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ABSTRACT 
 

5-chloropyridine-2-carbaldehydethiosemicarbazone (HL1) and its nickel(II), cobalt(II), Zinc(II) and 
copper(II) complexes: [Ni(HL1)2], [Co(HL1)2], [Zn(HL1)2], [Cu(HL1)2], [Cu(HL1)], were synthesized 
and characterized. The ligand has been characterized by elemental analyses, IR, 

1
H NMR and 

Mass spectroscopy. The dentate nature of the ligand is evident from the spectral obtained data and 
literature. 
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1. INTRODUCTION 
 

“Heterocyclic thiosemicarbazone and their metal 
complexes are among the most widely studied 
compounds of thiosemicarbazone that containing 
important hetero atoms like sulphur and nitrogen. 
Heterocyclic thiosemicarbazone possess 
Structural simplicity, easy synthetic procedure, 
shorter course of reaction and wide 
pharmacological profile make them a class 
extensively studied and explored. They offer a 
wide spectrum of pharmacological activities like 
analgesic and anti-inflammatory [1], anti-viral [2], 
antibacterial [3], anticonvulsant [4], anti-HIV [5], 
anti leishmania [6], antifungal [7], anti-malaria [8], 
anticancer [9], neurotropic [10], anti 
trypanosomal [11], antitubercular [12], insulin like 
[13], and human and rat cholinesterase [14] 
activities”. “Metal complexes of 
thiosemicarbazones have also been found to be 
useful in radio pharmacy for therapeutic as well 
as diagnostic purposes” [15]. “Anti-cancer 

properties of these derivatives have been studied 
widely. Recently, there have been frequent 
studies of metal complexes of heterocyclic 
thiosemicarbazones [16] Many of these have 
featured either 2-formylpyridine [17-20] or 2-
acetylpyridine [21-24] thiosemicarbazones; of 2-
benzoylpyridine thiosemicarbazone” [25]. 
“Synthesis, Characterization and Antimicrobial 
Activities of Co (III) and Fe (III) Complexes of 
Imino-N-heterocyclic Carbenes Ligands [26] and 
3D Series Metal Complexes Containing Schiff 
Base Ligand with 2,2'-Bipyridine: Synthesis, 
Characterization and Assessment of Antifungal 
Activity [27] were recently studied”. To our 
knowledge, studies of the metal complexes of the   
of chloride substituents at C5 carbon of pyridine-
2-carbaldehydethiosemicarbazone and its 
complexes was not investigated enough. The 
present communication reports the synthesis, 
characterization of Ni(II), Co(II) and Cu(II) 
complexes with 5-chloropyridine-2-
carbaldehydethiosemicarbazone. 

 

 
 

Fig. 1. The structure of 5-Chloro-2-pyridinecarboxaldehyde thiosemicarbazone( (E)-2-((5-
chloropyridin-2-yl)methylene)hydrazine-1-carbothioamide 

 
2. MATERIALS AND METHODS 
 
2.1 Materials 
 
5-chloropyridine-2-carbaldehyde (Merck) and thiosemicarbazide (Aldrich) were used as received. The 
metal salts CoCl2H2O, NiCl2.4H2O, CuCl2.2H2O (Merck) were used as supplied. Solvents used for the 
reactions were used as received. The ligand has been prepared by the method reported earlier [13]. 
As an example some characteristics of the ligand are summarized below.  

 
2.2 Preparation of the Ligand (HL1) 
 
5-Chloro-2-pyridinecarboxaldehyde (0.283 g, 0.002mol) in ethanol (10 cm

3
) was added to 

thiosemicarbazide (0.182 g, 0.002 mol) in ethanol-water solution (V/V 1 : 1, 80 cm
3
) followed by the 

addition of drops of glacial acetic acid. The reaction mixture was refluxed for 3 hours. The obtained 
precipitate (5-Chloropyridine-2-carbaldehyde thiosemicarbazone) (HL1) was filtered off, washed with 
water and ethanol and recrystallized from ethanol, and then was dried in vacuum.  
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2.3 Preparation of the Complexes 
 
General procedure for the preparation of the 
metal complexes (1–5) 
 
Complexes 1–5 were prepared by direct reaction 
between the ligand and the corresponding metal 
salts. 
 
