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New ligands, N1, N4-bis (benzo[d]thiazol-2- ylcarbamothioyl) 
succinamide (L1) and N1, N4- bis (benzylcarbamothioyl)succinamide 
(L2), derived from succinyl chloride and 2-amino benzothiazole or 
benzylamine, respectively, have been used to prepare a set of transition 
metal complexes with the general formula [M2(L)Cl4], where L=L1 or L2, 
M = Mn(II), Ni(II), Cu(II), Cd(II), Co(II), Zn(II) or Hg(II). The synthesized 
compounds are characterized using various analytical techniques 
including TGA, 13C NMR, mass spectroscopy, 1H and Fourier-transform 
infrared (FTIR) spectroscopy, magnetic measurement, molar 
conductivity, electronic spectrum, (%M, %C, %H, %N) and atomic 
absorption flame (AAF) analysis. The results show that (L1, L2) bind to 
the metal ion in a bidentate fashion through the (C=O) and (C=S) 
groups, and the complexes have a tetrahedral geometry. The 
antibacterial activity of the compounds is tested against two types of 
bacteria, Escherichia coli (−) and Staphylococcus aureus (+). 
Additionally, the anticancer activity of the Cu(II) and Co(II) complexes 
was evaluated by carrying out cell viability and cytotoxicity assays on 
the MCF-7 breast cancer cell line and comparing the results with those 
obtained for normal cells. 
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Introduction  

In chemistry study, a compound is known as cyclic (or ring) compound in the case where 

one or more series of its atoms are linked together in order to form a ring. In addition to that, 

rings could be ranging in their sizes from 3 to many atoms, and the cases where all atoms are 

carbon are referred to as the carbocycles, whereas others include non-carbon as well as 

carbon atoms that are present are called as the heterocyclic compounds [1,2].  

One of the most significant heterocyclic compounds is benzothiazole, which has great 

efficacy as a variety of anti-biotic, antimicrobial, anti-fungal, anti-inflammatory, anti-oxidant, 

analgesic, diuretic, schistosomiasis, and fungicides in wood, geysers in the pulp and paper 

industry, skin production, chemotherapy, and pesticides [3]. The importance of 2-

aminobenzothiazole in the medical area could be attributed to its uses in organic and medical 

biochemistry, drug discovery, and the creation of medications for the treatment of viral 
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infections, epilepsy, diabetes, autonomic sclerosis, and tuberculosis. In behavioral, 

biochemical, and electrophysiological studies, polyfunctional ligands of 2-amino 

benzothiazoles investigated as a central muscle relaxant were shown to obstruct glutamate 

neurotransmission [4].  

                 
One of the most significant amines, benzoylamine is utilized for producing a variety of 

organic fine chemicals and medicinal molecules. In the commercial manufacturing of 

numerous medications, it is a frequent precursor in organic chemistry [5,6]. Due to their 

intriguing physicochemical characteristics and strong pharmacological and biological effects, 

metal complexes of S and N chelating ligands had received a lot of attention.  

The coordination of the metals in active sites of different metallo bio-molecules is greatly 

aided by the N and S atoms. Copper, cobalt, zinc, and nickel are some metal ions that could be 

employed and are frequently utilized since they produce low molecular weight complexes 

and are thus more effective against a variety of diseases [7,8]. The objective of this study is to 

determine the structure and geometry of L1 and L2 and their corresponding complexes with 

Mn(ii), Ni(ii), Cu(ii), Co(ii), Cd(ii), Hg(ii) and Zn(ii) ions. 

 

Chemicals and devices 

All analytical and chemical reagents have been purchased from commercial sources and 

used directly. The numerous chemicals, solvents and metal salts that were employed in this 

research have been bought from (USA, Sigma-Aldrich, Merck, and India). The equipment 

(Shimadzu 8400s FT-IR) and CsI disc were used to measure infrared spectroscopy within the 

range (200-4000 cm-1). The melting point of compounds which were synthesized in an open 

tube was ascertained using electro-thermal melting point instrument (SMP-10 Stuart). 

Electron spectra of produced compounds have been examined with the use of (Shimadzu 

UV1800) visible UV spectrophotometer with concentration of 10-3M samples in the DMSO 

solvent at the temperature of the room and 1cm quartz cell length. Chemical displacements 

were captured with the use of the tool (Bruker 300MHz NMR spectrometer) in NMR spectra 

(1H & 13C). (DMSO-d6 with TMS). %M in complexes is calculated with the use of a Shimadzu 

(AA 680) equipment.  

The molar conductivity of synthesized compounds has been measured at room 

temperature with the use of conductivity meter - Philips pw-Digital at 10-3 M in Dimethyl 

sulfoxide. The magnetic sensitivity balance (Sherwood Scientific) was used to measure the 

(µeff B.M) of complexes at room temperature. The prepared compounds' (%C, %H, %N) were 

calculated with the use of a device called Euro EA 300. TGA-DSC was carried out using a STA 

PT-1000 Linseis at a temperature range of 0o-1000oC and argon gas. 

The Organic Compound 

- Synthesis of ligand (L1 and L2) [9, 10] 

Step A  

In the dry acetone (20ml), potassium thiocyanate (0.25g, 2.57mmol) has been dissolved. 

