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ABSTRACT 

Metalloorganic compounds of Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II)  

of new diethyl (Z)-4-hydroxy-3-((2-((2-hydroxybenzlidene)amino)phenyl)carbamoyl) 

benzenesulfonic acid ligand have been synthesized and characterized using spectral analyses; 

(
1
H-NMR, mass, IR, UV-VIS and  ESR) , magnetic moments , conductance, XRD ,elemental 

and thermal analysis. Molar conductances in DMF solutions indicated that, the complexes are 

non-electrolytes; ( 5.56 - 9.51 ohm
-1 

cm
2
 mol

-1
 ). The ESR spectra of solid Mn(II)  complex (3), 

showed an isotropic type confirming an octahedral geometry. In addition, it was found that  ESR 

spectrum  of Co(II) Complex (5) at room temperature is interesting to note that g┴ is greater than g||, 

indicating a compressed tetragonal distortion along the Z-axis . However,Cu(II) complexes (8) and 

(10) showed an axial type symmetry indicating a d(x
2
-y

2
) ground state with a significant covalent 

bond character. X-ray Diffraction Spectroscopy XRD has been done. The XRD reveal that 

[(H2L)Cu(OAc)2S].2H2O ;Complex (8), [(H2L)Zn(OAc)2S].2H2O ;Complex (11) and  

[(H2L)Cd(OAc)2S].2 H2O ;complex (12)  these  complexes have the average crystallite sizes of 19.39, 

21.77 and 22.01 nm respectively. It was suggested that the complexes are nanocrystalline.Cytotoxic 

evaluation of the complexes as antitumor agents against prostate cancer , PC-3 cell line  has been 

carried out. Cu(II) complex (8) showed more potent cytotoxic effect against prostate cancerous 

cells with IC50= 2.51 μg/ml  .Complexes showed enhanced activity in comparison to the parent 

ligand and  standard drug used .  

Keywords: 

Schiff Base  ligand , complexes, analysis , , magnetism , ESR, XRD,cytotoxicity, Prostate cancer. 
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Introduction 

The American Cancer Society estimates that there will be 248,530 new cases of prostate cancer in 2021 

and more than 3.1 million prostate cancer survivors in the United States.1 The American Cancer Society 

also estimates that prostate cancer will be the second leading cause of cancer-related death in US men 

after lung cancer in 2021.1 Furthermore, rates of prostate cancer are higher in men of African descent 

compared with men of European descent [1]. Germline testing (genetic testing for genes linked with 

hereditary cancer risk) has emerged as integral to prostate cancer precision treatment in the metastatic 

setting, is increasingly informing screening strategies, and provides hereditary cancer information for men 

and their families [1]. In recent years, there has been an exponential rise in understanding the role of 

genetic mutations in prostate cancer predisposition and the development of new precision therapies [2]. 

Many genes are now incorporated into the guidelines for genetic testing to assess the risk of developing 

prostate cancer and offer guidance for targeted therapeutics[1-3]. In May 2020, the US Food and Drug 

Administration (FDA) approved 2 poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) 

inhibitors for the treatment of men with metastatic, castration-resistant prostate cancer (mCRPC) based on 

improved clinical responses [3,4]. Several challenges exist in implementing genetic testing and 

counseling into prostate cancer treatment paradigms. These include lack of awareness among providers 

regarding the utility of genetic testing for prostate cancer treatment and management, concerns around 

which mutations are clinically relevant, implications for at-risk family members, medical and legal 

liability if mutations are detected and the duty to warn, access to certified genetic counselors, financial 

concerns, and the time involved in obtaining a complete family history [5,6]. Additional practice 

challenges include a relative shortage of genetic counselors; in 2021, there are 5629 certified genetics 

counselors in the United States, and not all states have licensed genetic counselors [7,8]. Therefore, 

delivery of genetics care has necessitated that primary care providers (PCPs) have increasing working 

knowledge of germline testing, build collaborative models with genetic services, and consider alternate 

delivery of genetic information to patients through videos or telehealth [2,8,9]. Considering that men with 

prostate cancer, men at increased risk for prostate cancer, or prostate cancer survivors constitute a 

substantial proportion of patients seen by PCPs, there is a critical need to better integrate primary care 

with the genetic evaluation process. Metallodrugs offer many features over purely organic 

compounds due to specific characteristics of coordination compounds. Their bioactivity is 

affected by the type of central atom, its coordination and oxidation number, type and number of 

the ligands, coordination geometry and  charge of the complex [10]. In recent years, the 

coordinated Chemistry of diamines have attracted the attention of researchers due to their unique 

capability of constructing complicated organic molecules using centers of metal as intermediates. 

For example, N-phenyl-ortho-phenylenediamine coordinated to platinum or nickel atoms 

transforms into imidazophenazine derivatives [11].The coexistence of hydrolizable ester group (-
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COO-) and amide group (-NHCO-), which are capable of establishing strong intermolecular 

hydrogen bond interactions, becomes fundamental to obtaining a suite of materials with tailored 

properties. Specifically, different polyester amides have been developed for biomedical 

applications such as drug delivery systems [12]. Literature survey reveals that nitrogen - and 

sulfur-containing compounds showed very good bioactivity, being potentially active against 

cancer as well as viral and fungal diseases [13,14]. The amide moiety has attracted further 

interest because it is widespread in natural and synthetic drugs and shows lower toxicity [15]. 

Bioactivity of amides can also be achieved by constructing the amide with hydroxypentanedioate 

[16].  

 

Experiment 

Materials and Instrumentation 

All the reagents employed for the preparation of the ligand and its complexes were synthetic 

grade and used without further purification. TLC is used to confirm the purity of the compounds. 

C, H, N and Cl analyses were determined at the Analytical Unit of Cairo University, Egypt. 

Standard gravimetric methods were used to determine metal ions [19-21]. All metal complexes 

were dried under vacuum over P4O10. The IR spectra were measured as KBr pellets using a 

PerkinElmer 683 spectrophotometer (4000-400 cm
-1

). Electronic spectra (qualitative) were 

recorded on a PerkinElmer 550 spectrophotometer. The conductances  

(10
-3

M) of the complexes in DMF were measured at 25°C with a Bibby conductmeter type MCl. 

