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methyl N-phenyl dithiocarbamate 

 [VO(SFZ)(tl-DTC)] - Oxovanadium (IV) complex of sodium sulfadiazine and sodium N-
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[VO(SFZ)(to-DTC)] - Oxovanadium(IV) complex of sodium sulfadiazine and sodium N-

ortho-toluidine dithiocarbamate,  

 [VO(SFZ)(tu-DTC)] -  Oxovanadium(IV) complex of sodium sulfadiazine and N-para-

sodium N-ethyl-m-toluidine dithiocarbamate. 

 

Zinc(II) complexes of sodium sulfadiazine and derivatives of dithiocarbamates 

[Zn(SFZ)(an-DTC)] -  Zinc(II) complex of sodium sulfadiazine and ammonium  N-aniline 

dithiocarbamate 

[Zn(SFZ)(as-DTC)] - Zinc (II) complex of sodium sulfadiazine and sodium N-para-anisidine 

dithiocarbamate 

[Zn(SFZ)(bt-DTC)] -  Zinc(II) complex of sodium sulfadiazine and sodium N-butyl  

dithiocarbamate 
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dithiocarbamate 

[Zn(SFZ)(ea-DTC)] - Zinc(II) complex of sodium sulfadiazine and sodium N-ethanol  

dithiocarbamate 

[Zn[SFZ)(et-DTC)] -  Zinc(II) complex of sodium sulfadiazine and ammonium N-ethyl N-

phenyl dithiocarbamate 

[Zn(SFZ)(ey-DTC)] - Zinc(II) complex of sodium sulfadiazine and N-ethyl N-phenyl 

dithiocarbamate 

Zn[(SFZ)(he-DTC)] - Zinc(II) complex of sodium sulfadiazine and ammonium N-hexyl 
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 [Zn(SFZ)(hx-DTC)] - Zinc(II) complex of sodium sulfadiazine and sodium N-hexyl  
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 [Zn(SFZ)(hy-DTC)] - Zinc(II) complex of sodium sulfadiazine and sodium N-phenyl hydrate  

dithiocarbamate 

[Zn(SFZ)(ml-DTC)] - Zinc(II) complex of sodium sulfadiazine and sodium  N-methyl N-

phenyl dithiocarbamate 

[Zn(SFZ)(tl-DTC)];  Zinc(II) complex of sodium sulfadiazine and sodium N-para-

chlorophenyl dithiocarbamate 

 [Zn(SFZ)(to-DTC] - Zinc(II) complex of sodium sulfadiazine and sodium N-ortho-toluidine 

dithiocarbamate  

[Zn(SFZ)(tu-DTC)]; Zinc(II) complex of sodium sulfadiazine and N-para-sodium N-ethyl-m-

toluidine dithiocarbamate. 
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Abstract 

The research involves the synthesis, characterization and biological studies of 

oxovanadium(IV) and zinc(II) complexes of mixed sulfadiazine and dithiocarbamates 

ligands. Twenty-five dithiocarbamates ligands were synthesized and characterized with 

elemental analysis, FT-IR, UV-Vis, 1H NMR and 13C NMR spectroscopy. The 

dithiocarbamate ligands were used with the sulfadiazine to synthesize mixed ligands 

complexes of oxovanadium(IV) and zinc(II). The oxovanadium(IV) and zinc(II) complexes 

were characterized with analytical and spectroscopic techniques. Results from molar 

conductivity confirmed the non-electrolytic nature of both the oxovanadium(IV) and zinc(II) 

complexes. The FT-IR spectra studies of the complexes confirmed bidentate coordination of 

sulfonamide nitrogen and pyrimidinyl nitrogen atoms of sulfadiazine to the metal ions, and 

the dithiocarbamate ligands acted as bidentate chelating ligands through sulfur atoms.  

 

The coordination in both metal complexes was N2S2 modes. Studies from UV-Vis spectra for 

mixed oxovanadium(IV) and zinc(II) complexes gave blue shifts (hypsochromic shifts) in 

comparison with the respective ligands through N-C=S and S-C=S absorption bands. The 

conclusion drawn from the UV-Vis studies were proposed structures distorted octahedral 

geometries for the oxovanadium(IV) complexes and tetrahedral geometries for zinc(II) 

complexes. The presence of phenyl groups in chemical shifts’ results in aromatic zinc(II) 

complexes (7.78- 6.38), ppm, the absence in aliphatic zinc(II) complexes, pyrimidine 

C4H2N2-H (8.60-8.10 ppm), and =CHSO2NNa (11.81-11.19 ppm) in 1H NMR, presence of 

13C-SO2NNa (164.39-130.41 ppm) and N13CS2(207.00-179.32 ppm) moieties indicated the 

presence of the functional group still present and the impact of coordination of ligands to 

zinc(II) ions. Zinc(II) complexes of [Zn(SFZ)(tu-DTC)] [Zn(SFZ)(ml-DTC)] had the least 

chemical shift at a resonance of (179.32 ppm), while [Zn(SFZ)(ml-DTC)] has the highest 

resonance value with a signal for N13CS2 moiety. 

 

Four ligands of dithiocarbamates, ten mixed ligands of oxovanadium(IV) and eleven zinc(II)  

complexes were screened for cytotoxicity and anticancer activities. They were evaluated for 

in vitro cancer activities against six cancer cell lines; KMST-6 (a non-cancerous cell line), 
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HT-29 (colon), W1-38 (fibroblast cell), TK-10 (renal), UACC-62 (melanoma) and MCF-7 

(breast). The four ligands and four zinc(II) complexes showed potentials and potencies for 

cytotoxicity activities against KMST-6 and HT-29, except [Zn(SFZ)(me-DTC)]. Inactive or 

slightly active oxovanadium(IV) and zinc(II) complexes screened against W1-38, TK-10 

UACC-62 and MCF-7 had inhibition concentration 50, IC50, of greater than 50 greater than  

100.  Six oxovanadium(IV) and three zinc(II) complexes showed potentials and potencies for 

cytotoxicity activities against W1-38. Four oxovanadium(IV) and two zinc(II) complexes 

showed potentials and potencies for cytotoxicity activities against TK-10. Eight 

oxovanadium(IV) and three zinc(II) complexes showed potentials and potencies for 

cytotoxicity activities against UACC-62. Eight oxovanadium(IV) and three zinc(II) 

complexes showed potentials and potencies for cytotoxicity activities against MCF-7. Results 

from studies showed that [VO(SFZ)(hx-DTC)] and [VO(SFZ)(cl-DTC)] as potent 

cytotoxicity and anticancer chemotherapeutic agents. Cisplatin, Emetine and Parthenolide 

were used as standard drugs and dimethylsulfoxide as negative control.  

 

Sodium sulfadiazine, derivatives of dithiocarbamates and both complexes of 

oxovanadium(IV) and zinc(II) were screened for their in vitro antibacterial potencies against 

two Gram positive (Staphylococcus aureus (MRSA252))and  Enterococcus faecalis (BS385)) 

and Gram negative (Escherichia coli (MC4100))and Pseudomonas aeruginosa (PA01)) 

bacterial strains. Sodium sulfadiazine was found to have good activity against Staphylococcus 

aureus and Escherichia coli but most of the dithiocarbamates ligands were not active before 

coordination but some became more inactive or more active in various complexes of 

oxovanadium(IV) and zinc(II) ions. Meropenem, Tetracycline and Vancomycin were used as 

standard drugs and dimethylsulfoxide as negative control. The minimal inhibitory 

concentration (MIC) results proved that oxovanadium(IV) complexes had higher antibacterial 

activities than zinc(II) complexes. The oxovanadium(IV) complexes with MIC of high 

activities (32 µg/ml) are [VO(SFZ)(bt-DTC)],[VO(SFZ)(hx-DTC)], [VO(SFZ)(ch-DTC)] and 

[VO(SFZ)(hh-DTC)]. The results showed that oxovanadium(IV) complexes are better than 

their zinc(II) counterparts. These dual anticancer and antibacterial potentials and potencies of 

oxovanadium(IV) complexes can be further evaluated as potential chemotherapeutic agents. 
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                                                                    CHAPTER 1 

 1.0 Introduction and literature review 

 1.1 Metal-based drugs 

Development of metal based drugs started in the era when drawbacks were discovered in 

organic based pharmaceutical drugs. These drawbacks might be due to side effects and 

challenges of antineoplastic resistance and multiple drug resistance (MDR). Development of 

metal based drugs is an aspect of chemistry called, “Medicinal Inorganic Chemistry”. 

Medicinal inorganic chemistry is of enormous importance in both drug discovery and 

development of metal-based drugs to treat different ailment of the human body [1]. The wide-

ranging topics included in medicinal inorganic chemistry are: (i) the clarification of the 

general roles of both endogenous and exogenous metal ions in living cells at molecular level; 

(ii) the scheme of metal chelating agents to treat excess metal ion, pollution from toxic metal 

ions and hindrance of metalloproteins; (iii) the discovery of the function of metal ions in 

protein misfolding of the pathogens; (iv) the study of the functions of metal ions; (v) the 

development of metal-based drugs to treat human ailments [2].  

 

1.2 Medicinal use of metals and their compounds 

The functions of metal ions and the development of metal-based drugs to human diseases in 

medicinal inorganic chemistry had created room for metalloids, main group metals and 

transition metals as potentials for anticancer and antimicrobial agents [2]. Metalloids are semi 

metals that possess partially metallic and non-metallic properties [3, 4]. Metalloids in the 

periodic table are boron, silicon, germanium, arsenic, antimony, as well as, tellurium. They 

exhibit different levels of medicinal and toxic properties. Descending down group V of the 

periodic table, the properties of the elements change. Nitrogen and phosphorus are non-

metals; arsenic and antimony are metalloids, while bismuth is a metal. Among the various 

properties of transition metals is the ability to exhibit different oxidation states [2, 5-6]. This 

is very vital in medicinal inorganic chemistry because the metal ions can interact to form 

covalent bonds with biomolecules. This further helps in the development of metal-based 

drugs with potential therapeutic, pharmacological and medical applications [2, 4-5, 7]. Other 

cogent reasons which make metal based drugs better than organic-based drugs, apart from 

varying oxidation states are their abilities to vary coordination numbers and the geometries 
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[8], as well as, perform catalytic and structural functions [9]. There had been well 

documented metals possessing potentials for potent anticancer and antimicrobial activities. 

These are antimony, arsenic, boron, cobalt, copper, gallium, germanium, gold, iron, 

manganese, molybdenum, nickel, niobium, platinum, palladium, rhodium, ruthenium, 

titanium, vanadium and zinc [10-11]. Table 1.1 gives the summary of metals that can be used 

as anticancer and antimicrobial agents. 

 

Table 1.1: Summary of metal-based drugs. 

Element  Compounds Uses References 

Ag Silver(I) complexes; Silver sulfadiazine Antibacterial, Anticancer 12- 19 

Al Aluminium hydroxide Antacid 19 

As Silver complexes, Salvarsan, Melarsen,  Anticancer, Antimicrobial 19-32 

 Tryparsamide   

Au Gold(I) thiolates Antitumor, Antimicrobial 19, 33-44 

 Auranofin Antiarthritic 19 

 Au(I) diphosphine complex Antiviral 19 

B Boranes Anticancer, Antimicrobial 19, 45-46 

Ba Barium sulphate X-ray contrast 19 

Bi Bismuth complexes Antacid, Anticancer 19,47-52 

 Bismuth citrate, Ranitidine Antimicrobial, Antiulcer 19,47-52 

Br Sodium bromide Sedative 19 

Co Cobalt complexes Anticancer, Antimicrobial 53-59 

 Coenzyme B12 Supplement  19 

Cr Chromium complexes Antidiabetic 19 

Cu Copper complexes Anticancer, Antimicrobial 60-74 
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 Copper histidine complex  Supplement for Menke’s  19 

  disease treatment 19 

Fe Fe(II) and Fe(III) complexes Anticancer, Antimicrobial 75-85 

 Sodium nitroprusside Vasodilator 19 

 Fe(III) desferrioxmine chelates  Antimicrobial 19 

Ga Gallium(III) complexes Anticancer, Antimicrobial 86-93 

Ge Organogermanium Anticancer, Antimicrobial 94-102 

Gd Gd metallotexaphyrins MRI contrast agent, PDT,  19 

  Radiopharmaceuticals  

Hg Mereurochome Antiseptic 19 

Ir Iridium complexes Anticancer, Antimicrobial 103-112 

La Lanthanum complexes Anticancer, Antimicrobial 113-118 

Li LiCl, Li2CO3 Manic Depression 19, 119 

 Lithium complexes Anticancer 120-121 

Lu Lutetium complexes PDT 19 

Mg MgO 

Magnesium(II) complexes 

Antacid, Laxative 

Anticancer, Antimicrobial 

19 

122-123 

Mn Mn(II) and Mn(III) chelates Anticancer, Antimicrobial 124-137 

Mn Mn-SOD complexes Superoxide Scavengers 19 

  MRI contrast agent  

Mo Molybdenum complexes Anticancer, Antimicrobial 138-142 

Na Na131 I Diagnosis of Thyroid 19 

Nb Niobium(II) complexes Anticancer, Antimicrobial 143-149 

Ni Nickel(II) complexes Anticancer, Antimicrobial 150-154 
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Os Osmium(II) complexes Anticancer, Antimicrobial 155-165 

Pd Palladium complexes Anticancer, Antimicrobial 166-171 

Pt Platinum compounds and complexes Anticancer, Antimicrobial 19,172-178 

Rh Rhodium chelates Anticancer, Antimicrobial 179-188 

Ru Ru(II) and Ru(III) complexes Anticancer, Antimicrobial 19,189-213 

Sb Antimony complexes Anticancer, Antimicrobial 214-218 

Sb Pentostam, N-Methylglucamine,  Antileishmanial 19, 214 

 Antimonate   

Se Ebselen Synthetic antioxidant 19 

  Anti-inflammatory  

  Neuroprotective agent  

 PhenylAminoalkyl selenide Antihypertensive 19 

 Selenazofurin Antineoplastic 19 

  Antiviral  

 Selenotifen Anti-allergic agent 19 

 Selenium complexes Anticancer, Antimicrobial 219-226 

Ta Tantalum complexes Anticancer, Antimicrobial 227-230 

Tc 99m Tc(V) Propyleneamine oxime Diagnostic imaging 19 

Ti Titanium complexes;  Anticancer, Antimicrobial 19 

 Titanocenedichloride, Bis(β-

Diketonato),   

Anticancer, Antidiabetic 231-247 

V Vanadium complexes Anticancer, Antidiabetic  19, 248 

 Bis (maltolato)oxovanadium(IV), Antimicrobial 260 

 Bis(glycinato)oxovanadium(IV)   
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 Bis(methylpicolinato)oxovanadium(IV)   

W Polyoxometallates Anti-HIV activity 19 

Zn ZnO Skin ointment 19 

 Zn(II) bicyclam complexes Antiviral 19 

 Zinc citrate Supplement 19 

 Zinc complexes Anticancer, Antimicrobial 261-273 

Zr Zr(II) glycinato Antiperspirant 19 

 Zr complexes Anticancer, Antimicrobial 274-278 

 

1.3 Rationale for the choice of metals in the current study 

Vanadium and zinc are transition metals. This is based on the fact drawn from the 

classification of elements into metals, metalloids and non-metals [3]. They are also referred as 

biometals and essential trace elements because both vanadium and zinc have a mass of less 

than 1 gram in human body [3]. Both belong to d block section of the periodic table because 

of their electron configurations and they are applied in chemical and industrial processes as 

catalysts [4]. The rationale for the choice of the vanadium and zinc is based on first of all, 

both being biometals, as well as, availability, bioavailability, antioxidant properties, low toxic 

levels and importantly, ability to interact with biomolecules due to variable oxidation states of 

vanadium [260, 262, 279]. 

 

1.4 Vanadium 

1.4.1 Chemistry of vanadium metal 

Vanadium has variable oxidation states ranging from -3 to +5 with the exception of -2 [280-

281]. Among these oxidation states of vanadium, the commonest are +2, +3, +4 and +5. The 

+1 oxidation state is scarce to see.  The ease of oxidation and reduction of +2 oxidation state 

makes it unstable in biological organisms [282]. The oxidation states of vanadium which are 

thermodynamically and physiologically stable, as well as, physiologically relevant are V3+, 

V4+ and V5+ [283]. According to hard acids hard bases (HSAB) principle, vanadium can be 
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categorized as a hard acid, but the higher the oxidation state the harder the acid [284]. This is 

applicable to vanadium oxidation states III to V. From Pearson’s principle of HSAB 

principle, he concluded that a strong bond would form between a hard acid and a hard base 

and a strong bond would form between a soft acid and a soft base [285-286]. Vanadium’s 

oxidation states of +3, +4 and +5 bond readily with oxygen, nitrogen and sulphur to form 

complexes [282]. 

