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Abstract: Acetone thiosemicarbazone (ACTSC) a very versatile Schiff base ligand reacted with some transition metals 

forming co-ordination complexes. These solid complexes have been isolated and characterized on the basis of elemental 

analysis and spectroscopic studies (UV-Vis, FT-IR and 1H-NMR). The infrared spectra of the complexes revealed bands at 

(736-864 nm) and (1608-1627 nm) attributed to (>C=S) and (>C=N) respectively. These bands experienced a negative shift 

when compared to the spectral of the parent ligand. The electronic absorption spectra of the ligand shows a band around 

(198-200 nm) corresponding to the NH-C=S group, also a band due to the C=N chromophore in the spectrum of ligand at 

294 nm (π-π∗ transition) undergo bathochromic shift to (310-336 nm) in the spectra of metal complexes. The ligand and the 

corresponding metal complexes were screened for their antifungal activities against Aspergillus niger, Penicillium species, 

Rhizopus and Candida albicans using adapted qualitative diffusimetric method. The most active complex is 

Cu(ACNT)2Cl2 with (27.67±0.58 mm)  against Rhizopus. The activities of the metal complexes were found to be greater 

than that of the ligand. Toxicity effects of administration 50 mg/kg body weight of the control group showed that 

AST(20.67 ± 1.53 µ/L), ALT(22.33 ±2.08 µ/L), and ALP(30.67 ± 2.08 µ/L) which are quite significantly different (P< 

0.05) from that of ACTSC which gave AST(25.67 ± 2.52 µ/L), ALT(27.67 ± 1.53 µ/L) and ALP(54.00 ± 3.05 µ/L) an 

indication of  liver derangement. 25 and 50 mg/kg body weight of  Ni(ACNT)2SO4, Zn(ACNT)2Cl2, Cu(ACNT)2Cl2 and 

Cu(ACNT)2SO4EtOH on the liver enzyme showed no significant difference (P≥ 0.05) when compared to the control group 

which is an indication of little or no toxicity. The study however showed that complexation of the ligand with metal ion 

increases the activity of the complexes and also reduces their toxicity level. 
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1 Introduction 

Thiosemicarbazones are compounds of considerable 

interest because of their important chemical properties and 

potentially beneficial biological activities [1-3]. They 

display a broad spectrum of pharmacological properties, 

including antitumor, antifungal, antibacterial, antiviral and 

antimalarial activities [4]. Thiosemicarbazones derived 

from the combination of thiosemicarbazide with an 

aldehyde or ketone are very versatile Schiff base ligands 

that show a variety of coordination modes in metal 

complexes [5-7].  

They can act as a monodentate ligand that binds to the 

metal ion through the thioketo sulphur atom or as a 

bidentate ligand that coordinates to the metal ion through 

the sulphur atom and one of the nitrogen atoms of the 

hydrazine moiety to form four or five membered chelate 

rings [5-8].  

2 Material and Methods 

All chemicals used were of A.R. grade. The ligand and 

complexes were synthesized using standard procedure. The 

metal salts used are CuSO4.5H2O, NiSO4.6H2O, ZnCl2 and 

CuCl2.2H2O. Melting points of complexes were determined 

using electrically heated Griffin melting point apparatus. 

The conductivity measurements were taken using Jenway 

4510 Conductivity Meter. The CHN Elemental Analysis 

was done using Thermo Flash 1112 CHNSO Elemental 

Analyser. Electronic spectra of the ligand and the 

complexes were recorded in Dimethylsuphoxide (DMSO) 

solution on Shimadzu 10UV scanning Uv-Visible 

spectrophotometer in the range 200 – 800 nm. The infrared 

(IR) spectra were recorded on Shimadzu 8400S FTIR 

spectrophotometer as KBr pellets in the range 4000 – 400 

cm-1. All the synthesized compounds were screened for 

their antifungal activities using sensitivity disc method. 
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3 Experimental 

3.1 Synthesis of Acetone Thiosemicarbazone 

(ACTSC) 

Thiosemicarbazide (0.01 mol 0.182 g) was dissolved in 

methanol (30 mL) by refluxing at 50 °C. In the refluxing 

solution; acetone 0.1 mol (0.87 mL) solution in methanol 

(30 mL) was added, this was then followed by the addition 

of few drops of concentrated HCl. The reaction mixture 

was continuously stirred and refluxed for 4 h at 60 °C. The 

volume of reaction mixture was reduced and then cooled on 

ice water. The crystals of acetone thiosemicarbazone 

precipitated out, it was washed with methanol and dried in 

the desicator over silica gel [9-12]. 