1
H-NMR spectra of the ligand and its complexes (11,12) were obtained with PerkinElmer R32-

90-MHz spectrophotometer using TMS as internal standard. Mass spectra were recorded using 

JEULJMS-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. All XRD measurements were acquired by an FS5 spectrofluorometer 

(Edinburgh, UK) with a 150 W xenon lamp source for excitation. Magnetic susceptibilities were 

measured at 25°C by the Gouy method using mercuric tetrathiocyanatocobalt(II) as the magnetic 

susceptibility standard. Diamagnetic corrections were estimated from Pascal's constant. The 

magnetic moments were calculated from the equation: 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 TLC of all compounds confirmed their purity [22]. 
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Prepration of ligand (1): 

Prepration of 3-((2-aminophenyl)carbamoyl)-4-hydroxybenzenesulfonic acid: 

3-((2-aminophenyl)carbamoyl)-4-hydroxybenzenesulfonic acid (scheme 1) was prepared by 

adding equimolar amount of 2-hydroxy-5-sulfobenzoic acid (30g,1mole) to benzene-1,2 diamine 

(14g,1mole) in 50 cm
3 

of absolute ethanol. The mixture was refluxed on water bath for 2 houre 

and then left to cool at room tempreture , washed with water, dried and recrystallized from 

ethanol to afford 3-((2-aminophenyl)carbamoyl)-4-hydroxybenzenesulfonic acid. 

 

 

Prepration of schiff base ligand (Z)-4-hydroxy-3-((2-((2-hydroxybenzylidene) amino) phenyl) 

carbamoyl) benzenesulfonic acid: 

The ligand (H2L) (Z)-4-hydroxy-3-((2-((2-hydroxybenzylidene)amino)phenyl)carbamoyl) 

benzenesulfonic acid ( scheme 1 ) was prepared by adding equimolar amount of  3-((2-

aminophenyl)carbamoyl)-4-hydroxybenzenesulfonic acid (14.96g,1mole) to salicyaldehyde 

(5.92g, 1mole) in 50 cm
3
 of absolute ethanol. The mixture was stirred for Two houre [22]. After 

cooling, the solvent was removed under reduced pressure to give crude product which was 

crystallized in ethanol to yield pure ligand (1) : yield 80%, m.p. 154,color is Dark red ; 

Anal.calcd (%) for C20H16N2O6 S( FW = 412.42);  C (58.25) ; H (3.91) ; N (6.79) ; S (7.77) ; 

Found (%) C (57.04); H (3.9); N (6.01) S (6.98). IR (KBr, cm
-1

) 3459,3365 V(OH); 1635 

V(C=O); 1600,1580 V(C=N); 3280,3245 V (N-H); 1285 V(COH); 1466,706 V (Ar)para sub. ; 

1385,661 ( Ar)ortho sub. . ).
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Scheme 1: Preparation of ligand (Z)-4-hydroxy-3-((2-((2-

hydroxybenzylidene)amino)phenyl)carbamoyl)benzenesulfonic acid 

   

 

Preparation of metal complexes (2)-(12) : 

      The metal complexes were prepared as (1L:1M)  by refluxing with stirring a suitable amount 

(1.0 mol) of a hot ethanolic solution of the following metal salts: (0.0.59 g ,0.002 mol)  

Mn(CH3COO).4H2O complex (2) , (0.33 g ,0.0019 mol) Mn SO4·H2O complex (3), (0.43 g 

,0.002 mol) FeSO4·7H2O complex(4), (0.41 g, 0.0014 mole)CoSO4·7H2O complex (5), (0.8 g 

,0.0032 mol) Ni(CH3COO)2·4H2O complex (6), (0.5 g ,0.002 mol) NiCl2·6H2O complex(7), 

(0.73 g ,0.0036 mol)  Cu(CH3COO)2·H2O complex (8), (0.22 g ,0.002 mol)  CuCO3·3H2O 

complex (9), (0.21 g ,0.001 mol)  CuCl2·2H2O complex (10), (0.72 g ,0.003 mol)   

Zn(CH3COO)2·2H2O complex (11), (0.64 g ,0.002 mol)  Cd(CH3COO)2. 2H2O complex (12) 

with a hot ethanolic solution of the ligand (1 mmol, 30 mL ethanol). The refluxing times varied 
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from 2 to 4 hours according to the depending to nature of metal ion. The precipitates were 

filtered off, washed with ethanol then by diethyl ether and dried in vacuum desiccators over 

P4O10 [23]. 

Analytical data for the prepared complexes are: 

Complex (2), [(H2L) Mn (OAc)2 S ].2H2O: Yield: 65 %; m.p. >300 
o
C; color: Orange;  

molar conductivity : 7.23 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)for C24H26 N2O12Mn (FW = 621.47): C, 

46.1; H, 4.51; N, 4.3; S, 5.16; Mn, 8.51; Found (%) C, 46.38; H, 4.22; N, 4.51; S, 4.94 ;Mn, 

8.84; IR (KBr, cm
-1

), 3068,3015(NH), 1616,1547(C=N), 1457,749and 1382,592(C=C)Ar, 

1245(C-OH) , 1660 (C=O) , 535 (M←O), 430 (M←N). 

Complex (3), [(H2L)Mn(SO4)2 S(H2O)].3H2O: Yield: 70 %; m.p. >300 
o
C; color: Brownish red; 

molar conductivity: 9.51 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)C20H24 N2O14S2Mn (FW = 635.48): C, 

37.08; H, 3.6; N,14.03; S, 9.89; Mn, 8.55; Found (%) C, 37.8; H,  3.81; N, 14.41; S,10.09; Mn, 

8.65; ; IR (KBr, cm
-1

), 3005,2926(NH), 1621,1580(C=N), 1505,748 and 1462,589 (C=C)Ar, 

1223 (C-OH) , 1670  (C=O) , 531 (M←O), 472(M←N). 

Complex (4), [(HL)Fe(SO4) S(H2O)].2H2O: Yield: 65%; m.p.>300 
o
C; color: black; molar 

conductivity: 8.8 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)for C20H22N2O13S2Fe (FW = 618.37): C, 37.09; 

H, 3.46; N, 4.41; S, 10.02;Fe, 9.15; Found (%) C, 38.85; H,  3.59; N, 4.53; S,10.37; Fe, 9.03; ; 

IR (KBr, cm
-1

), 3320,3100(NH), 1622,1540(C=N),1503,749 and 1461,590 (C=C)Ar, 

1275(C-OH) , 1650 (C=O) , 540 (M←O), 465 (M←N). 

Complex (5), [(H2L)Co(SO4)S(H2O)].2H2O: Yield: 79 %; m.p. >300 
o
C; color: Red ; molar 

conductivity: 8.3 ohm
-1

cm
2
mol

-1
. Anal.Calc. (%)for C20H22 N2O13S2Co (FW = 621.46): C, 38.17; 

H, 3.5; N, 4.3; S, 10.1; Co, 9.31; Found (%) C, 38.65; H, 3.57; N,4.5; S, 10.32; Co, 9.48; IR 

(KBr, cm
-1

), 3250,3130 (NH), 1615,1540 (C=N),  and  1504,751 and 1370,592 (C=C)Ar, 

1272 (C-OH) , 1674(C=O) , 535  (M←O), 469 (M←N). 