2.3.1 Synthesis of [Co (HL1)2] 
 
To a solution of Cobalt (II) Chloride CoCl2.6H2O 
(0.0005mol, 0.1189 g) in 5ml of methanol was 
added a solution of ligand 5-Chloropyridine-2-
carbaldehyde thiosemicarbazone (0.001mol, 
0.215g) in 25 ml of methanol. The mixture was 
refluxed for 2 hours (70-80 oC) and then stirred 
for 12 hours then filtered. The volume of filtrate 
was left for slow evaporation at room 
temperature. After two days large of dark brown 
colored crystals was obtained.  
 
2.3.2 Synthesis of [Ni (HL1)2] 
 
The hexahydrated nickel chloride, NiCl2.6H2O 
(0.0005 mmol, 0.119 g), was dissolved in 30ml 
distilled water. An ethanolic solution of 5-
Chloropyridine-2-carbaldehyde 
thiosemicarbazone (0.001mmol; 0.215 g, 10ml) 
was added slowly while stirring. The mixture was 
refluxed for 3 h. After cooling at room 
temperature, a green precipitate appeared. It 
was filtered, washed with small amounts of 
absolute ethanol and finally dried in vacuum over 
silicagel(light brown) . All the compounds were 
washed and dried in the same way. 
 
2.3.3 Synthesis of [Zn(HL1)2] 
 

0.136g, 0.001mol ZnCl2was dissolved in 20 ml 
warm absolute ethanol with stirring. To a solution 
containing 0.429g, 0.002 mol 5-Chloro-2-pyridine 
-2-carboxaldehydethiosemicarbazone dissolved 
in 20 ml of absolute ethanol drop wise of NaOH 
(1M) was added. The mixture was reflexed for 
two hours. The separated brown powder was 
filtered washed with ethanol and to dry in air.    
 

2.3.4 Synthesis of [Cu (HL1)2] 
 

A quantity of 5-Chloro-2-pyridine -2-
carboxaldehydethiosemicarbazone (0.430g, 
0.002 mol) was dissolved in warm 20 mL ethanol 
with stirring and to this solution was added slowly 
a solution of (0.134 g 0.001mol) of the metal 
salts CuCl2.2H2O dissolved in 20 mL ethanol, 

then added drops of NaOH (1M). Although the 
complex appeared instantaneously the mixture 
was reflex on water bath for two hours. The 
separated green solid was left to dry in air after 
filtered and washed with ethanol. 
 
2.3.5 Synthesis of [Cu(HL1)] 
 
A quantity of 5-Chloro-2-pyridine -2-
carboxaldehydethiosemicarbazone (0.215g, 
0.001 mol) was dissolved in warm 20 mL ethanol 
with stirring and to this solution was added slowly 
a solution of (0.134 g 0.001mol) of the metal 
salts CuCl2.2H2O dissolved in 20 mL ethanol, 
then added drops of NaOH (1M). Although the 
complex appeared instantaneously the mixture 
was reflex on water bath for two hours. The 
separated green solid was left to dry in air after 
filtered and washed with ethanol.  
 

2.4 Physical Measurements 
 

- Elemental analyses for (C, H, N and S) 
were performed using a Heraeus Carlo Erba 
1108 elemental analyzer.  
-Melting points were determined with a 
digital melting point apparatus using capillary 
technique.  
-Mass spectra were recorded with a 
Micromass LCT electrospray (Qtof Micro 
YA263) mass spectrometer.  
-NMR spectra were recorded in DMSO-d6 
solution on a Bruker Avance DPX 300 NMR 
spectrometer.  
-IR spectra were obtained on a Perkin Elmer 
Spectrum Two IR spectrometer with samples 
prepared as KBr pellets.  

 
3. RESULTS AND DISCUSSION 
 

3.1 Synthesis and Physical Properties of 
the Complexes 

 
Firstly the ligands(HL1) was prepared from the 
reaction between 5-Chloro-2-
pyridinecarboxaldehyde and thiosemicarbazide 
in alcoholic medium as indicated in Fig. (2) 
followed by the addition of drop of glacial acetic 
acid. 
 
