NOS,)** and therefore, aminoguanidines exhibit protective effect against nephrotoxicity™ and
ototoxicity'” induced by chemotherapeutic agents aminoguanidine moieties present potential use as safe
antitumour drugs.

Guanidine is effective inhibitor of corrosion of mild steel, acts as cathodic inhibitor, is temperature
independent and the addition of Guanidine decreases the activation energy'®. A large number of organic
compounds having guanidine functionality and metal based drugs are potent antibiotic agents. Polycyclic
guanidine alkaloids extracted from sponge Monanchora unguifera'® and a dimeric bromopyrrole alkaloid,
nagelamide G isolated from the Okinawan marine sponge Agelassp. Exhibited antibacterial activity
against several bacterial strains®®. Due to guanidine compounds importance, we reported, synthesis,
spectroscopic characterization and biological activity of new ligand 4-(di 1, 3- (2-hydroxy-benzylidene)
guanidino) benzoic acid and its metal complexes.

EXPERIMENTAL

Materials: All the reagents employed for the preparation of the ligand and its metal complexes were of
the best grade available and used without further purification.
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Physical measurements: C, H, N and CI analyses were determined at the Analytical Unit of Cairo
University, Egypt. A standard method was used to determine metal ion®'. All metal complexes were dried
under vacuum over P4O10. The IR spectra were measured as KBr and CeBr pellets using a Perkin-Elmer
683 spectrophotometer (4000-200 cm™). Electronic spectra (qualitative) were recorded on a Perkin-Elmer
550 spectrophotometer. The conductance of 10° M solutions of the complexes in DMF were measured at
25°C with a Bibby conductimeter type MCI. *H-NMR spectra of the ligand and its Hg (11) complex were
obtained with Perkin-Elmer R32-90-MHz spectrophotometer using TMS as internal standard. Mass
spectra of the ligand and its Cd (Il) complex were recorded using JEULIMS-AX-500 mass spectrometer
provided with data system. The thermal analyses (DTA and TGA) were carried out in air on a Shimadzu
DT-30 thermal analyzer from 27 to 800°C at a heating rate of 10°C per minute. Magnetic susceptibilities
were measured at 25°C by the Gouy method using mercuric tetrathiocyanato cobalt (11) as the magnetic
susceptibility standard. Diamagnetic corrections were estimated from Pascal's constant?’. The magnetic
moments were calculated from the equation:

Ly = 2.84 20" - T

The ESR spectra of solid complexes at room temperature were recorded using a varian E-109
spectrophotometer, DPPH was used as a standard material. The T.L.C of all compounds confirmed their

purity.
PREPARATION OF THE LIGAND AND ITS METAL COMPLEXES

Preparation of the ligand, [H,L], (1): Ligand (1) was prepared by refluxing equimolar amounts of urea
(0.6 g, 0.01 mol) and 4-aminobenzoic acid (1.37 g, 0.01mol) in ethanol (100 cm?®) for 2 hour with stirring.
The resulting product, 4-guanidinobenzoic acid, (1 g, 0.006 mol) was added to (1.363 g, 0.012 mol) of
salicyl-aldehyde in ethanol (100 cm®) for 2 hour with stirring. The yellow product, was obtained after
cooling at room temperature, washed several times with ethanol and dried in vaccuo over P,Oqq
Analytical data are given in Table-1.

Synthesis of metal complexes (2) — (20): To the ligand (5.0 g, 0.015 mol) in ethanol (50 cm®) was added
(3.2 g, 0.015 mol) of Cu (OAc) 2.H,0, complex (2), (2.51 g, 0.015 mol) CuCl,.2H,0, complex (3), (3.65
g, 0.015 mol) of Ni (OAc) ,. 4H,0, complex (4), (3.60 g, 0.015mol) of Mn (OACc) ,. 4H,0, complex (5),
(3.66 g, 0.015 mol) Co (OAC) ,. 4H,0, complex (6), (6.66 g, 0.015 mol) of UO, (OAC) ». 2H,0, complex
(7), (4.95 g, 0.015 mol) of Hg (OAC) ,. H,0, complex (8), (3.23 g, 0.015) Zn (OACc) ,. 2H,0, complex (9),
(3.65 g, 0.015 mol) of Cd (OAC) ,. H,O, complex (10), (3.87 g, 0.015) TI(OAc), complex (11), (3.92 g,
0.015 mol ) of CrCls.6H,0, complex (12), (3.98 g, 0.015 mol ) of FeCl;.6H,0, complex (13), (3.92 g,
0.015 mol ) of SrCl,.6H,0, complex (14), (3.68 g, 0.015 mol ) of ZrOCl,.4H,0, complex (15), (2.49 g,
0.015 mol ) of AgNO3, complex (16).

The mixture was refluxed with stirring for 2-4 hour range depending onto nature of metal ion. When the
precipitate appeared after adding three drops of dimethylamine, it was removed by filteration, washed
with ethanol and dried in vaccuo over P,O,, Analytical data are given in Table-1.

BIOLOGICAL STUDIES

Antitumor: The cytotoxic activity of ligand and its metal complexes were measured invitro for the
synthesized complexes using the Sulfo Rhodamine-B-stain (SRB) assay using the puplished methods®.
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Cells were plated in 96-multiwell plate (10* cells/well) for 24 hrs before treatment with the compounds to
allow attachment of cell to the wall of the plate. Different concentrations of the compounds in DMSO
under test (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. Monolayer cells were incubated with the compounds for 48 hrs at 37°C
using 5% CO..

After 48 hrs, cells were fixed, washed and stained with Sulfo-Rhodamine-B-stain. Excess stain was wash
with acetic acid and attached stain was recovered with tris EDTA buffer (10 mM tris HCI + 1 mM
disodium EDTA, PH 7.5-8). Color intensity was measured in an ELISA reader. The relation between
surviving fraction and drug concentration is plotted to get the survival curve of each tumor cell line after
the specified compound.