Complex (6), [(H2L)Ni(OAc)2S].2H2O: Yield: 72 %; m.p. >300 
o
C; color: Redish brown; molar 

conductivity: 7.37 ohm
-1

cm
2
mol

-1
. For Anal. Calc. (%)f or C24H26N2O12S Ni (FW = 625.23): C, 

45.76; H, 3.96; N; S, 4.99; 4.35; Ni, 9.20; Found (%) C, 46.1; H, 4.19; N, 4.48; S, 5.13; Ni,  9.39 

; IR (KBr, cm
-1

), 3150,3010 (NH),  1613,1545 (C=N), 1461,749 and 1379,589 (C=C)Ar, 

1259 (C-OH) , 1655(C=O) , 545 (M←O), 429(M←N). 

Complex (7), [(H2L)Ni(Cl)2S].3H2O: Yield: 55 %; m.p. >300 
o
C; color: Brown; molar 

conductivity : 7.51 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)for C20H22N2O9S Cl2Ni (FW =596.6): C, 

40.73; H, 3.85; N, 4.63; S, 5.12; Ni, 9.51 ; Cl, 11.43   ; Found(%) C, 40.3;H, 3.72; N, 4.7; S, 
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5.38;Ni, 9.85; Cl, 11.9 ; IR (KBr, cm
-1

),3300,3240 (NH),  1611,1561(C=N), 1503,749 and 

1368,588 (C=C)Ar, 1280 (C-OH) , 1673 (C=O), 523 (M←O), 456 (M←N), 429 

(M←Cl). 

Complex (8), [(H2L)Cu(OAc)2S].2H2O : Yield: 80 %; m.p.>300 
o
C; color: brown; molar 

conductivity: 6.89 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)for C24H26N2O12S Cu (FW = 630.08): C, 

45.72; H, 4.48; N, 4.21; S, 4.95; Cu, 10.12; Found (%) C, 45.75; H, 4.16;  N, 4.45; S, 5.09;  Cu, 

10.09; ; IR (KBr, cm
-1

), 3192,3099(NH),  1608,1560 (C=N),  1466,751 and 1379,590 

(C=C)Ar, 1255 (C-OH) , 1630 (C=O) , 534 (M←O), 462 (M←N). 

Complex (9), [(H2L)Cu(CO3)S (H2O)].2H2O : Yield: 75 %; m.p. >300 
o
C; color: brown; molar 

conductivity: 5.56 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)for C21H32N2O12S Cu (FW = 590.02): C, 

42.01; H, 3.6; N, 4.31; S, 5.3; Cu, 10.24; Found (%) C, 42.75; H, 3.75; N, 4.75; S, 5.43; Cu, 

10.77; ; IR (KBr, cm
-1

), 3283,3265 (NH), 1612,1564 (C=N), 1461,748  and 1376,589 

(C=C)Ar, 1297  (C-OH) , 1671 (C=O) , 533 (M←O), 473 (M←N). 

Complex (10), [(H2L)Cu(Cl)2S].3H2O : Yield: 70 %; m.p.>300 
o
C; color: black; molar 

conductivity : 7.68 ohm
-1

cm
2
mol

-1
.Anal.Calcd. (%)for C20H22N2O9S Cl2Cu (FW = 600.91): C, 

40.26; H, 3.50; N, 4.35; S, 5.11; Cu, 10.39; Cl , 11.61; Found (%) C, 39.97; H, 3.69; N, 4.66; S, 

5.34; Cu, 10.57; Cl, 11.8; IR (KBr, cm
-1

 IR (KBr, cm
-1

), 3310,3220 (NH),  1623,1544 (C=N), 

1464,750 and 1366,593 (C=C)Ar, 1298 (C-OH) , 1663 (C=O) , 537 (M←O), 452 (M←N); 

431 (M←Cl). 

Complex (11), [(H2L)Zn(OAc)2S].2H2O: Yield: 68 %; m.p. >300 
o
C; color: yellow; molar 

conductivity: 6.56 ohm
-1

cm
2
mol

-1
. Anal.Calcd. (%)for C24H26N2O12S Zn (FW = 631.92): C, 

45.01; H, 3.88; N; S, 4.88;  4.27, Zn, 10.31; Found (%) C, 45.62; H, 4.15; N; S, 5.07; 4.43, Zn, 

10.35; IR (KBr, cm
-1

), 3270,3190 (NH),  1613,1552 (C=N), 1453,749 and 1380,589 

(C=C)Ar, 1298 (C-OH) , 1680 (C=O) , 536 (M←O), 438 (M←N). 

Complex (12), [(H2L)Cd(OAc)2S].2H2O: Yield: 58%; m.p. >300 
o
C; color: dark gray; molar 

conductivity: 6.62 ohm
-1

cm
2
mol

-1
. Anal.Calcd. (%)for C24H26N2O12S Cd (FW =678.95): C, 

42.03; H, 3.60; N, 3.88; S, 4.23; Cd, 16.22; Found (%) C, 42.46; H, 3.86; N, 4.13; S, 4.72; Cd, 

16.56; ; IR (KBr, cm
-1

), 3321,3265 (NH), 1620,1559 (C=N), 1480,745 and 

1384,597(C=C)Ar, 1290 (C-OH) , 1680 (C=O) , 541 (M←O), 440 (M←N). 

 

Biological activity 
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Mammalian cell lines: PC-3 (prostate carcinoma) were obtained from VACSERA Tissue Culture 

Unit.  

Chemicals Used: Dimethyl sulfoxide (DMSO), crystal violet and trypan blue dye were purchased from 

Sigma (St. Louis, Mo., USA).  

Fetal Bovine serum, DMEM, RPMI-1640, HEPES buffer solution, L-glutamine, gentamycin and 

0.25% Trypsin-EDTA were purchased from Lonza. 

Crystal violet stain (1%): It composed of 0.5% (w/v) crystal violet and 50% methanol then made up 

to volume with ddH2O and filtered through a Whatmann No.1 filter paper. 

Cell line Propagation: 

The cells were propagated in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% 

heat-inactivated fetal bovine serum, 1% L-glutamine, HEPES buffer and 50µg/ml gentamycin. All cells 

were maintained at 37ºC in a humidified atmosphere with 5% CO2 and were subcultured two times a 

week.  

Cytotoxicity evaluation using viability assay: For cytotoxicity assay, the cells were seeded in 96-well 

plate at a cell concentration of 1×10
4
 cells per well in 100µl of growth medium. Fresh medium 

containing different concentrations of the test sample was added after 24 h of seeding. Serial two-fold 

dilutions of the tested chemical compound were added to confluent cell monolayers dispensed into 96-

well, flat-bottomed microtiter plates (Falcon, NJ, USA) using a multichannel pipette. The microtiter 

plates were incubated at 37ºC in a humidified incubator with 5% CO2 for a period of 24 h. Three wells 

were used for each concentration of the test sample. Control cells were incubated without test sample 

and with or without DMSO. The little percentage of DMSO present in the wells (maximal 0.1%) was 

found not to affect the experiment. After incubation of the cells for at 37°C, for 24 h, the viable cells 

yield was determined by a colorimetric method [23].  