The first solution was given a gradual addition of succinyl chloride (0.14ml, 0.2g, 1.3mmol) 
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while being stirred at room temperature for an hour then potassium chloride was removed 

as a white precipitate by filtration. 

 

StepB  

In (CH3)2CO (dry) (15ml), 2 -aminobenzothiazole (0 .38g, 2 .5mmol) or benzylamine (0.27 

g, 2.5mmol) are dissolved and added after that to solution that has been taken from step A 

with the stirring and refluxed at 50o-55oC for 3hr-5hr after which this solution has been left 

at the temperature of the room for 1 hr Then, crashed ice used to cool the solution until 

precipitate appeared. Has been left to a point where a precipitate appeared, see scheme 1. 

 

 

Scheme 1: Preparation course of the (L1 and L2) 

Synthesis of the complexes 

- Synthesis of [Cu2(L1orL2)Cl4] complex 

 Complexes have been prepared in (M: L1 or L2) (2: 1) molar ratio. Ethanol solution 

(10ml) of metal chloride (CuCl2.2H2O) (0.07gm, 0.4mmol) or (0.08gm, 0.48mmol) has been 

added into ethanol solution (10ml) of ligand (L1 or L2) (0.1gm, 0.2mmol) or (0.1gm, 

0.24mmol). This mix has been left at 70oC with continuous stirring and reflex for duration of 

(3hrs-4hrs). Precipitate with a color Light green or dark green has been formed. This 

precipitate has been filtered, washed multiple times by diethyl ether and distilled water, then 

re-crystallized with the use of the absolute ethanol. 

 

 - Synthesis of [M2(L1orL2)Cl4] complexes  

 The approach that has been utilized for the preparation of these complexes had been 

similar to the method that was explained in compound [Cu2(L1orL2)Cl4] preparation in the 

section (II)., obtained solution complex with Mn(ii), Ni(ii), Co(ii), Cd(ii), Hg(ii) and Zn(ii) washed 

several times with diethyl ether and the distilled water, then re-crystallized with the use of 

the absolute ethanol, see scheme 2. 
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Scheme2: Proposed structure for (L1 and L2) complexes. 

 

Results and Discussion 

The prepared metal complexes' most crucial properties are their thermal stability and 

the makeup of colored solid. Soluble in (DMSO) and (DMF) as solvents. For all prepared 

complexes, practical and theoretical data of (A.A) measurements were approximations, 

tables 1, 2. 

 

Table1: The physical characteristics of L1 and its complexes. 

 

Com. 

 

M.wt 

g / mol 

 

 

m.pº C 

or 

dec. 

Color  

Microanalysis found 

(calc.) % 

M 
C H N 

S Cl 

L1 500.63 184-

186 

Brown ------ 47.99 

(47.98) 

3.42 

(3.22) 

16.68 

(16.79) 

25.67 

(25.62) 

------ 

[Mn2(L1)Cl4] 

 

752.30 <300 Brown 14.65 

(14.61) 

31.81 

(31.93) 

2.21 

(2.14) 

11.19 

(11.17) 

17.15 

(17.05) 

18.63 

(18.85) 

[Co2(L1)Cl4] 760.29 151-

153 

Bluish 

green 

15.42 

(15.50) 

31.67 

(31.60) 

2.15 

(2.12) 

11.25 

(11.05) 

16.89 

(16.87) 

18.55 

(18.65) 

[Ni2(L1)Cl4] 759.81 <300 Brown 15.35 

(15.45) 

31.51 

(31.62) 
2.14 

(2.12) 

11.12 

(11.06) 

16.91 

(16.88) 

18.73 

(18.66) 

[Cu2(L1)Cl4] 769.52 204-

206 

Dark 

olive 

16.54 

(16.52) 

31.25 

(31.22) 

2.13 

(2.10) 

10.96 

(10.92) 

16.52 

(16.66) 

18.51 

(18.43) 

[Zn2(L1)Cl4] 773.19 108-

110 

Brown 16.79 

(16.91) 

31.12 

(31.07) 

2.20 

(2.09) 

10.76 

(10.87) 

16.53 

(16.59) 

18.31 

(18.34) 

[Cd2(L1)Cl4] 867.25 <300 Brown 25.95 

(25.92) 

27.73 

(27.70) 

1.88 

(1.86) 

9.72 

(9.69) 

14.88 

(14.79) 

16.40 

(16.35) 

[Hg2(L1)Cl4] 1043.61 155-

157 

Brown 38.47 

(38.44) 

23.11 

(23.02) 

1.58 

(1.55) 

8.17 

(8.05) 

12.31 

(12.29) 

13.62 

(13.59) 
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Table 2: The physical characteristics of L2 and its complexes. 

 

Com. 