Antifungal activity: Fungicidal activity of tested complexes was assessed against Aspergillus niger by
disc diffusion method

Testing method: Base layer was obtained by pouring about 10-15 ml of base layer medium into each
sterilized petri dishes and were allowed to attain at room temperature. Overnight grown subcultures of
fungi were mixed with layer medium and immediately poured into petri dishes containing the base layer
and then allowed to attain at room temperature. Antifungal discs having diameter of 6 mm, soaked in test
solution, were dispensed on to the surface of inoculated agar plate.

Each disc must be pressed down to ensure its complete contact with the agar surface. These plates were
subsequently incubated at 37° C for 36 hours. The zone of inhibition, if any, was measured in mm for the
particular complex. Clotrinazole was used as positive control and solvent control (12 mm) was also used
to know the activity of the solvent.

Antibacterial activity: Antibacterial activity of tested complexes was assessed against gm (+)ve bacteria
Streptococcus and Enterococcus and gm (-)ve bacteria Klebsiella pneumoniae and Salmonella by disc
diffusion method.

Testing method: The method of testing for antibacterial activity is the same as that adopted for assessing
antifungal. Linezolid was used as positive control and solvent control (12 mm) was also used to know the
activity of the solvent.

RESULTS AND DISCUSSION

The analytical and physical data (Table-1), spectral data (Tables 2 and 3) revealed that, the complexes
are formed in (1:1) or (1:2) (L: M) stiochiometric ratio. All the complexes are stable at room temperature,
insoluble in common solvents, viz: MeOH, EtOH, CHCl;, CCl, and (CH5),CO but soluble in DMSO %%
the analytical and spectral data are compatible with the proposed structure, Figure (1). 4-(di 1,3 (2-
hydroxybenzylidene)guanidino)benzoic acid (1), was synthesized by refluxing of 4-guanidinobenzoic
acid with salicylaldehyde in ethanol (100 cm®) for 3 hour with stirring (1:2), molar ratios as shown in
Figure (2).

YA J. Chem. Bio. Phy. Sci. Sec. A, August 2015 — October 2015; Vol. 5, No. 4; 3773-3800.



Spectroscopic ...

Saad El-Tabl et al.

Table-1: Analytical and Physical Data of the Ligand [H,L] and its Metal Complexes.

No. Ligands/Complexes Color FW M.P (°C) Yield | Anal. /Found (Calc.) (%) Molar
(%) C m N v i conductance
Am (Q* cm?
mol™?)

1) [H.L] Dark yellow 405 - 90 65.9(65.18) 5.01(4.72) | 9.95(10.37) - -
C22H19N30s5

@ | LD Cuz (OAC), (H,0)2H;0 | Green 737 300 75 4228(418) | 45(448) | 569(5.46) | 17.21(17.49) | - 123
CasH33N3014CuU;

@ | (L Cul.H,0 Green 46693 | >300 69 56.47(5659) | 425(3.67) | 9.7(0.00) | 14.7(1361) | - 116
C2H17N305Cu

@ | [(L) Ni, (OAC), (H,0):]. 2H,0 | Greenishyellow | 728.94 | >300 61 4284(42.08) | 456(.1) | 5.76(6.16) | 16.1(1659) | - 138
Ca6H33N3OwNi;

G) | (L) Mn; (OAC); (H:0):]. 2H,0 | Dark brown 72143 | >300 59 43.29(43.66) | 461(4.75) | 582(5.15) | 1523(156) | - 141
Ca26H33N301,Mn;

® | (L Cos (OAC), (H:0)]. 2H,0 | Yellow 72942 | >300 55 4281(422) | 456(3) | 5.76(9) | 16.16(16.88) | - 150
CasH33N3014C0;

@] [(HL) (UO)(OAC). (H,0)].4H,0 | Yellow 805.5 >300 54 35.5(35.78) 3.44(3.63) | 5.5(5.22) 29.95(29.55) | - 11.8
Ca4H29N3013U

® | (L Hg (H:0),1.4 H,0 Pale green 694 280 61 3807(38.16) | 3.92357) | 6.05(.71) | 28.9(28.25) | - 142
C22H27N3010Hg2

) [(L) Zn; (H20)].4 H,O Greenish yellow | 558.85 | >300 59 47.28(47.97) | 4.87(4.8) 7.52(6.99) 11.7(10.88) - 12.7
C22H27N3010Zn;,

(10) [(L) Cd, (H.0).].4 H,O Dark Yellow 605.87 >300 55 43.61(44.49) | 4.49(4.51) | 6.94(6.59) 18.55(18.35) - 13.2
C22H27N30100d2

(11) [(HL) TI(OAc) (H.0),] Pale Yellow 890.22 >300 51 31.61(32.38) 2.89(2.6) 5.1(4.72) 45.55(45.92) - 18.1
C2aH23N30gTl,

(12) [(L) Crx(Cls) (H20)].4H,0 Pale Green 739.27 >300 65 35.74(35.09) | 3.68(4.35) | 5.68(6.1) 14.07(14.5) 19.18(19.83) | 18.4
C2H27Cls N3OCrr,

(13) [(L) Fex(Cls) (H20)].4H,0 Brown 746.97 >300 62 35.37(35.81) 3.64(4.13) | 5.63(6.07) 14.95(14.26) 18.99(18.75) 20.1
C22H27Cly N3OyoFe;

(14) [(HL) Sr(Cl) (H,0)].2H.0 Beige 563.5 >300 55 47.2(46.89) 4.35(3.94) | 7.85(7.46) 16.2(15.55) 6.9(6.29) 19.2
szszCl N307S|’

(15) [(HL) ZrO(ClI) (H,0)].4H,0 Yellow 619.13 >300 65 43.1(42.68) 4.65(4.23) | 6.2(6.79) 15.1(14.73) 5.38(5.73) 20.1
C22H26Cl N3O1Zr

(16) [(H.L)Ag(NO3)]H.0O Yellow 575.28 >300 75 46.2 (45.93) 3.45(3.33) | 9.36 (9.74) 19.2(18.75) - 19.7
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Table-2: IR frequencies of the bands (cm'l) of ligand [H,L] and its Metal Complexes and their assignments.