The melting point of (HL1) = 201

0
C. The 

elemental analytical calculation for the ligand 
was found C, 39.25, H, 3.26; N, 26.1; S, 17.0%, 
it’s quite agreed with literature(C, 39.13, H, 3.25; 
N, 26.9; S, 17.65%). 
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Fig. 2. Preparation of the ligand HL1 (5-Chloro-2-pyridinecarboxaldehyde thiosemicarbazone( 

(E)-2-((5-chloropyridin-2-yl)methylene)hydrazine-1-carbothioamide) 
 

After that the preparative reactions for the complexes can be represented by the following equations 
(1)-(5): 
 

1- CoCl2.6H2O +C7H7ClN4S    MeOH               [Co(C7H7ClN4S)2]                                           (1) 
 
2- NiCl2.6H2O +C7H7ClN4S    EtOH                  [Ni (C7H7ClN4S)2]                                           (2) 
 
3- ZnCl2+ C7H7ClN4S     EtOH/NaOH               [Zn(C7H7ClN4S)2]                                           (3) 
 
4- CuCl2.2H2O +C7H7ClN4S    EtOH/NaOH                  [Cu(C7H7ClN4S)2]                               (4) 
 
5- CuCl2.2H2O +C7H7ClN4S    EtOH/NaOH                  [Cu(C7 H7ClN4S)]                               (5) 

 
Table 1. Color, M.p and elemental analysis of the ligand 5-chloropyridine-2-
carbaldehydethiosemicarbazone alone and its Ni, Co, Cu and Zn complexes 

 
Compound Color M.p(

o
c) Elemental analysis found (Cal) 

C (%)  H (%) N (%) S(%) 

5ClPTSC Brown 154 39.13(39.25) 3.25(3.26) 26.9(26.10) 17.65(15.02) 

[Ni (C7H7ClN4S)2] green 226 28.66(27.7) 2.83(2.3) 18.83(18.42) 7.81(10.5) 

[Co (C7H7ClN4S)] Blue 244 30.50(30.16) 2.63(2.51) 19.65(20.11) 8.03(11.49) 

[Cu (C7H7ClN4S)2] Dark 
green 

237 30.74(29.86) 2.63(2.48) 20.8(19.90) 11.5(11.37) 

[Zn (C7H7ClN4S)] Brown 216 23.99(23,95) 2.36(2.00) 16.71(16.00) 6.41(7.90) 

[Cu (C7H7ClN4S)] Dark 
green 

233 23.61(24.00) 2.09(2.00) 15.7(16.04) 10.13(9.00) 

 
Note that all these reaction needed areflux for 
certain time as metioned in the above procedure 
(2.3.1-2.3.5). 
 

All the complexes are microcrystalline or 
amorphous powder, stable in the normal 
laboratory atmosphere, and slightly soluble in 

common organic solvent but completely soluble 
in DMF and DMSO. 

 
The results of color, M.p and elemental        
analysis of the ligand 5-chloropyridine-2-
carbaldehydethiosemicarbazone alone and its Ni, 
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Co, Cu and Zn complexes were shown in                
Table (1). 
 

3.2 IR Spectra 
 

The IR spectral data, Table (2) 5-Chloro-2-
pyridinecarboxaldehyde thiosemicarbazone, 
shows bands at 3419cm

-1
 which is assigned to ν 

(NH2) sym.str.vib. The band at 1606 cm
-1

 is 
assigned to ν (C=N) sym.str.vib, and ν (C=S) 
sym.str.vib shows band at 825 cm-1. The band at 
3157 is assigned to ν (NH) sym.str.vib.  
 

The Infra-red spectral data of Ni (II) complex with 
the ligand HL

1
 is shown in Table (2). The band at 

1606 cm-1 assigned to ν (C=N) in the free ligand 
is shifted to 1616 cm

-1
 in the spectrum of the 

complex. This indicates complexation of ligand 
through the azomethine nitrogen to the Ni (II) ion. 
The band at 825 cm

-1
 assigned to ν (C=S) in the 

free ligand is shifted to 833 cm
-1

. This suggests 
coordination of the ligand via the ν (C=S) sulfur. 
 