M.wt 

g / mol 

 

m.pºC 

or 

dec. 

colour 

Microanalysis found 

(calc.) % 

M C H N S Cl 

L2 414.54 112-

115 

Off 

white 

------ 57.83 

(57.95) 

5.37 

(5.35) 

13.49 

(13.52) 

15.44 

(15.47) 

------ 

[Mn2(L2)Cl4] 

 

666.22 <300 Off 

white 

16.43 

(16.49) 

36.09 

(36.06) 

3.39 

(3.33) 

8.45 

(8.41) 

9.64 

(9.62) 

21.31 

(21.28) 

[Co2(L2)Cl4] 674.21 180-

182 

Blue 17.52 

(17.48) 

35.68 

(35.63) 

3.33 

(3.29) 

8.36 

(8.31) 

9.55 

(9.51) 

21.07 

(21.03) 

[Ni2(L2)Cl4] 673.73 <300 Green 17.48 

(17.42) 

35.69 

(35.66) 
3.36 

(3.29) 

8.38 

(8.32) 

9.57 

(9.52) 

21.09 

(21.05) 

[Cu2(L2)Cl4] 683.43 215-

217 

Light 

olive 

18.63 

(18.60) 

35.20 

(35.15) 

3.28 

(3.24) 

8.23 

(8.20) 

9.42 

(9.38) 

20.82 

(20.75) 

[Zn2(L2)Cl4] 1101.64 176-

178 

Off 

white 

19.16 

(19.03) 

43.72 

(43.61) 

4.08 

(4.03) 

10.27 

(10.17) 

11.67 

(11.64) 

12.89 

(12.87) 

[Cd2(L2)Cl4] 781.16 <300 Off 

white 

28.79 

(28.78) 

30.78 

(30.75) 

2.86 

(2.84) 

7.27 

(7.17) 

8.26 

(8.21) 

18.17 

(18.15) 

[Hg2(L2)Cl4] 957.52 174-

176 

Off 

white 

41.94 

(41.90) 

25.13 

(25.09) 

2.33 

(2.32) 

5.87 

(5.85) 

6.72 

(6.70) 

14.84 

(14.81) 

 

Mass spectral 

       Fragmentation of the mass spectral data of (L1), figure 1-A showed ((M+=500.6) (25%) 

and chemical formula [C20H16N6O2S4]. While data fragmentation of the mass spectra of L2, 

figure1-B showed (M+=414.5) (21.25%) and chemical formula [C20H22N4O2S2] [11,12]. 

Additional fragmentation is displayed in table 3. 

 

 

Fig. 1-A: Mass spectrum of L1  
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Fig. 1-B: Mass spectrum of L2  

Table 3: The data of mass spectra (L1 and L2) 
Ligand 

fragment (L1) 

Mass/ch

arge (m 

/ z) 

(%) 

Relative 

Abundanc

e  

Ligand 

fragment (L2) 

Mass/charg

e (m/z) 
Relative 

Abundan

ce (%) 

[C20H16N6O2S4].+ 500.63 25 [C20H22N4O2S2].+ 414.54 21.25 

[C13H12N5O2S3].+ 366.45 42.5 [C10H11N2OS].+ 207.27 43.75 

[C12H11N4O2S2].+ 307.37 13.75 [C8H9N2S].+ 165.23 15 

[C11H9N3OS2].+ 263.33 30 [C8H9NS].+ 151.23 28.75 

[C9H7N3OS2].+ 237.30 28.75 [C3H5N2OS].+ 117.15 21.25 

[C8H6N2S2].+ 194.27 13.75 [CH2NS].+ 60.09 52.2 

[C7H5N2S].+ 149.19 80 [C2H4NO].+ 58.06 21.25 

[CH2N2S].+ 74.10 33.75 [C4H8].+ 56.11 21.25 

 

NMR Spectra 
1H-NMR Spectra of (L1 & L2) 

     An integral intensity of each signal in the 1HNMR spectra of (L1, L2), figure 2-(A ,B) has 

been found to be consistent with the number of various groups of the protons presents [13-

16], as listed in the table 4.  
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Fig. 2-A: 1H-NMR spectra of (L1)  

 
Fig. 2-B: 1H-NMR spectra of (L2) 
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Table4: Chemical shift and NMR data of (L1) & (L2)    

Ligand 
Protons kids 

 

 

(ppm) 
Ligand 

Protons kids 

 

 

(ppm) 

 

 

 

 

L1 

 

 

 

 

2 H (-singlate), CSNH 

proton group 

10.99  

 

 

 

L2 

2 H (singlate), proton 

CONH group 

10.44 

2 H (-singlate), CONH 

proton group 

10.16 2 H (singlate), proton 

CSNH group 

8.81 

8 H (-multiplate), 

proton aromatic (six 

ring) from 

benzothiazole group 

7.37-

8.00 

10H (multiplate), proton 

aromatic (six ring) from 

benzyl group 

7.55-

7.36 

4 H (-triplate), CH2 

proton group from 

methylene succinyl 

group 

2.59 4 H (singlate), from 

methylene benzyl group 

2.81 

4 H (triplate), proton CH 2 

group from methylene 

succinyl group 

2.41 

Dimethyl sulfoxide 2.50 

Dimethyl sulfoxide 2.50 

 
13C-NMR Spectra of (L1 & L2) 

     In integrated intensity of each signal in 13CNMR spectra of (L1, L2), figure 3-(A,B) was 

found to be consistent with the number of different groups of carbons presents [17-20], as 

listed in the table 5. 

 

Fig. 3-A: 13C-NMR spectra of (L1)  
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Fig. 3-B: 13C-NMR spectra of (L2). 

Table 5: 13 C-NMR data for (L1) and (L2) measured in DMSO-d6 and chemical shifting in ppm.   

