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The condensation reaction between S-benzyldithiocarbazate (SBDTC) and 

S-methyldithiocarbazate (SMDTC) and acetylthiophene isomers (2- 

acetytthiophene and 3-acetytthiophene) to produce benzyl N-[I-(thiophen-2- 

yl)ethylidene] hydrazine carbodithioate (SBZATP), benzyl N-[I-(thiophen-3- 

yl)ethylidene] hydrazine carbodithioate (SB3ATP), methyl N-[1-(thiophen-2- 

yl)ethylidene] hydrazine carbodithioate (SMZATP) and methyl N-[1-(thiophen- 

3-yl)ethylidene] hydrazine carbodithioate (SMZATP) has been carried out. 

Cobalt (II), nickel (II), copper (II), zinc (11) and cadmium (11) complexes of the 

synthesized Schiff bases were prepared. AH the compounds were 

characterized by standard physico-chemical techniques and in addition, 

single crystal x-ray analyses were done where possible. Antimicrobial activity 

and cytotoxic assays were carried out using the synthesized Schiff bases and 

their metal complexes. Four target microbes and four fungi were used in the 

antimicrobial adivtty studies and five target cancer cell lines were used for 

the cytotoxic assays. The SBZATP, SB3ATP, SMZATP and SM3ATP 

coordinate to Co(ll), Ni(l I), Cu(ll), Zn(1l) and Cd(1 I) ion as uninegatively 



charged bidentate ligands. All complexes are non-electrolytes in DMSO. 

Magnetic moments and electronic spectra show that the Cu(ll) complexes 

are paramagnetic compounds with distorted square planar structures while 

the Ni(SB2ATP)2 are diamagnetic with distorted square planar environments. 

The structure of SB2ATP was solved in a tridinic crystal class with a P -1 

space group while the SMZATP was solved in a monoclinic crystal class and 

with a P 2,Ic space group. The Ni(SB2ATP)2 (monoclinic, P 2/c ) contains 

four-coordinated nickel(l1) in non-planar environment as a distorted square 

planar monomeric entity. The crystal system of Ni(SMZATP)2 is monoclinic of 

space group P 2&. This asymmetric unit consists of 2 molecules. The two 

bidentate ligands are coordinated to the nickel atom through an azomethine 

nitrogen and thiolo sulfur in a distorted tetrahedral environment around the 

nickel atom. In general, it is clearly seen that the thiophene Schiff bases and 

their metal complexes do not inhibit the growth of fungi except for SB2ATP 

and its Cu(ll) complex, which showed antifungal activity towards Candida 

lypolytica (2075) only. With the exception of CU(SM~ATP)~, which is active 

against Methicillin resistant staphylococcus (MRSA), Bacillus subtilis-wild 

type (B29) and S. Typhimurium (S.T.), the thiophene Schiff bases and their 

metal complexes are inactive. It can be concluded that chelation of Cu(ll) ion 

increases the antifungal activity of the Schiff bases towards the target 

microbes. The compounds synthesized were particularly active against 

human breast carcinoma with positive estrogen receptor (MCF-7). However, 

there was only slight activlty towards the human myeloid leukemia (HL-60) 

cell line. The remainder of the cell lines are not responsive to the 

compounds. 
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Tindak balas kondensasi di antara S-benzilditiokarbazat (SBDTC) dan S- 

metilditiokarbazat (SMDTC) dengan isomer-isomer asetiltiofin (2-asetiltiofin 

dan 3-asetiltiofin) menghasilkan benzil N-[I-(tiofin-2-il)etilidin] hidrazin 

karboditiozato (SB2ATP), benzil N-[I-(tiofin-3-il)etilidin] hidrazin 

karboditiozato (SB3ATP), metil N-[I-(tiofin-2-il)etilidin] hidrazin karboditiozato 