 

1.4.2 Vanadium compounds and their biological applications 

Mukherjee et al and Tavman ratified vanadium as an essential trace element with anti-diabetic 

and anti-carcinogenic properties after eighteen years of misconception that it was 

carcinogenic and slightly toxic [280, 287]. Vanadium is an ultra-trace element in mammals 

and human beings. Athletes and muscle body builders use vanadium in the form of vanadyl 

sulfate as an everyday supplement. In 1911, a German chemist, Martin Henze, found a high 

concentration of vanadium existing as vanadium(III), being coupled with a certain level of 

sulfate in the blood cells of some ascidians [288-289]. Vanadium is accumulated up to 500 

mg/kg in dry weight in macro fungi species such as Amanita muscaria and peculiar species 

[280]. Vanadium is found in algae, invertebrates, as well as, plants and accumulates firmly at 

a concentration range of 105 to 107 times above the concentration in sea water [290-291]. 

Inkling for the use of vanadium compounds as insulin-mimetic agents among nutritionists 

arose when they discovered vanadium element was an essential element in some marine 

animals [292-293]. In 1931, twenty years after Martin Henze discovery. Ter Meulen’s 

researched on toadstools (Amanita muscaria) He found that they contained high levels of 

vanadium, about 3.3 mg/kg in the species [294]. Bayer and Kneifel in 1972 isolated pale blue 

compound of vanadium, called amavadin and found to consist a 1:2 complex of vanadium, 

and pro-ligand (S, S)-2, 2’-(hydroxyimino) dipropionic acid,((S, S)-hidpaHa) [294]. Fly 

agaric builds up vanadium in form of amavadin [294].    In 1977, L. J. Cantley was able to 

detect the impact of vanadate as an effective inhibitor of adenosine triphosphates [295- 296], 

Further investigation to support the synthesis of vanadium compounds were the two classes of 

natural vanadium enzymes, namely; vanadium-nitrogenase and vanadate-dependent 

haloperoxidases [297-299]. In 1983, H. Vilter isolated the enzyme of vanadium, 

bromoperoxidase, in the marine algae [296]. Sussex nitrogen fixation group was also able to 

isolate some nitrogen-fixing micro-organisms such as azobacter which used vanadium 
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nitrogenase where vanadium replaced molybdenum or iron, giving slight different properties 

to vanadium nitrogenise in 1986 [296].  

 

1.4.3 Vanadium as insulin-mimetic agent 

Another driving force to vanadium coordination chemistry was the medical uses observed 

when vanadate, peroxovanadate, vanadyl and other vanadium complexes influenced insulin-

mimetic properties. [300-306]. Deficiency of vanadium in birds and mammals leads to 

retarded growth and reduced reproduction [307]. The mechanism by which vanadium mimics 

the activity of insulin is still not clear [308-310]. Vanadium has glycemic control because of 

its insulin mimetic properties in liver, skeletal muscle and adipose tissue in both in vivo and 

in vitro model of animals , thereby, preventing phosphotyrosine phosphatase (PTP) enzyme 

system [311]. The three key properties essential to the insulin mimetic actions of vanadium 

compounds are lability, redox chemistry and stability [306]. The mechanism of action of 

vanadium as insulin mimetic agent is shown in Figure 1.1. 
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Figure 1.1: The mechanism of action of vanadium as insulin mimetic agent [305]. 

(a) Starting situation; (b) Insulin docks to the membrane receptor and induces tyrosine 

phosphorylation, which in turn triggers glucose intake; (c) Protein-tyrosine-phosphatase 

hydrolyses the phosphate-tyrosine bond and thus interrupts signal transduction in the absence 

of (or resistence against) insulin; (d) Vanadate inhibits PTP; signal transduction remains 

intact through autophosphorylation of tyrosine; (e) Alternatively, tyrosine is vanadylated. 
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1.4.4 Vanadium as anticancer agent Anticancer Agent 

In the early era of the 20th century, assumptions of metal complexes having potentials of 

antitumour activities arose [243]. In 1931, inorganic compounds were studied for their 

antitumour activities [243]. In 1964, the successful discovery of anticancer activities of cis-

PtCl2 (NH3)2 (cisplatin) inspired other researchers to study and explore anticancer potentials 

of metals and their compounds [175]. In 1965, vanadium salts showed active antineoplatic 

effects, while in 1967, vanadium showed inactiveness when tested with unstructured rat 

tumours [243]. In 1983, English et al extended the study of vanadium as anticancer agent 

[312], while in 1984, Thompson et al tested vanadyl sulfate against mammary carcinogenesis 

by chemical induction and it proved very potent [313-314].  On a daily basis, vanadium 

intake is meant to be between 10 μg and 2 mg [314-315]. A health organization such as Food 

and Drug Administration, USA, is yet to establish a recommended daily allowance of 

vanadium [314]. There is proof on the potentials of sodium metavanadate, NaVO3, to 

stimulate transformation in gene expression, even with the lack of vanadium for various cells’ 

divisions during in vitro studies [314]. 

 

1.4.4.1 Different oxidation states of vanadium and DNA damage 

Inorganic ions of vanadium or organic vanadium compounds such as peroxidovanadium(V) 

complexes had been reported to be injurious to DNA [314]. The main target of the anticancer 

therapy is DNA of cancer cells, therefore, there is a need to evaluate the scope of vanadium’s 

interrelationship with DNA by measurement of the hyperchromicity in DNA spectra [314]. A 

high measurement of vanadium containing compounds’ interaction with DNA signifies 

promising antiproliferative actions [314]. The capability of vanadium and its compounds and 

complexes to interrelate with DNA are due to genotoxicity and additional genetic 

consequences of vanadium [316, 317]. In recent studies, different oxidation states that are 

biologically inclined (+3, +4 and +5) stimulated such consequences as in vivo activities in 

human blood leukocytes [317]. The results revealed that all the three oxidation states 

generated genotoxic effect, while vanadium(IV) caused double-strand DNA breaks which 

were linked with subsequent chromosomal aberrations [317].  A further study confirmed that 

the different aforementioned oxidation states of vanadium stimulated cytotoxicity, and also, 

vanadium with valency of +4 had the ability to induce clastogenic effects. Vanadium(V) was 
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proved to possess low genotoxic activity when high prescribed amount was tested in vivo, 

which might be due to its low bioavailability [318]. In addition, the outcome detected in vitro, 

might not be detected in vivo and vice versa. There is a necessity for comparative 

bioavailability, toxicity and transportation studies of vanadium in their various oxidation 

states in order to get specific information on vanadium-DNA interrelationships [314]. 

 

1.4.5 Vanadium as antimicrobial agent 

Apart from the insulin-mimetic activities and anticancer activities of vanadium, it also exhibit 

antimicrobial activities in different oxidation states [318-319]. 

 

1.4.6 Health impacts and toxicity of vanadium  

It was noted that workers exposed to vanadium compounds, vanadium(IV) oxide to be 

specific, suffered from eyes, nose and throat irritation, when inhaled it can cause bronchitis 

and pneumonia [320]. The uptake of vanadium is high through ingestion. The acute toxicity 

symptoms are eyes, nasal cavities, throat and lung irritations [320]. The other health hazards 

linked to the exposure are cardiac and vascular diseases, inflammation of the stomach and 

intestines, damage to the nervous system liver and kidney bleeding, skin rashes, severe 

trembling and paralysis, nose bleeding, throat pains and body weakening [320]. Symptoms of 

overexposure are nasopharyngitis, cough, rapid heartbeat, lung changes, chronic bronchitis, 

greenish-black tongue and allergic skin rash [320]. Vanadium ions can be found to be 

abundant in a few organisms, possibly as a toxin. Moderate toxicity is present in vanadium 

compounds. Experimental studies revealed that vanadium can affect the reproductive system 

of male animals and accumulates in the placenta of female animals [321]. Vanadium 

compounds possess the following toxic effects: hepatotoxicity, nephrotoxicity, 

gastrointestinal discomfort, teratogenicity reproductive toxicity and developmental toxicity 

[322- 323].Researchers revealed that the toxic nature of vanadium depends on oxidation state, 

concentration and the type of coordination environment [324]. Safety and maintenance of 

biological activities have an estimated concentration of < 1.0 x 10-5M, while those above 1.0 

x 10-3 M are toxic for the use at chronic cases [305].The easy storage of vanadium in bones is 

possible because it is similar to phosphate [325]. Other side effects apart from the 
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aforementioned are diarrhoea, limited food and fluid uptake, dehydration and decreased body 

weight [325].   

 

1.5 Zinc 

1.5.1 The chemistry of zinc  

Zinc is the first member of group 12 at the end of the first row transition metals in the modern 

periodic table and has an electronic configuration of [Ar] 3d104s2. It is, therefore, said to be a 

d block element or a post-transition metal because the metal forms Zn2+ by losing the two 

electrons from 4s2. The Zn2+ion now has an electronic configuration of [Ar] 3d10 with a full d 

orbital. The commonest oxidation state is +2, while others are +1 and 0. Zinc is different from 

vanadium because it is not redox in nature like vanadium. Zinc, when as a metal or divalent is 

diamagnetic with a completely filled d10 electronic configuration. Zinc forms complexes with 

no ligand-field stabilization energy [326]. Soft polarizable ligands such as cyanides, iodides, 

isonitriles, phosphines and thioethers coordinate readily with zinc when the complexes are 

synthesized [327]. Literature also revealed that, zinc is a chalcophile metallic element and 

prefers to bond with sulphur compared to oxygen [328]. According to hard acids hard bases 

(HSAB) principle, zinc can either be categorized as a hard acid or a borderline (intermediate 

acid), whereas, nitrogen is a borderline base and sulfur a soft base. From Pearson’s principle 

of HSAB principle, he concluded that a strong bond would exist between a hard acid and a 

hard base and a strong bond would exist between a soft acid and a soft base [284].  

 

1.5.2 Biological relevance and the use of zinc compounds as insulin-mimetic agents 

The rationale for opting for zinc(II) ion for insulin-mimetic activities was due to the 

availability, being the 24th most abundant element in the earth crust, safe and relatively low 

toxic level compared with other metal ions [329]. Zinc is a vital trace element in the systems 

of all living things and very fundamental in many metalloproteins and metalloenzymes, being 

functional in about 300 enzymes [330-333]. About 2-4 g of zinc is present in humans [334]. It 

has a low toxic report and it had been known for long that, there existed a biochemical 

relationship between insulin and zinc [335]. The three essential roles zinc performs 

biologically are catalytic, regulatory and structural [336]. Diabetes mellitus has been linked 

with imbalances in zinc homeostasis [336-338]. Ever since 1934, zinc has been found to be an 

essential component of insulin crystals. This led to the proposition that zinc would be related 
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to insulin mimetic activities [334]. Later studies show the essential role of zinc in diabetes 

mellitus. Zinc performs an essential role in the synthesis of insulin, secretion of insulin, 

transportation of glucose by insulin and protection of the receptor cells [338-342]. The three 

main classifications of zinc compounds based on their uses as insulin mimetic agents are: (i) 

Inorganic zinc compounds (ii) Organic and chelated zinc complexes (iii) Other recent zinc 

compounds are peptide –bound zinc complexes. 

 

1.5.3 Zinc and its compounds as anticancer and antimicrobial agents 

The essence of zinc in physiological processes such as gene transcription, phagocytic actions 

of macrophages and stabilization of biological membranes cannot be underestimated [343]. 

Apart from antioxidant and anti-inflammatory properties of zinc, it also served as anticancer 

agent [343]. Study revealed zinc as an important constituent of DNA-binding proteins with 

zinc fingers, copper/zinc superoxide dismutase and some proteins taken part in DNA repair 

[344]. Zinc plays an essential function in antioxidation, DNA repair and transcription [344]. 

Zinc is needed in human diet and an approximation of 15 mg per day is allowed [345]. 

Insufficiency in the daily allowance of zinc affects the single and double-strand DNA 

breakage and modified oxidation of DNA enhance the development of cancer [344]. 

Literature revealed the relevance of zinc in cancer biology. The current progress in the 

research of zinc as anticancer agent is promising, though it is still at the infant stage [344]. 

The application of metals as antimicrobial agents had been known for centuries and this 

signified the advances in the history of medicine [346]. The success of cisplatin as an 

antibacterial agent before being used as an anticancer agent is an example [346]. Zinc as a 

metal also exhibits antimicrobial activities [346-349]. 

 

1.5.4 Health impacts and toxicity of zinc 

Zinc is very essential for proper performance of the immune system; therefore, zinc 

homeostasis affects the function and development of immune system and metallothioneins 

[350]. An excess concentration of zinc is very harmful [351]. Excess zinc can lead to 

disturbance of the protein metabolism, respiratory disorder, pancreas damage, nausea, 

anaemia, stomach cramps, skin irritations, vomiting, arteriosclerosis liver and kidney diseases 
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[351-352]. Large concentration of zinc is also unsafe for unborn and new born children when 

they are fed with the milk from infected mothers [353]. 

 

1.6 Ligands 

Ligands are ions or molecules with lone pairs of electrons that form bonds with metals to 

form coordination complexes [354]. Ligands are sometimes referred to as Lewis bases and 

metal ions as Lewis acids.  

Literature revealed that chelating ligands with oxygen (O), nitrogen (N) and sulphur (S) 

donor atoms (coordination modes) possess biological activities [355-360]. For this study, 

ligands containing nitrogen and sulfur coordination modes were used because recent studies 

now focused on hard and soft donors based [359], especially in biomimetic studies [361]. 

 

1.6.1. Heterocyclic bidentate ligands 

The interesting characteristics of heterocyclic ligands are numerous. These include their low 

molecular weights, which make them applicable in the agricultural, dyes and pharmaceutical 

industries. They are easy to synthesize [362]. Their possession of lone pair of electrons and 

hydroxyl groups contribute to enhance their abilities to dissolve  in water [362]. The 

derivatives of heterocyclic bidentate ligands enable alteration in the balance between 

hydrophilicity and hydrophobicity [362]. This research focused on the heterocyclic bidentate 

ligands of sodium sulfadiazine and the derivatives of dithiocarbamates. 

 

1.6.2 Sulfadiazine and its relevance to medicine 

Sulfonamides 

Sulfonamides are derivatives of sulfanilamide. Sulfonamides act as substrate analogue when 

they undergo inhibiting competition with para-aminobenzoic acid (PABA), which helps in 

enzymatic reactions to produce bacterial folic acid. They have a moiety of –SO2NH. They 

also act as coenzyme to synthesize amino acids, purine and pyrimidine [363]. Sulfonamides 

are referred to as systemic antibacterial drugs [364]. They also possess antifungal properties 

[365-366] and can be classified according to where they are placed for actions [367]. They 

include sulfanilamide, sulfapyridine, sulfathiazole, sulfamerazine, sulfadimidine, sulfalene 

sulfamethizole and sulfadiazine. They are also referred to as sulfa drugs [368-370]. They have a moiety of –SO2NH. It also acts as coenzyme to synthesize amino acids, purine and pyrimidine [416]. Sulphonamides are referred to as systemic antibacterial drugs [417]. They also  possess 
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Sulfadiazine is a low toxic, short-acting sulfonamide and most effective for treating infections 

of bacteria by preventing the manufacture of folic acid in the cell of the bacteria [371-372]. 

Silver sulfadiazine is useful as an antifungal agent [367], while, zinc sulfadiazine and cerium 

sulfadiazine are used as therapeutic agents for treating topical burn [365, 372]. The medical 

application is also found in the treatment of urinary tract infections. Sulfadiazine can be 

combined with other sulphonamides to treat patients with Acquired Immune Deficiency 

Syndrome (AIDS), as well as, combination therapy with pyrimethamine to treat malaria 

[373].Sodium sulfadiazine is a white to off white crystalline powder soluble in water, 

methanol and ethanol [374-375], as well as, cyclohexane [376]. It is stable under normal 

conditions. Figure 1.2 shows the chemical structure of sodium sulfadiazine. 
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Figure 1.2:  Chemical structure of sodium sulfadiazine. 