 

 

Ligand 
Carbons signals 

 
 (ppm) Ligand 

Carbons signals 

 
 (ppm) 

 

 

 

L1 

 

C 1 for C=S, thioamide 

group  

174.04  

 

 

L2 

 

 

C1 for C=S, thioamide 

group  

177.04 

C 2 for C=O, amide 

group  

169.46 C 2 for C=O, amide 

group 

174.06 

C 3 for C=N (in five 

ring), benzothiazole 

group 

158.31 C 3-C6 for phenyl (six 

ring), benzyl group 

125.17-

134.44 

C4-C9 for phenyl (six 

ring), benzothiazole 

group 

148.99-

114.60 

C7 for methylene benzyl 

group 

51.85 

C10 for (CH2-CH2) 

aliphatic in succinyl 

group 

40.32 C8 for (CH2-CH2) 

aliphatic in succinyl 

group 

29.24 

DMSO 39.26-

40.51 

DMSO 39.28-40.53 
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FT-IR Spectra 

Ligand (L1 and L2) 

     The two band at (3470 and 3342) cm-1 in L1 spectrum have been determined to υ (N-H), 

while added band of a bsorption was exhibited at (1724)cm-1 can be expressed as υ (CO)amide, 

also bands of absorption at (1331 & 1138) cm-1 that had determined to υ(C=S), and a 

different absorption band was display at 1257cm-1 can be interpreted as υ (C-N) whereas 

The 2 bands at (3474 and 3378) cm-1 in L2 spectrum that had been determined to υ(NH), 

while another band of absorption was exhibited at (1732cm-1) can be signified as υ(C=O) 

amide, in addition to absorption bands at (1342 and 1172cm-1) which had determined to 

υ(CS) , and added absorption band was exhibited at (1232) cm-1 can be expressed as υ (CN) 

[21,22].  

 

Complexes of ligands (L1 and L2)  

     These spectra had exhibited a considerable difference among bands which be owned by 

υ(C=O)amide stretch vibration in (1716-1693) cm-1 range shifted to different frequency values 

that propose likelihood of co-ordination of (L1) by oxygen atom at amide group18. Stretching 

vibration band υ(C=S) was found in a range (1311-1307) and (1176-1161) cm-1 shifted to 

another frequency and that indicates that sulfur atom has been involved in coordination19. υ 

(NH) in (L1) has not been connected to metal ion and has been established by no variations in 

the standards of frequency of this group, which have been set at (3475-3411) and (3387-

3319) cm-1 in complexes. In spectra of complexes, new bands υ(M-S, thioamide group), υ(M-

O,amide group) and υ(M-Cl,amide group) appeared in (493-459) cm-1, (559-524) cm-1 and 

(383-329) cm-1 respectively. The co-ordination through sulfur atom in group (NH-S=O), 

oxygen atom in (NH-C=O) group and ion chloride (Cl-) with metal ions had resulted in 

appearance of new bands which indicate metal complex formations [23,24]. In table 6, the 

FTIR data has been shown. In figure 4 (A,B), spectrum of (L1) and its complexes have been 

presented. 

     While these spectra had shown a considerable variations between bands which belong to 

stretching vibration of υ(CO, amide group) in (1724-1693) cm-1 range shifted to various 

values frequency suggesting probability of co-ordination of (L2) by O atom at NHCO group. 

The stretch vibration υ (CS) had been found in range (1396-1307) and (1199-1176) cm-1 

shifted to another frequency value, and that indicates that sulfur atom has been involved in 

coordination19. υ(N-H) in (L4) hasn’t been correlated with central ion and has been 

confirmed by no variations in frequency values of this group, which have been set at (3487-

3411) and (3429-3318) cm-1 in complexes. In complexes spectra, new bands υ(M-O,amide 

group), υ(M-S, thioamide group), and υ(M-Cl,amide group) appeared in the (497-489), (559-

505) and (386-282) cm-1 respectively. The co-ordination via S atom in (NHSO) group, O atom 

in (NHCO) group and ion chloride (Cl-) with metal ions had resulted in emergence of new 

bands, indicating metal complex formation [25,26]. In table7, the FTIR data has been shown. 

In figure 5 (A,B), spectrum of (L2) and its complexes have been shown. 
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Table6: FT-IR data of (L1) (cm-1) and their complexes. 

 
ʋ(M-Cl) 

 

ʋ(M-

S) 

 

ʋ(M-O) 

 

ʋ(C-

N) 

ʋ(C=S) 

ʋ(C=S) 

)ʋ C=O) 

Amide 

 

ʋ(N-

H) 

 

Compounds 

 1331 1257 ــــــــــــ ـــــــــــ ـــــــــــ

1138 

1724 3470 

3342 

L1 

362 493 559 1284 1311 

1176 

1693 3477 

3387 

[Mn2(L1)Cl4] 

 

334 493 524 1249 1307 

1176 

1697 3420 

3371 

[Co2(L1)Cl4] 

329 459 559 1257 1307 

1176 

1697 3414 

3338 

[Ni2(L1)Cl4] 

365 493 524 1246 1307 

1176 

1716 3475 

3335 

[Cu2(L1)Cl4] 

352 493 543 1246 1307 

1161 

1701 3425 

3378 

[Zn2(L1)Cl4] 

364 459 559 1284 1311 

1176 

1693 3438 

3319 

[Cd2(L1)Cl4] 

382 459 547 1257 1311 

1176 

1693 3411 

3321 

[Hg2(L1)Cl4] 