In brief, after the end of the incubation period, media were aspirated and the crystal violet solution 

(1%) was added to each well for at least 30 minutes. The stain was removed and the plates were rinsed 

using tap water until all excess stain is removed. Glacial acetic acid (30%) was then added to all wells 

and mixed thoroughly, and then the absorbance of the plates were measured after gently shaken on 

Microplate reader (TECAN, Inc.), using a test wavelength of 490 nm. All results were corrected for 

background absorbance detected in wells without added stain. Treated samples were compared with the 

cell control in the absence of the tested compounds. All experiments were carried out in triplicate. The 

cell cytotoxic effect of each tested compound was calculated. The optical density was measured with 
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the microplate reader (SunRise, TECAN, Inc, USA) to determine the number of viable cells and the 

percentage of viability was calculated as [(ODt/ODc)]x100% where ODt is the mean optical density of 

wells treated with the tested sample and ODc is the mean optical density of untreated cells. The relation 

between surviving cells and drug concentration is  plotted to get the survival curve of each tumor cell 

line after treatment with the  specified compound. The 50% inhibitory concentration (IC50), the 

concentration required to cause toxic effects in 50% of intact cells, was estimated from graphic plots of 

the dose response curve for each conc. using Graphpad Prism software (San Diego, CA. USA) [24]. 

 

 

Results and discussion 

All the metal complexes are stable at room temperature, insoluble in water, not hydroscopic , partially soluble in 

MeOH, EtOH, CHCl3 and (CH3)2CO and completely soluble in DMF and DMSO. The analytical and physical 

data, spectral data are compatible with the proposed structures, Figures 1-3. The molar conductances of the 

complexes in 10
-3

 M DMF at 25 
o
C were in the 9.51-5.56 ohm

-1
cm

2
mol

-1
 range, indicating a non-electrolytic 

nature. These low values commensurate the absence of any counter ions in their structure. Many attempts were 

made to grow a single crystal until now but unfortunately, they were failed. Reaction of the ligand (1) with metal 

salts using (1L: 1M) molar ratio in ethanol gave complexes (2-12). 

1
H-NMR spectra of the ligand (1) and complexes (11,12): The 

1
H-NMR spectra of ligand and complexes 

(11,12) in deutrated DMSO showed peaks consistent with the proposed structure.  

 The 
1
H-NMR spectrum of the ligand showed chemical shift observed as singlet at 10.9 ppm  which was 

assigned to proton of aromatic hydroxyl group. The chemical shift which appeared at 9.8 ppm was attributed to 

the proton of CH attached to (N-of aromatic ring); Benzylidenimin (Ar─N═CH─Ar). However, The NH 

secondary amide  proton  was observed as a singlet at 5.5 ppm. A set of signals appeared as multiples in the 

6.4-7.3 ppm range, corresponding to protons of aromatic ring .The ethylene proton appears as a singlet signal at 

3.4 ppm [15].By comparison the 
1
HNMR of the ligand and the spectrum of the complexes (11) and (12); signal 

was observed as a singlet at 12.8 and 13.14 ppm characteristic to the OH group indicating that the ligand found 

in the protonated form. In addition,a there is a significant downfield shift of CH attached to (N-of aromatic ring); 

Benzylidenimin (Ar─N═CH─Ar) proton signal at 9.9 and 9.92 ppm. Another shift appear at 5.3 ppm which 

relative to the free ligand clarified that the metal ions are coordinated to the amide nitrogen atom. This shift may 

be due to the formation of a coordination bond (NM) [26,27] (Scheme 1). 
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IR spectra: 

The mode of bonding between the ligand and the metal ion revealed by comparing the IR spectra of the 

ligand (1) and its metal complexes (2)-(12). The ligand shows bands in the 3668-3300 and   

3210-2560 cm
-1

 ranges, commensurate the presence of two types of intra- and intermolecular hydrogen 

bonds of OH and NH groups with imine group. Thus, the higher frequency band is associated with a 

weaker hydrogen bond. The v(NH) group in the complexes is shifted towards lower wave number 

indicating coordination through nitrogen of (-NH-) group [28,29]. However, the characteristic bands of 

Fig. 1: Structure representation of M(II) complexes (2),(6),(7),(8),(10),(11) and (12) 

 

 

Fig. 2: Structure representation of metal complexes (3),(5) and (9) 

 

 

Fig. 3: Structure representation of metal complex (4) 
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imines, v(C═N), ν(C-H) and v(N-H) were observed at 1600, 3023 and 3280 cm
-1

 respectively. Strong 

band appears at 1285cm
-1

 is attributed to the v(C-OH) vibration. The bands appear at 1466 and 706 cm
-1

 

range, are assigned to v(Ar) vibration . The v(SO3H) group appears at 1798 cm-1. By comparing the IR 

spectra of the complexes (2)-(12) with that of the free ligand. It was found that, the position of the 

v(C═N) bands of imines is shifted by 8-23 cm
-1

 range towards lower wave number in the complexes 

indicating coordination through nitrogen of azomethine group (CH═N). This is also confirmed by the 

appearance of new bands in the 473-429 cm
-1

 range, this has been assigned to the v(M-N) and appearance 

of new bands in the 545-531 cm
-1

,assigned to the  

v(M-O) . Complex (4),   show v(C-O) band in 1650 and 1255 cm
-1

 band of (C-OH) , indicating 

deprotonated of (C-OH) and lowering the value of the group confirming coordinated to the metal ion 

[30,31]. However, complexes (2), (3), (5), (6), (7), (8), (9), (10),(11) and (12) show v(C-OH) in the 1223-

1298 cm
-1

 range, indicating coordination to the metal ion. The v(C-N) group appears in the 1540-1623 

cm
-1

 range. The aromatic ring to the metal ion appears in the 1366-1505 cm
-1

 and 588-751 cm
-1

 ranges 

[31].  

  

Magnetic moments: The magnetic moments of the metal complexes (2)-(12) at room temperatures were 

shown in (Table 1). Cu(II) complexes (8)-(10) showed values in the 1.67-1.70 B.M, range corresponding 

to one unpaired electron in an octahedral structure. Manganese(II) complexes (2) and (3) showed values 

6.22 and 6.42 B.M, indicating high spin octahedral geometry around the Mn(II) ion. Co(II) complex (5) 

showed value 4.34 B.M, indicating high spin octahedral Co(II) complex. Ni(II) complexes (6) and (7) 

showed value 3.21 and 2.98 B.M , indicating an octahedral Ni(II) complex. Fe(II) complex (4) showed 

value 5.73 B.M, indicating high spin octahedral geometry around the Fe(II) ion .Zn(II) complex (11), 

Cd(II) complex (12) showed diamagnetic property [6].  