 

1.6.3 Dithiocarbamate and its relevance to medicine  

Dithiocarbamates are very versatile organosulfur and mono-anionic-chelating ligands that 

form stable complexes with actinides, lanthanides, non-transition and transition elements 

[377-380]. The general formula is (R1R2) N-(C=S) SX, where R can be substituted by an 

alkyl, alkylene, aryl or similar other group and X by a metal ion. Dithiocarbamates lipophilic 

nature enables them to bind with metals in symmetrical, monodentate and anisobidentate 

modes [377, 380]. Dithiocarbamate was discovered in the 1930s, and the first commercial 

application was as fungicides during World War II [380]. Simple preparation of 

dithiocarmates is mostly from primary or secondary amines, though, the type of cation 

influences the solubility in water and organic solvents [377]. The versatility of 

dithiocarbamates and the derivatives have been applied in different fields of agriculture 

(fungicides and pesticides) [381-382], material science; nanochemistry [383], biology 

(antifungal and antibacterial studies) [384-385] and medicine [384-386]. Other applications 

are, as catalysts or accelerators in the vulcanization of sulfur [387], antioxidant [387], 
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photochemistry and synthesis of ionic liquids [386, 388-393]. Metal ions are well coordinated 

to N, N-disubstituted and N-substituted dithiocarbamates [386,388-394]. This is due to the 

chelating properties of the dithiocarbamates, which leads to the yield of good geometries of 

their metal complexes [386, 390-392, 394]. 

 

1.7 Metal complexes 

Metal complexes can also be referred to as metal coordination compounds. Metal complexes 

are composed of a central metal or ion and ligands [395-396]. Coordination number is the 

number of ligands that bond to the central metal or ion [396]. A homoleptic complex is 

synthesized when the same types of ligands are ligated to the metal and a heteroleptic 

complex is formed when different types of ligands are chelated to the central metal [388, 397-

401]. The diversed applications of metal complexes are analytical, biomedical, synthetic and 

therapeutic [395]. Some oxovanadium(IV) complexes of different coordination modes like 

VO(N2S4), VO(S2O2), VO(S4), and VO(O4) have been developed. The molecular structures 

are shown in Fig. 1.3. Alternatively, different coordinating donors of N2O2, S2O2, N4 and O4 

were synthesized for zinc(II) complexes. The molecular structures are shown in Fig. 1.4. 
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Figure 1.3: Molecular structures of VO(N2S4), VO(S2O2), VO(S4), and VO(O4). 
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Figure 1.4:  Molecular structures of synthesized zinc(II) complexes of N2O2, S2O2, N4and O4. 
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1.7.1 Metal complexes and their therapeutic applications [395] 

The therapeutic applications of metal complexes can be categorised into antiarthritic agents, 

anticancer agents and antimicrobial agents. 

1.7.1.1 Antiarthritic agents: Metal complexes such as auranofin and some gold(I) 

complexes of homololeptic and heteroleptic ligands are known [395, 402]. They also act as 

anticancer and antimicrobial agents [403-414]. 

1.7.1.2 Anticancer agents: Cancer is the second leading disease after cardiovascular disease 

in the world [415] and developing countries like Nigeria and South Africa are not exception 

[416-417]. It had been in existence from the primitive days of early men and the number is on 

the increase till this contemporary era [418]. Between 370-460 B. C., Greek physician 

Hippocrates was credited for the name of cancer, which was coined from two Greek 

terms,”carcinos” and “carcinoma” meaning “crab”, and which described the non-ulcer 

forming and ulcer forming lumps. Cancer is a group of 200 diseases typified by abnormal 

growth of cells which do not undergo apoptosis like normal cells. They cause a lot of harm to 

the body when they form malignant growth forming lumps or tumours, with the exception of 

leukaemia. Factors that contribute to cancer are exposure to chemicals, dietary and 

environmental factors, radiation and viral infections [419]. Tumours from cancer can be 

benign or malignant.  

 

1.8. Types of cancer 

Different types of cancer are carcinoma, sarcoma and leukaemia. 

Carcinoma is the commonest and has the highest percentage of cancer reports. Examples are 

breast cancer, colon cancer and lung cancer. Sarcoma starts in connective tissues of bone, 

cartilage, fat, muscle and tendons. Other groups of cancer not belonging to carcinoma and 

sarcoma belong to the class of leukaemia. 
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1.8.1 Chronological order and methods of treatment for cancer 

There are several approaches to treatment of cancer. Some of them are surgery, radiation 

therapy biologic therapy, alternative therapy and chemotherapy. 

 

1.8.1.1 Surgery 
 

Surgery depends on the nature and complexity of the cancer. Surgery is applied to get rid of 

lumps and cancerous tissues. Before 1940, there was no sufficient evidence to support 

treatment of cancer, but surgery was used for treatment after 1940 and before 1955. It was 

often combined with either chemotherapy or radiation therapy. 

1.8.1.2 Radiation therapy (Radiotherapy) 

 

Radiation therapy (Radiotherapy): From 1955-1965, radiation therapy was used as treatment. 

Radiant energy was used to shrink the tumours of the DNA cells of cancer, thereby, 

preventing it from proliferation. Normal cells can be damaged during this process of radiation 

therapy but are flexible, and therefore, resuscitated. It can be used as a combination therapy 

with chemotherapy and surgery. 

 

1.8.1.3 Biologic therapy (Targeted therapy/immunotherapy and gene therapy) 

 

Biologic therapy is also known as targeted therapy, where drugs are directed at the cancerous 

tumours to either prevent the growth of the cancer tumours or to hinder blood flow to the 

cancer tumours, which make to starve. It can also be used as combination therapy with other 

drugs. Immunotherapy and gene therapy are both referred to as biologic therapy [420-421].  

 

1.8.1.4 Alternative therapy (Complementary therapy) 

 

Alternative therapy can also be referred to as complementary therapy. 

They are treatments used along with standard medical treatments, which include ayuredic 

medicine, conventional Chinese medicine, diets, herbal therapies, homeopathy, meditation, 

relaxation, psychological therapies, spiritual therapies and support therapies.  
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1.8.1.5 Chemotherapy 

 Chemotherapy is the use of drugs such as paracetamol or penicillin to treat diseases, but 

majority prefer to refer to chemotherapy as a class of cancer treatment that involves the use of 

chemical substances [422]. There are two terms used in medicine to refer to cancer therapy, 

namely antineoplastic therapy (anti-cancer) and cytotoxic therapy (cell killing) [422].  The 

abbreviations for these are chemo, CTX or CTx. Early in 1900, famous German chemist, Paul 

Ehrlich produced drugs to treat diseases [395, 423]. Paul Ehrlich is known as the founder of 

modern drug therapy and he was the first person to coin the term, “chemotherapy”, and gave 

the definition as the use of chemicals to treat diseases [395, 423]. He was a pioneer in the 

efficiency of animal models to evaluate several chemicals to verify their potentials and 

potencies against diseases [423]. In 1908, the screening exercise that involved the use of 

rabbit models for syphilis resulted to the progress of arsenicals to treat diseases. Till 1960s, 

radiotherapy and surgery took over cancer therapy. Treatment by chemotherapy may involve 

a drug at a time, known as, single-agent chemotherapy or numerous drugs at once, known as 

combination chemotherapy or polychemotherapy [424]. Photochemotherapy or photodynamic 

therapy activity is a chemotherapy that uses drugs that change to cytotoxic activities on 

exposure to light [425]. The first application was in the treatment of micro-organisms, but 

after 1965, chemotherapy was used as a method to treat cancer, and therefore, referred to as 

anticancer drugs. Chemotherapy is not targeted at specific part like surgery, but functions by 

focusing on fast multiplying cancer cells. They can cause side effects such as hair loss and 

stomach upset. It can also be used as a combination therapy with biologic or radiation 

therapy. Figure 1.5 depicts the history of cancer chemotherapy from 1900-2015.  
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Figure 1.5: History of cancer chemotherapy from 1900-2015 

 

(http://.farmacia.unich.it/farmacologia/didattica/chemioterapia/antimitoticibn.pdf). 
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1.8.2 Aims of cancer therapy 

The aims of cancer therapy are for cure or to prolong remission, palliation and adjuvant 

chemotherapy [426-429]. 

 

1.8.2.1 Anticancer agents (Anticancer drugs), classification and challenges and side 
effects 
 

Anticancer drugs or anticancer agents are either extracts from plants or chemotherapeutic 

drugs that can kill cancer cells or modify their growth. 

 

1.8.2.2 Classification of anticancer drugs and subdivisions 

 

The major classifications of anticancer drugs are: (a) hormonal drugs (b) targeted drugs and 

(c) cytotoxic drugs. 

 

1.8.3 The subdivisions of major anticancer drugs are: 
 
1.8.3.1 Hormonal drugs 

 

 (i) Glucocorticods (Prednisolone), (ii) Estrogens (Fosfetrol, Ethinylestradiol),  (iii) Selective 

estrogen receptor modulators (Tamoxifen), (iv) Selective estrogen receptors down-regulators 

(Fulvestrant), (v). Aromatise inhibitors (Letrozole, Anastrozole), (vi) Antiandrogen 

(Flutamide), (vii) 5-α-Reductase Inhibitor (Finasteride), (viii) GuRH analogues (Nafarelin, 

Triotorelin), (ix). Progestins (Hydroxyprogesterone acetate). 

 

1.8.3.2 Targeted drugs 

 

Targeted drugs: (i) Tyrosine proteinkinase inhibitors (Imatinib, Nilotinib), (ii) EGF receptor 

inhibitor (Gefitinib, Erlotinib), (iii) Angiogenesis inhibitors (Bevacizumah), (iv) Proteasome 

inhibitor (Bortezomib), (v) Unarmed monoclonal antibody (Rituximab, Trastuzumab).  

 

1.8.3.3 Cytotoxic drugs (i) Alkylating agents, (ii) Platinum compounds (Cisplatin, 

Carboplatin, Oxaliplatin), (iii) Antimetabolites, (iv) Microtubule damaging agents 

(Vincristine, Vinblastine, Vinorelbine, Paclitaxel, Docetaxel) (v) Topoisomerase-2-
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inhibitor(etoposide) (vi) Topoisomerase-1-inhibitor (Topotican, Irinotecan), (vii) Antibiotics 

(Actimycin O, Doxorubicin, Daunorubicin, Epirubicin, Bleomycins, Mitomycin C (viii) 

Miscellaneous (Hydroxyurea, L-Asparaginase, Trietinoin, Arsenic Oxide). Figure 1.6 is the 

chemical structure of paclitaxel. 
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Figure 1.6. Paclitaxel (Taxol). 

 

 

 

1.8.4 Challenges and side effects of anticancer drugs 

 

These are challenges in supply of reagents and synthesis, wrong formulation, unsatisfactory 

patent and licensing, extreme near the beginning toxicity, unproductive methods and plan of 

management, lasting changeable toxicities and setback in implementation of clinical-trials. 

 

1.8.5 Rationale for cytotoxic drugs 

 

Cytotoxic drugs can be cell cycle nonspecific (CCNS), such as mustine, cyclophospamide, 

chlorambucil, carmustine, cisplatin and L-Asparaginase, or cell cycle specific (CCS). Studies 

on the impact of mustard gas during World War I, gave rise to the development of first 

anticancer chemical and with further development led to synthesis of the first anticancer drug, 

nitrogen mustard, approved by Food and Drug Administration (FDA) in 1949, while the 

analogues, cyclophospamide and iphosphamide, were approved by  FDA in 1959 and 1988 
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respectively. Mustard gas and nitrogen mustard chemical structures are shown in Figure 1.7 

and Figure 1.8. ustard gas and nitrogen m          Figure 1.14: Mustard gas    Figure 1.15: Nitrogen mustard 

s
CH2CH2Cl

CH2CH2Cl                                                  

CH2CH2Cl

CH2CH2Cl

NCH3

   

Figure 1.7:  Mustard gas.                        Figure 1.8: Nitrogen mustard.     

 

Between 1844 and 1845, cisplatin was first synthesized and referred to as peyrone’s chloride 

[429]. Alfred Werner deduced the structure in 1893, a portion of it which made him to win a 

nobel prize in 1913[429]. Between 1965 and 1969, Barnett Rosenberg discovered the 

anticancer activity of cisplatin (first generation), which was approved by FDA in 1978. FDA 

did approve other derivatives of cisplatin, such as carboplatin (second generation) and 

oxaliplatin (third generation) in 1989 and 1996 respectively. The side effects of cisplatin and 

its derivatives are nausea, nephrotoxicity and vomiting [430]. These side effects had led to 

considering other metals such as copper [431-433], vanadium [260] and zinc [434], as well 

as, others which have anticancer activities. Among the three major classifications of 

anticancer drugs, cytotoxic agents are opted for because of the distinct prospects experienced 

at each stage of the drug discovery and development processes [435]. 

Colorimetric assays are applied in cytotoxic studies to measure the effect of cytotoxicity and 

viability cells [436, 437].There are many colorimetric assays like MTT (3-[4-5-

dimethylthiazol-2-yl]-25-diphenyltetrazolium bromide, PI (Propidium Iodide), Alamar Blue 

Assay, LDH(Lactose Dehydrogenase) Celltiter GLO, WSTs ( Water Soluble Tetrazolium 

Salts) Sulforhodamine B.      

• MTT (3-[4-5-dimethylthiazol-2-yl]-25-diphenyltetrazolium bromide): This colorimetric 

assay is a destructive method and acts on enzymes of the mitochondria.  

• PI (Propidium Iodide): This assay is used as DNA strain for flow cytometry to assess cell 

viability and distinguishes among apoptotic, necrotic and normal cells.  

• Alamar Blue assay: This also involves mitochondrial activity and a non-destructive method 

permitting some cells on identical cells. 
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• LDH (Lactose Dehydrogenase) assay: This colorimetric assay measures only damaged cells. 

Celltiter-Glo: This is a destructive method that causes cell lysis and releases luminescence 

relative to quantity of ATP. It, therefore, requires ATP standard curve. 

• WSTs (Water Soluble Tetrazolium Salts): They are series of water soluble dyes for MTT 

Assays. WST1 is more advantageous than MTT because of their reduction outside the plasma 

cells, combination with PMS electron mediator and result of a water-soluble formazan. Other 

advantages of WST1 assays over MTT are first, direct reading, unlike MTT which requires 

solubilization step. Secondly, a more efficient signal than MTT and finally, reduce to cells. 

These advantages of WST1 assays over MTT led to the rational for these cytotoxic studies.  

• Sulforhodamine B assay: This is a sensitive assay that is stable and it promotes green 

chemistry. 

1.9. Antimicrobial agents 

Antimicrobial agents are chemical substances that possess potentials in diluted solutions to 

undergo biocidal actions (kill) or biostatic actions (inhibit growth) of microbes. 

Antimicrobials can be grouped into antibiotics, antifungal, antiparasitic, antiprotozoal and 

antiviral. The aim of antimicrobial treatment is to inhibit the growth or kill microorganisms 

and not negatively harming the host animal. Figure 1.9 shows the historical use of 

antimicrobial agents. 

1.9.1 Antibiotic treatment 

 Antibiotic treatment is only applicable to bacteria and gives a broad description of their 

spectrum of action. Bacteria can be gram-positive or gram-negative. Antibiotics of narrow 

spectrum works on either gram-positive or gram-negative bacteria, while antibacterial broad-

spectrum work on both gram- positive and gram negative bacteria. Antibiotics can be 

classified as bactericidal (killing of bacteria) or bacteriostatic (inhibition of the growth and 

replication of bacteria). Different means by which antibiotics work are by inhibiting the cell 

wall synthesis, damaging the cell wall, inhibiting the synthesis of protein, interfering with 

metabolism and impairing the nucleus acids. This had led to different classes of antibiotics, 

namely; cell wall agents (penicillin, polymyxin B), protein synthesis agents (tetracycline, 

chloramphenicol), antimetabolites (sulphonamides), nucleic acid agents (fluoroquinolone) 

and miscellaneous agents (nitrofuran, nitroimiazole, and rifampin).   
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1.9.2 Antifungal treatment 

Antifungal treatment involves the use of chemicals to treat fungi diseases. The two types of 

fungal diseases are superficial (ringworm) and systemic (blastomycosis). The diagnosis 

involves fungal media or serologic tests. Different groups of antifungal agents are polyene 

(nystatin, amphotericin B), imidazole (ketoconazole, itraconazole) and antimetabolic 

(flucytosine). 