 

Table 7: FT-IR data of (L2) (cm-1) and their complexes 

 
ʋ(M-Cl) 

 

ʋ(M-

S) 

 

ʋ(M-O) 

 

ʋ(C-

N) 

ʋ(C=S) 

ʋ(C=S) 

)ʋ C=O) 

Amide 

 

ʋ(N-

H) 

 

Compounds 

 1342 1232 ــــــــــ ـــــــــــ ـــــــــ

1172 

1732 3474 

3378 

L2 

375 489 559 1241 1311 

1180 

1693 3421 

3372 

[Mn2(L2)Cl4] 

 

282 497 551 1241 1307 

1176 

1701 3479 

3429 

[Co2(L2)Cl4] 

317 489 524 1242 1311 

1199 

1705 3468 

3410 

[Ni2(L2)Cl4] 

324 493 559 1246 1311 

1176 

1724 3411 

3373 

[Cu2(L2)Cl4] 

298 489 505 1246 1396 

1192 

1705 3487 

3318 

[Zn2(L2)Cl4] 

386 489 524 1242 1311 

1184 

1724 3468 

3425 

[Cd2(L2)Cl4] 

321 493 524 1242 1311 

1176 

1720 3483 

3332 

[Hg2(L2)Cl4] 
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Fig. 4-A: FTIR spectrum of L1  

 

Fig. 4-B: FTIR spectrum of Co-complex  

https://en.wikipedia.org/wiki/Fourier-transform_infrared_spectroscopy
https://en.wikipedia.org/wiki/Fourier-transform_infrared_spectroscopy
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Fig. 5-A: FTIR spectrum of L2  

 

Fig. 5-B: FTIR spectrum of Ni-complex  

Electronic spectra 

Ligand (L1 and L2) 

     The maximum intensity of absorption has been found at 37037cm -1 which results from 

transitions (π→π*) and at (33333) cm -1 which is due to transitions (n→π*) in electronic 

spectra of (L1) [27], In table 8 data have been recorded. 

While maximum intensity of absorption has been found at 35971cm -1 which results from 

transitions (π→π*) and at (31746) cm -1 which is due to transitions (n→π*) in (L2) electronic 

spectrum [28], In table 9 data have been recorded. 

https://en.wikipedia.org/wiki/Fourier-transform_infrared_spectroscopy
https://en.wikipedia.org/wiki/Fourier-transform_infrared_spectroscopy
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The Complexes  

     Ligand (L1) Complexes / electronic spectrum of manganese complex had shown bands at 

(36630, 23364 & 13157) cm−1 due to the I.L (Intra Ligand), C.T and 6A1→ 4T2(G) transition 

correspondingly, suggesting that it had tetra-hedral structure. Created bands in cobalt 

complex at (36363, 33333, 25839, 14792 and 10989) cm-1, which is back to L.F, C.T with 
4A2(F)→ 4T1(F), 4A2(F)→ 4T1(P) and 4A2(F)→ 4T2(F) transitions, tetra-hedral structure of complex 

was proposed. About nickel complex, electronic spectra appear absorption bands could be 

given to I. L, C.T with 3T1 → 3T1(P), 3T1 → 3A2(F) and 3T1 → 3T2(F) transition which exhibit in 

(36900, 33333, 28169, 12903 and 12150) cm−1 respectively. A characterization of these 

bands is an indication that the complex had tetrahedral geometry. Confirming copper 

complex’s tetrahedral geometry is appearance of bands at (36630, 32786 & 11737) cm-1 is 

returns to I. L and 2T2 →2E transitions. The tetra-hedral structure of zinc complex was 

suggested on basis of bands which had appeared at (34965, 33333 and 27027) cm-1 which is 

back to L.F, L.F and C.T. based on bands in the mercury complex at (37037, 33333 & 23529) 

cm-1, which is back to L.F, L.F and C. T transitions respectively, tetra-hedral structure of 

complex was proposed. The tetra-hedral structure of the cadmium complex had been 

proposed on a basis of band which had shown at (36496, 33557 and 23529) cm-1 which was 

back to L.F, L.F and C.T [29-31]. In table 8, U.V. data has been shown. In figure 6 (A,B) spectra 

of the (L3) and its complexes have been shown. 

 

     Ligand (L2) Complexes/ electronic spectra of manganese complex had shown bands at 

(36231, 28571 and 12180) cm−1 because of the I.L, C.T and 6A1→ 4T2(G) transitions 

correspondingly, which proposes the fact that it had tetra-hedral structure. According to 

bands in the Cobalt complex at (35971, 26315, 14792 and 11111) cm-1, which returned to 

L.F, CT with 4A2→ 4T1(P),4A2(F)→ 4T1(F) and 4A2(F)→ 4T2(F) transitions correspondingly, tetra-

hedral structure of complex was proposed. Concerning nickel complex, electron spectra 

appear absorption bands could be assigned to I.L, C.T mix 3T1 → 3T1(P),3T1 → 3A2(F) and 3T1 → 
3T2(F) transition, exhibiting in (35842, 28571, 13333 and 11049) cm−1 respectively. 