X-ray Diffraction Spectroscopy XRD pattern: 

Powder X-ray Diffraction Spectroscopy XRD pattern of the Cu(II) complex (8), Zn(II) complex (11) and 

Cd(II) complex (12) bearing CH3COO− were recorded in the range (2θ = 0–80) is shown in (Figure 4). 

The pattern of the metal complexes was studied to further obtain evidence about the structure of the metal 

complexes at wavelength 1.5406 ´Å. The XRD pattern of the Cu(II) complexes shows well defined 

crystalline peaks indicating that the Cu(II) ,Zn(II) and Cd(II)-Schiff base complexes were in crystalline 

phase. The average crystallite size of the complexes dXRD was estimated from XRD patterns by 

Scherer’s formula: dXRD = 0.9λ/β (cosθ) where ‘λ’ is the wavelength, ‘β’ is the full width at half maxima 

and ‘θ’ is the diffraction angle. The XRD reveal that  

 [(H2L)Cu(OAc)2S].2H2O, [(H2L)Zn(OAc)2S].2H2O and  [(H2L)Cd(OAc)2S].2 H2O  complexes have the 

average crystallite sizes of 19.39, 21.77 and 22.01 nm respectively. It suggests the complexes are 

nanocrystalline [32].  
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Mass spectra:  
The mass spectra of ligand (1) and its Cu(II) complex (8), Zn(II) complex (11) and Cd(II) complex (12) 

confirmed their proposed formulation. The spectrum of (1) reveals the molecular ion peak (m ⁄z) at 412 

amu consistent with the molecular weight of the ligand. Furthermore, the fragments observed at (m ⁄z) = 

102, 170, 224, 339 and 412 amu correspond to C7H2O, C11H6O2, C14H10NO2, C18H14N2O5, C20H16N2O6S 

moieties respectively. Complex (8) shows fragments (m ⁄z) at 146, 237, 459, 471, 497 and 630 amu due to 

C9H6O2, C12H13O5, C18H21NO11S, C19H21NO11S, C20H21N2O11S and C24H26CuN2O12S moieties 

respectively. The fragments observed (m ⁄z) at 192, 263, 382, 467, 511, 589 and 631  amu for 

complex(11) were assigned to C10H8O4, C14H15O5, C17H18O10, C20H23N2O11 , C21H23N2O11S, 

C22H24N2O11SZn and C24H26N2O12SZn moieties, whereas the spectrum of Cd (II) complex (12) showed 

molecular ion peak at 680 assigned to the molecular weight of the complex and also showed fragments at 

86, 103, 221, 300, 347, 405, 460, 523, 635 and 680 which were assigned to C7H2 , C7H3O, C14H5O3, 

 

[A] 

[B] 

[C] 

Fig. 4: X-ray Diffraction Spectroscopy XRD pattern of the Cu(II) complex (8):[A], Zn(II) complex (11);[B] and Cd(II) complex (12);[C] 

 

 

[C] 
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C16H12O6 , C17H17NO7, C19H20NO9, C21H20N2O10, C22H23N2O11S , C22H23CdN2O11S and C24H26CdN2O12S 

moieties respectively. 

Electronic spectra: The electronic spectral data for the ligand (1) and its metal complexes in DMF solution were 

summarized in (Table 1). Ligand (1) in DMF solution showed four bands at 315 nm  

(7.60x 10
-3

 mol
-1

 cm
-1 

), 292 nm (= 7.04 x 10
-3

 mol
-1

 cm
-1

) which may be assigned to n→* and →* 

transitions of the immine and aromatic ring respectively [33]. However, Mn(II) complexes (2) and (3) showed 

bands in the 290-288, 390-310, 455-428  ,570-571 ranges and 615-608 nm, the first bands were within the ligand 

and the other bands are assigned 
6
A1g→

4
Eg, 

6
A1g→

4
T2g and 

6
A1g→

4
T1g transitions which were compatible to an 

octahedral geometry around the Mn(II) ion [34].  Iron(III) complex (4) shows bands at 290,310,460,565 and 610 

nm, the first two bands are within the ligand, however, the other bands are due to charge transfer and 
6
A1→

4
T1 

transitions, suggesting distorted octahedral geometry around the iron(III) ion
 
. Co(II) complex  (5) showed bands 

at 285,390-312 range 462,572 and 610 nm were due to intra-ligand transitions and indicating octahedral 

structure , the first two bands are within the ligand and the other bands are assigned to
4
T1g(F)→

4
T2g(P)(v3), 

4
T1g(F)→

4
A2g(v2) and 

4
T1g(F) 

4
T2g(F)(v1) transitions respectively [35]. However, Ni(II) complex (6),(7) showed 

bands in the 282-280, 395-310, 460-440, 565-530, 610-605 and 740-735 nm ranges, the first three bands were 

within the ligand and the other bands are attributable to O→Ni charge transfer,
3
A2g(F)→

3
T1g(P) (3), 

3
A2g(F)→

3
T1g(F) (2) and 

3
A2g(F)→

3
T2g(F) (1) transitions respectively, indicating an octahedral Ni(II) 

geometry [35,36]. The 2/1 ratio for (6) and (7) are 1.38 and 1.31, which are less than the usual range of 1.5-

1.75, indicating a distorted octahedral Ni(II) complex. Cu(II) complexes (8), (9) and (10) show bands in the 285 

and 390-295 nm ranges , these bands are due to intraligand transitions, however, the bands appear in the 478-430, 

578-565 and 610-603 nm ranges, are assigned to O→Cu, charge transfer, 
2
B

1
→

2
E and 

2
B1→

2
B2 transitions, 

indicating a distorted tetragonal octahedral structure[35,37].  Zn(II) complex (11) and Cd(II) complexes (12)  

showed bands due to intraligand transitions.  

Table 1: Electronic spectra (nm) and magnetic moments (B.M) for the Ligand(1) and it complexes. 