1.9.3 Antiviral treatment 

Antiviral treatment: Viruses attack internal cells and change the host cell’s metabolism. 

Antiviral actions involve the use of antiviral drugs to protect the host cell from different viral 

penetration (interferons) or the inhibiting virus from producing DNA or RNA (Acyclovir). 

 

1.9.4 Types of antimicrobial test 

Antimicrobial tests are antimicrobial efficiency test (AFT) and antimicrobial susceptibility 

test (AST) [438] 

 

1.9.5 Antimicrobial resistance and tests for the resistance detection 

Microorganisms resist drugs and this call for tests in detecting the resistances. These tests are 

(i) Dilution methods (agar and broth), (2). Disk-diffusion method, (3). E-test, (4). Automated 

methods, (5) Mechanism-specific tests such as beta-lactamase detection test and chromogenic 

cephalosporin test and (6) Genotypic methods such as PCR and DNA hybridization methods 

1.9.6 Control of microorganisms 

Microorganisms can be controlled by asepsis, disinfection and sterilization. Figure 9 shows 

the historical events in the use of antimicrobial agents (antibiotics) from 1928-2012. 
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Figure 1.9:  Historical events of the use of antimicrobial agents (antibiotics) from 1928-

2012.(http://www.nature.com/chembio/journaL/v7/n7/full/ nchembio.590.html). 
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1.10 Problem statement 

   The treatments for of cancer and resistance micro-organisms to pharmaceutical drugs have 

There is insufficient evidence to support the effectiveness of pharmaceutical drugs with no 

drawback to treat challenges of antineoplatic resistance and multiple drug resistance. This 

research focused on the heterocyclic bidentate ligands of sulfadiazine and derivatives of 

dithiocarbamates of vanadyl and zinc ions, for the purpose of generating non-toxic, low 

molecular weight, neutral, high synthetic yield stable complexes and balanced ratio of the 

solubility of the hydrophilicity to lipophilicity as conditions for synthesizing good anticancer 

and antimicrobial agents. 

      

1.11 Hypotheses 

Oxovanadium(IV) complexes of mixed sulfadiazine and dithiocarbamates are less active, of 

the same activity or more active than zinc(II) complexes of the same mixed ligands. 

 

1.12 Aims of the research 

The research was aimed to assess the synergistic properties and potentials of 

oxovanadium(IV) and zinc(II) complexes of ligands of sulfadiazine and dithiocarbamates 

thereby, evaluating the chemotherapeutic potentials for anticancer and antibacterial 

activities. The derivatives of dithiocarbamates for this study were prepared through 

functionalization of the dithiocarbamate ligands. The dithiocarbamate ligands were 

synthesized from primary and secondary aliphatic, cyclic aliphatic and aromatic amines. The 

potentials and potencies of ligands, oxovanadium(IV) and zinc(II) complexes were evaluated 

by screening using in vitro approaches of anticancer and antimicrobial activities.  

Objectives leading to achieving the aims were: 

• to synthesize derivatives of dithiocarbamates 

• to synthesize oxovanadium(IV) and zinc(II) complexes from mixed ligands of sodium 

sulfadiazine and derivatives of dithiocarbamates 

• to characterize both ligands with physicochemical characterization techniques 

(melting point, solubility and conductivity tests) and chemical characterization 
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techniques of Elemental Analysis (EA), Fourier Transform Infra-red Spectroscopy 

(FT-IR), Ultra-Violet Visible (UV-Vis Spectroscopy), Nuclear Magnetic Resonance 

(1H and 13C NMR)   

• to characterize oxovanadium(IV) and zinc(II) complexes with physicochemical 

characterization techniques (melting point, solubility and conductivity tests) and 

chemical characterization techniques of Elemental Analysis (EA), Fourier Transform 

Infra-red Spectroscopy (FT-IR), Ultra-Violet Visible (UV-Vis Spectroscopy), Nuclear 

Magnetic Resonance (1H and 13C NMR)  

• to screen four dithiocarbamates, oxovanadium(IV) complexes and zinc(II) complexes 

for biological activities by screening with a standard drug of Emetine by carrying out 

in vitro cytotoxicity tests which entailed KMST-6 (non-cancerous cell line), HT-29 

(colon)  and W1-38 cell line (normal Human Fetal Lung Fibroblast) using 

Sulforhodamine B (SRB) assay 

• to screen oxovanadium(IV) complexes and zinc(II) complexes for anticancer activities 

with a standard drug of Parthenolide and human  cancer cell lines of TK10 (renal), 

UACC62 (melanoma) and MCF7 (breast) cancer cells using Sulforhodamine B (SRB) 

assay 

• to screen sodium sulfadiazine, dithiocarbamates and their oxovanadium(IV) 

complexes and  zinc(II) complexes for antimicrobial activities with four antibacterial 

strains of Staphylococcus aureus (MRSA252), Enterococcus faecalis (BS385), 

Escherichia coli (MC4100) and Pseudomonas aeruginosa (PA01). 

• to compare the biological activities of ligands, oxovanadium(IV) and zinc(II) 

complexes. 
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CHAPTER 2 

2. EXPERIMENTAL 

 

2.1 Experimental materials, laboratory instrumentation, syntheses and 
characterization of ligands 
 
This chapter describes the experimental materials, laboratory instrumentation, syntheses and 

characterization of ligands used for this research. These are some of the measures used to 

achieve the aims and objectives of this research. Detailed experiments for oxovanadium(IV) 

and zinc(II) complexes are described in subsequent chapters respectively. 

 

The experimental materials and laboratory instrumentation listed below with the exception of 

vanadium(IV) oxide hydrate and anhydrous zinc(II) chloride were used for the syntheses and 

characterization of ligands of dithiocarbamates. For this research, sodium sulfadiazine and 

derivatives of dithiocarbamates are the reagents referred to as mixed ligands. Sodium 

sulfadiazine was used as commercially available, but, all the derivatives of dithiocarbamates 

were synthesized. The derivatives of dithiocarbamates were obtained by the efficient process 

of functionalization [439-442]. The aim of functionalization is to explore the 

chemotherapeutic and biological potentials and potencies syntheses of these derivatives of 

dithiocarbamates in anticancer and antimicrobial studies [442].  For derivatives of 

dithiocarbamates, there are two methods of synthesis, namely, standard (traditional) methods 

and the second is a recent method known as one- pot synthesis. 

 

2.1.1 Standard (Traditional) method 
 
The standard (traditional) method is also referred to as conventional method [443-444] or 

classical method [445]. This method involves the reaction of amines with toxic and expensive 

reagents, such as, isothiocyanates, thiophosgene and chlorothioformates, and finally addition 

of thiols [443-448]. This method also entails acidic reaction, low to high temperature, long 

duration of reaction, and also leads to poor yields, which are unsafe and cause environmental 

hazards [443-448]. 
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2.1.2 One-pot synthesis 
 
The second method applies the principles of green chemistry [441, 444, 448-449]. The 

procedure used for all the syntheses of derivatives of dithiocarbamates was multicomponent 

reaction by one pot synthesis, because the synthesis is simple, convenient, facile, efficient 

and environmentally friendly [439, 443-453]. The multicomponent reaction involves 

composition of amine, carbon disulfide and a base at a temperature less than 4
o
 C. For the 

multicomponent reaction, the amines used were aliphatic, cyclic aliphatic and aromatic types 

of primary and secondary amines. The derivatives of dithiocarbamates are divided into two 

forms, which are aliphatic based dithiocarbamates and aromatic based dithiocarbamates. For 

both aliphatic and aromatic based dithiocarbamates, the syntheses involved the use of primary 

amines, cyclic primary amines, secondary amines and aromatic amines. Two types of 

inorganic bases used for this study were liquid ammonia (weak base) and sodium hydroxide 

(strong base). The inorganic bases were added to preserve the important amines [454], for the 

facile conversion of the amines to their corresponding dithiocarbamates [455] and for the best 

favourable reactions [454-455]. To promote green chemistry, green solvents such as 

deionised water were used as the reaction media [456-459]. The one-pot synthesis for this 

research followed a sequence of primary amines, cyclic primary amines, secondary amines 

and aromatic amines. This chapter focuses on the experimental materials, laboratory 

instrumentation, syntheses, characterization, results, discussion and conclusion of ligands of 

derivatives of dithiocarbamates. Characterization, results, discussion and conclusion of 

sodium sulfadiazine was also done. 

 
 
 
2.2 Experimental materials and instrumentation 

2.2.1 Experimental materials 

All the materials and chemical reagents used for this research were of analytical grade and all 

were used as received from the chemical industries without purification. 

Sulfadiazine sodium salt, Vanadium(IV) oxide hydrate  (Sigma-Aldrich, USA), P-Anisidine 

(Sigma Aldrich, Germany), Anhydrous zinc(II) chloride, Carbon disulfide, O-Toluidine 

(Associated Chemical Enterprises (Pty) Ltd, RSA), Aniline, Butyl amine, Diethyl amine, 

Hexyl amine, Methyl amine, P-Toluidine (Merck, Germany), Sodium Hydroxide (Merck, 

R.S.A.), Ammonia solution Cyclohexylamine, Ethanolamine, Ethyl amine, P-Chloro aniline 

(BDH Laboratory Reagents, England), Phenyl hydrazine ( Hopkin and Williams, Chadwell 

Health Essex, England),  N-Ethyl-M-Toluidine (Fluka Analytical/ Sigma Aldrich, U. S. A.). 
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Hydrazine hydrate 

 

2.2.2 Solvents 

Deionized water (In house), Acetone, Acetonitrile, Diethyl ether, Methanol, Toluene (Merck, 

RSA), Dimethylformamide, Dimethylsulfoxide (Merck, Germany) and Absolute Ethanol 

(Supplied by EC Labs). 

 

 

2.3 Physical measurements 

2.3.1 Melting point (MP) 

Melting point was taken with STUART melting point SMP11 and was uncorrected. For this 

research, melting point was carried out with a thermometer of a minimum of 0 oC to a 

maximum of 400 oC to determine the purity of synthesized ligands and metal complexes, as 

well as, determining the level of coordination between the ligands and synthesized 

complexes. 

 

 

2.3.2 Molar conductivity (MC) 

Molar conductivity data of both ligands and metal complexes were measured with a CRISON 

EC- Meter Basic 30+. Molar conductivities of both ligands and metal complexes of 

oxovanadium(IV) and zinc(II) in dimethylsulfoxide to determine the ionic content and their 

non-electrolytic nature, with exception of mt-DTC and el-DTC, whose molar conductivities 

were done in deionised water, due to their very strong solubility in deionised water [460-

463].The instrument was first calibrated with buffer solutions of 147 μS/ cm, 1413 μS/ cm 

and 12.88 μS/ cm before measuring the molar conductivity of the samples. 

 

2.3.3 Elemental analysis (EA) 

Elemental analyses of carbon, hydrogen, nitrogen and sulfur were determined using FLASH 

2000 Thermoscientific elemental Analyzer and EAS 1108, FISONS Instruments S. P. A. 

(Italy). Elemental analysis was carried out at Chemistry Department, University of Kwa-Zulu 

Natal, South Africa and Chemistry Department, University of Montreal, Canada. The aim of 
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using this technique was to elucidate the structures and check the purities of the synthesized 

ligands and metal complexes [464]. 

 

2.3.4 Fourier transforms infrared spectroscopy (FT-IR) 

IR spectra were recorded on a Perkin-Elmer 2000 FT-IR spectrophotometer in the range of 

370-4000 cm-1. The aims of using FT-IR for this research were to determine the presence of 

the moieties and also for observing the coordination activities between the ligands and their 

respective metal complexes. 

 

2.3.5 Ultraviolet-Visible spectroscopy (Electronic spectroscopy) 

Electronic spectra were obtained with a Perkin-Elmer Lambda 25 UV-Vis Spectrometer. 

Ultraviolet-visible spectroscopy was applied to determine the presence of the chromophores 

of the ligands and metal complexes in dimethylsulfoxide (DMSO), as well as, methanol and 

deionised water. The sample solutions were analyzed with cuvettes made of quartz with path 

length of 1 cm. Ultraviolet-visible spectroscopy provides additional information on the 

stereochemistry and the level of coordination between the ligands and metal complexes. 

2.3.6 Nuclear Magnetic Resonance (NMR) 

Nuclear magnetic resonance (NMR) data were recorded on Bruker Ultrashield 400 NMR 

spectrometer operating at frequencies of 400.1 MHz for 1H and 13C NMR at 100.6 MHz, and 

Varian UnityInova 600 NMR spectrometer operating at frequencies of 600 MHz for 1H and at 

150 MHz for 13C NMR frequency. Both were performed at University of Johannesburg, 

South Africa and University of Stellenbosch, South Africa respectively. 

 

Nuclear magnetic resonance is used as a diagnostic tool to identify the presence of moieties in 

sulfadiazine, synthesized ligands of dithiocarbamates and the coordination in the 

corresponding oxovanadium(IV) and zinc(II) complexes [464-465] . Chemical shifts were 

recorded in parts per million (ppm). The solvent used was deuterated dimethylsulfoxide 

(DMSO- d6 
1H NMR 2.49 ppm (residual signal for DMSO- d6); 3.50 ppm (residual signal for 
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water); 13C NMR; 39.50 ppm. Tetramethylsilane (TMS) is the internal standard or a reference 

standard used to calibrate before the sample solution. Tetramethylsilane is also recorded in 

ppm. 

 

2.4 Synthesis and characterization of ligands of dithiocarbamates 

2.4.1 Materials and instrumentation 

All the materials and instrumentation under Section 2.2. of this chapter were used for the 

synthesis of ligands of dithiocarbamates with the exception of sulfadiazine sodium salt 

(Sigma-Aldrich, USA), vanadium(IV) oxide hydrate (Sigma-Aldrich, USA), anhydrous 

zinc(II) chloride (Associated Chemical Enterprises (Pty) Ltd, RSA).  

 

 

2.4.2. Sodium sulfadiazine, SFZ (C10H9N4NaO2S) 

White solid. Formula Molecular weight: 272.26 g. Percentage Yield: 99%. M. P.> 300 oC, 

Molar Conductivity: 8.16 Ω-1 cm2 mol-1, Anal. Calcd. for C10H9N4O2S (%)  C: 44.12; H: 3.33; 

N: 20.58; S: 11.78.  Selected FT-IR (KBr disc), v(cm-1):  3415 (NH2)as 3299 (NH2)s 3237 

(SO2NH); 1544 (C=N); 1240 (SO2)as; 1130(SO2)s. Selected λmax in DMSO solvent (nm): 274 

(π-π* N-C=S), 319, 323, 386 (n-π* S-C=S). 1H NMR (DMSO-d6, 400Hz, ppm): δ 5.36 (NH2); 

δ 6.38-6.46 (C6H5-H); δ7.46-7.48 (N=CH); δ 8.10 (pyrimidine C4H2N2-H ring), 13C NMR 

(DMSO-d6, 100.6 MHz, ppm) δ 109.20; 111.91 (C6H5-H), δ 128.25; (N=13CH), δ 133.20 (13C-

NH2), δ 143.97 (pyrimidine13C4H2N2-H ring); δ157.29, 164.39; (13CSO2NNa). 

 

2.5. General methods for the syntheses of ligands of dithiocarbamates 
 
The general method of syntheses of ligands of dithiocarbamates was divided into two 

categories which were based on the nature of inorganic base. They are (i) ammonium salts of 

dithiocarbamates from aliphatic, cyclic aliphatic and aromatic amines and (ii) sodium salts of 

dithiocarbamates from aliphatic amines, cyclic aliphatic amines and aromatic amines. 
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2.5.1 Ammonium salts of dithiocarbamates from aliphatic, cyclic aliphatic and 
aromatic amines 
 
(i). Ammonium salts of dithiocarbamates from aliphatic amines (ammonium N-butyl 

dithiocarbamate, ammonium N-hexyl dithiocarbamate, ammonium N-ethanol 

dithiocarbamate) 

 
(ii). Ammonium salt of dithiocarbamates from cyclic aliphatic amines (ammonium N-

cyclohexyl dithiocarbamate) 

 

(iii). Ammonium salt of dithiocarbamates from aromatic amines (ammonium N-aniline 

dithiocarbamate, ammonium N-methyl-N-phenyl dithiocarbamate, ammonium N-methyl-N-

phenyl dithiocarbamate and ammonium N-para- chlorophenyl dithiocarbamate). 