(SM2ATP) dan metil N-[I-(tiofin-3-il)etilidin] hidrazin karboditiozato 

(SM3ATP) telah dilakukan. Kompleks kobalt (II), nikel(ll), kuprum(ll), zink(ll) 

dan kadmium(l1) dengan bes Schiff tersebut telah disintesis. Semua sampel 

yang disediakan dicirikan dengan menggunakan teknik-teknik analisis kimia- 

fizik piawai dan apabila terdapat hablur tunggal yang sesuai, analisis sinar-X 

hablur tunggal juga dijalankan. Aktiviti antimikrob dan ujian sitotoksik telah 

dijalankan terhadap bes Schiff dan kompleks-kompleksnya. Empat jenis 

mikrob dan empat jenis kulat telah digunakan dalam kajian antimikrob dan 

lima jenis sel barah digunakan dalam kajian sitotoksik. SBZATP, SB3ATP, 

SM2ATP dan SM3ATP terkoordinat kepada ion Co(ll), Ni(ll), Cu(ll), Zn(ll) 



dan Cd(l1) sebagai ligan-ligan bidentat yang bercas negatif tunggal. Semua 

kompleks bukan elektrolit dalam larutan DMSO. Kerentanan magnet dan 

spektra elektronik menunjukkan bahawa kompleks-kompleks Cu(l1) adalah 

paramagnetik dengan struktur satah segiempat yang terherot manakala 

kompleks Ni(SBZATP)= adalah dimagnetik dengan struktur satah segiempat 

yang terherot. Stnrktur SB2ATP diselesaikan dalam kelas hablur triklinik 

dengan kumpulan aturan P -1 manakala SM2ATP diselesaikan dalam kelas 

hablur monoklinik dengan kumpulan aturan P 21/c. Ni(SB2ATP)2 (monoclinic, 

P Z1/c ) mengandungi nikel(l1) berkoordinat empat di dalam satah satah 

segiempat yang terherot. Sistem hablur Ni(SM2ATP)2 ialah monoklinik 

dengan kumpulan aturan P 2,/c. Unit asimetrik ini mengandungi dua molekul. 

Dua ligan bidentat ini terkoordinat kepada atom nikel melalui nitrogen 

azometin dan sutfur ti010 dalam aturan tetrahedral tak sempuma. Secara 

umum, bes Schiff tiofin dan kompleks-kompleks logamnya tidak merencatkan 

pertumbuhan kulat kecuali SBZATP dan kompleks Cu(l1) yang menunjukkan 

aktiviti antikulat terhadap Candida lypolytica (2075) sahaja. Hanya 

Cu(SM2ATP)2 aktii terhadap Methicillin resistant sthaphylococcus (MRSA), 

Bacillus subtilis-wild type (B29) dan S. Typhimurium (S.T.), bes Schiff tiofen 

dan kompleks-kornpleksnya tidak am.  Kesimpulannya, pengkelatan kepada 

ion Cu(ll) boleh meninggikan aktiviti antikulat bes Schiff. Bahan-bahan yang 

disintesiskan adalah aktif terutama terhadap barah payu dara dengan 

reseptor estrogen positii (MCF-7). Manakala, hanya terdapat sediki aktiviti 

sahaja terhadap sel leukemia myeloid manusia (HL-60). Bahan-bahan yang 

lain tidak memberikan sebarang aktiviti terhadap sel barah yang lain yang 

diuji. 
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CHAPTER I 

INTRODUCTION 

Coordination compounds have always been a challenge to inorganic 

chemists. In the early days of chemistry they seemed unusual (hence the 

name 'complex' ions) since they seemed to defy the usual rules of valence. 

Today one of the very active fields of study in the large body of inorganic 

research is the preparation and characterization of complexes containing 

nitrogen-sulfur donor ligands. 

Dithiocarbazic acid derivatives and the Schiff bases synthesized from them 

form interesting series of compounds [I-321. The study of these nitrogen- 

sulfur donor ligands continues to be of great interest to researchers since the 

properties of these ligands can be modified through the introduction of 

different organic substituents. The number of ligands synthesized continues 

to increase because of the fascinating property that different ligands may 

show different crystal morphologies and biological properties although they 

may differ only slightly in their molecular structures. For example, the Schiff 

base of 2-benzoylpyridine with S-methyMithiocarbazate inhibits the growth of 

bacteria E. coli and S. aureus while the S-benzyldithiocarbazate analog 

shows no effect at all on the mentioned bacteria [22]. Ali et al. [33] found that 

their synthesized metal complexes showed higher antifungal activity against 

A. alternate, F. moniliforme and D. orezae than the free ligands. Their 

copper(l1) complexes displayed better antifungal properties than nickel(ll) 



complexes. Hossain et al. (341 also reported that chelation of the ligand to the 

metal ions increased the bioactivity of some of the compounds. Results for 

copper(1l) complexes of the 2-acetylpyridine Schiff base of SBDTC indicated 

that the chelation of the ligand with metal ion enhanced its activity. The 

fungitoxicity of the copper(li) complex was comparable to that of 

nystatin(standard drug), whereas the Schiff base of the S- 

methyldithiocarbazate was more fungitoxic than nystatin. 