No. λmax
 
 (nm) eff in B.M. υ2 \ υ1 

(1) (= 7.04 x 10
-3

 mol
-1

 cm
-1

)

 (= 7.60x 10
-3

 mol
-1

 cm
-1

)

- - 

(2) 290,310,428,570,608 6.33 - 

(3) 288,311,390,455,571,615 6.42 - 

(4) 290,310,460,565,610 5.73 - 
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(5) 285,312,390,462,572,610 4.34 - 

(6) 280,310,380,440,530,605,735 3.21 1.38 

(7) 282,312,395,460,565,610,740 2.98 1.31 

(8) 295,310,430,465,575,608 1.70 - 

(9) 287,310,390,470,565,603 1.68 - 

(10) 285,312,385,478,578,572,610 1.67 - 

(11) 290,315,330 Diamag. - 

(12) 290,315,335 Diamag. - 

 

Electron spin resonance (ESR): The ESR spectral data for complexes (8),(9),(10) are presented in 

(Table 2). The spectra of Cu(II) complexes (8,9,10) are characteristic of species d
9
 configuration having 

axial type of a d(x2-y2) ground state which is the most common for copper(II) complexes [34]. The 

complexes showed g||>g┴>2.0023, indicating octahedral geometry around copper(II) ion  [38,39].The g-

values are related by the expression G = (g||-2)/ (g┴ -2), where (G) exchange coupling interaction 

parameter (G). If G<4.0, a significant exchange coupling is present, whereas if  

G value > 4.0, local tetragonal axes are aligned parallel or only slightly misaligned. Complexes (8), (9)  

and (10) showed 3.33, 3.4 and 2.38 values indicating spin-exchange interactions toke place between 

copper(II) ions. This phenomena is further confirmed by the magnetic moments values (1.70, 1.68 and 

1.67 B.M.). On the other hand, The g||/A|| value is also considered as a diagnostic term for 

stereochemistry [40]. The g||/A|| values for the copper complexes are 200, 217 and 156.4 cm
-1

 which lie 

just within the range expected for the tetragonal distorted octahedral copper(II)complexes (Table 2). The 

g-value of the Cu(II) complexes with a 
2
B1g ground state (g||>g┴) may be expressed by [41]. 

g||    = 2.002 – (8K
2

||°/ΔExy) (1) 

g┴   = 2.002 – (2K
2

┴°/ΔExz) (2) 

 

Where k|| and k┴ are the parallel and perpendicular components respectively of the orbital reduction factor (K), 

° is the spin-orbit coupling constant for the free copper, ΔExy and ΔExz are the electron transition energies of 

2
B1g→

2
B2g and 

2
B1g→

2
Eg. From the above relations, the orbital reduction factors (K||, K┴, K), which are 

measure terms for covalency [42], can be calculated. For an ionic environment, K=1; while for a covalent 

environment, K<1. The lower the value of K, the greater is the covalency. 
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K
2

┴ = (g┴- 2.002) ΔExz /2o (3) 

K
2

|| = (g|| - 2.002) ΔExy /8o (4) 

K
2
 = (K2|| +2K

2
┴)/3 (5) 

K values (Table 2), for the copper(II) complexes (8), (9) and (10) are indicating  covalent bond character 

[34]. Kivelson and Neiman noted that, for ionic environment g||≥2.3 and for a covalent environment 

g||<2.3 [39]. Theoretical work by Smith seems to confirm this view. The g-values reported here (Table 2) 

showed considerable covalent bond character [42]. Also, the in-plane σ-covalency 

parameter, α
2
(Cu) was calculated by  

 

α
2
 (Cu) = (A||/0.036)+(g||-2.002)+3/7(g -2.002)+0.04 (6) 

The calculated values (Table 2) suggested a covalent bonding [34]. The in-plane and out of- plane -

bonding coefficients 1
2
 and 

2
 respectively, are dependent upon the values of ΔExy and ΔExz in the 

following equations [35]. 

α
2


2
 = (g┴- 2.002) ΔExy/2o                                                                                                               (7) 

α
2
1

2
 = (g|| - 2.002) ΔExz/8o                                                          (8)  

In this work, the complexes (8), (9) and (10) showed 1
2
 values 0.85, 0.88 and 0.77 indicating a 

moderate degree of covalency in the in-plane -bonding [42]
2
 value for complexes (8), (9) and (10)   

showed 1.23,1.19 and 1.51 indicating ionic character of the out-of-plane, [34,43]. It is possible to 

calculate approximate orbital populations for d orbitals [44] by 

A|| = Aiso – 2B[1 ± (7/4) Δg||] g= g- ge (9) 

p,d 
2

 =2B/ 2B° (10) 

Where A° and 2B° is the calculated dipolar coupling for unit occupancy of d orbital respectively. 

When the data are analyzed, the components of the [44]. Cu hyperfine coupling were considered with 

all the sign combinations. The only physically meaningful results are found when A and A were 

negative. The resulting isotropic coupling constant was negative and the parallel component of the 

dipolar coupling 2B are negative (-206.3, -228.5 and -131 G). These results can only occur for an 

orbital involving the dx2-y2 atomic orbital on copper. The value for 2B is quite normal for copper(Il) 

complexes [45]. Complex (2),(3),(4),(5) showed isotropic spectra with giso= 2.03, 2.04 ,2.03, 2.02 

respectively. 
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Table 2:-ESR data for some metal (II) complexes:- 

No. g g giso
a 

A 

(G) 

A
 

(G) 

Aiso
b 

(G) 

G 
c ΔExy

 ΔExz K
2 K

2 K K
2 

 

g/A α 
2
 ß

 2 
ß1

2
 -2 ß ad

2
 (%) 

(2) - - 2.03 - - - - - - - - -  

- 

- - - - - - 

(3) - - 2.04 - - - - - - - - -  

- 

- - - - - - 

(4) - - 2.03 - - - - - - - - -  

- 

- - - - - - 

(5) - - 2.02 - - - - - - - - -  

- 

- - - - - - 
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a) giso = (2g┴ + gǁ)/3,  b) Aiso = (2A┴ + Aǁ)/3,  c) G= (gǁ - 2)/ (g┴ - 2) 

 

 

 

 

 

 

(8) 2.2 2.06 2.11 95 5 35 3.33 17391 21505 0.75 0.52 0.91  

0.84 

200 0.61 1.23 0.85 206.3 87.8 

(9) 2.17 2.05 2.13 115 10 45 3.4 17699 21277 0.61 0.45 0.74  

0.56 

217 0.51 1.19 0.88 228.5 97.2 

(10) 2.19 2.08 2.12 120 15 50 2.38 17482 20920  

0.98 

0.5 0.90  

0.82 

156.4 0.65 1.51 0.77 131 56 
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Thermal analyses (DTA and TGA): Since the IR spectra indicate the presence of water 

molecules, thermal analyses (DTA and TGA) were carried out to certain their nature. The thermal 

curves in the temperature 27-600°range for complexes (3), (6), (8), (11) and (12) are thermally stable 

up to 35 °C. Broken of hydrogen bonding occurs as endothermic peak within the temperature 35-45 

°C range as shown in (Table 3). Dehydration is characterized by endothermic peaks within the 

temperature 100°C , corresponding to the loss of hydrated water molecules as in complexes (3) 

,(8),(11)and (12). The elimination of coordinated water molecules occur in 200°C accompanied by 

endothermic peak as in complexes (3) [46,47]. The TG and DTA thermogram of Mn(II) complex (3) 

showed that, the complexes decomposed in five steps. The first occurred at 40°C with no weight loss 

as endothermic peak, may be due to break of hydrogen bonding. The second step occur at 100°C with 

7.1 % weight loss (Calc. 7.3%) as endothermic peak which could be due to the elimination of three 

hydrated water molecules. The decomposition step which occurred at 200°C with 10.1% weight loss 