 
All the ligands were prepared according to literature with some modifications [442-447, 493-

500]. 

 

 

2.5.2 Sodium salts of dithiocarbamates from aliphatic, cyclic aliphatic and aromatic 
amines 
 
(i). Sodium salts of dithiocarbamates from aliphatic amines (sodium N-methyl 

dithiocarbamate, sodium N-ethyl dithiocarbamate, sodium N-butyl dithiocarbamate, sodium 
 
N-hexyl dithiocarbamate, sodium N-diethyl dithiocarbamate, sodium hydrazine hydrate 

dithiocarbamate sodium N-ethanol dithiocarbamate). 

 

(ii). Sodium salt of dithiocarbamates from cyclic aliphatic amines (sodium N-cyclohexyl 

dithiocarbamate). 

 
(iii). Sodium salt of dithiocarbamates from aromatic amines (sodium phenyl hydrazine 

dithiocarbamate, sodium N-aniline dithiocarbamate, sodium N-ortho-toluidine 

dithiocarbamate, sodium N-methyl-N-phenyl dithiocarbamate, sodium N-ethyl-N-phenyl 

dithiocarbamate, sodium N-para-chlorophenyl dithiocarbamate, sodium N-para-anisidine 

dithiocarbamate, sodium N-para-toluidine dithiocarbamate, sodium N-ethyl-meta-toluidine 

dithiocarbamate, sodium N-para-chlorophenyl dithiocarbamate). 
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2.5.3 Ammonium salts of dithiocarbamates from aliphatic amines 
 

2.5.3.1 Synthesis of ammonium N-butyl dithiocarbamate (bu-DTC) 
 

N-butyl aniline (4.94 mL, 0.1 mol), conc. aqueous ammonia (30.00 mL, 0.1 mol) and carbon 

disulphide (6.00 mL, 0.1 mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h. A white solid was obtained. Molecular weight: 166.30 g. 

Percentage Yield: 52%. M. P. 70 oC. Molar Conductivity: 3.99 Ω-1 cm2 mol-1. Anal. Calcd for 

bu-DTC (%)  C: 36.11; H: 8.49; N: 16.85; S: 36.56.  Found (%) C: 35.81; H: 10.75; N: 15.27; 

S: 41.80. Selected FT-IR (KBr disc), v (cm-1): 1509 (C-N), 1042 (C=S). Selected λmax in 

DMSO solvent (nm): π-π*(N-C=S) 302, n-π*(S-C=S) 324. 1H NMR (DMSO-d6, 400.1 MHz, 

ppm): δ 1.00-1.04 (m –CH3- C4H9) δ 2.78-2.81; (α -CH2- C4H9), δ 3.20-3.40 (s C2HN); δ 

6.90, 7.60-7.90 (N-H). 13C NMR (DMSO-d6, 100.6 MHz, ppm) δ 13.55-18.86 (–CH3 C4H9) δ 

29.07-31.03; 47 (-β CH2) δ 44.03; (α -CH2- C4H9), δ 56.10 (NH2C); δ 204.00, 214.00 (NCS2).  

NH2 + CS2 + (l)
NH3  < 4

o
C

H
N    C

S

(s)

C4H9

(l)(l)

S    NH4

C4H9

 

Scheme 2.1. Synthesis of ammonium N-butyl dithiocarbamate (bu-DTC). 

 

2.5.3.2 Synthesis of ammonium N-hexyl dithiocarbamate (he-DTC) 

  

N-hexyl aniline (12.98 mL, 0.1mol), conc. aqueous ammonia (30.00 mL, 0.1 mol) and carbon 

disulphide (6.00 mL, 0.1 mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. A white solid was obtained. 

Molecular weight: 194.35 g. Percentage Yield: 65%. M. P. 52-54 oC, Molar Conductivity: 

2.63 Ω-1 cm2 mol-1. Anal. Calcd for he-DTC (%)  C: 43.71; H: 8.38; N: 14.56; S: 33.34.  

Found (%) C: 45.25; H: 10.49; N: 11.58; S: 29.38. Selected FT-IR (KBr disc), v (cm-1): 1467 

(C-N), 996 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 297, n-π*(S-C=S) 324. 

1H NMR (DMSO-d6, 400 MHz, ppm) δ 0.84-0.87 (–CH3); δ 1.28-1.44; (β-CH2) δ 2.98; (α -

CH2), δ 3.29-3.33 (C2H-N); δ 6.86-7.53 (N-H). 
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NH2 + CS2 + (l)
NH3  < 4

o
C

H
N    C

S

(s)

C6H13

(l)

  

(s)

S    NH4

 13C6H

 

Scheme 2.2. Synthesis of ammonium N-hexyl dithiocarbamate (he-DTC). 

 

2.5.3.3 Synthesis of ammonium N-Ethanol Dithiocarbamate (eh-DTC) 
 

Ethanolamine (3.02 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and conc. aqueous 

ammonia (30.00 mL, 0.1mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. Yellow solid precipitates 

were obtained. Molecular weight 155.25 g. Percentage Yield: 71%. M. P. 72 oC, Molar 

Conductivity: 2.95 Ω-1 cm2 mol-1.  Anal. Calcd for eh-DTC (%)  C: 23.21; H: 7.14; N: 18.04; 

S: 41.30; N: 18.04. Found (%) C: 30.72; H: 5.66; N: 13.89; S: 29.01. Selected FT- IR (KBr 

disc), v (cm-1): 1463 (C-N), 997 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 

299, n-π*(S-C=S) 319. 1H NMR (DMSO-d6, 600 MHz, ppm): δ 0.84-0.89; 1.25-1.28; (-CH3) 

δ 2.75-2.91; (α -CH2-), δ 3.28-4.28 (C2HN); δ 6.18-6.75; 7.45-7.72; 8.00 (N-H); δ 9.95 (OH). 

13C NMR (DMSO-d6, 150 MHz, ppm) δ 29.46; 34.62 (–CH3) δ 41.45, 42.84 (-γ CH2) δ 51.47-

64.17 (NH2C); δ 157.82-159.59 (CH2-OH); δ 173.81 (NCS2). 

 

 HOH5C2 
NH2 (l)  + CS2 +

(l)
NH3 (l)

< 4
o
C

H

N

5C2HOH

C

S

S  NH4
+
(s)  

Scheme 2.3. Synthesis of ammonium N-ethanol dithiocarbamate (eh-DTC). 

 

2.5.3.4 Synthesis of ammonium N-Ethanol Dithiocarbamate (eh-DTC) 
 

Cyclohexylamine (11.47 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and conc. 

aqueous ammonia (30.00 mL, 0.1 mol) were used as starting materials. The reaction mixture 

was magnetically stirred for 3 h in an ice bath at ambient temperature. Pinkish-white solid 

precipitates were obtained. Molecular weight 192.34 g. Percentage Yield: 96%. M. P. 80 oC, 

Molar Conductivity: 3.74 Ω-1 cm2 mol-1. Anal. Calcd for cy-DTC (%)  C: 43.71; H: 8.38; N: 

14.56; S: 33.34. Found (%) C: 51.34; H: 8.39; N: 9.38; S: 20.57. Selected IR (KBr), v (cm-1): 

1486 (C-N), 1003 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 305, n-π*(S-
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C=S) 339-351. 1H NMR (DMSO-d6, 600 MHz, ppm): δ 1.10-1.25, 1.66-1.91  (α -CH2-), δ 

4.04-4.23 (C2HN); δ 7.15-7.18 (-C6H11) δ 7.93-7.96; 9.60-9.63 (N-H); 13C NMR (DMSO-d6, 

150 MHz, ppm) δ  23.82-25.32, 30.40-39.52 (α -CH2) δ 49.43-54.72 (NH2C); δ 157.82-

159.59 (CH2-OH); δ 200.73, 212.08 (NCS2). 

N

S

S NH4
+ 

-+ CS2 NH3(l)

NH2
CH

+ <4oC

(l) (s)
(l)

 

Scheme 2.4. Synthesis of ammonium N-cyclohexyl dithiocarbamate (cy-DTC). 

 

 

2.5.3.5 Synthesis of ammonium N-aniline dithiocarbamate (an-DTC) 
 

Aniline (9.11 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and conc. aqueous 

ammonia (30.00 mL, 0.1 mol) were used as starting materials. Whitish yellow solid 

precipitates were obtained. Molecular weight: 186.29 g. Percentage Yield: 92%. M. P. 34-36 

oC, Molar Conductivity: 1.02 Ω-1 cm2 mol-1; Anal. Calcd for an-DTC (%)  C: 45.13; H: 5.41; 

N: 15.04; S: 34.42.  Found (%) C: 45.32; H: 5.72; N: 14.94; S: 36.28. Selected IR (KBr), v 

(cm-1): 1452 (C-N), 1023 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 318, n-

π*(S-C=S) 323. 1H NMR (DMSO-d6, 400Hz, ppm):  δ 3.20-3.40 (HC-N); 6.44-7.54 (Ar-1H); 

δ7.82-7.85; 7.92-7.93; 10.13; 11.15 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 38.87-

40.12 (NHC); δ 113.90-148.55 (C6H5-H); δ 194.00; 201.77, 218.00 (NCS2). 

N

S

S NH4
+ 

-

NH2 CH

+ CS2 NH3 (l)+ <4
o
C

(l)

(l)
(s)  

Scheme 2.5. Synthesis of ammonium N-aniline dithiocarbamate (an-DTC). 

 

 

2.5.3.6 Synthesis of ammonium of N-methyl-N-phenyl dithiocarbamate (me-DTC) 
 

N-methyl aniline (10.82 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and conc. 

aqueous ammonia (30.00 mL, 0.1 mol) were used as starting materials. Yellow solid 

precipitates were obtained. Molecular weight: 200.32 g. Percentage Yield: 86%. M. P. 79-80 
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oC Molar Conductivity: 1.98 Ω-1 cm2 mol-1. Anal. Calcd for me-DTC (%)  C: 47.97; H: 6.04; 

N: 13.98; S: 32.01.  Found (%)  C: 44.68; H: 5.91; N: 14.89; S: 7.56. Selected FT-IR (KBr), v 

(cm-1): 1496 (C-N), 1042 (C=S). Selected λmax in DMSO solvent (nm): (N-C=S) 317, (S-C=S) 

323. 1H NMR (DMSO-d6, 400Hz, ppm):  δ 2.25 δ(-CH3); 5.42 (H2C-N); δ6.35-6.38;(Ar-1H); 

6.90-7.15 (N-H) 13C NMR (DMSO-d6, 100.6 MHz, ppm) δ 29.70 (–CH3) δ 38.87-40.13 

(NHC); δ 111.60-128.81 (C6H5-H); δ 149.87 (NCS2). 

 

N H + CS2 +(l) NH3 (l)
< 4

o
C

N

S

S    NH4
(s)

H3C H3C

(l) C

 

Scheme 2.6. Synthesis of ammonium N-methyl-N-phenyl dithiocarbamate (me-DTC). 

 

2.5.3.7 Synthesis of ammonium N-ethyl-N-phenyl dithiocarbamate (et-DTC) 

 
 
N-Ethyl aniline (12.623 mL, 0.1 mol), conc. aqueous ammonia (30.00 mL, 0.1 mol) and 

carbon disulphide (6.00 mL, 0.1 mol) were used as starting materials. A yellowish –white 

solid was obtained. Molecular weight: 214.34 g. Percentage Yield: 57%. M. P. 64-66 oC. 

Molar Conductivity: 1.40 Ω-1 cm2 mol-1. Anal. Calcd for et-DTC (%)  C: 50.43; H: 6.58; N: 

13.07; S: 29.91.  Found (%) C: 46.71; H: 7.84; N: 12.48; S: 17.43. Selected FT-IR (KBr), v 

(cm-1): 1488 (C-N), 1023 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 298, n-

π*(S-C=S) 332. 1H NMR (DMSO-d6, 400Hz, ppm):  δ 1.15-1.51; δ(-CH3); δ2.96-3.34(α H2C); 

5.42 (H2C-N); δ 6.47-6.53;(Ar-1H); 6.84; 7.02-7.06 (N-H). 13C NMR (DMSO-d6, 100.6 MHz, 

ppm) δ 14.37 (–CH3) δ 38.87-40.13 (NHC); δ 111.90-148.94 (C6H5-H); δ 192.68 (NCS2). 

N H + CS2 +(l) NH3 (l)
< 4

o
C

N

S

S    NH4
(s)

H3C H3C
H2C H2C

(l) C

 

Scheme 2.7. Synthesis of ammonium N-ethyl-N-phenyl dithiocarbamate (et-DTC). 
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2.5.3.8 Synthesis of ammonium N-para- Chlorophenyl dithiocarbamate (cl-DTC) 

 
N-P- Chlorophenyl dithiocarbamate (3.02 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) 

and conc. aqueous ammonia (30.00 mL, 0.1mol) were used as starting materials. Yellow solid 

precipitates were obtained. Molecular weight: 220.73 g. Percentage Yield: 91%. M. P. 120-121 

o
C. Molar Conductivity: 0.55 Ω

-1
 cm

2
 mol

-1
. Anal. Calcd for cl-DTC (%) C: 38.09; H: 4.11; N: 

12.69; S: 29.05; Cl: 16.06; Found (%) C: 56.48; H: 5.51; N: 10.87; S: 0.11. Selected FT-IR 

(KBr), v (cm
-1

): 1467 (C-N), 986 (C=S). Selected λmax in DMSO solvent (nm): π-π
*
 (N-C=S) 

318, n-π
*
 (S-C=S) 323; 356. 

1
H NMR (DMSO-d6, 400Hz, ppm): δ 5.19-5.96 (H2C-N); δ 6.34-

7.21(Ar-
1
H); 6.84; 7.02-7.06 (N-H). 

13
C NMR (DMSO-d6, 100.6 MHz, ppm) δ 38.87-40.13 

(NHC); δ 115.22-147.55 (C6H5-H); δ 179.27; 181.12; 202.29 (NCS2). 

 
 

 

N

S

S NH4
+ 

-

CHNH

Cl Cl

CS2 +(l) NH3(l)
< 4

o
C

+

H

(s )
(s )

 

Scheme 2.8. Synthesis of ammonium N-para-N-chlorophenyl dithiocarbamate (cl-DTC). 

 

 

 

2.5.4. Sodium salts of dithiocarbamates from aliphatic amines 
 

2.5.4.1 Synthesis of sodium methyl dithiocarbamate (mt-DTC) 

In an Erlenmeyer flask (250 mL), methyl amine (4.37 mL, 0.1 mol) and carbon disulphide 

(6.00 mL, 0. 1 mol) were stirred for 30 min at a temperature of less than 4oC, after which 

sodium hydroxide in a small amount of water (4 g, 0.1mol) was added dropwise to the 

mixture. The reaction was stirred for 3 h, while the temperature was maintained at less 4 oC. 

Whitish coloured crystals were formed. These were washed with diethyl ether solvent and the 

colour of the desired white crystals was still retained. Formula Molecular weight: 129.17 g. 

Percentage Yield: 88%. M. P. 56 oC.  Molar Conductivity: 1.62 Ω-1 cm2 mol-1. Anal. Calcd 

for  mt-DTC (%)  C: 18.60; H: 3.12; N: 10.84; S: 49.64. Found (%) C: 4.57; H: 6.37; N: 0.00; 

S: 0.00. Selected FT-IR (Nujol), v (cm-1): 1461 (C-N), 1016 (C=S). Selected λmax in DMSO 
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solvent (nm): (N-C=S) 265, (S-C=S) 315. 1H NMR (DMSO-d6, 400Hz, ppm): δ 2.32-2.49; 

2.61(–CH3); δ 3.53-3.55 (s CHN). 

 

 

 CH3 NH2(l)  + CS2 +
(l)

NaOH(aq)
< 4

o
C

H

N

3CH

C

S

S Na

+ H2O     
(l)

(s)  

Scheme 2.9. Synthesis of sodium methyl dithiocarbamate (mt-DTC). 