Characterization of these bands gives an indication that the complex has tetra-hedral 

structure. Confirming tetra-hedral structure of copper complex is appearance of bands at 

(35714, 23809 and 12048) cm-1 are returns to I.L, C.T and transitions of 2T2 (F) →2E. tetra-

hedral structure of zinc complex had been proposed based upon band which had appeared at 

the values of (36630 and 26315) cm-1 which returns to the I. L and C. T. based on bands in Hg 

complex at (36231 and 25641) cm-1, which returns to the I.L and C.T transitions respectively, 

tetra-hedral structure of complex was suggested. Tetra-hedral structure of cadmium complex 

was proposed on a basis of the band which had appeared at (36363 and 26178) cm-1 which 

was back to I. L and C.T [32-34]. In table 9, U.V. data has been shown. In figure 7-(A,B) 

spectra of (L2) and its complexes have been shown. 
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Table 8: Electronic transfers in prepared compounds’ spectra. 

 

Compounds 

Wave number 

A 

max 

molar–1 cm–

1 

Transitions 

µeff 

B.M. 

Conductivity 

Ohm-1cm2mol-

1 

in solvent 

(DMSO) 

nm cm–1 

L1 
270 

300 

37037 

33333 

2.306 

0.480 

2306 

480 

𝜋 ــــ 𝜋∗ 

𝑛 ــــ 𝜋∗ 

-  

[Mn2(L1)Cl4] 

 
273 

428 

760 

36630 

23364 

13157 

1.773 

0.033 

0.045 

1773 

33 

45 

I.L 

C.T 
6A1→4T2(G) 

 

6.04 19 

[Co2(L1)Cl4] 275 

300 

387 

676 

910 

36363 

33333 

25839 

14792 

10989 

2.209 

1.040 

0.072 

0.056 

0.034 

2209 

1040 

72 

56 

34 

I.L 

C.T  
4A2(F)→4T1(P) 
4A2(F) →4T1(F) 

4A2(F) →4T2(F) 

4.71 22 

[Ni2(L1)Cl4] 271 

300 

355 

775 

823 

36900 

33333 

28169 

12903 

12150 

2.240 

0.954 

0.651 

0.422 

0.050 

2240 

954 

651 

422 

50 

I.L 

C.T  

 3T1→3T1(P) 
3T1 →3A2(F) 

3T1) →4T2(F) 

3.87 13.5 

[Cu2(L1)Cl4] 273 

305 

852 

36630 

32786 

11737 

1.691 

1.189 

0.061 

1691 

1189 

61 

I.L 

I.L 
2T2 (F) →2E 

2.26 15 

[Zn2(L1)Cl4] 286 

300 

370 

34965 

33333 

27027 

2.130 

1.892 

0.911 

2130 

1892 

911 

I.L 

I.L 

C.T 

0 13.2 

[Cd2(L1)Cl4] 274 

298 

425 

36496 

33557 

23529 

1.549 

1.173 

0.043 

1549 

1173 

43 

I.L 

I.L 

C.T 

0 8.9 

[Hg2(L1)Cl4] 270 

300 

425 

37037 

33333 

23529 

2.211 

1.635 

0.062 

2211 

1635 

62 

I.L 

I.L 

C.T 

0 11 

 

I.L=Intra Ligand                                        C.T=Charge transfer 

 

Table 9: Electronic transfers in prepared compounds’ spectra. 

Compounds 

Wave 

number A 

max 

molar–1 cm–

1 

Transitions 

µeff 

B.M. 

Conductivity 

Ohm-1cm2mol-1 

in solvent (DMSO) nm cm–1 

L2 
278 

315 

35971 

31746 

1.583 

0.034 

1583 

34 

𝜋 ــــ 𝜋∗ 

𝑛 ــــ 𝜋∗ 

-  

[Mn2(L2)Cl4] 

 
276 

350 

821 

36231 

28571 

12180 

1.923 

1.476 

0.047 

1923 

1476 

47 

I.L 

C.T 
6A1→4T2(G) 

 

5.71 16.1 

[Co2(L2)Cl4] 278 

380 

676 

900 

35971 

26315 

14792 

11111 

2.104 

0.065 

0.090 

0.018 

2104 

65 

90 

18 

I.L 
4A2(F)→4T1(P) 
4A2(F)→4T1(F) 

4A2→4T2(F) 

4.49 18.4 
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I.L=Intra Ligand                                        C.T=Charge transfer 

 

 

(A)                                                                              (B) 

Fig. 6: Electronic spectrum of the L1 (A) and Cu-complex (B) 

 

(A)                                                                              (B) 

Fig. 7: Electronic spectrum of the L2 (A) and Cd-complex (B) 

Magnetic moments and Conductivity measurements 

     In table 8 and 9, values of the measured magnetic susceptibility and effective magnetic 

moment (μeff) for Mn (II), Ni(II), Co(II), and Cu(II) complexes have been shown. Those 

complexes exhibit μeff (6.04, 3.87, 4.71, and 2.26) B.M respectively of L1 and μeff (5.71, 3.68, 

4.49, and 2.19) BM respectively of L2 those normal values had been found to be consistent 

with the high spin tetrahedral complex types. Non- electrolytes nature of all metal complexes 

has been confirmed by measurements of the molecular conductivity [35,36]. 