3.2 Synthesis of Metal Complexes of Acetone 

Thiosemicarbazone  

The metal complexes of ACTSC were prepared by a slow 

addition of 1 mmol of the metal salt solution in 15 mL 

methanol to (2 mmol, 0.234 g) hot stirring methanolic 

solution (30 mL) of ACTSC in the molar ratio of 2:1. The 

reacting mixture was continuously stirred and refluxed for 

2-3 h.  The product formed was collected by filtration, 

washed with cold methanol, and dried in the desiccator over 

silica gel [10, 13].  

 

3.3 Antifungi activity 

The antifungi activities of ACTCS and its complexes were 

screened by adapted qualitative diffusimetric method. 

Plates were filed with the SDA agar (two-thirds), the fungi 

specie inoculated into it and the sample solutions added and 

incubated at 37 oC for 72 hours. 

3.4 Biochemical Assay 

The following liver function test were carried out to 

determine the derangement in the liver of the animals used 

for the study; alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), were determined by the 

colorimetric method of Reitman and Frankel, 1957  using a 

commercial assay kits  from Randox laboratories Ltd  Co. 

Antrim, United Kingdom. While and alkaline phosphatase 

(ALP) by the colorimetric method of REC, 1972 using 

assay kits from Randox laboratories Ltd. 

4 Results and Disscusion 

4.1 Physical Characteristics of ACTSC and its 

Metal Complexes 

Physical characteristics, molecular weight, melting point 

and conductivity data of ACTSC and its metal complexes 

are presented in Table 1. The colour exhibited by the metal 

complexes in may be due to d-d electron transition or as a  

Table 1: Physical Characteristics and Micro-analytical data of ACTSC and its Metal Complexes. 

         Elemental  Analysis 

    Found/ (Calcd) (%) 

 

Formulation and 

Empirical  Formula 

M/ Wt. 

(g/mol) 

Colour Yield 

(%) 

M.p. 

(oC) 

 

C 

 

 

H 

 

N 

EC 10-3 M 

(ohm–1 

cm2 mol–1) 

ACTSC 

C4H9N3S 

 

131 White 

crystals 

89 181.9 36.51 

(36.62) 

6.89 

(6.91) 

 

32.25 

(32.03) 

 

Ni(ACTSC)2SO4 

C8H18N6NiO4S3 

417 Brown 

powder 

 

69 355 

(DT) 

23.34 

(23.04) 

4.97 

(4.35) 

20.98 

(20.15) 

 

13.14 

Zn(ACTSC)2Cl2 

C8H18Cl2N6S2Zn 

399 White 

crystals 

49 290 24.54 

(24.10) 

4.96 

(4.55) 

21.44 

(21.08) 

 

12.10 

Cu(ACTSC)2SO4EtoH 

C10H24CuN6O5S3 

468 Black 

powder 

65 183.5 26.01 

(25.66) 

5.86 

(5.17) 

17.98 

(17.95) 

20.12 

 

Cu(ACTSC)2Cl2 

C8H18Cl2CuN6S2 

 

 

397 

 

Green 

powder 

 

62 

 

231 

 

24.68 

(24.21) 

 

4.86 

(4.57) 

 

21.38 

(21.18) 

 

18.12 

 

 

 

 

35



 

result of electron transfer (lone pair) from the ligand to the 

central metal [14].The increase in melting point of the 

complexes observed when compared with the ligand could  

be attributed to the increase in molecular mass of the 

resulting complexes [15]. The molar conductance values of 

the complexes in DMSO fall in the range 12 - 21 Ω−1cm2 

mol−1 indicating that the complexes are non-electrolyte. 

4.2 Electronic Spectra nm (cm-1) of ACNT and its 

Metal Complexes 

ACTSC in Table 2 showed absorption bands in the region 

207 nm (48309), 215 nm (46511), 236 nm (42372) and 304 

nm (32894)  cm-1 corresponding to π → π* [16]. A blue 

shift was observed upon complexation caused by the 

polarization in the C=N bond due to metal ligand electron 

interaction during the chelation. This also indicates the 

coordination of azomethine nitrogen to the metal atom. 