 

2.5.4.2 Synthesis of sodium ethyl dithiocarbamate (el-DTC) 

 

Ethyl amine (6.54 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium hydroxide 

(4.0 g, 0.1mol) were used as starting materials. The reaction mixture was magnetically stirred 

for 3 h in an ice bath at ambient temperature. White solid crystals were obtained. Molecular 

weight: 143.20 g. Percentage Yield: 97%. M. P. 80 oC. Conductivity: 0.55 Ω-1 cm2 mol-1. 

Anal. Calcd for el-DTC (%)  C: 25.16; H: 4.22; N: 9.78; S: 44.78. Found (%) C: 4.42; H: 

0.62; N: 0.00; S: 0.00. Selected FT-IR (Nujol), v (cm-1): 1463 (C-N), 1013 (C=S). Selected 

λmax in DMSO solvent (nm): (N-C=S) 240, (S-C=S) 332. 1H NMR (DMSO-d6, 400Hz, ppm): 

δ 1.00 (-CH3) δ 3.30 (α -CH2), δ 3.61 (C2HN). 

 H5C2 
NH2 (l)  + CS2 +(l) NaOH(aq)

< 4
o
C

H

N

5C2H

C

S

SNa

+ H2O  (l)

(s)  

Scheme 2.10. Synthesis of sodium ethyl dithiocarbamate (el-DTC). 

 

2.5.4.3 Synthesis of sodium N-Butyl Dithiocarbamate (bt-DTC) 
 

Butyl amine (9.88 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium hydroxide 

(4.0 g, 0.1 mol) were used as starting materials. The reaction mixture was magnetically stirred 

for 3 h in an ice bath at ambient temperature. Yellow liquid was obtained. Molecular weight: 

171.25 g. Percentage Yield: 94%. M. P. 56-58 oC. Molar Conductivity: 2.40 Ω-1 cm2 mol-1 

Anal. Calcd for bt-DTC (%)  C: 35.07; H: 5.89; N: 8.18; S: 37.44. Found (%) C: 19.01; H: 
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5.03; N: 4.25; S: 19.53. Selected FT-IR (KBr), v (cm-1): 1464 (C-N), 1049 (C=S). Selected 

λmax in DMSO solvent (nm): (N-C=S) 252, (S-C=S) 306. 1H NMR (DMSO-d6, 400Hz, ppm): 

δ = 0.83-0.89; 0.90-1.53(–CH3) δ 2.78-2.81; (α -CH2- C4H9), δ 3.54-3.67 (C2HN). 13C NMR 

(DMSO-d6, 150 MHz, ppm) δ 13.15-13.93 (–CH3) δ 19.25-19.86 (-γ CH2) δ 30.38-31.24; (β -

CH2- C4H9), 40.20 (α -CH2- C4H9), δ 44.30; 46.27 (NH2C); δ 202.05, 214.28 (NCS2). 

 

 H9 C4NH2 (l)  + CS2 +(l) NaOH(aq)
< 4

o
C

H

N

C4H9

C

S

SNa

+ H2O  (l)

(s)  

Scheme 2.11. Synthesis of sodium butyl dithiocarbamate (bt-DTC). 

 

2.5.4.4 Synthesis of sodium N-Hexyl Dithiocarbamate (hx-DTC) 
 

Hexyl amine (6.0708 mL, 0.05 mol), carbon disulphide (3.00 mL, 0. 05 mol) and sodium 

hydroxide (2.0 g, 0.05 mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. White solid precipitates 

were obtained. Molecular weight: 199.30 g. Percentage Yield: 90%. M. P. 142 oC. 

Conductivity: 1.39 Ω-1 cm2 mol-1.  Anal. Calcd for hx-DTC (%)  C: 42.19; H: 7.03; N: 7.03; 

S: 32.17. Found (%) C: 9.84; H: 9.84; N: 1.50; S: 11.96. Selected FT-IR (Nujol), v (cm-1): 

1459 (C-N), 959 (C=S). Selected λmax in DMSO solvent (nm): (N-C=S) 219, (S-C=S) 318. 1H 

NMR (DMSO-d6, 400Hz, ppm): δ 0.82-0.85 (–CH3); 1.20-1.26 (γ -CH2), 1.41-1.42 (β -CH2), 

δ 3.15; (α -CH2), δ 3.60-3.62 (C2HN). ). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 14.19-14.29; 

18.70 (–CH3) δ 22.39, 22.40 (-γ CH2) δ 26.36-26.57; (β -CH2- C4H9), 28.42-28.57 (α -CH2- 

C4H9), δ 31.19-31.43 (NH2C); δ 202.0, 214.04 (NCS2). 

 

NH + CS2 + (l)
NaOH  < 4

o
C

H
N    C

S

SNa

+ H2O(l)

 

             (s)

C6H13

(aq)
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Scheme 2.12. Synthesis of sodium hexyl dithiocarbamate (hx-DTC). 
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2.5.4.5 Synthesis of sodium N-Diethyl Dithiocarbamate (de-DTC) 

 

Diethyl amine (9.88 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. Pinkish white crystals were 

obtained. Molecular weight: 171.25 g. Percentage Yield: 98%. M. P. 90-92 oC. Molar 

Conductivity: 5.05 Ω-1 cm2 mol-1.  Anal. Calcd. for de-DTC (%)  C: 35.07; H: 5.89; N: 8.18; 

S: 37.44   Found (%) C: 26.69; H: 7.27; N: 6.16; S: 23.16. Selected FT-IR (KBr), v (cm-1): 

1475 (C-N), 993 (C=S). Selected λmax in DMSO solvent (nm): (N-C=S) 314, (S-C=S) 323. 1H 

NMR (DMSO-d6, 600 MHz, ppm): δ 1.07-1.09 (–CH3); δ 3.95-3.98 (C2HN). ). 13C NMR 

(DMSO-d6, 150 MHz, ppm) δ 12.61 (–CH3) 46.30 (α -CH2), δ 38.86-40.10 (NH2C); δ 211.86 

(NCS2). 

 

 
   

NH (l)  + CS2 +
(l)

NaOH(aq)
< 4

o
C

N

5C2

C

S

SNa

+ H2O  
(l)

(s)
H5C2

H5C2

H5C2

H   

Scheme 2.13 a. Synthesis of sodium diethyl dithiocarbamate (de-DTC). 

 

2.5.4.6 Sodium salt of (already prepared) N, N- diethyl dithiocarbamate (de*-DTC) 
 

Molecular weight: 177.25 g. Percentage Yield: 99%. M. P. 60 oC. Molar Conductivity: 2.15 

Ω-1 cm2 mol-1. Anal. Calcd for de*-DTC (%)  C: 35.07; H: 5.89; N: 8.18; S: 37.44.  Found 

(%) C: 27.01; H: 8.34; N: 6.25; S: 29.34. Selected FT-IR (KBr), v (cm-1): 1476 (C-N), 986 

(C=S). Selected λmax in DMSO solvent (nm): (N-C=S) 219, (S-C=S) 303. 1H NMR (DMSO-

d6, 400Hz, ppm): 1H NMR (DMSO-d6, 400 MHz, ppm): δ 1.05-1.08 (–CH3); δ 4.00 (s 

C2HN). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 12.50 (–CH3) 46.33 (α -CH2), δ 38.86-40.13 

(NH2C); δ 211.78 (NCS2). 

 

 
   

NH (l)  + CS2 +
(l)

NaOH(aq)
< 4

o
C

N
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C
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Scheme 2.13 b. Sodium diethyl dithiocarbamate (*de-DTC). 
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2.5.4.7 Synthesis of sodium hydrazine hydrate dithiocarbamate (hh-DTC) 
 

Hydrazine hydrate (4.86 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. Molecular weight: 130.16 g. 

Percentage Yield: 87%. M. P. 42-44 oC. Molar Conductivity: 1.03 Ω-1 cm2 mol-1.  Anal. 

Calcd. for hh-DTC (%) C: 9.23; H: 2.32; N: 21.52; S: 49.26. Found (%) C: 6.53; H: 4.69; N: 

2.17; S: 28.41. Selected FT-IR (KBr), v (cm-1): 1462 (C-N), 1039 (C=S). Selected λmax in 

DMSO solvent (nm): (N-C=S) 240, (S-C=S) 310. 1H NMR (DMSO-d6, 600MHz, ppm):  δ 

3.40; 4.40-4.54 (C2HN); δ 8.68 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 40.43 (NH2C); 

δ 181.48 (NCS2). 

N
H

NH2.        + CS2 +(l) NaOH(aq)   
< 4

o
C

H

N N    C

S

SNa

+ H2 O  (l)

(s)

HH H

     2
H2 O 

       
 (l)

 

Scheme 2.14. Syntheses of sodium hydrazine hydrate dithiocarbamate (hh-DTC). 

 

2.5.4.8 Synthesis of sodium N-ethanol dithiocarbamate (ea-DTC) 
 

Ethanolamine (6.05 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1 mol) were used as starting materials. Yellow liquid was obtained. 

Molecular weight: 160.20 g. Percentage Yield: 82%. M. P. 50 oC. Molar Conductivity: 0.35 

Ω-1 cm2 mol-1. Anal. Calcd for ea-DTC (%)  C: 22.49; H: 4.40; N: 8.74; S: 40.02. Found (%) 

C: 14.15; H: 5.39; N: 3.90; S: 18.50. Selected FT-IR (KBr), v (cm-1): 1459 (C-N), 974 (C=S). 

Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 239, n-π*(S-C=S) 312. 1H NMR 

(DMSO-d6, 400Hz, ppm): δ 1.02-1.05 (–CH3); δ 2.00-3.43; (α -CH2), δ 4.25-4.80 (C2HN); δ 

8.00 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 18.62 (–CH3) δ 29.56; 33.12; 33.14; 

38.20; 38.98(-γ CH2) δ 42.95-69.89 (NH2C); δ 122.13, 158.19, 158.29 (CH2-OH); δ 188.69, 

198.26 (NCS2). 

 HOH5C2 
NH2 (l)  + CS2 +

(l)
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o
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Scheme 2.15. Synthesis of sodium ethanol dithiocarbamate (ea-DTC). 
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2.5.5. Sodium Salt of Dithiocarbamates from Cyclic Aliphatic Amines 
 
2.5.5.1 Synthesis of sodium N-cyclohexyl dithiocarbamate (cc-DTC) 

 

Cyclohexyl amine (11.47 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. White solid precipitates 

were obtained. Molecular weight: 197.29 g. Percentage Yield: 99%. M. P. 188-190 oC. Molar 

Conductivity: 3.43 Ω-1 cm2 mol-1. Anal. Calcd.for cc-DTC(%)  C: 42.62; H: 6.13; N: 7.10; S: 

32.50. Found (%) C: 19.47; H: 6.32; N: 3.17; S: 18.87. Selected FT-IR (KBr), v (cm-1): 1462 

(C-N), 985 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 220, n-π*(S-C=S) 336. 

1H NMR (DMSO-d6, 600Hz, ppm): δ 3.34-3.54; 4.03-4.13 (C2HN); δ 0.69-1.83(Cyclic 

hexyl); δ 7.76-7.78; 9.62 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 25.05-25.43, 32.05 

(α -CH2) δ 54.27 (NH2C); 212.94 (NCS2). 

 NH (l)  + CS2 +(l) NaOH(aq)
< 4

o
C

H

N
H   

C

S

SNa

+ H2O  (l)

(s)  

Scheme 2.16. Synthesis of sodium cyclohexyl dithiocarbamate (cc-DTC). 

 

 

2.5.6. Sodium Salt of Dithiocarbamates from Aromatic Amines 
 

2.5.6.1 Synthesis of sodium aniline dithiocarbamate (ai -DTC) 

 

Aniline (9.11 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium hydroxide (4.0 

g, 0.1 mol) were used as starting materials. The reaction mixture was magnetically stirred for 

3 h in an ice bath at ambient temperature. Whitish yellow crystals were obtained. Molecular 

weight: 191.24 g. Percentage Yield: 90%. M. P. 72 oC. Molar Conductivity: 1.09 Ω-1 cm2 

mol-1. Anal. Calcd for ai-DTC (%)  C: 43.96; H: 3.16; N: 7.32; S: 33.53; Na: 12.02.  Found 

(%) C: 64.31; H: 4.85; N: 11.98; S: 13.19. Selected FT-IR (KBr), v (cm-1): 1460 (C-N), 1008 

(C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 246, n-π*(S-C=S) 317. 1H NMR 

(DMSO-d6, 400Hz, ppm) δ 3.33-3.47 (CH-N); δ 6.87-7.16; 7.17-7.19 (Ar-H); δ 7.83-7.85; 

10.03-10.09 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 121.80-122.07; 127.47-128.23; 

142.47 (C6H5-H); δ 215.94 (NCS2). 
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N

H
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Scheme 2.17.   Synthesis of sodium aniline dithiocarbamate (ai-DTC). 

 

2.5.6.2 Synthesis of sodium phenyl hydrazine dithiocarbamate (hy-DTC) 

 

Phenyl hydrazine (9.83 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. Reddish-black solid 

precipitates were obtained. Molecular weight: 206.26 g. Percentage Yield: 93%. M. P. 36-38 

oC. Molar Conductivity: 2.98 Ω-1 cm2 mol-1. Anal. Calcd for hy-DTC (%)  C: 40.76; H: 3.42; 

N: 13.58; S: 31.09. Found (%) C: 27.32; H: 3.42; N: 15.04; S: 34.42. Selected FT-IR (KBr), v 

(cm-1): 1426 (C-N), 1025 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 225, n-

π*(S-C=S) 318. 1H NMR (DMSO-d6, 400Hz, ppm) δ 7.33-7.36 (C2H-N); δ 7.42-7.46; 7.65-

7.67 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 127.30-128.76, 139.45 (C6H5-H); δ 

178.44, 184.58 (NCS2). 
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H
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Scheme 2.18.  Synthesis of sodium phenyl hydrazine dithiocarbamate (hy-DTC). 

 

 

 

2.5.6.3 Synthesis of sodium ortho-toluidine dithiocarbamate (to-DTC) 

 

O-Toluidine (10.72 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1 mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. White solid precipitates 

were obtained. Molecular weight: 205.27 g. Percentage Yield: 82%. M. P. 56-58 oC Molar 

Conductivity: 0.47 Ω-1 cm2 mol-1. Anal. Calcd for to-DTC (%)  C: 46.81; H: 3.93; N: 6.82; S: 
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31.24. Found (%) C: 71.00; H: 6.93; N: 11.42; S: 8.51. Selected FT-IR (KBr), v (cm-1): 1496 

(C-N), 1006 (C=S). Selected λmax in DMSO solvent (nm): (N-C=S) 245-259, (S-C=S) 304. 1H 

NMR (DMSO-d6, 600Hz, ppm): 2.04; 2.25; 2.50-2.51; 3.31 (–CH3); δ 3.31; 3.44; 4.74 (CH-

N); δ 6.45-7.16; δ 7.17-7.27; 9.14 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 113.94-

146.49 (C6H5-H) δ 181.17 (NCS2). 

N

S

S Na+ 
-CH

CH3

NH

CH3

H

CS2 +(l)
NaOH(aq)

< 4
o
C

+ +
H2O  (l)

(l) (s)  

Scheme 2.19.  Synthesis of sodium ortho toluidine dithiocarbamate (to-DTC). 

 

2.5.6.4 Synthesis of sodium N-methyl-N-phenyl dithiocarbamate (ml-DTC)  

N-Methyl-N-Phenyl (10.82 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1 mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. White precipitates were 

obtained. Molecular weight: 205.27 g. Percentage Yield: 90%. M. P. 150oC. Molar 

Conductivity: 1.86 Ω-1 cm2 mol-1. Anal. Calcd. for ml-DTC (%)  C: 46.81; H: 3.93; N: 6.82; 

S: 31.24.  Found (%) C: 35.43; H: 3.83; N: 5.12; S: 18.08. Selected FT-IR (KBr), v (cm-1): 

1469 (C-N), 1038 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 233, n-π*(S-

C=S) 260-285. 1H NMR (DMSO-d6, 400Hz, ppm) 1.03-1.05; 2.50-2.65 (–CH3); δ 3.72-3.73; 

3.93; (α -CH2), δ 3.14; -3.39-3.45 (CH-N); δ 6.51-6.52 (Ar-H); δ 6.85-6.91; 7.06-7.27; 7.49-

7.59; 8.00 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 45.84 (NHC); δ 111.63-130.02, 

150.67 (C6H5-H) δ 215.94 (NCS2). 
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Scheme 2.20.  Synthesis of sodium N-methyl-N-phenyl dithiocarbamate (ml-DTC). 
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2.5.6.5 Synthesis of sodium N-ethyl-N-phenyl dithiocarbamate (ey-DTC) 
 

N-Ethyl-N-Phenyl dithiocarbamate (12.58 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 

mol) and sodium hydroxide (4.0 g, 0.1mol) were used as starting materials. The reaction 

mixture was magnetically stirred for 3 h in an ice bath at ambient temperature. Pinkish-white 

solid precipitates were obtained. Molecular weight: 219.29 g. Percentage Yield: 85%. M. P. 