The Infra-red spectral data of cobalt(II) complex 
with the ligand  is shown in Table (2). The band 
at 1606 cm

-1
 assigned to ν (C=N) in the free 

ligand is shifted to higher frequency, (1618 cm
-1

), 
in the spectrum of the complex. This indicates 
complexation of the ligand through the 
azomethine nitrogen to the cobalt (II). The band 
at 825 cm

-1
 assigned to ν (C=S) in the free ligand 

is shifted to 877 cm
-1

. This suggest coordination 
of the ligand via the ν (C=S) sulfur. The Infra-red 
spectral data of zinc(II) complex with the ligand is 
shown in Table (2). The band at 1587 cm

-1
 

assigned to ν(C=N) in the free ligand is shifted to 
1606 cm

-1
 in the spectrum of the complex. This 

indicates complexation of the ligand through the 
azomethine nitrogen to the zinc(II) ion. The band 
at 838 cm

-1
 assigned to ν (C=S) in the free ligand 

is disappeared in the complex spectrum. This 
may be due to deprotonation of the thiol sulfur 
atom. 
 

The copper ligands complexes IR spectral data 
can be explain in the same way which mentioned 

above for Ni, Co and Zn complexes with slightly 
different in the position of absorption band 
between the two Cu complexes as its clear from 
Table (2) the different band in Cu(HL)2 
complexes were shifted to lower frequency in 
Cu(HL) and this is attributed to lowering of the 
force constant and dipole moment in the second 
complexes.  

 
3.3 NMR and Mass Spectra 
 
“The 

1
H NMR spectrum of (5ClPTSC), shows a 

singlet at 11.6 ppm due to the NH group next to 
C=S, while the signal of the proton on C=N 
double bond appears at 7.50 ppm. It is 
interesting to note the presence of two broad 
singlets for the two NH2 protons, respectively at 
7.78 and 8.15 ppm: it means that the free 
rotation around the C=N bond is blocked 
because of its partial double bond character” 
[10]. The spectra of the complexes 
[CoCl2(5ClPTSC)2] and [CuCl2(5ClPTSC)] show 
no differences as compared to that of the free 
ligand. This enhances the hypothesis 

 
It’s clear from Fig. (4) that M.wt of the ligand 
appeared approximately at m/z 214 which 
agreed with calculated data, the mass for Ni, Co 
ligand complexes gives molecular ions in high 
relative abundance indicating the cleavage of uni 
ligand from the bidentate structure followed                  
by atom rearrangement such as nitrogen 
migration. 

 
“As all thiosemicarbazones, our ligand can 
exhibit thione-thiol tautomerism, since it contains 
a thioamide –NH–C=S functional group” [21]. 
“There is no IR band at 2500–2600 cm in the 
spectrum of the free ligand, and this indicates the 
absence of S–H grouping in the free ligand. 
However, there are bands in the regions of 855 
and 3150 cm21, characteristic of n(C=S) and 
n(N–H), respectively, indicating that the ligand 
remains as the thione tautomer. This is 

 
Table 2. Main IR spectral vibrations (cm

-1
) of the ligand 5ClPTSCand its Ni, Co, Cu an Zn 

complexes 
 
Compound v(NH2) V(C=S) V(C=N) V(M-N) V(M-S) 

5ClPTSC 3419 825 1606 511 411 
[Ni (C7H7ClN4S)2]  3267 833 1616 453 432 
[Co (C7H7ClN4S)2]  3269 877 16018 531 430 
[Cu (C7H7ClN4S)2] 3461 784 1595 491 441 
[Zn (C7H7ClN4S)] 3276 705 1631 522 422 
[Cu (C7H7ClN4S)] 3361 686 1625 426 407 
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Fig. 3. The 
1
H NMR spectrum of (5ClPTSC) 

 
supported by the H NMR spectrum which does 
not show any peak at 4 ppm attributable to the 
S–H proton, but it shows a singular peak at 11.3 
ppm relative to the NH next to C=S.The bands 
appearing around 1345 and 785 cm21 in the 
spectrum of the ligand are either weakened or 
shifted to higher wave numbers in all the 
complexes [22,23], and this shift can be assigned 
to n(C=S) vibration. On the other hand, the 
bands in the region 3440–3270 cm attributed  to 
symmetrical and asymmetrical stretching mode 
n(NH ) 2 in the spectra of the ligand, undergo 
appreciable change in the spectra of the 

complexes”. “This is due to the coordination of 
sulfur from the C=S(NH ) group as reported 
earlier”. [24]. “This coordination is confirmed by 
the presence of a new band at 380–395 cm21 
[5,25] which is assigned to v(M–S) for all the 
complexes. In ligand spectra, the strong band 
observed at 1600 is cm corresponds to n(C=N) 
vibration band” [24]. “This band shifts to a higher 
region [22,24] in the spectra of Ni– nickel 
complexes and this indicates the coordination of 
nitrogen of the azomethine group in coordination” 
[5,25]. 