No. | v(H,0/OH) v (H-bond.) V(C=0)acetyte | V(C=N)imine | V(Ar) v (OAC) /NO4/SO, [ v(M-0) | Y(M-N) | v(M-CI)

Q) 3460,3429;3600-3150 | 3520-3100,2950-2580 | 1682 1660,1606 | 1595,7571491,854 | - - - -

2 3427,3175;3575-3200 | 3530-3150,2780-2530 | 1680 1650,1600 | 1595,7621490,865 | 1539,1397 709 483 -
3150-2850

3) 3421;3530-3200 3510-3100,3050-2850 | 1680 1620, 1596 | 1561,7581537,865 | - 709 485 -

4 3420 ,3630-3280 3540-3110,3100-2620 | 1681 1620,1598 | 1547,758,1470,867 | 1443,1375 683 592 -
3250-3080

(5) 3422,3560-3220 3500-3080,3080-2650 | 1680 1620,1597 | 1542,7561468,862 | 1445,1395 704 520 -
3200-3050

(6) 3430, 3550-3270 3520-3110,3090-2680 | 1678 1620,1597 | 1550,766,1468,865 | 1468,1400 711 525
3230-2970

@) 3433,3379, 3595-3250 | 3525-3150,3125-2620 | 1680 1620,1603 | 1545,6751465,788 | 1525,1409 634 474 -
3220-3070

(8) 3428,3575-3220 3540-3110,3030-2620 | 1680 1620,1589 | 1555,753,1477,861 | --- 668 521 -
3200-3060

9) 3408,3570-3230 3545-3100,3050-2720 | 1681 1619,1600 | 1565,758,1463,866 | ---- 683 496 -
291N 200N

(10) | 3431,3580-3260 3510-3080,3030-2620 | 1680 1617,1597 | 1575,750,1467,862 | --- 681 495 -
3220-3020

(11) | 3433,3360 3530-3100.3080-2620 | 1682 1620,1597 | 1577,745,1530,857 | 1503,1381 674,698 | 524 409
3550-3200

(12) | 3421,3630-3260 3585-3145,3060-2695 | 1679 1618,1603 | 1564,7611470,857 | - 707 532 445
3240-3110

(13) | 3423,3610-3100 3570-3150,3050-2720 | 1678 1611,1599 | 1539,762 1469,862 | - 703, 657 | 521,483 | 422
3080-2800

(14) | 3422, 3390,3620-3220 | 3540-3180,3080-2750 | 1680 1610,1600 | 1521,749 1499,858 | - 603 524 421
3180-2960

(15) | 3428,3390,3615-3200 | 3590-3110,3015-2790 | 1681 1615,1602 | 1545,757 1475,861 | - 785 546 443
3150-2750

(16) | 3455,3430,3650-3010 | 3620-3150,3050-2540 | 1684 1621,1606 | 1582,784,1498,859 | 1376,1171, 33,785 | - 532
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Table-3: The electronic absorption spectral bands (nm) and magnetic moment (B.M) for the ligand [H,L] and its complexes.

NO. | Amax (€) Heir iN BM
(1) | 265nm e =6.4x10° mol*cm™) -

325nm € = 7.8x10”° mol™*cm™)

395nm(e = 9.5x10° mol™*cm™)
(2) | 262,305,380,450,589,641,719 1.42
(3) | 255,315,391,455,515,565 2.12
(4) | 260,320,390,458,521,651,727 2.96
(5) | 255,320,390,460,532,595,654, 3.13
(6) | 255,302,392,585,654, 2.57
(7) | 262,320,395 Diamagnetic
(8) | 255,300,390 Diamagnetic
(9) | 257,320,392 Diamagnetic
(10) | 258,315,391 Diamagnetic
(11) | 260,310,380,425 2.1
(12) | 250,315,390,465,525,546,658 2.98
(13) | 260,305,385,460, 570,649 3.08
(14) | 257,311,385 diamagnetic
(15) | 258,315,391, diamagnetic
(16) | 255,310,390, diamagnetic

*innm
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Table-4: ESR data for the metal complexes.

b 2 2 2
No. | g 9. | O | Ay | AL Ao | G| AEy | AE, | Ki° | K| K [g/A | o | B | B’ | 2B |ad (%)
(3) | 226 |2.06 | 2.13 | 190 | 15 | 73.3 | 4.3 | 17699 | 21978 | 0.75| 0.76 | 0.85 | 113 | 0.95| 0.79 | 0.71 | -212 | 90.5%
(5) 2.006
(6) 2.006
(12) 2.11
(13) 2.13
a) 3giso= g|| + 2gL b) 3Aiso =A || + 2AL¢) G =g|| -2 /g2
Table-5: Thermal data for the metal complexes.
No. | Temp. (°C) DTA TGA (wt. loss %) Assignment
(Peak) Calc. | Found
(2) |40 Endo - - broken of hydrogen bond
75 Endo 4.88 5.4 Loss of two hydrated water
137 Endo 10.27 | 10.77 Loss of 4 coordinated water
291 Endo 18.75 | 19.11 Loss of two coordinated acetate group
416 Endo - - Melting point
456,500 Exo 16.73 | 17.2 Decomposition and formation of 2CuO
4) |59 Endo 49 4.46 Loss of two hydrated water
182 Endo 10.4 10.7 Loss of 4 coordinated water
331 Endo 19.03 | 19.6 Loss of two acetate group
386 Endo - - Melting point
450, 490, 540, 575 Exo 29.48 | 28.9 Decomposition and formation of 2NiO
9 |51 Endo 12.88 | 13.33 Loss of 4 hydration water
173 Endo 7.39 7.5 Loss of 2 coordinated water
444 Endo - - Melting point
450.500,590 Exo - - Decomposition and formation of ZnO
(13) | 59 Endo 11.2 11.9 Loss of 4 hydrated water
135 Endo 18.5 19.1 Loss of 3 coordinated cholrine group
351 Endo - - Melting point
450, 549, 578, 621, 674 | Exo 34.15 | 35.2 Decomposition and formation of Fe,05
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Figure 1: Suggested structures of the ligand and its metal complexes.
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Figure 2: lllustrates that, the composition of the complexes formed depending on the metal salts, solvent
and the molar ratios.
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Scheme-1