 

 

 

[Ni2(L2)Cl4] 279 

350 

750 

905 

35842 

28571 

13333 

11049 

1.563 

0.650 

0.036 

0.021 

1563 

650 

36 

21 

I.L 
3T1→3T1(P) 
3T1→3A2(F) 

3T1→3T2(F) 

3.68 23 

[Cu2(L2)Cl4] 280 

420 

830 

35714 

23809 

12048 

1.443 

0.057 

0.072 

1443 

57 

72 

I.L 

C.T 
2T2 (F) →2E 

2.19 7.9 

[Zn2(L2)Cl4] 273 

380 

36630 

26315 

2.419 

0.068 

2419 

68 

I.L 

C.T 

0 4.3 

[Cd2(L2)Cl4] 275 

382 

36363 

26178 

2.198 

0.043 

2198 

43 

I.L 

C.T 

0 9.3 

[Hg2(L2)Cl4] 276 

390 

36231 

25641 

1.667 

0.023 

1667 

23 

I.L 

C.T 

0 12 
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Cell Viability and Cytotoxicity Assays 

     Based upon tetra-solium salt - (4,5-dimethyl-thiazol-2yl)-2,5-di-phenyltetrazo-lium 

bromide (MTT), the cytotoxicity has been measured by the colorimetric assay. On protocol 

which has been first described in 1983 by T. Mossman, MTT testing has been adopted in anti-

cancer activities. MCF7 tumor cell lines have been compared to normal (HdFn) cell line that 

has been utilized in the present work. At concentration levels that range from between 25 μg 

/ mL and 400μg / mL of [Cu2(L1)Cl4] and [Co2(L1)Cl4], the MCF7 cell line and normal cell line 

(HdFn) were exhibited.  

     In order to clarify the effect of [Cu2(L1)Cl4] and [Co2(L1)Cl4] complexes on the cancerous 

and normal cell types, it has been noticed that the maximum cell growth inhibition rate has 

been at (25μg/ml) and lowest cell growth inhibition rate has been at (400μg\ml) for 

concentrations of the breast cells MCF-7 and the normal cells (HdFn) [37,38]. 

     Based on cell line type, rates of [Cu2(L1)Cl4] and [Co2(L1)Cl4] inhibition will vary between 

(95.71 - 33.95)% and (95.94 – 54.08)% for the MCF-7 breast cancer cell line and (94.25 – 

66.74)% and (95.21 – 76.04)% for normal (HdFn) cell line, had specified the number of live 

cells that remain after the interaction with [Cu2(L1)Cl4] and [Co2(L1)Cl4] complexes 

respectively. An important result that must be obtained by tests of the MCF-7 cancer cell 

lines is (IC-50) (inhibitor Concentration 50), and in turn, this concentration kills about 50% 

of cells, table10.  

The half inhibitor equals (121.7μg/ml) and (148.5μg/ml) in a case of interaction of Cu 

and Co complexes respectively with the MCF-7 breast cancer cell line. When comparing the 

complexes in terms of half inhibitory concentration (IC50), it was found that the best 

complex used as an anti-cancer treatment among the complexes is the copper complex 

because it has an effective toxic effect against the cells of breast cancer cell line (MCF7). It is 

higher than the cobalt complex because it kills almost half of the cancer cells and is less toxic 

to normal cells than the cobalt complex [39,40], figure 8 (A,B).  

 

Table 10: The effect of [Cu2(L1)Cl4] and [Co2(L1)Cl4] on breast cancer cell line (MCF7) and in 

comparison to normal cell line at same concentration utilizing the MTT test for a 24 hour 

period At 37oC temperature 

 
Concentration 

µg mL-1 

Mean viability (%) ± SD 

Cu-complex 

 Mean viability (%) ± SD 

Co-complex 

HdFn MCF-7  HdFn MCF-7 

400 66.74±2.9 
 

33.95±4.14  76.04±1.97 
 

54.089±2.56 

200 75.57±2.20 46.103±4.68  86.26±2.38 65.239±4.9 

100 87.15±1.10 68.78±4.029  85.957±3.12 84.72±1.3 

50 94.09±0.50 78.74±7.02  93.94±0.066 94.29±0.820 

25 94.25±1.3 95.717±0.8  95.216±0.65 95.949±0.90 
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(A)                                                                               (B) 

Fig. 8: shows the relation between vital activity of breast cancer line (MCF7) and normal 

cells (HdFn) with [Cu2(L1)Cl4] (A) and [Co2(L1)Cl4] (B) in different concentrations 

 
Studies of the Antibacterial Activity  

     S. aureus (G+) and E. coli (G-) have been utilized as testing organisms. To conduct the 

assay on test organisms, medium surface has been inoculated as well as covered. Allow agar 

surface to dry for 3min-5min before inserting disks. With the use of sterile forceps, tablets 

have been dipped in chemical beaker, then inserted into the medium. The bacteria plates 

were incubated for a period of 48 hrs. at 37 ° C to proliferate. Complexes exhibit varying 

levels of activity in the limiting of bacteria's proliferation when compared with the ligand (P) 

concentration levels [41,42]. The results are detailed in figure 9 (A,B), table 11. 

Table 11: Results that have been obtained from biological activities of prepared complexes. 