(Calc. 10.3%) could be due to the elimination of one coordinated H2O. The TG curve displays another 

thermal decomposition at 310°C with 24.3% weight loss (Calc. 24.42%), which could be due to the 

loss of coordinated sulphate group. The complex shows an endothermic peak observed at 405°C is due 

its melting point. Finally, exothermic peaks appear at 475,495,550,585 and 600 °C corresponding to 

oxidative thermal decomposition which proceeds slowly with leaving MnO with 23.63% weight loss 

(Calc. 23.81%)
72

. The TG and DTA thermogram of Ni(II) Complex (6) shows endothermic peak at 

185 with 11.42% weight loss (Calc. 11.75%) are assigned to two hydrated water molecules. The 

endothermic peak observed at 315°C with 12.17% weight loss (Calc. 12.23%), could be due to the loss 

of coordinated acetate group. Another endothermic peak observed at 390°C with no weight loss may 

be due to its melting point. Finally, the complex shows exothermic peaks at 480,510,565,600 and 

610°C with 23.04% weight loss (Calc. 23.15%) corresponding to oxidative thermal decomposition 

which proceeds slowly with final residue, assigned to NiO. The TG and DTA thermogram of Cu(II) 

complex (8) shows endothermic peak at 45°C, due to break of hydrogen bonding. Another 

endothermic peak appeared at 100°C, with 4.03% weight loss (Calc. 4.2%), due to loss of two 

hydrated water molecules. Another endothermic peak at with 11.92% weight loss (Calc. 12.05%) is 

due to loss of coordinated OAc group. The complex displayed another endothermic peak at 330°C 

may be assigned to its melting point. Oxidative thermal decomposition occurs in the 400,450,500,580 

and 650°C with exothermic peaks, leaving CuO with 13.60% weight loss (Calc. 13.83%). The TG and 

DTA thermogram of Zn(II) complex (11) shows endothermic peak at 100°C with 3.95% weight loss 

(Calc. 4.2%) is assigned to the loss of two hydrated water molecules. Another endothermic peak at 

with 11.12% weight loss (Calc. 11.35%) is due to loss of coordinated OAc group. At 380°C, 

endothermic peak appeared which is due to melting point. Oxidative thermal decomposition occurs at 

550,600,660 and 680 °C with exothermic peaks, leaving ZnO with 48.43% weight loss (Calc. 

48.81%). The TG and DTA thermogram of  Cd(II) complex (12) shows an endothermic peak at 45°C 

due to break of hydrogen bonding and another endothermic peak at 100 °C, with 11.55% weight loss 

(Calc. 11.8%) due to loss of two hydrated water molecule. The endothermic peak observed at 300°C 

with 20.76% weight loss (Calc. 20.34%) is due to loss of coordinated acetate group. Another 
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endothermic peak observed at 360°C may be assigned to its melting point. Oxidative thermal 

decomposition occurs at 410,460,550,600 and 650°C with exothermic peaks, leaving CdO with 

35.23% weight loss (Calc. 35.4%). 

 

Table 3:- Thermal analyses for metal (II) complexes 

Antitumer studies  

 

Invitro biological screening tests of the ligand and its metal complexes (2-12) were carried out as 

antitumor activity.The antitumor effects of the ligands (1) and itis metal complexes (8), (11) and 

(12) in DMSO were evaluated against PC-3 cell line. These were tested by comparing them with 

the standard drug (Cisplatin). The solvent DMSO showed no effect on cell growth as it reported 

previously [36]. The ligand shows interesting anticancer activity against PC-3 cell line at ranges of 

concentrations used, however, the complexes showed better effect against PC-3 cell lines. The data 

indicated that, complexes were active against prostate carcinoma cells . Copper complex (8) showed 

the highest cytotoxicity effect against PC-3 cell line with IC50 value of 2.51 µg/ml, followed by 

complex (12) with IC50 value 14.23 µg/ml and then complex (11) with IC50 value 44.92 µg/ml as 

shown in ( Figure 5). The cytotoxicity of the copper complex (8) is more active than standard drugs 

used as shown in (Figure 7-11). This can be explained as Cu(II) ion binds to DNA. It seems that, 

changing the anion and the nature of the metal ion has effect on the biological behavior, due to alter 

binding ability of DNA binding, so testing of different complexes is very interesting from this point of 

view. Chemotherapeutic activity of the complexes may be attributed to the central metal atom which 

Compound No. 
Molecular formula 

Temp. 
(
o
C) 

DTA (peak)          TGA (Wt.loss %) Assignments 

Endo       Exo     Calc.  Found 

Complex (3) 

[(H2L)Mn(SO4)2 S(H2O)].3H2O 
C20H24 N2O14S2Mn  

 

40 endo - -    - Broken of H-bondings 

100 endo -   7.3      7.1 Loss of (3H2O) hydrated water molecules 

200 endo - 10.3    10.1 Loss of (H2O) coordinated water molecules 

310 endo - 24.42     24.3 Loss of coordinated SO4 group 

405 endo  - -      - Melting point 

475,495,550,585,600 - Ex
o 

23.81     23.63 Decomposition process with the formation of 
MnO 

Complex (6) 

[(H2L)Ni(OAc)2S].2H2O 
C24H26N2O12S Ni  

 

35 endo - -    - Broken of H-bondings 

185 endo - 11.75      11.42 Loss of (2H2O) hydrated water molecules 

315 endo - 12.23 12.17 Loss of coordinated OAc group 

390 endo - -   - Melting point 

480,510,565,600,610 - Ex
o 

23.15     23.04 Decomposition process with the formation of 
NiO 

Complex (8) 

[(H2L)Cu(OAc)2S].2H2O 
C24H26N2O12S Cu 

 

 

45 endo - -     - Broken of H-bondings 

100 endo - 4.2     4.03 Loss of(2H2O) hydrated water molecules 

300 endo - 12.05 11.92 Loss of coordinated OAc group 

330 endo - - - Melting Point 

400,450,500,580,650 - Ex
o 

13.85 13.60 Decomposition process with the formation of 
CuO 

Complex (11) 

[(H2L)Zn(OAc)2S].2H2O 

C24H26N2O12S Zn 

 

 

40 endo - -     - Broken of H-bondings 

100 endo - 4.2     3.95 Loss of (2H2O) hydrated water molecules 

310 endo - 11.35      11.12 Loss of coordinated OAc group 

380 endo - -     - Melting point 

550,600,660,680  Ex
o 

48.81      48.43 Decomposition process with the formation of 
ZnO 

Complex (12) 

[(H2L)Cd(OAc)2S].2 H2O 
C24H26N2O12S Cd  

45 endo - -     - Broken of H-bondings 

100 endo - 11.8      11.55 Loss of (2H2O) hydrated water molecules 

360 endo - -      - Melting point 

300 endo - 20.34      20.76 Loss of coordinated OAc group 

410,460,550,600,650 - Ex
o 

35.4       35.23 Decomposition process with the formation of 
CdO 
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was explained by Tweedy's chelation theory [48,44]. Also, the positive charge of the metal increases 

the acidity of coordinated ligand that bears protons, leading to stronger hydrogen bonds which enhance 

the biological activity [50,51].  