Mass Spectra of the Ligand, (1) And Its Cd (I1) Complex (10): The mass spectra of the ligand (1) and
its Cd (I1) complex (10) confirmed their proposed formulations. The mass spectrum of the ligand, (1)
supported, the suggested structure, (Figure 1) and revealing a molecular ion peak (m/z) at 405 a.m.u.,
constitute of the molecular weight of the ligand. Morever, the fragmentation pattern splits a parent ion
peak at m/z = 207 a.m.u. corresponding to CysH;1N3O, while the fragments at m/z =121, 236, 266 and
344 a.m.u. are due to Cy4H11N,, C14H10N30, CisH1oN30, and CyiH16N3O,, moieties respectively. The mass
spectrum of Cd (Il) complex (10) supported, the suggested structure, (Figure 1) and revealing a
molecular ion peak (m/z) at 606 a.m.u, compatible with the molecular weight of the complex (605.8).
Additionally, the fragmentation pattern splits a parent ion peak at(m/z) = 135 a.m.u. corresponding to
C;HsNO; while the fragments at (m/z) = 221, 229, 268, 297, 371, 379, 399 and 535 a.m.u. are due to
C,H;N,05Cd, C4HsNO3Cd, C;HyNO;Cd, CgH1;N,O3Cd, Ci5H17N,0,Cd, Cy1;H1oN30sCd, Ci5H14N,0,Cd
and C,,H19N3O6Cd, moieties respectively. The fragments of (1) and Cd (II) complex (10) are represented
in Table-6.
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' H — NMR spectra: The 'H — NMR spectra of (1) and its Hg (I1) complex (8) in deuterated DMSO
shown signals consistent with the proposed structure. The ligand shows singlet peaks at 10.7 and 10.25
p.p.m is due to proton of OH group®?. The singlet signal observed at 8.8 p.p.m, are due to the protons of
HC=N group®. However, the peaks observed as multiple ones in the 6.6 — 7.9 p.p.m range may be
assigned to aromatic protons®’. The spectrum of mercury(ll) complex (8) shows, the proton of carboxylic
OH group at 12 and the singlet signal characteristic to the phenolic hydroxyl group (OH) disappeared,
indicating that, deprotonated hydroxyl group participate in the coordination®®. The aromatic protons and
the protons of HC=N group appear in the 6.6 -7. 8 p.p.m range®. A new signal was observed at 2.4 p.p.m
which may be assigned to the protons of the coordinated water®®.

Conductivity: The molar conductance values of the complexes in DMF (10 M) lie in the 21.2 — 11.3 Q
mol™cm? range (Table-1), indicating that, all the complexes are not electrolytes®®®!. This confirms that,
the anion is coordinated to the metal ion.

IR SPECTRA

The modes of bonding between the ligand and the metal ion can be revealed by comparing the IR spectra
of the solid complexes with that of the ligand. The IR spectral data of the ligand and its metal complexes
are presented in Table-2). The IR spectrum of (1) shows broad medium bands in the 3520-3100 and
2950-2580 cm™ ranges, attributed to intra- and intermolecular hydrogen bonds between aromatic OH with
imine or carbonyl groups® *. Thus, the higher frequency band is associated with a weaker hydrogen
bond and the lower frequency band with a stronger hydrogen bond. Also, the spectrum shows bands at
3460 and 3429 cm™, assigned to the stretching vibrations of the phenolic and aliphatic carboxylic
hydroxyl v (OH) associated with hydrogen bondings® %,

The relatively strong bands located at 1682, 1660, 1606, 1595 and 1491 cm™ are assigned to the v(C=0),
(C=N) imine and v(C=C),, respectively®. In all complexes, the band due to azomethine v(C=N) imine Was
shifted with decreasing its intensity (10-50 cm™) indicating its coordination to the central metal ion®. The
v(OH) groups appear in the 3433-3374 and 3560 - 3360 cm™ ranges®®* but v(OH) of the phenolic
carboxylic hydroxyl disappear in complexes (3-6), (8), (9), (10), (12) and (13) .The v(C=C), appears in
the 1595- 1465 and 867- 675 cm™ ranges®®*°. All complexes show broad bands in the 3630 — 3100 and
3250 — 2750 cm™ ranges, assigned to the presence of hydrated or coordinated water molecules® except
complexes (3) and (11).

However, the bands appear in the 3590 —3080 and 3125 — 2530 cm™ ranges, are due to intra- and
intermolecular hydrogen bondings*>*2. New bands in the 785 — 603 and 592 — 474 cm™ ranges were taken
as indication of coordination between the metal ions with oxygen and nitrogen atoms®”*. Extensive IR
spectral studies reported on metal acetate complexes™ indicate that, the acetate ligand coordinates™ as a
monodentate manner and the coordination v(C=0) appear at higher energy than v, (CO,) and v(C-O)
observed lower than vs (CO,). As a result, the separation between v (CO) bands is much larger in
monodentate complexes. In complexes (4-7) and (11), the band is due to v, (CO,) appeared in the 1539 —
1443 cm™ and the vs (CO,) observed in the 1409 — 1375 cm™ ranges. The difference between these two
bands is in the 130 — 68 cm™ range, suggesting that, the acetate group coordinates in unidentate manner
with the metal ions®. A new band observed in the 445 — 409 cm™, may be assigned to v (M-CI) in the
chloro complexes (11) — (15)*.
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Complex (16) shows bands at 1376, 1171, 833 and 785, assigned to coordinated nitrate group®*. The
complex (16) has a monomeric linear planar in which the guanidine coordinates as a pseudomonodentate
ligand interacting with silver ion via Nimine and nitrate moieties*®. The appearance of v (OH) group of
ligand at 1284 cm™. All complexes show v (OH) band in the 1299 — 1280 cm™, at higher wave number
comparing to the ligand, indicating non- coordinated of this group to the metal ion. Complex (7) shows
band at 897 cm™ is due to O=U=0".