70-72 oC. Molar Conductivity: 8.10 Ω-1 cm2 mol-1.  Anal. Calcd. for ey-DTC (%)  C: 49.29; 

H: 4.60; N: 6.39; S: 29.24.  Found (%) C: 66.17; H: 5.99; N: 9.92; S: 6.86. Selected FT-IR 

(KBr), v (cm-1): 1462 (C-N), 1002 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 

238, n-π*(S-C=S) 315. 1H NMR (DMSO-d6, 400Hz, ppm): 1.14-1.16 (–CH3); δ 2.50-2.63; (α 

-CH2), δ 3.54-3.60, 4.28 (C2H-N); δ 7.18-7.20 (Ar-H); δ 7.24-7.27 (N-H). 13C NMR (DMSO-

d6, 150 MHz, ppm) δ 55.20 (NH2C); δ 113.40,-125.5, 132.72, 137.48 (C6H5-H); δ 140.57 

(NCS2). 
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Scheme 2.21.  Synthesis of sodium N-ethyl-N-phenyl dithiocarbamate (ey-DTC). 

 

 

 

2.5.6.6 Synthesis of sodium N-p-toluidine dithiocarbamate (tl-DTC) 
 

N-p-Toluidine (10.72 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. White solid precipitates 

were obtained. Molecular weight: 205.27 g. Percentage Yield: 84%. M. P. 62-64 oC. Molar 

Conductivity: 3.17 Ω-1 cm2 mol-1. Anal. Calcd for tl-DTC (%)  C: 46.81; H: 3.93; N: 6.82; S: 

31.24. Found (%) C: 40.55; H: 5.04; N: 6.08; S: 20.91. Selected FT-IR (KBr), v (cm-1): 1474 

(C-N), 1005 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 218, n-π*(S-C=S) 

322. 1H NMR (DMSO-d6, 400Hz, ppm):  1.02-1.07 (–CH3); δ 6.45-6.47 (Ar-H); δ 6.80-7.11, 

7.38-7.40; 7.71-7.73. 10.28 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ (–CH3) 24.12 (α -

CH2); δ 54.27 (NH2C); δ 126.02-128.77; 137.48 (C6H5-H); δ 140.57 (NCS2). 
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CHNH

CH3 CH3
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Scheme 2.22.  Synthesis of sodium N-para-toluidine Dithiocarbamate (tl-DTC). 

 

2.5.6.7 Synthesis of sodium N-para-chlorophenyl dithiocarbamate (ch-DTC) 
 

N-p-chlorophenyl (8.92 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. White solid precipitates 

were obtained. Molecular weight: 225.69 g. Percentage Yield: 97%. M. P. 66-68 oC. Molar 

Conductivity: 0.58 Ω-1 cm2 mol- . Anal. Calcd for ch-DTC (%)  C: 37.25; H: 2.23; N: 6.21; S: 

28.41. Found (%) C: 55.98; H: 4.89; N: 10.93; S: 0.00. Selected FT-IR (KBr), v (cm-1): 1465 

(C-N), 994 (C=S). Selected λmaxin DMSO solvent (nm): π-π*(N-C=S) 249, n-π*(S-C=S) 301. 

1H NMR (DMSO-d6, 400Hz, ppm): δ 3.30, 5.20 (CH-N); δ 6.53-6.56 (Ar-H); δ 6.98-7.04 (N-

H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ = δ 115.17-128.49 (C6H5-H); δ 147.68 (NCS2). 

N

S

S Na+ 
-

CH
NH

C l

Cl

CS2 +(l) NaOH(aq)

< 4
o
C

+

H

+ H2O  
(l)

(s)

(s)  

Scheme 2.23.  Synthesis of sodium N-para-chlorophenyl dithiocarbamate (ch-DTC). 

 

 

2.5.6.8 Sodium N-p-Anisidine Dithiocarbamate (as-DTC) 
 

N-p-Anisidine (11.51 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1 mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. Grey precipitates were 

obtained. Molecular weight: 221.27 g. Percentage Yield: 91%. M. P. 90-92 oC. Molar 

Conductivity: 3. 13 Ω-1 cm2 mol-1. Anal. Calcd for as-DTC (%)  C: 43.43; H: 3.64; N: 6.33; S: 

28.98. Found (%) C: 53.50; H: 5.10; N: 8.24; S: 12.61. Selected FT-IR (KBr), v (cm-1): 1466 
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(C-N), 1031 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 248, n-π*(S-C=S) 

315. 1H NMR (DMSO-d6, 600Hz, ppm): δ 2.50 (–CH3); δ 3.36, 3.73 (CH-N); δ 6.45-6.47 

(Ar-H); δ 7.36-7.38; 9.85, 9.93 (N-H). 13C NMR (DMSO-d6, 150 MHz, ppm) δ 55.20 (NH2C); 

δ 113.40, 125.84, 132.72, (C6H5-H); δ 156.18 (C6H5-OCH3) δ 179.77 (NCS2).  

N

S Na+ 
-

CN H

CS2 +(l) NaOH(aq) < 4
o
C+

+ H2O  
(l)

(s)

OCH3

H H

OCH3(s)
(s)

s

 

Scheme 2.24.  Synthesis of sodium N-para-anisidine dithiocarbamate (as-DTC). 

 

2.5.6.9 Synthesis of sodium N-ethyl-m-toluidine (tu-DTC) 

N-ethyl-m-toluidine (14.13 mL, 0.1 mol), carbon disulphide (6.00 mL, 0.1 mol) and sodium 

hydroxide (4.0 g, 0.1mol) were used as starting materials. The reaction mixture was 

magnetically stirred for 3 h in an ice bath at ambient temperature. Whitish-yellow solid 

precipitates were obtained. Molecular weight: 233.32. Percentage Yield: 89%. M. P. 100oC: 

Molar Conductivity: 4.77 Ω-1 cm2 mol-1.  Anal. Calcd for tu-DTC (%)  C: 51.48; H: 5.18; N: 

6.00; S: 27.48. Found (%) C: 40.01; H: 5.91; N: 4.60; S: 21.28. Selected FT-IR (KBr), v(cm-

1): 1451 (C-N), 1001 (C=S). Selected λmax in DMSO solvent (nm): π-π*(N-C=S) 243, n-π*(S-

C=S) 301. 1H NMR (DMSO-d6, 400Hz, ppm): δ 1.02-1.07 (–CH3); δ 2.26-2.51; (α -CH2), δ 

3.32-3.51; 4.23-4.30 (CH-N); δ 6.82-6.85; 6.91-6.93; 7.12-7.17 (Ar-H) 13C NMR (DMSO-d6, 

150 MHz, ppm) 12.90 (–CH3) 20.99 (α -CH2); δ 50.97 (NH2C); δ 125.68-128.85; 137.23; 

148.76, (C6H5-H); 214.93. (NCS2). 

N

S

S Na+ 
-

CC2H5

CH3

N HC2H5

CH3
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o
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+ H2O  
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Scheme 2.25.  Synthesis of sodium N-ethyl-m-toluidine (tu-DTC). 
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2.6 Results and discussion 

2.6.1. Physicochemical characterization of ligands (sodium sulfadiazine and derivatives 

of dithiocarbamates) 

2.6.1.1 Colour 
 
Sodium sulfadiazine has a white colour, since the sodium present is a non-transition 

element, therefore, no d orbital. All the synthesized ligands of ammonium and sodium 

dithiocarbamates used for this study had dirty mostly white, yellow and enhanced white 

colours to confirm that chemical reaction occurred. Two ligands, namely; cy-DTC and hy-

DTC had pinkish white and dark red colours respectively. 

 
 
2.6.1.2 Molecular mass 
 
The highest formula molecular mass for the ligands was sodium sulfadiazine, with formula 

molecular mass of 272.25. For all the derivatives of dithiocarbamates, hh-DTC had the lowest 

formula molecular mass of 130.16, while tu-DTC had the highest formula molecular mass of 

233.32. 

 
 
2.6.1.3 Stability 
 
Sodium sulfadiazine was kept and stored at room temperature, for stability and to retain the 

white colour because of its air sensitive nature. For the derivatives of dithiocarbamates, they 

were all stored in the refrigerator to retain the stability of the ligands most especially the 

ammonium dithiocarbamates that were not thermally stable [385]. Ligand, hx-DTC appeared 

in liquid state. 

 
 

2.6.1.4 Percentage Yield 
 
The percentage yield of sodium sulfadiazine was not done, since it was bought. The asaay 

was stated on the bottle label as ≥98 %. All the synthesized dithiocarbamates had a minimum 

percentage yield of 52% and a maximum percentage yield of 99%. This indicated a good to 

excellent percentage yield of the ligands. 

 

2.6.1.5 Solubility 
 
Deionised water dissolved all the ligands, with the exception of eh-DTC, being insoluble. 

Ligands of as-DTC, bu-DTC, el-DTC and mt-DTC were slightly soluble and as-DTC was 

partially soluble in deionized water. The ligands of as-DTC, eh-DTC, el-DTC and mt-DTC 
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were insoluble in methanol. Dimethylsulfoxide (DMSO) dissolved most of the ligands, except 

for ligands of eh-DTC and hy-DTC, which were partially soluble. Both mt-DTC and el-DTC 

were insoluble in DMSO. Other solvents used to test solubility were methanol, ethanol, ethyl 

acetate, chloroform, dichloromethane, acetonitrile, tetrahydrofuran, dimethylformamide, 

diethyl ether, acetone, hexane, heptane, benzene and toluene. 

 

 

2.6.1.5 Temperature (
o
C) 

 

Sodium sulfadiazine had the highest temperature at >300 
o
C, followed by tu-DTC with a 

temperature of 233.32. The ligand with the lowest decomposition temperature was an-DTC 

with 34-36 
o
C. Most of the ligands decomposed, except for an-DTC and de-DTC, which 

melted. 
 
 

2.6.1.6 Molar conductivity (Ω
-1

cm
2
 mol

-1
) 

 
Molar conductivities of sodium sulfadiazine and all derivatives of dithiocarbamates were 

below 20 ohms
-1

cm
2
 mol

-1
 in dimethylsulfoxide (DMSO), which proved the nonelectrolytic 

and monomeric nature of the ligands [465]. The results of the physicochemical 

characterization studies involving colour, formula molecular mass, percentage yield, 

solubility, melting point and molar conductivity are depicted in Table 2.1. below. 
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Table 2.1: Physicochemical characterization data of sodium sulfadiazine and derivatives of 

dithiocarbamates. 

Liga

nds 

Colour Formu

la  

Molec

ular 

Mass 

Stability 

at Room 

and 

Cold 

Tempera

ture 

Percen

tage 

Yield 

(%) 

Solubility Tempera

ture 

(oC) 

Molar 

Conductivity 

in DMSO and 

water  

(Ω-1cm2 mol-1) 

SFZ White 272.26 Solid 99 DMSO, Methanol, 

Water 

>300 8.16 

bu-

DTC 

White 166.30 Solid 52 DMSO, Methanol, 

Water (Partial) 

70 3.99 

he-

DTC 

Yellow 194.35 Solid 65 DMSO, Methanol, 

Water 

52-54 2.63 

eh-

DTC 

Yellow 155.25 Solid 71 DMSO, Methanol, 

Water (Insoluble) 

72 2.95 

cy-

DTC 

Pinkish 

white 

192.34 Solid 96 DMSO, Methanol, 

Water (Partial) 

80 3.74 

an-

DTC 

White 186.29 Solid 92 DMSO, Methanol,  

Water 

34-36 1.02 

me-

DTC 

Yellow 200.32 Solid 86 DMSO, Methanol,  

Water 

79-80 1.98 

et-

DTC 

Yellow 214.34 Solid 57 DMSO, Methanol, 

Water 

64-65 1.40 

cl-

DTC 

Dirty 

white 

220.73 Solid 91 DMSO, Methanol, 

Water 

120-121 0.55 
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mt-

DTC 

White 129.17 Solid 88 DMSO, Methanol 

(Partial) Water  

56 1.62  

el-

DTC 

White 143.20 Solid 97 DMSO, Methanol 

(Insoluble),Water  

80 0.90  

bt-

DTC 

White 171.25 Solid 94 DMSO, Methanol, 

Water 

56-58 2.40 

 

hx-

DTC 

Yellow 

liquid 

199.30 Liquid 90 DMSO, Methanol, 

Water 

142 1.39 

de-

DTC 

White 171.25 Solid 98 DMSO, Methanol,  

Water 

91-92 5.05 

*de-

DTC 

White 171.25 Solid 99 DMSO, Methanol, 

Water 

60 2.15 

hh-

DTC 

Yellow 130.16 Solid 87 DMSO, Methanol, 

Water 

42-44 1.03 

ea-

DTC 

Yellow 160.20 Solid 82 DMSO, Methanol, 

Water 

50 0.35 

cc-

DTC 

Dirty 

white 

197.29 Solid 99 DMSO, Methanol, 

Water 

188-190 3.43 

ai-

DTC 

White 191.24 Solid 90 DMSO, Methanol, 

Water 

72 1.09 

hy-

DTC 

Reddish 

black 

206.26 Solid 93 DMSO(Partially), 

Methanol, Water 

36-38 2.98 

to-

DTC 

Dirty 

white 

205.27 Solid 82 DMSO, Methanol, 

Water (Partial) 

56-58 0.47 

ml-

DTC 

White 205.27 Solid 90 DMSO, Methanol, 

Water 

150 1.86 

ey- Dirty 219.29 Solid 85 DMSO, Methanol 70-72 8.10 
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DTC white (Insoluble), Water 

tl-

DTC 

White 205.27 Solid 84 DMSO, Methanol, 

Water 

62-64 3.17 

ch-

DTC 

Dirty 

white 

225.69 Solid 97 DMSO, Methanol, 

Water 

66-68 0.58 

as-

DTC 

Dirty 

white 

221.27 Solid 91 DMSO, Methanol 

Water (Slight) 

110 3.13 

tu-

DTC 

White 233.32 Solid 89 DMSO, Methanol, 

Water 

100 4.77 

 

 

2.6.2 Elemental Analysis 
 

Elemental analysis was used to check the purity by determining the percentage composition 

of carbon, hydrogen, nitrogen and sulfur. Homogeneity of all the samples for elemental 

analysis was done by ensuring they were of fine and uniform grains. The variation observed 

in the analytical data could be due to unstable ammonium salts of dithiocarbamates at room 

temperature [466]. For stable salts of dithiocarbamates at room temperature, variations could 

be due to the effects of effects of hydrate or moisture [467], deionised water used in most 

syntheses, separation of water and sulfur might be incomplete. On the other hand, elemental 

analyzer for CHN is more optimized than CHNS elemental analyzer [467]. Incomplete 

combustion is also a possibility for variation in results of analytical data for elemental 

analysis [468]. 
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2.6.3 Molecular spectroscopy 

Molecular spectroscopy includes Fourier transform infra-red spectroscopy (FTIR), 

ultraviolet-visible spectroscopy (UV-Vis) and nuclear magnetic resonance (NMR). 

 

2.6.3.1. Fourier Transform Infra-Red Spectroscopy (FT-IR) 

The FT-IR of sodium sulfadiazine, as well as, all derivatives of dithiocarbamates was taken 

from upper FTIR region of 4000 cm-1 to a lower FT-IR region of 370 cm-1. 

 

2.6.3.1.1. Fourier Transform Infra-Red Spectroscopy (FT-IR) of sodium sulfadiazine 

The structure of sodium sulfadiazine was depicted in Figure 1.2. of Chapter one. 