In octahedral Ni(II) complexes, three spin-allowed 

transitions are expected because of the free-ion ground 3F 

term and the presence of 3P term. The d-d transitions:  3A2g 

(F) →3T2g (F), 3A2g→3Tlg(F), 3A2g(F) →3Tlg(P) generally  

 

occurred within the ranges 7000-13000, 11000-20000 and 

19000-27000 cm-1 respectively. The electronic spectrum of 

the Ni(ACTSC)2 complex shows five bands: 200(50000), 

214(46728), 230(43478), 251(39840) and 293(34129) 

assigned to n→π* and π→ π* transitions. Ni(ACTSC)2  did 

not show band corresponding to LMCT and d-d transition, 

these transitions may have been submerged by other more 

intense transition because of their low intensity as reported 

by other workers [17-18]. It can thus be inferred that the 

Ni(ACTSC)2 complex has a square planar geometry. 

In the octahedral Cu(II) complexes, a  band in the visible 

spectrum corresponding to the 2Eg→T2g transition is 

expected, but due to strong Jahn-Teller distortion, 

octahedral Cu(II) complexes often give broad bands 

resulting from several overlapping bands or, where the 

bands are resolved up to three close bands [19]. The 

electronic spectrum of Cu(ACTSC)2SO4 shows a broad 

asymmetric band at ca. 446(22421). This confirms the 

octahedral stereochemistry proposed for the complex. The 

spectrum also shows absorption bands at 200, 208, 218 and 

310 nm. These three bands are due to the ligand absorption, 

which were shifted from that of the parent ligand upon 

complex formation.  

 

Table 2: Electronic Spectra nm (cm-1) of ACTSC and its Metal Complexes. 

Compound Electronic 

Configuration 
n →π* π →π* Charge 

Transfer 

d–d 

 

ACTSC 

 

- 

207 (48309) 

215 (46511) 

236 (42372) 

 

304 (32894) - - 

Ni(ACTSC)2SO4 

 

 

d8 200 (50000) 

214 (46728) 

230 (43478) 

251 (39840) 

293 (34129) - - 

Zn(ACTSC)2Cl2 

 

d10 200 (50000) 

208 (48076) 

224 (44642) 

229 (43668) 

316 (31645) - - 

Cu(ACTSC)2SO4

EtoH 

 

d9 200 (50000) 

208 (48076) 

214 (46728) 

218 (35714) 

 

310 (32258) 

 

- 446 (22421) 
2B1g → 2Eg 

Cu(ACTSC)2Cl2 

 

d9 201 (49751) 

221 (45248) 

240 (41666) 

 

261 (38314) 

276 (36231) 

 

362 (27624) 

 

- 

4.3 IR Spectra of ACTSC and its Metal
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Complexes 
Table 3:  The Main IR (cm-1) of ACTSC and its Metal Complexes 

IR Band 

Assignment 

(KBr, cm-1) 

ACTSC Ni(ACTSC)2SO4 

 

Zn(ACTSC)2Cl2 Cu(ACTSC)2SO4EtOH 

 

Cu(ACTSC)2Cl2 

 

𝛎(OH),H2O 

 

 

 

 

 3481 br 

3416 br 

 

 

𝛎(N-H) 3377 s 

3230 s 

3155 s 

3298 m 3294 br 

3182 br 

3286 br 

3163 br 

3419 br 

3047 br 

𝛎(C=N) 1658 s 1616 s 1608 s 1627 s 1627 s 

 

n(C-S)+n(C-N) 1269 s 1265 m 1274 s 1267 s 1205 s 

 

𝛎(N-N) 1028 s 1072 w 1116 s 1074 w 1043 s 

𝛎(C=S) 866 s 

788 s 

864 w 

717 m 

736 m 854 w 

719 s 

844 m 

781 

 

M-N  430 w 471 w 448 w 461 w 

M-S  414 w 449 w 447 w 430 w 

KEY:  s = strong, w = weak, m = medium, br. = broad 

The infrared spectra of ACTSC ligand Table 3 showed a 

strong band at 1645 cm-1 attributed to C=N group [20-21]. 