Magnetic moments: The room temperature magnetic moments of the complexes (2) — (16) are shown in
Table-3. Copper(ll) complexes (2) and (3) show values 1.42 and 2.12 B.M., corresponding to one
unpaired electron in an octahedral or square planar structure®**°, as, The complex (2) shows lower value,
indicating that, spin — exchange interactions takeplace between the copper(l1) ions through cobridging®*'.
Nickel (11) complex (4) gives 2.96 B.M., confirmed t,g° eg? electronic configuration with two unpaired
electrons in an octahedral Ni (1) complex®**“®, Manganese (11) complex (5) and cobalt (1) complex (6)
show values 3.13 and 2.57 B.M., indicating high spin octahedral structure®®*, the lower values is due to
spin exchange interactions between the metal ions through cobridge. Thallium (1) complex (11) gives 2.1
B.M., indicating an octahedral structure.

Chromium (I11) complex (12) and Iron(l11) complex (13) show values 2.98 and 3.08 B.M., indicating high
spin octahedral structure,*** the lower values of magnetic moments are due to spin exchange interactions
takeplace between metal ions. Uranyl (1I) complex (7), mercury (I1) complex (8), zinc (1) complex (9),
cadmium (1) complex (10), strontium (I1) complex (14) zirconyl (11) complex (15) and silver (I) complex
(16) show diamagnetic values.

Electronic spectra: The electronic spectral data for the ligand (1) and its metal complexes in DMF
solution are summarized in Table-3. Ligand (1) in DMF solution shows three bands at 395 nm (e =
9.5x10° mol*cm™), 325 nm (e = 7.8x10° mol*cm™) and 265 nm (e = 6.4x10° mol*cm™), which may be
assigned to the n—n* and n—* transitions respectively *°*% Copper (II) complexes (2) and (3) show
bands in the 262 — 255, 315 — 305 and 391 — 380 nm ranges, these bands are due to intraligand transitions,
however, the complex (2) show bands which are appeared at 452, 589 and 641 nm which are assigned to
O—Cu charge transfer, °B,—°E and °B,—’B, transitions, indicating a distorted tetragonal octahedral
structure® >4,

However, complex (3), shows bands at 455, 515 and 565 nm which are corresponding to 2Blg—>szg,
’B,—°E, and “B;;—°A,, respectively, suggesting a square planar geometry®°. Nickel (11) complex (4)
shows bands 260, 320, 390, 458, 651 and 727 nm respectively, the first three bands are within the ligand
and the other three bands are attributable t0 *Ayy(F) —°T14(P)(va), *Any(F) —°T1y(F)( v2) and *Agy(F)
—>T,4(F)( vy) transitions respectively, indicating an octahedral Ni(ll) complex®**’. The v./v, ratio for the
complex is 1.2, which is less than the usual range of 1.5 — 1.75, indicating a distorted octahedral Ni (I1)
complex?**8, Cobalt (1) complex (6) shows bands at 255, 302, 392, 585 and 654 nm, the first three bands
are within the ligand and the other bands are assigned to *Tyy(F) —*Ay and “T14(F) —*T,(F) transitions
respectively, corresponding to high spin Co (Il) octahedral complexes® . Manganese(ll) complex (5)
shows bands at 255, 320, 390, 460, 595 and 654 nm, respectively, the first three bands are within the
ligand, however, the other bands are corresponding to °Ayy—"E,, *Ajy—"T,y and °A,—"T,, transitions
which are compatible to an octahedral geometry around the Mn (11) ion®. TI (I) Complex (11) gave bands
at 260, 310 and 380 nm, respectively.
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These bands are due to intraligand transitions since these bands appear almost in the spectrum of the
ligand, additional weak band appears at 425 nm, which may be assigned to the 'S;—>P; transition of TI (I)
complex®. Iron (111) complex (13) shows bands at 260, 305, 385, 460 and 649 nm respectively, the first
three bands are within the ligand while the other bands are due to charge transfer and A, —"*T, transitions,
suggesting distorted octahedral geometry around the iron (I11) ion®" %,

While chromium (I11) complex (12) shows bands at 250, 315, 390, 465, 525 and 658 nm respectively. The
first three bands are assigned to ‘Ag—"Tiy (F), *Ag—*Tay and *Ay—>Ty, transitions respectively,
indicating octahedral structure around the Cr (111) ion®*®. Zinc(Il) complex (9), uranyl (1) complex (7),
mercury (I1) complex (8), strontium (I11) complex (14) and silver (I) complex (16) show three bands in the
262 — 255, 320 — 300 and 395 — 385 nm ranges, which are assigned to intraligand transitions.

Electron Spin Resonance (ESR): The ESR spectral data for complexes (2), (3), (5), (6), (12) and (13)
are presented in Table-4. The spectra of copper (I1) complexes (2) and (3) are characteristic of species, d°,
configuration and having axial type of a d..,2) ground state which is the most common for copper (1)
complexes®®®. The complex (2) shows broad signals in the low and high field regions indicating spin —
spin interactions takeplace between Cu (I1) ions through deprotonated hydroxyl group.

The complex (3) shows g, >Q, > 2.0023, indicating square planar geometry around copper (II) ion®"%.

Complex (3) shows G- value 4.3 indicating absence of spin — spin interactions in this complex. However,
this phenomenon is further confirmed by magnetic moments (2.1 B.M.). Also, the g,/A, values considered
as diagnostic of stereochemistry®®, in the range reported for square planar complexes are 105 to 135 cm™
and for tetragonal distorted complexes 150 to 250 cm™. The g/A; values lie just within the range expected
for the complexes (Table-4).

The g- value of the copper (1) complexes with a ZBlg ground state (g;>g , ) may be expressed® by
g = 2.002 — (8K? 1L°/AEyy) .. (1)
g, =2.002- (2 KL A°/AE,,) .. (2)

Where k; and ki are the parallel and perpendicular components respectively of the orbital reduction factor
(K), A° is the spin — orbit coupling constant for the free copper, AE,, and AE,, are the electron transition
energies of °By;—"Byg and *B;—E,.