 

 
 

Fig. 4. Mass spectrum of 5-Chloro-2-pyridinecarboxaldehyde thiosemicarbazone 

213.85 
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Fig. 5. Mass spectrum of [Ni(HL1)2] 
 

 
 

Fig. 6. Mass spectrum of [Co(HL1)2] 
 

 
 

Fig. 7. Mass spectrum of [Zn(HL1)2] 
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Fig. 8. Mass spectrum of [Cu(HL1)] 
 

 
 

Fig. 9. Mass spectrum of [Cu(HL1)2] 
 

 
 

Fig.10. The probable structure of complex [Co (HL1)2] 
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Fig. 11. The probable structure of complex [Ni (HL1)2] 
 

 
 

Fig. 12. The probable structure of complex [Zn (HL1)2] 
 

 
 

Fig. 13. The probable structure of complex [Cu (HL1)2] 
                      

 
 

Fig. 14. The probable structure of complex [Cu (HL1)] 
 

Figs. (5) to (9) showed the mass spectrum of the 
ligand and metal (Co, Ni,Zn and Cu) complexes 
all the expected fragmentations and the 
molecular ion peak and m/z peaks appeared 
successfully.  

The proposed structure for the different 
complexes and after our previous discussion of 
the spectral data obtained for the ligands and its 
metal complexes were shown below in                       
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Figs. (9-12) This may suggest a tetrahedral 
geometry for the complexes (Suni.V et al., 2007). 

 
In the complex of cobalt(II) with the ligand 5-
Chloro-2-furaldehyde thiosemicarbazone (HL

2
), 

the band at 1587 cm-1 assigned to ν (C=N) is 
shifted to 1622 cm-1, indicating coordination of 
the ligand through the azomethine nitrogen. The 
band assigned to ν (C=S) is shifted from 838 cm-
1 to 831 cm-1 indicating the involvement of sulfur 
in complexation. 

 
The [Cu (HL)2]Cl2 complex shows bands at 
46082 cm-1 (217 nm),28169 cm-1 ( 255 nm) and 
13850 cm-1 (534 nm). The observed magnetic 
moment is 1.86 BM, this suggest distorted 
square planar geometry of the copper center.( 
Amna Qasem Ali et al ; 2014). For Zn the 
complex is square planar from the obtained 
spectral data  ( Mihail Revenco, et al; 2014). 
 
4. CONCLUSIONS 
 
Synthesis and characterization of metal ligand 
complexes was very important field because 
these compounds found wide applications, in this 
study the synthesis and characterization of 
nickel(II), cobalt(II) and Zinc(II) complexes with 5-
chloropyridine-2-carbaldehydethiosemicarbazone 
had been studied. The complexes were 
synthesized  successfully and the structure of 
them were indicated from the obtained spectral 
data, the research goes further in antimicrobial 
investigation which did not shown here because 
the results were not complete till now and we will 
published it in our next coming paper. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 

1. Sun GC, Wang LF, Qu L: Synthesis, 
characterization, and biological activities of 
some transition metal(II) complexes with 
the thiosemicarbazone derived from 4-[1-
(4methylphenylsulfonyl)-1-indol-3-yl]but-3-
en-2-one. QuJQ. Chemistry papers. 2006; 
60:214-9. 

2. Kune GA. To-day’s drugs: Methisazone. Br 
Med J. 1964;2(5409):621. PMID 
14171075. 

3. Brockman RW, Thomson JR, Bell MJ, 
Skipper HE. Observations on the 
antileukemic activity of pyridine-2-
carboxaldehyde thiosemicarbazone and 
thiocarbohydrazone. Cancer Res. 
1956;16(2):167-70. PMID 13293659. 