A negative shift of the order 31-42 cm-1 was observed for 

C=N stretching vibration on coordination due to the 

decrease of the bond order as a result of metal nitrogen 

bond formation which is in agreement with the work 

reported by  [21-22]. The next strong band at 866-788 cm-1 

is attributed to C=S group, a negative shift in the region of 

864-717 and 854-719 cm-1 was observed in the complexes 

on coordination thereby indicating the involvement of     

thio sulfur in the coordination the metal ion [21, 22, 6 ]. 

The bands in the range 3481-3416 and 3377-3047 cm-1 are 

attributed to ν(OH, H2O) and  ν(NH, NH2). The negligible 

effect on these frequencies after complexation precludes the 

possibility of complexation at this group. Cu(ACTSC)2SO4 

complex showed bands at 613-616 and 1117-1140 cm-1 

which were attributed to the presence of ionic sulfate [23]. 

On the other hand, the spectra of the complexes showed 

new bands around 530-530, 430-448 and 414-447 cm-1 due 

to νM-O, νM-N and νM-S respectively [21-23]. The 

presence of these bands supported the formation of the 

complexes. 

4.4 1H NMR Spectra of ACTSC and its Metal 

Complexes 

The 1H -NMR spectral data (δ, ppm) recorded in DMSO-d6 

of ACTSC, Cu(ACTSC)2Cl2 and Cu(ACTSC)2SO4 EtOH 

only are presented in Table 4 . The spectra showed no peak 

at 4 ppm, that is attributable to SH protons [24]. A peak at 

7.68-7.99 ppm, attributed to the N–H group, indicating that 

the ligand was in the thione form, which is in conformity 

with the IR spectrum. The methyl signals from the 

coordinated thiosemicarbazone in the complexes were 

observed at 1.95-2.49 ppm. A significant azomethine 

proton signal due to CH=N was observed at 7.00-9.90 ppm. 

The downfield shifts of the N-H and N2H signals are 

attributable to coordination through the azomethine 

nitrogen atom and the thiocarbonyl sulfur atom, which are 

in consistent with the IR spectral data. These observations 

are in agreement with the findings of previous workers   

[25-26]. 

 

Fig. 1: Proposed structures of ACTSC and its Complexes 
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Table 4:  1H NMR Spectra data (δ, ppm) of ACTSC and its Metal Complexes 

Compound -CH3  (Methyl 

Proton) 

-4NH2 

(Imino Proton) 

 

-2NH 

(Azometine 

Proton) 

 

-OH (Alcohol) Chemical Formula 

 

ACTSC 

 

6H, 1,3 (s), 

1.91 

1.92 

 

2H, 8(s), 

7.51, 

7.99 

 

 

1H, 5(s), 9.90 

  

C4H9N3S 

      

Cu(ACTSC)2Cl2 

 

12H, 3,4(s), 

1.98 

1.20 

2.29-2.29 

4H, 2 2,(s), 

6.71 

2H,5 (d), 

3.90 

1H, 4(s), 7.00   

C8H18Cl2CuN6S2 

 

      

Cu(ACTSC)2SO4 

EtOH 

 

12H    7,8 (s), 

2.49 

2H, .2,2 (s), 

7.76 

2H,(d), 

3.56 

2H, 4, 4 (s), 

9.15- 10.94 

6H, 1 (m) 2.80  

C10H24CuN6O5S3 

 

4.5 Antifungal Activities of ACTSC and its 

Complexes 

The quantitative anti-microbial activity test results as 

presented in Tables 5 proved that both the ligand and the 

complex combinations have specific activity, depending on 

the pathogenic microbial species tested. The metal chelates 

are more potent than the chelating agent (free ligand). This 

enhancement in the activity of the metal complexes can be 

explained on the basis of chelation theory. It is however 

known that chelating tends to make the Schiff base act as 

 

more powerful and potent bactereostatic agent, thus 

inhibiting the growth of bacteria and fungi [27-28]. 

Chelation induced significant changes in the biological 

activity of the ligand. A possible explanation for the 

observed increased activity upon chelation is that the 

positive charge of the metal in chelated complex is partially 

shared with the ligand’s donor atoms so that there is          

π-electron delocalization over the whole chelate ring [29]. 

Subsequently, this reduces the polarity of the metal ion and 

which in turn will increase the lipophilic character of the 

metal chelate and favors its permeation through the lipoid 

layers of the bacterial membranes [30]. 