However, it has also been reported that chelation with metal reduces the 

activity of some Schiff bases. Hossain et a/. [22] found that copper(l1) 

complexes containing 2-benzoylpyridine Schiff base of S- 

methykiithiocarbazate and S-benzyldithiocarbazate were less fungitoxic 

towards A. solani, F. equisetti and M. phaseolina than either the free ligands 

or the commercially available antifungal drug, nystatin. These results 

indicated that chelation with metal ions could either increase or decrease the 

activity of the ligands towards target microbes. 

To date no solid pattern has emerged to enable the activity to be predicted 

on the basis of structure or substituents although the bioactivities of the 

dithiocarbazate derivative ligands and their metal complexes have been 

widely studied. The mode of interaction of these compounds with the cancer 

cells and microbes at cellular level is yet to be fully investigated. 

In recent years, a vast area of research has been developed on multidentate 

S-benzyldithiocarbazate (SBDTC) and S-meth yldithiocarbazate (SMDTC) 



coordination ligands [24-26, 33, 35-40]. The condensation of SBDTC with 

glyoxal was reported to form a quadridentate ligand with nickel(ll), copper(ll), 

zinc(l1) and cadmium(l1) complexes [33]. A tridentate ligand with oxygen- 

nitrogen-sulfur (ONS) donor sequence was synthesized by Ali et a/. [41] in 

1999. Nickel(l1) complexes were prepared from the methylpyruvate Schiff 

bases of S-methyldithiocarbazate and S-benzyldithiocarbazate. A 

quadridentate Schiff base was obtained by Zhu et a/. [25] through the 

condensation of SBDTC with 1,4-bis(2'-formylpheny1)-1,4dioxabutane. 

Viruses are widely believed to be the cause of a number of cancers. This 

means that an anticancer drug may actually be an antiviral agent. The 

alteration of the virus by metal chelation so that the viral activity will be 

lessened is the aim of metallotherapeutic designer. This is because the 

protein and nucleic acid portions of the viruses are effective chelating agents. 

Moderately stable metal chelates are necessary so that the metal ion will not 

be so weakly bound as to be free enough to be complexed by non-viral 

chelating agents such as amino acids and enzymes present in the body. The 

chelating agent should be able to be displaced by the virus as well. The 

metal ion has to be selective in regard to benign and malignant viruses 171. 

Cancer cells growth depends very much on the proliferation of the malignant 

cells having a kinetic advantage over the body's defense mechanism. The 

kinetic consideration is of greater importance compared to the 

thermodynamic stability of the metal chelates. Therefore, a metal complex 

has to be labile enough to outpace cancer cell growth. The following criteria 



are important in determining whether a metal complex will have carsinostatic 

activity [?I: 

i. The complex should be reasonably labile. 

ii. The metal chelate should have reasonably high thermodynamic 

iii. 

stability. 

Ligands with sulfur donors are likely to be most effective. They usually 

confer lipid solubility on the metal complex and they form stable 

complexes with metals. 

The focus of this project is to synthesize novel bidentate (NS) 

acetylthiophenyl Schiff bases produced using dithiocarbazate derivatives and 

their metal complexes. It is worthwhile to carry out the study of new isomeric 

dithiocarbazates and their metal complexes to supplement available 

information with a view to contributing to the effort to elucidate the selectivity 

pattern of this class of compounds since many NS-substituted 

dithiocarbazate esters and their metal complexes have been found to be 

biologically active and their activity depends strongly on the substituents and 

on the metab. In this thesis, cobalt(ll), nickel(ll), copper(ll), zinc(l1) and 

cadmium(ll) were used because of their lability and inertness. Shriver and 

Atkins [42], stated that across the first d series, complexes of the d-block 

M(II) ions are moderately labile, with distorted Cu(l1) complexes among the 

most labile and complexes of low oxidation number dl0 ions (~n" and cdZ') 

are highly labile. 