4. Yogeeswari P, Sriram D, Saraswat V, 
Ragavendran JV, Kumar MM, Murugesan 
S, et al. Synthesis and anticonvulsant and 
neurotoxicity evaluation of N4-phthalimido 
phenyl (thio) semicarbazides. Eur J Pharm 
Sci. 2003;20(3):341-6.  

DOI: 10.1016/j.ejps.2003.08.002 

5. Banerjee D, Yogeeswari P, Bhat P, 
Thomas A, Srividya M, Sriram D. Novel 
isatinyl thiosemicarbazones derivatives as 
potential molecule to combat HIV-TB co-
infection. Eur J Med Chem. 2011; 
46(1):106-21.  

DOI: 10.1016/j.ejmech.2010.10.020, PMID 
21093117. 

6. Britta EA, Scariot DB, Falzirolli H, Ueda-
Nakamura T, Silva CC, Filho BP, et al. Cell 
death and ultrastructural alterations in 
Leishmania amazonensis caused by new 
compound 4- nitrobenzaldehyde 
thiosemicarbazone derived from S-
limonene. BMC Microbiol. 2014;14:236.  

DOI: 10.1186/s12866-014-0236-0, PMID 
25253283. 

7. Ramachandran R, Rani M, Kabilan S. 
Design, synthesis and biological evaluation 
of novel 2-[(2,4-diaryl-3-
azabicyclo[3.3.1]nonan-9-
ylidene)hydrazono] -1, 3-thiazolidin-4-ones 
as a new class of antimicrobial agents. 
Bioorg Med Chem Lett. 2009;19(10):             
2819-23.  

DOI: 10.1016/j.bmcl.2009.03.093, PMID 
19361987. 

8. Klayman DL, Bartosevich JF, Griffin TS, 
Mason CJ, Scovill JP. 2-Acetylpyridine 
thiosemicarbazones. 1. A new class of 
potential antimalarial agents. J Med Chem. 
1979;22(7):855-62.  

DOI: 10.1021/jm00193a020, PMID 
376848. 

9. Sartorelli AC, Booth BA. Inhibition of the 
Growth of Sarcoma 180 ascites Cells by 
Combinations of Inhibitors of Nucleic Acid 
Biosynthesis and the Cupric Chelate of 
kethoxal bis-(thiosemicarbazone). Cancer 
Res. 1967;27(9):1614-9. PMID 6051275. 



 
 
 
 

Abdelbary et al.; Chem. Sci. Int. J., vol. 32, no. 1, pp. 23-34, 2023; Article no.CSIJ.96585 
 

 

 
33 

 

10. Lukevics E, Demicheva L, Erchak N, 
Germane S. Synthesis and anticancer 
activity of furfural thiosemicarbazones. 
Appl Organomet Chem. 1993;7(7):543-51.  

DOI: 10.1002/aoc.590070715 

11. Du X, Guo C, Hansell E, Doyle PS, Caffrey 
CR, Holler TP, et al. Synthesis and 
structure-activity relationship study of 
potent trypanocidal thiosemicarbazone 
inhibitors of the trypanosomal cysteine 
protease cruzain. J Med Chem. 
2002;45(13):2695-707.  

DOI: 10.1021/jm010459j, PMID 12061873. 

12. Domagk G, Behnisch R, Mietzsch F, 
Schimidt H. On a new class of compounds 
effective in vitro against tubercle bacilli. 
Naturwissenchaften. 1946;315. 

13. Mendes IC, Botion LM, Ferreira AVM, 
Castellano EE, Beraldo H. Vanadium 
complexes with 2-pyridineformamide 
thiosemicarbazones: in vitro studies of 
insulin like activity. Inorg Chim Acta. 
2009;362(2):414-20.  

DOI: 10.1016/j.ica.2008.04.029 

14. Soares AA. Isatin-3-N4-
benzilthiosemicarbazone:a non-toxic 
thiosemicarbazone derivative, protects and 
reactivates rat and human cholinesterases 
inhibited by methamidophos In vitro and in 
silico. Toxicol Vitro. 2012;26:1030-39. 

15. Takahashi N, Fujibayashi Y, Yonekura Y, 
Welch MJ, Waki A, Tsuchida T, et al. 
Copper-62 ATSM as a hypoxic tissue 
tracer in myocardial ischemiaNuclear. Ann 
Nucl Med. 2001;15(3):293-6.  