From the above relations, the orbital reduction factors (K;, K, K), which are a measure of covalency®"*

can be calculated. For an ionic environment K=1 and for a covalent environment K<1.The lower the
value of k, the greater is the covalency

K?L=(g | -2.002) AE,, /2), ..(3)
K% = (g - 2.002) AE,, /8%, .. (4)
K? = (K% +2K%L)/3 ... (5)
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K (Table-4), for the copper (II) complex (3) indicating covalent bond character*®™. Kivelson and
Neiman’® noted that, for ionic environment g, > 2.3 and for a covalent environment g; < 2.3. Theoretical
work by Smith” seems to confirm this view. The g- values reported here (Table-4) show considerable
covalent bond character®. Also, the in-plane o-covalency parameter, a” (Cu) was calculated by

o? (Cu) = (A0.036) + (g;-2.002) +3/7(g , -2.002) +0.04, .. (6)

The calculated values (Table-4) suggest a covalent bonding*“**"%, The in-plane and out of- plane =-
bonding coefficients B,* and B respectively, are dependent upon the values of AE,, and AE,, in the
following equations®™.

o’ B* = (g, - 2.002) AE,/22, )

o’ B 1% = (gy - 2.002) AE,,/8), ... (8)

In this work, the complex (3) shows B? and B, values 0.79 and 0.71 indicating a moderate degree of
covalency in the in-plane and out of- plane™. It is possible to calculate approximate orbital populations
for s, p or d orbitals™ by

A= Aiso— 2B [1£(7/4) A g . (9)
a%yq=2pB/ 2p° ...(10)

Where A° and 2B° are the calculated dipolar coupling for unit occupancy of s and d orbitals respectively.
The calculated orbital publication for the copper (II) complex (3), (Table-4), indicate a dye.y2) ground
state®. Manganese (1) complex (5), cobalt (11) complex (6), chromium (111) complex (12) and iron (I11)
complex (13) show isotropic type with gi,,= 2.006, 2.03, 2.1 and 2.13 respectively indicating octahedral
structure around the metal ion“®,

Thermal Analyses [DTA and TGA]: Since the IR spectra indicate the presence of water molecules,
Thermal analyses (DTA and TGA) were carried out to a certain nature. The thermal curves in the
temperature 27 - 800°C range for complexes (2), (4), (9) and (13) are thermally stable up to 35°C. For Cu
(1) complex (2), breaking of hydrogen bond is characterized by endothermic peak at the temperature
40°C. Dehydration is characterized by endothermic peaks at the temperature 75°C, with 5.4% weight loss
(Calc. 4.88% ) corresponding to the loss of two hydrated water molecule’”".

The decomposition step for complex (2) occurred at 137°C with 10.77 % weight loss (Calc. 10.27%),
which could be due to the elimination of four coordinated H,O. Another thermal decomposition at 291
with 19.11 % weight loss (Calc. 18.75 %), which could be due to the loss of two coordinated acetate
group. Endothermic peak observed at 416°C may be due to melting point.

Finally, the complex shows exothermic peaks in the 456-500°C range, corresponding to oxidative thermal
decomposition which proceeds slowly with 17.2% weight loss (Calc. 16.73%) which could be due to the
loss of two CuO . Ni (1) complex (4) shows endothermic peak at 59°C, with 4.46% weight loss (Calc.
4.9%), due to two hydrated water molecule, however, the endothermic peak observed at 182°C with
10.7% weight loss (Calc. 10.4%), assigned to four coordinated water molecules, another peak is observed
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at 331°C with 19.6% weight loss (Calc. 19.03%), assigned to two coordinated acetate group, the
endothermic peak observed at 386°C may be assigned to the melting point. Oxidative thermal
decomposition occurs in the 450 - 575°C range with exothermic peaks, leaving 2NiO 28.9% weight loss
(Calc. 29.48%)%®, Zn(11) complex (9) shows endothermic peak at 51°C with 13.33% weight loss (Calc.
12.88%) which indicate loss of two hydrated water molecule, however, endothermic peak observed at 173
with 7.5% weight loss (Calc. 7.39%) due to coordinated water molecules, another endothermic peak
observed at 444°C may be assigned to the melting point.

Oxidative thermal decomposition occurs in the 450-590°C range with exothermic peaks, leaving ZnO.
Finally, Fe (111) complex (13) shows endothermic peak at 59°C with 11.9% weight loss (Calc. 11.2%) due
to the loss of four hydrated water molecule, another endothermic peak is appeared at 135°C with 18.5%
weight loss (Calc. 19.1%) is assigned to the loss of three coordinated chlorine molecules. The
endothermic peak appears at 351°C may be assigned to the melting point. Oxidative thermal
decomposition occurs in the 450-674°C range with exothermic peaks, leaving Fe,O3; with 35.2% weight
loss (Calc. 34.756%)%".

BIOLOGICAL STUDIES

Concentration (ug) Surviving factor of metal complexes (2), (4), (7), (8) and (13)
standard | complex(2) | complex(4) | complex(7) | complex(8) | complex(13)

concentrartion (50) 26.21 31.26 53.24 64.82 55.21 56.24
concentrartion (25) 18.89 40.88 67.56 79.54 68.96 65.92
concentrartion (12.5) 21.1 56.16 79.08 84.15 79.38 73.86
concentrartion (6.25) 31.8 72.64 88.44 89.66 85.13 86.22
concentrartion (3.125) 73.1 96.28 97.52 97.12 96.38 98.14
concentrartion (1.56) 88.5 100 100 100 100 100

Antitumor activity: The antitumor effect of the ligand (1) and its metal complexes (2), (4), (7), (8) and
(13) in DMSO were evaluated against heptocellular carcinoma (HePG- 2 cell line), Figure 3.