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
 
[51]. By applying the 

ESR-trapping technique, evidence for metal - mediated hydroxyl radical formation in vivo has been 

obtained
 
[52]. ROS are produced through a Fenton-type reaction as follows: 

 

LM(II) + H2O2 → LM(I)  +  .OOH  + H
+ 

LM(I) + H2O2 → LM(II)  +  .OH   + OH
- 

 

Where L, organic ligand.Also, metal could act as a double-edged sword by inducing DNA damage 

and also by inhibiting their repair
 
[53]. 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 C4 

on the deoxyribose unit to yield sugar radicals with subsequent β-elimination (Scheme 2). By this 

mechanism strand break occurs as well as the 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
 
[54]. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2: Suggested mechanism for OH radicals attack on DNA sugars and bases 

                                  

In the ranges of concentrations used, the chemotherapeutic effect against PC-3 cell line are depicted in 

(Table 4 ), although, the complexes have the same anions, the variable activity of the complexes may be 

used to oxidation – reduction potentials. The cytotoxic effect of standard drugs and metal complexes in 

the ranges of concentrations used against human  PC-3 cell lines are shown in (Figures 6). The increase 

in the activity of complexes as compared to the parent ligand may be due to the complex formation in 

which the ligand was coordinated to the central metal ion through the nitrogen of aromatic NH2 group 

with the active centers of the cell constituents resulting in an interference with the cell process leading 
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to an increased biological action. On comparing the results in general, it may be concluded that the 

complexes have greater inhibiting power than standard drug was used against all the microbes [2,6]. 

The zone of inhibition was measured with respect to control. 

 

 
 

 

 

                        
Table 4:- Concentrations used against PC-3 cell line 

Compound 15.6 µg/ml 31.25 µg/ml 62.5 µg/ml 125 µg/ml 250 µg/ml 500 µg/ml 
Ligand 45.71 61.36 73.88 85.05 92.32 97.06 
Complex (8) 80.55 87.68 92.19 95.03 97.92 99.25 
Complex (11) 30.66 43.22 58.71 72.82 86.06 93.27 
Complex (12) 52.19 66.36 79.39 87.68 95.41 98.13 

 

 
 
 

 

Fig. 5: IC50 values of the ligand, HL (1) and its metal complexes against human PC-3 cancer cell lines. 

 

Fig. 6: Evaluation of cytotoxicity of metal complexes Against PC-3 Cell Line 
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Fig. 8: Evaluation of cytotoxicity against PC-3 cell line for H2L Ligand 
 

Fig. 7: Evaluation of cytotoxicity against PC-3 cell line for  standard  drug Cisplatin  
 

Fig. 9: Evaluation of cytotoxicity against PC-3 cell line for Cu(II) Complex (8)  
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Fig. 11: Evaluation of cytotoxicity against PC-3 cell line for Cd(II) complex (12) 
 

Fig. 10: Evaluation of cytotoxicity against PC-3 cell line for Zn(II) Complex (11)  
 

Fig. 13: PC3 cells treated with H2L ligand (1) at conc. 500µg/ml after 24hrs.  

 

 

Fig. 12: PC3 cells (Non-treated control) 
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Fig. 15: PC3 cells treated with H2L ligand (1) at conc. 20µg/ml after 24hrs.  

 

 

Fig. 16: PC3 cells treated with H2L ligand (1) at conc. 4µg/ml after 24hrs.  

 

 

Fig. 14: PC3 cells treated with H2L ligand (1) at conc. 100µg/ml after 24hrs.  
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Fig. 17: PC3 cells treated with Cu(II) complex (8) at conc. 500µg/ml after 24hrs.  

 

 

Fig. 18: PC3 cells treated with Cu(II) complex (8) at conc. 100µg/ml after 24hrs.  

 

 

Fig. 19: PC3 cells treated with Cu(II) complex (8) at conc. 20µg/ml after 24hrs.  

 

 

Fig. 20: PC3 cells treated with Cu(II) complex (8) at conc. 4µg/ml after 24hrs.  
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Fig. 21: PC3 cells treated with Cd(II) complex (12) at conc. 500µg/ml after 24hrs.  

 

 

Fig. 22: PC3 cells treated with Cd(II) complex (12) at conc. 100µg/ml after 24hrs.  

 

 

Fig. 23: PC3 cells treated with Cd(II) complex (12) at conc. 20µg/ml after 24hrs.  

 

 

Fig. 24: PC3 cells treated with Cd(II) complex (12) at conc. 4µg/ml after 24hrs.  
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Fig. 25: PC3 cells treated with Zn(II) complex (11) at conc. 500µg/ml after 24hrs.  

 

 

Fig. 26: PC3 cells treated with Zn(II) complex (11) at conc. 100µg/ml after 24hrs.  

 

 

Fig. 27: PC3 cells treated with Zn(II) complex (11) at conc. 20µg/ml after 24hrs.  
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Conclusion 

Compounds of metalloorganic Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II)  

of new diethyl (Z)-4-hydroxy-3-((2-((2-hydroxybenzlidene)amino)phenyl)carbamoyl) 

benzenesulfonic acid ligand have been synthesized and characterized using spectral analyses; 

(
1
H-NMR, mass, IR, UV-VIS and  ESR) , magnetic moments , conductance, XRD ,elemental 

and thermal analysis. Molar conductances in DMF solutions indicated that, the complexes are 

non-electrolytes; ( 5.56 - 9.51 ohm
-1 

cm
2
 mol

-1
 ). The ESR spectra of solid Mn(II)  complex 

(3), showed an isotropic type confirming an octahedral geometry. X-ray Diffraction 

Spectroscopy XRD has been done. The XRD reveal that [(H2L)Cu(OAc)2S].2H2O ;Complex (8), 

[(H2L)Zn(OAc)2S].2H2O ;Complex (11) and  [(H2L)Cd(OAc)2S].2 H2O ;complex (12)  these  

complexes have the average crystallite sizes of 19.39, 21.77 and 22.01 nm respectively. It was 

suggested that the complexes are nanocrystalline.Cytotoxic evaluation of the complexes as 

antitumor agents against prostate cancer , PC-3 cell line  has been carried out. Cu(II) complex 

(8) showed more potent cytotoxic effect against prostate cancerous cells with IC50= 2.51 

μg/ml  These organometallic compounds candidates as anti prostate cancer agents. 
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Fig. 28: PC3 cells treated with Zn(II) complex (11) at conc. 4µg/ml after 24hrs.  
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