DOI: 10.1007/BF02987849, PMID 
11545205. 

16. West DX, Padhye SB, Sonawane PB. 
Structureand Bondin9. 1991;76:1.  

West DX, Liberta AE, Padhye SB, Chikate 
RC, Sonawane PB, Kumbhar AS, et al., 
coordinators. Chem Rev. 1993;123:49. 

17. Bell CF, Lott KAK, Hearn N. Copper 
complexes of pyridine 2-aldehyde and 2-
acetylpyridine thiosemicarbazones. 
Polyhedron. 1987;6(1):39-44.  

DOI: 10.1016/S0277-5387(00)81236-X 

18. Antholine WE, Knight JM, Petering DH. H. 
Beraldo and L. Tosi, lnor[t. Inorg Chem. 
Chim Acta 1986. Vol. 125, 173. Bingham: 
AG. 1977;16:569.  

Bogge H, Muller A, Ainscough EW, Brodie 
AM, Chem J. Sot. Dalton Trans. 1987;493. 

Parwana HK, Singh G. Indian J Chem. 
1987;26A:581. 

19. Malik MA, Phillips DJ. Metal complexes of 
2-methyl thiosemicarbazones and related 
ligands. J Inorg Nucl Chem. 
1974;36(10):2229-34.  

DOI: 10.1016/0022-1902(74)80259-9 

20. West DX, Ooms CE, Saleda JS, 
Gebremedhin H, Liberta AE. Copper(II) 
and nickel(II) complexes of 2-
formylpyridine 3-piperidinyl-, 3-
hexamethyleneiminyl- and 3-
azabicyclo[3.2.2]nonylthiosemicarbazones. 
Transit Met Chem. 1994;19(5):553-8.  

DOI: 10.1007/BF00136373 

21. West DX, Lewis NC. Transition metal ion 
complexes of thiosemicarbazones derived 
from 2-acetylpyridine. Part 2. The4 N-
dimethyl derivative. Transit Met Chem. 
1988;13(4):277-80.  

DOI: 10.1007/BF01025673 

22. West DX, Carlson CS, Whyte AC, Liberta 
AE. Transition metal ion complexes of 
thiosemicarbazones derived from 2-
acetylpyridine. Part 7. Chemical and 
antifungal properties of 2-acetylpyridine4 
N-ethylthiosemicarbazone and its metal 
complexes. Transit Met Chem. 
1990;15(1):43-7.  

DOI: 10.1007/BF01032230 

23. West DX, Carlson CS, Galloway CP, 
Liberta AE, Daniel CR. Transition metal ion 
complexes of thiosemicarbazones derived 
from 2-acetylpyridine. Part 6. The chemical 
and antifungal properties of 2-
acetylpyridine4 N-diethyl- and4 N-
dipropylthiosemicarbazones and their 
copper(II) complexes. Transit Met Chem. 
1990;15(2):91-5.  

DOI: 10.1007/BF01023893 

24. West DX, Romack TJ, Liberta AE. Metal 
ion complexes of 2-acetylpyridine 3-(4-
methyl)piperazinyl-thiosemicarbazone. 
Transit Met Chem. 1992;17(3):256-9.  

DOI: 10.1007/BF02910850 

25. De K, Guha AK. Indian J Chem. 
1990;29A:605. 

26. Abubakar S, Muktari M, Atiko R. Chemical 
science [international journal]. Synthesis, 
Characterization and 
AntimicrobialActivities of Co (III) and Fe 
(III) Complexes of Imino-N-heterocyclic 
Carbenes Ligands. 2021;30(6):59-67. 



 
 
 
 

Abdelbary et al.; Chem. Sci. Int. J., vol. 32, no. 1, pp. 23-34, 2023; Article no.CSIJ.96585 
 

 

 
34 

 

27. Kpomah B, Ugbune U, Idu TE. Chemical 
science [international journal]. 3D Series 
Metal Complexes Containing Schiff Base 

Ligand with 2,2'-Bipyridine: Synthesis, 
Characterization and Assessment of 
Antifungal Activity. 2021;30(10):34-45. 

_________________________________________________________________________________ 
© 2023 Abdelbary et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/96585 

 

http://creativecommons.org/licenses/by/4.0