120
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100
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80 .
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60 | concentrartion (6.25)

- 40w concentrartion (3.125)
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-0

complex(13) complex(8) complex(7) complex(4) complex(2) standard

Figure 3: Cytotoxicity of standard drug and metal complexes (2), (4), (7), (8) and (13) against HePG- 2
cell line.
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These were tested by comparing them with the standard drug (Sorafenib). The solvent DMSO showed no
effect on cell growth as it was reported previously * .The ligand (1), showed a weak inhibition effect at
ranges of concentrations used, however, the complexes showed moderate effect against HePG- 2 cell line
as shown in Table-7. Also. This could be explained as complex could bind to DNA where it seemed that,
change the anion and the nature of the metal ion in complexes may have effect on the biological behavior,
by altering the binding ability of DNA®®.

Moreover, Gaetke and Chow had reported that, metal has been suggested to facilitate oxidated tissue
injury through a free-radical mediated pathway analogous to the Fenton reaction®’. Also, it was shown
that, the resulting Cu (I) complexes are also able to form GSSG via the following reactions:

[Cu (1) (ligand)] + GSH — [Cu (I) (GS)] + ligand + H* . ()
[Cu (I) (GS)] + GS* — [Cu (1) + GSSG .

These reactions lead to depletion of intracellular GSH pools, which has been frequently observed in cells
after treatment with diverse Cu compounds®**. In the presence of H,O,, the DNA-bound Cu(ll) complex
is oxidized to form presumably Cu(ll) (oxo/ hydroxo) species®®, thus, the reaction of Cu(Il) complex
with nucleic acid is via Cu-oxo/ hydroxo intermediate®. Cu (1) complexes are well known for their redox
activity, which seems to be responsible for biological activities®®**%.

The redox cycling of Cu complexes is based on the reduction of Cu (II) to Cu (I) by intracellular thiols
such as GSH (glutathione, nonenzymatic antioxidant under oxygen-contaning conditions * % ¥,
Schematically, the underlying reaction pathway for [Cu (Il) (ligand)] complexes is given in equations (1,
2). Briefly, Cu (11) complexes rapidally form adducts with GSH*®*, leading to Cu (I) complexes and GS".
In the presence of oxygen, this Cu (I) complex is able to generate a superoxide anion, which can induce
ROS via a fenton- like reaction:

[Cu (II) (ligand)] + GSH — [(GS) Cu (ll) (ligand)] + H" ...(3)
[(GS) Cu (II) (ligand)] — [GS" + [Cu (1) (ligand)] ... (4)
[Cu (1) (ligand)] + O, — O, + [Cu (II) (ligand)] .. (5)

By applying the ESR-trapping technique, evidence for metal-mediated hydroxyl radical formation invivo
has been obtained’. Radicals are produced through a Fenton-type reaction as follows®":

LM(l) +H,0, — LM() + OOH +H*
LM() +H,0, — LM(l) + OH +OH

Where L is the ligand

Also, metal could act as a double-edged, sword by inducing DNA damage and also by inhibiting their
repair®. The OH radicals react with DNA sugars and bases and the most significant and well-
characterized of the OH reactions is hydrogen atom abstraction from the C, atom to yield sugar radicals
with subsequent B-elimination. Scheme 2, by this mechanism strand breakage occurs as well as the
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release of the free bases. Another form of attack on the DNA bases is by solvated electrons, probably via
a similar reaction to those discussed below for the direct effects of radiation on DNA".
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Scheme-2

The relation between the concentration of the complexes in DMSO and their anti-proliferative activity are
shown in Table-7 and Figures (2)-(13). Although, complexes were octahedral structures and had the
same anions, the variable activity of the complexes might be due to their oxidation—reduction potentials.
Intercalative binding of metal complex of guanidine to DNA resulting from the insertion of metal
complex between the base pairs of the DNA douple helix. The binding mode of the guanidine group
depends on a great extent not only on the nature of the metal ion but on the presence of the neighboring
donor group in the same chelate rings upon coordination to metal ion®"*. Complexes 4-(di 1, 3(2-
hydroxybenzylidene) guanidino)-benzoic acid ligand showed inhibitory activity against hepatocellular
carcinoma (HepG-2 cell line).

Table-7:
The concentration Order of antiproliferative effect of the studied complexes
At concentration 50ug/ml standard > Cu(ll) complex (2) > Ni(Il) complex (4)> Hg(ll)
complex (8) > Fe(l1l) complex (13) > UO,(11) complex (7)
At concentration 25 pg/ml standard > Cu(Il) complex (2) > Fe(I1l) complex (13) >Ni(ll)

complex (4)> Hg(Il) complex (8) > UO,(Il) complex (7)

At concentration 12.5 pg/ml | standard > Cu(ll) complex (2) > Fe(111) complex (13) >Ni(ll)
complex (4)> Hg(1l) complex (8) > UO,(11) complex (7)

At concentration 6.25 pg/ml | standard > Cu(ll) complex (2) > Hg(ll) complex (8) >Fe(llI)
complex (13) >Ni(ll) complex (4)> UO,(Il) complex (7)

At concentration 3.125 pg/ml | standard > Cu(ll) complex (2) > Hg(l1l) complex (8) > UO,(I1)
complex (7) >Ni(ll) complex (4)> Fe(l11) complex (13)

At concentration 1.56 pg/ml | standard > Cu(ll) complex (2) = Ni(ll) complex (4) = Hg(ll)
complex (8) = Fe(lll) complex (13) = UO,(Il) complex (7)
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Antifungal screening: The ligand (1) and its metal complexes have been screened for their antifungal
activities Figure (4). The results show that, complexes (2), (3), (4), (5), (6), (7), (9), (12), (15) and (16)
have no effect on Asperigellus Niger, however, complexes (8), (10) and (11) exhibit highest antifungal
activity compared with other complexes. The order of the complexes is, complex (10) > complex (11) >
complex (8). This enhancement in the activity can be explained on the basis of chelation theory®*®.
Chelation reduces the polarity of the metal ion considerably, mainly because of the partial sharing of its
positive charge with donor groups and possible n-electron delocalization on the whole chelation ring. The
lipid and polysaccharides are some important constituents of cell wall and membranes, which are
preferred for metal ion interaction. In addition to this, the cell wall also contains many amino phosphates,
carbonyl and cystenyl ligands, which maintain the integrity of the membrane by acting as diffusion and
also provide suitable sites for bonding.