Table 5: Antifungal Activities of ACTSC and its Complexes 

Test Samples Aspergillus 

niger 

Penicillium 

Species 

Rhizopus Candida albicans 

ACTSC 11.33 ± 1.47** 

 

10.23 ± 0.58** 

 

10.00 ± 2.00** 

 

9.00 ± 1.00** 

 

Ni(ACTSC)2SO4 22.00 ± 2.00** 

 

20.00 ± 0.00** 

 

21.00 ± 1.73** 

 

19.67 ± 2.08** 

 

Zn(ACTSC)2Cl2 

 

19.67 ± 1.53** 

 

16.00 ± 1.00** 

 

11.33 ± 1.15** 

 

0.33 ± 0.58* 

 

Cu(ACTSC)2SO4EtoH 

 

22.33 ± 2.08** 

 

21.00 ± 2.00** 

 

23.66 ± 2.52** 

 

23.00 ± 1.00** 

 

 

 

 

38



4.6 Toxicity Effects of Complex of ACTSC and its 

Metal Complexes on Liver Enzymes. 

Toxicity effects of administration 50 mg/kg body weight of 

the control group as presented in Table 6 showed that 

AST(20.67±1.53 µ/L), ALT(22.33±2.08 µ/L), and 

ALP(30.67±2.08 µ/L) are quite significantly different     

(P<0.05) from that of ACTSC which gave           

AST(25.67±2.52 µ/L), ALT(27.67±1.53 µ/L) and 

ALP(54.00±3.05 µ/L) an indication of  liver derangement. 

Meanwhile, 25 and 50 mg/kg body weight of  

Ni(ACTSC)2SO4, Zn(ACTSC)2Cl2, Cu(ACTSC)2Cl2 and 

Cu(ACTSC)2SO4EtOH on the liver enzyme showed no 

significant difference (P≥0.05) when compared to the 

control group which is an indication of  little or no toxicity 

[31].   

 

 

 Table 6: Toxicity Effects of ACTSC and its Metal Complexes on Liver Enzymes of Wistar rats. 

 

Groups Aspartate Aminotransferase 

(AST µ/L ) 

Alanine Transferase 

(ALT µ/L) 

Alkaline Phospatase 

(ALP µ/L) 

 

CONTROL 

5% DMSO 

 

 

20.67 ± 1.53a 

 

22.33 ± 2.08a 

 

30.67 ± 2.08a 

25 mg/kg ACTSC 

 

24.00 ± 1.73b 26.00 ± 1.00b 48.00 ± 3.00b 

50  mg/kg ACTSC 

 

25.67 ± 2.52c 27.67 ± 1.53c 54.00 ± 3.05c 

25 mg/kg 

Zn(ACTSC)2Cl2 

 

 

21.33 ± 1.53a 

 

 

23.00 ± 2.00a 
 

32.60 ± 2.08a 

50  mg/kg 

Zn(ACTSC)2Cl2 

 

 

24.00 ± 1.00d 

 

24.66 ± 1.53a 
 

36.70 ± 2.52d 

25 mg/kg 

Cu(ACTSC)2SO4EtoH 

 

 

 

21.00 ± 2.00a 

 

22.30 ± 2.05a 
 

32.70 ± 2.50a 

 

50 mg/kg 

Cu(ACTSC)2SO4EtoH 

 

 

 

21.67 ± 2.08a 

 

23.60 ± 1.52e 
 

33.00 ± 2.00a 

25 mg/kg 

Ni(ACTSC)2SO4 

 

 

 

20.33 ± 2.52a 

 

23.70 ± 2.50a 
 

31.00 ± 2.65a 

50 mg/kg 

Ni(ACTSC)2SO4 

 

21.33 ± 1.53a 
 

25.00 ± 2.00a 
 

33.00 ± 3.00a 

 

 

Values are mean of triplicate determinations ± standard deviation, values in the same column with different 

superscript letters are significantly different from the control (P< 0.05), one way analysis of variance (ANOVA) 

followed by post hoc LSD. 
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5 Conclusion 

The ligand, acetone thiosemicarbazone and its metal 

complexes were synthesized and characterized. It is 

examined that in these complexes the ligand has NS donor 

bidentate nature. The biological behavior revealed that free 

thiosemicarbazone has poor antifungi activity against 

selected test fungi, the Zn complex showed moderate 

activity, while complexes of Ni and Cu have effective 

antifungi activity. The chelation induced significant 

changes in the biological activity of the ligand. 
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