  
S. aureus E. coli Compound No. 

0 0 DMSO 1 

10 0 L1 2 

10 0 L2 3 

12 13 A2 / [Cu2(L1)Cl4] 4 

11 8 B5 / [Mn2(L2)Cl4] 5 

 

 
 

Fig. 9: Figure of biological activity of prepared complexes (A) 

Graph of bio-activity results of prepared complexes (B) 

 
Thermal analysis 

     Ligands (L1 & L2) have been prepared as well as subjected to a thermal analysis process 

utilizing a STAPT-1000 device made by the German company Linseis. This measurement was 

carried out in an environment of argon gas at a 10°C/min heating rate with 0o–

0

5

10

15

12345

Staphylococcu
s aureus

Escherichia
coli
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700oC temperature range [43,44]. Any results that were reported come from the TG curves 

for ligands (L1 and L2) that were studied in table 12, figure 10 (A,B)  

Table 12: Temperature degrees for analyses along corresponding values of weight loss. 

Ligands Stage TGA DSC 

TG 

range(°C) 

%Estimated 

(calculated) 

Mass loss 

Assignment T(°C) Peak 

L1 

 

 

1 

2 

3 

50-137 

138-280 

281-600 

0.3464(0.3391) 

1.7450(1.7409) 

1.7975(1.8471) 

- O2 ,3H2 

- 3S ,1C, 3/2H2 

- 1S , 7/2H2,14C 

132.28 

137.8 

endo 

exo 

L2 

 

1 

2 

3 

50-120 

121-295 

296-600 

0.2676(0.3101) 

3.7170(3.7051) 

0.5522(0.5547) 

-N2 

-N2,O2,2S,16C,9H2 

-4C,H2 

80.36 

91.34 

155.04 

177.04 

231.61 

256.44 

endo 

exo 

exo 

endo 

exo 

endo 

 

  
(A)                                                                                  (B) 

Fig. 10: Thermal study of L1 (A) and L2 (B) 

 

Conclusion 

     This investigation involved the characterization and synthesis of seven complexes for each 

of the ligands L1 and L2, which are produced by reacting succinyl chloride with 2-

aminobenzothiazole or benzylamine, respectively. Transition metal ions, including Ni(II), 

Mn(II), Cu(II), Co(II), Zn(II), Cd(II), and Hg(II), are used in this study. The bidentate ligands 

(L1 and L2) are found to be potent donors, with the (C=S) and (C=O) groups serving as the 

ligands. The anti-microbial activity of both ligands and their complexes are tested against 

two different bacterial species. Additionally, the anti-cancer activity of [Cu2(L1)Cl4] and 

[Co2(L1)Cl4] complexes are evaluated using MCF7-type breast cancer cell lines, and the 

results are compared to those obtained from normal cell lines in a cell cytotoxicity and 

viability assay. These complexes may have potential as drugs for treating various malignant 

disorders that affect humans. 
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خصائص  حراري،سلوك  طيفي،تشخيص  ،جديد: تحضيرليكاند  معقدات فلزية قائمة على

 ةمضادة للسرطان والفعالية البيولوجي

 2مها صالح حسين ،*2يناس جاسم وحيدا ،1محمد احمد مضحي

 العراق ،سامراء ،جامعة سامراء ،التربية كلية ،قسم الكيمياء 1

 العراق بغداد، بغداد،جامعة  الهيثم،كلية التربية للعلوم الصرفة/ابن  الكيمياء،قسم  2

 :معلومات البحث  الخلاصة:

 N1, N4-bis(benzo[d]thiazol-2- ylcarbamothioyl) جديدة،ليكاندات 

bis (benzylcarbamo thioyl)  -) and N1, N41succinamide (L

)2succinamide (L امينوبنزوثايوزول او -2و كلوريد السكسنيل  مشتقة من

الصيغة  الفلزية ذاتالبنزايل امين على التوالي لتحضير مجموعة من المعقدات 

M = Mn(II), Ni(II), Cu(II), 2or L 1L=L , حيث ، ]Cl2M(L)4[العامة

Cd(II), Co(II), Zn(II) or Hg(II)،  تم تشخيص المركبات المحضرة باستخدام

وطيف الرنين النووي البروتوني  التحليل الحراري تقنيات تحليلية مختلفة بما في ذلك

سية والتوصيلية والقياسات المغناطي والاشعة تحت الحمراء وطيف الكتلة والكاربوني

 أظهرت النتائج أن والامتصاص الذري. حيث المولارية والتحليل الدقيق للعناصر

)2,L1L(  مجموعتيترتبط بأيون الفلز بطريقة ثنائية السن من خلال) C=O( و 

(C=S) المعقدات لها شكل هندسي رباعي السطوح. تم اختبار النشاط المضاد  وأن

( والمكورات -الإشريكية القولونية ) البكتيريا،للبكتيريا للمركبات ضد نوعين من 

 تم تقييم النشاط المضاد للسرطان لمعقدي ذلك،العنقودية الذهبية )+(. بالإضافة إلى 

Cu (II) و Co (II)  بقاء الخلية والسمية الخلوية على من خلال إجراء فحوصات

النتائج مع تلك التي تم الحصول عليها  ومقارنة MCF-7 خط خلايا سرطان الثدي

 .للخلايا الطبيعية

 2023/04/27 تأريخ الاستلام:

 2023/05/31تأريخ القبـــول: 

 :الكلمات المفتاحية
1,N4N-  ,ثنائي كارباموثايويل سكسناميد

 بنزوثايازول ,بنزايل امينامينو -2
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