Hg (11) complex (8) TI (1) complex (11)

v YT

——pr—_

Cd (1) complex (10) Cu (Il) Complex (2) negative

Figure (4): Inhibition zone of Hg (11) complex (8), Cd (I1) complex (10) and TI (1) complex (11).
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Chelation can reduce not only the polarity of the metal ion, but also increases the lipophilic character of
the chelate and the interaction between metal ion and the lipid is favored. This may lead to the breakdown
of the permeability barrier of the cell resulting in interference with the normal cell processes. Some
important factors such as the nature of the metal ion, nature of the ligand, coordinating sites and geometry
of the complex, concentration, hydrophilicity, lipophilicity and presence of co-ligands have considerable
influence on antifungal activity®%. Certanly, steric and pharmacokinetic factors also play a decisive role
in deciding the potency of an antifungal agent. Apart from this, the mode of the action of these
compounds may also invoke hydrogen bond through the >C=N-N-CH- group with the active centers and
thus interfere with normal cell process. The presence of lipophilic and polar substituents is expected to
enhance antifungal activity. The antifungal activity of the guanidine ligands and their metal complexes
were screened using the disk diffusion. The variation in the activity of different complexes against
different microorganisms depends either on the impermeability of the cells of the microbes or differences
in ribosomes in microbial cells.

Antibacterial screening: In vitro biological screening tests of the ligand (1) and its complexes were
carried out as antibacterial activity, Figure (5). The antibacterial activity was tested against two bacterial
strains: gram positive bacteria (Streptococcus and Enterococcus), the results compared with standard drug
(Ampicillin), and gram negative bacteria (Klebsiella pneumoniae and salmonella) strains, the results
compared with standard drug (Gentamycin). The data indicated that, complexes were active against
bacteria. Complexes of Cu(ll) complex (3), Ni (1) complex (4) and Cd(Il) complex (10) with Schiff bases
show antibacterial activities against gram positive bacteria (Streptococcus and Enterococcus) and gram
negative bacteria (Klebsiella pneumoniae and salmonella).

. Inhibition mean zone of metal complexes (3), (4) and (10) against

Bacteria . . .

gram positive and negative bacteria

Standard complex(3) complex(4) complex(10)
Streptococcus 26 13.2 16.9 19.8
Enterococcus 20 15.3 19.3 21.4
Klebsiella pneumoniae 22 14.6 17.3 20.6
Salmonella 28 15.3 19.3 21.3
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Figure 5: Inhibition mean zone of metal complexes (3), (4) and (10) against gram positive and gram
negative bacteria.

The results showed that, the metal complexes have a greater effect than ligand against bacteria'®.
Cadmium (I1) complexes showed wide range of bactericidal activities against gram negative bacteria and
gram positive bacteria. Whereas Cu (1), and Ni (1) are moderately active against both gram negative
bacteria and gram positive bacteria. The agar well-diffusion method was tested and each experimental
was performed in triplicate. The zone of inhibition value represents the mean value of three readings. The
antibacterial studies demonstrated that, Cu (I1) complex (3), Ni (1) complex (4) and Cd (1) complex (10)
have activity toward tested bacteria whereas the ligand and Cr (I1l) complex (12) show no activity.
Besides these, the inhibition of bacteria growth increases with decreases the concentration of these
complexes using 5 mg/ml concentration of tested samples as shown in Table-8. The relation between the
inhibition mean zone of Cu (Il) complex (3),Ni (II) complex (4) and Cd (II) complex (10) against
Streptococcus, Enterococcus, Klebsiella pneumoniae and salmonella are showed in Figure 5 (Please
specify the figure 8)

Table-8:

The Bacteria | Order of antibacterial (+ve) effect of the studied complexes
Streptococcus | standard > Cd(Il) complex (10) > Ni(ll) complex (4) > Cu(ll) complex (3)
Enterococcus Cd(I1) complex (10)> standard > Ni(ll) complex (4) >Cu(ll) complex (3)

Table-8B:
The Bacteria Order of antibacterial (-ve) effect of the studied complexes
Klebsiella pneumoniae | standard > Cd(ll) complex (10) > Ni(ll) complex (4) > Cu(ll) complex (3)
Salmonella standard > Cd(I1) complex (10) > Ni(ll) complex (4) > Cu(ll) complex (3)

CONCLUSION

Cr (111), Mn (11), Fe (111), Co (11), Ni (11), Cu (11), Zn (I1), Cd (11), Sr (1), Hg (1), TI (1), UO, (I1) and ZrO
(1) complexes of (4-(di 1,3(2-hydroxybenzylidene) guanidino) benzoic acid ligand have been prepared
and spectrally characterized. The IR data show that, the ligand behaves as dibasic hexadentate, monobasic
tetradentate, dibasic tetradentate. Molar conductances in DMF indicate that, the complexes are non-
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electrolyte. The ESR spectra of solid Cu (I1) complex (3) at room temperature show axial type symmetry
with g, > g1 > 2.0023, indicating a dye.y2) ground state with significant covalent bond character in square
planar geometry. However, Cu (1) complex (2) shows broad signals in the low and high field regions
indicating spin — spin interactions takeplace between Cu (Il) ions through deprotonated hydroxyl group.
Complexes Mn (11) complex (5) and Co (I1) complex (6), Cr (111) complex (12) and Fe (111) complex (13)
show isotropic type with gi,= 2.006, 2.03, 2.1 and 2.13 respectively indicating octahedral structure
around the metal ion. Cu (1) complex (2), Ni (I1) complex (4), UO, (1) complex (7), Hg (I1) complex (8)
and Fe (I11) complex (13) showed inhibitory effect on liver carcinoma (HePG- 2 cell line) in comparing
with the standard drug.
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