The FT-IR data of sodium sulfadiazine (SFZ) is shown in Table 2.2. Bands appearing 

between 3500 and 3400 cm-1 are due to v (NH)as and v(NH)s of amino (NH2)group of  sodium 

sulfadiazine [371]. The asymmetrical v (NH)asy and symmetrical v(NH)sym vibrations of 

amino (-NH) group had 3422, 3482 and 3310 cm-1 respectively. The sulfonamidic (SO2N-) 

group of sodium sulfadiazine had an absorption peak at 3251 cm-1. Azomethine, v(C=N) 

group of free sodium sulfadiazine ligand vibrated at 1626 cm-1 and 1549 cm-1. Absorption 

peaks for v(SO2)as and v(SO2)s were 1244 cm-1 and 1138 cm-1, 1102 cm-1 respectively.  The 

stretching vibration for (S-N) group was 1024 cm-1. 

 

Table 2.2: The FT-IR frequencies (cm-1) for sodium sulfadiazine. 

Ligand 

(L1) 

v(NH)as v(NH)s v(SO2N) v(C=N) v(SO2)as v(SO2)s v(S-N) 

SFZ 3422(s) 

3482(s) 

3310(m) 3251(s) 

 

1626(s) 

1549(w) 

1244(s) 1138(s) 

1102(s) 

1024(s) 
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2.6.3.1.2 Fourier Transform Infra-Red Spectroscopy (FT-IR) of derivatives of 

dithiocarbamates 

All dithiocarbamates, either as ligands or complexes exhibit three important absorption bands 

in Fourier Transform Infra-red Spectroscopy (FT-IR). The relevance of FT-IR in this study 

had already been stated in Section 2.3.5. Figure 2.1 depicts the four canonical forms of 

dithiocarbamato (NCS2) moiety. The first two structures are monodentate forms of 

coordination bonding, while structures III and IV are forms of bidentate mode of coordinate 

bonding [469].   The three distinct important spectra bands occur at 1450-1550 cm-1, 

attributed to v(C- -N), that is, thioureide band, 950-1050 cm-1 attributed to the v(C-S) and 

300-400 cm-1 attributed to v(M-S). [387-389, 470-471]. For this chapter, the v(C- -N) and 

v(C-S) are applicable while all three features are applicable to chapter three and chapter four 

respectively. 

N C

S

S

N C

S

S

N C

S

S

N C

S

S

+
=

II III IV
I

 

Figure 2.1: Canonical forms of dithiocarbamate moiety. 

 

2.6.3.1.3 The NH stretching amino group (amino asymmetrical and symmetrical 

amino group (NH)as/s) 

 

Free ligands of dithiocarbamate have numerous absorption broad bands of -NH stretching 

vibrations in the region of 3300-3150 cm-1[472]. The effect of hydrogen bonding on solid 

state samples results into a low wavenumber of N-H stretching vibrations [472]. Primary 

amines depict two sharp bands; secondary amines depict one band and no absorption for 

tertiary amines. Most –NH2 asymmetric stretching vibrations appeared with broad bands at 

3600-3000 cm-1 due to the presence of –OH stretching vibrations of water of coordination 

from its use during the syntheses of most ligands [473-475]. All asymmetric amino groups 

had minimum of 3411 cm-1 and maximum of 3479 cm-1, while all symmetric amino groups 

had minimum of 3204 cm-1 and 3415 cm-1.The –NH bending vibrations had assignment of a 

band of 1576 cm-1 and 1638 cm-1. 
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2.6.3.1.4 The v(C--N) 1450-1550 cm
-1

 

 

The v(C-N) vibration group of the –NCS2 moiety of dithiocarbamates is otherwise known as 

thioureide bond. Aforementioned is the absorption band 1450-1550 cm-1, which falls between 

the absorption band v(C-N) of 1250-1350cm-1 and the absorption band of v(C=N) vibration,  

(1640-1690 cm-1) [383, 387-389], which implied partial double bond character and partial 

delocalization of electron density the dithiocarbamate moiety. The absorption band region for 

all thioureide groups was from 1426 cm-1 and 1509 cm-1. 

 

 

 

 

2.6.3.1.5 The v(C-S) 950-1050 cm
-1

 

 

The v(C-S) vibration group of the –NCS2 moiety of dithiocarbamates is typically 

characterized by v(C-S)as and v(C-S)s [383]. A single band in the region of 950-1050 cm-1 

suggests  symmetrical and bidentate coordination of dithiocarbamate moiety and a double 

band would suggest asymmetrical and monodentate coordination of dithiocarbamate moiety 

[389, 476-477]. All the asymmetric and symmetric CS2 bands appeared in the region from 

959-1049 cm-1 and 689-793 cm-1 respectively. Table 2.3 shows the FT-IR spectral bands of 

derivatives of dithiocarbamates. 
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Table 2.3: The FT-IR wavenumbers (cm-1) of derivatives of dithiocarbamates. 

Ligands(L2) v(N-

H)as 

v(N-

H)s 

v(N-H)b v(C-N) v(C=S) v(CS2)as v(CS2)s 

bu-DTC 3414(s) 3285(s) 1617(s) 1509(s) 1150(s) 1042(s) 789(w) 

he-DTC 3413(s) 3209(s) 1617(s) 1467(s) 1136(m) 996(m) 789(m) 

eh-DTC 3447(m) 3213(w) 1642(w) 1463(s) 1165(w) 997(w) 774(m) 

cy-DTC 3461(s) 3325(w) 1588(w) 1486(s) 1158 1003(m) 779(w) 

an-DTC 3424s) 3224(s) 1631 (s) 1452(m) 1157(w) 1023(s) 760(s) 

me-DTC 3414(s) 3236(s) 1618(s) 1496(m) 1185(m) 1042(m) 757(s) 

et-DTC 3479(s) 3415(s) 1617(s) 1488(s) 1125(s) 1023(s) 797(s) 

cl-DTC 3420(w) 3208(w) 1628(w) 1467(m) 1097(w) 986(w) 769(w) 

mt-DTC 3457(s) - 1667(w) 1461(m) 1161(w) 1016(w) 775(m) 

el-DTC 3467(w) 3249(w) 1648(w) 1463(m) 1167(w) 1013(w) 773(m) 

bt-DTC 3455(m) 3209(w) 1634(w) 1464(s) 1155(w) 1049(w) 772(m) 

hx-DTC 3457(s) 3219(s) 1652(s) 1459(s) 1115(w) 959(m) 732(s) 

de-DTC 3411(s) 3279(w) 1627(s) 1475(s) 1129(m) 993(s) 689(w) 

*de-DTC 3412(s) 3237(s) 1617(s) 1476(m) 1133(m) 986(w) 780(w) 

hh-DTC 3457(m) 3217(s) 1647(s) 1462(s) 1151(m) 1039(m) 728(s) 

ea-DTC 3448(s) 3222(s) 1652(s) 1459(s) 1157(m) 974(m) 732(s) 

cc-DTC 3422(w) 3316(w) 1640 (m) 1462(s) 1162(w) 985(m) 750(m) 

ai-DTC 3466(w) 3221(m) 1601(w) 1460(s) 1122(s) 1008(w) 759(m) 

hy-DTC 3432(s) - 1647(m) 1426(s) 1126(m) 1025(s) 759(m) 

to-DTC 3386(s) 3247(s) 1617(s) 1496(s) 1176(w) 1006(m) 751(w) 

ml-DTC 3385(s) 3204(s) 1632(s) 1469(s) 1171(w) 1038(w) 761(s) 
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ey-DTC 3445(w) 3341(m) 1676(s) 1462(s) 1149(w) 1002(w) 739(s) 

tl-DTC 3427(s) - 1602(s) 1474(m) 1135(s) 1005(s) 756(w) 

ch-DTC 3464(s) 3293(s) 1646(s) 1465(s) 1143(s) 994(s) 760(m) 

as-DTC 3434(s) 3221(s) 1611(s) 1466(s) 1102(s) 1031(s) 786(s) 

tu-DTC 3434(s) 3251(s) 1634(s) 1459(m) 1122(w) 1001(s) 793(s) 

s= strong; m= medium; w= weak 

 

 

Figure 2.2: FT-IR spectrum of SFZ. 
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Figure 2.3: FT-IR spectrum of cy-DTC. 

 

Figure 2.4: FT-IR spectrum of an-DTC. 
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2.6.3.2 Ultraviolet-Visible (UV-Vis) spectroscopic studies  

The aim of carrying out ultra-violet visible spectroscopic studies on sodium sulfadiazine was 

to confirm the presence of –SO2N moiety of sodium sulfadiazine of π-π* and n-π*transitions 

[371]. It is typical of chromophores in NCS2 dithiocarbamates to show three absorption bands 

[478]. A band out of three is overlapped by intense bands of π-π* transitions of benzene 

[478]. The recording of the electronic spectra was done between 10-3 and 10-5 M solutions of 

dimethylsulfoxide (DMSO), methanol and water solvents. The use of DMSO solvent was to 

find out if there would be a d-d transition. Each solution was transferred for absorption 

measurements in a 1 cm3 cuvette (quartz cell). This was read after taking the blank containing 

corresponding solvent for baseline correction in a Perkin-Elmer Lambda 25 UV-Vis double 

beam spectrometer with a minimum wavelength of 200 nm and a maximum wavelength of 

600 nm at ambient temperature for methanol and deionised water. The band range was from 

200 - 1000 nm for DMSO solvent. Apart from the effect of substituents on the electronic 

spectra of dithiocarbamates, solvent also plays important function in dithiocarbamates [479]. 

At room temperature where the ligands’ transitions were observed, ligands of 

dithiocarbamate showed similar spectra data from solvents of methanol and distilled water 

[478]. Dimethylsulfoxide, DMSO, was used as solvent to confirm d-d transitions of all the 

ligands [478]. Some of the dithiocarbamate ligands were coloured which were evident in the 

d-d transitions [he-DTC, eh-DTC, cy-DTC, et-DTC, hx-DTC, ea-DTC and hy-DTC]. Other 

L2 samples that were colourless exhibited d-d transition with the exception of an-DTC, me-

DTC, ml-DTC, as well as, L1.The absorption bands of π-π* and n-π* below 300-350 nm are 

due to intra-ligand transitions [480-481]. In dithiocarbamates, the N—C=S and S—C=S 

chromophores in the –NCS2 moiety of the dithiocarbamate were confirmed. The UV-Vis 

spectra of he-DTC, cy-DTC and et-DTC in solvents of DMSO, methanol and water are 

shown in Figures 2.5, 2.6 and 2.7 respectively.  
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Figure 2.5: UV-Vis spectrum of he-DTC in solvents of dimethylsulfoxide (d), methanol (m) 

and water (w). 

 

Figure 2.6: The UV-Vis spectrum of cy-DTC in solvents of dimethylsulfoxide (d), methanol 

(m) and water (w). 
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Figure 2.7: The UV-Vis spectrum of et-DTC in solvents of dimethylsulfoxide (d), methanol 

(m) and water (w). 

 

2.6.3.3 Nuclear Magnetic Resonance (NMR) 

Nuclear magnetic resonance (NMR) is a diagnostic tool to identify carbon- hydrogen 

frameworks within a molecule. It, therefore, does the identification of functional groups in 

organic compounds, organometallic compounds and metal complexes. Most moieties of 

sodium sulfadiazine and derivatives of dithiocarbamates both show diagnostic nuclear 

magnetic resonance (NMR) spectroscopic properties. The two mostly used NMR 

spectroscopies are 1H NMR and 13C NMR. Proton (1H) NMR gives the number and type of 

hydrogen atoms in a molecule, while carbon 13 (13C) NMR gives the type of carbon atoms in 

the molecule. 

 

For sodium sulfadiazine and derivatives of dithiocarbamates, the proton NMR, (1H NMR) 

and carbon 13 NMR, (13C NMR) resonance spectra were obtained from deuterated DMSO, 

(DMSO-d6), with the exception of mt-DTC and el-DTC. Both mt-DTC and el-DTC samples 

were insoluble in DMSO-d6. This led to the proton nuclear resonance being done in 
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deuterated water, D2O. The chemical shifts of both 1H NMR and 13C NMR were expressed in 

ppm relative to the internal tetramethylsilane, TMS for both sodium sulfadiazine and 

derivatives of dithiocarbamates.  

 

 

2.6.3.3.1 Proton (1H) NMR 

The amino proton absorbed at 5.36 ppm while aromatic protons resonated in the region of 

6.38-6.46 ppm. The azomethine proton absorbed at chemical shift of 7.48-7.68 ppm. Protons 

of pyrimidine ring (3H pyrimidine C4H2N2-H ring) resonated at a chemical shift of 8.10 ppm. 

The functional group, C-NSO2Na had no proton so 1H NMR value for proton was not given. 

For all the derivatives of dithiocarbamates, the resonance values ranged from a minimum of 

0.81 to 3.39 ppm for all methyl and methylene groups of aliphatic, cyclic and aromatic 

compounds. The H2N-C peaks appeared from 3.28 ppm to 5.28 ppm. All compounds 

possessing phenyl (Ar-1H) group had the protons that resonated at chemical shifts of 6.35-

7.36 ppm. Resonance values of 6.18-11.54 ppm belonged to the NH2 group present. Hydroxyl 

group for eh-DTC was also observed at 9.95 ppm. Difficulties arose during the nuclear 

magnetic resonances of mt-DTC and el-DTC even when both dissolved in water. This might 

be due to proton exchange [523]. The 1H NMR of sodium sulfadiazine in ppm in DMSO-d6 

solvent is shown in Figure 2.8. 

 

 

Figure 2.8: The 1H NMR of sodium sulfadiazine in ppm in DMSO-d6 solvent. 
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2.6.3.3.2 Carbon 13 (13C) NMR 

 The aryl proton, Ar-H has a chemical shift of δ 109.20-111.91 ppm. Azomethine carbon with 

δ 128.25 and amino attached carbon had a resonance at δ 133.20. The pyrimidine ring carbon 

attached at amino group had a resonance at δ 143.97, while 13C-NNa resonated at a region of 

δ 151.39-164.39. 

Peaks with chemical shifts of δ 13.55- 46.33 ppm were observed for all the methyl and 

methylene groups in the13C NMR spectra of all aliphatic, cyclic and aromatic compounds. 

The azomethine group and HCN appeared in the region of δ 31.19-69.89 ppm. All phenyl 

groups had resonance from δ111.60-148.76 ppm. 

According to Gary et al,  the most important group, CS2 of the thione, NCS2 moiety, resulting 

from the successful synthesis of all the dithiocarbamates’ moieties had resonance values from 

δ 185- 220 ppm [483]. Electronegativity and resonance effects can bring differences in the 

resonance values of dithiocarbamates [484]. Most derivatives of dithiocarbamates had 

resonance peaks from δ 179.81-215.94 ppm, which indicated successful synthesis. Few 

exceptions can be found in me- DTC (δ 149.87 ppm), ey-DTC (δ 140.57 ppm) and ch-DTC 

(δ 147.68 ppm). This might be due to overlapping with phenyl groups present, since they 

successfully resonated in 1H NMR. The 13C NMR of sodium sulfadiazine in ppm in DMSO-

d6solvent is shown in Figure 2.9. 
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Figure 2.9: The 13C NMR of sodium sulfadiazine in ppm in DMSO-d6 solvent.  

 

Figure 2.10: The 1H NMR of cy-DTC in ppm in DMSO-d6 solvent.  H NMR   
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Figure 2.11: The 13C NMR of me-DTC in ppm in DMSO-d6solvent. 

 

2.7. Conclusion 

The syntheses of derivatives of ammonium and sodium salts of aliphatic, cyclic and aromatic 

dithiocarbamates were done using one-pot synthesis. Sodium sulfadiazine and all the 

synthesized dithiocarbamates were all subjected to physicochemical and spectroscopic 

characterizations. Molar conductivities of both ligands established their non-electrolytic 

nature.   The functional groups(moieties)  and structures of sodium sulfadiazine and 

derivatives of dithiocarbamates were confirmed with Fourier transforms infra-red 

spectroscopy, ultra-violet visible spectroscopy and nuclear magnetic resonance. The 

characterization techniques proved the successful syntheses of derivatives of ammonium and 

sodium salts of aliphatic, cyclic and aromatic dithiocarbamates were done using one pot 

synthesis. 
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CHAPTER 3 
 
3. Synthesis and characterization of oxovanadium(IV) complexes of mixed 

sulfadiazine and dithiocarbamate 

 
 
 
 

3.1. Introduction 
 

This chapter focuses on synthesis of oxovanadium(IV) complexes and their spectra 

characterizations. Different coordination donors of NN, NO, SS, SO, OO and NS had been 

studied to coordinate with vanadyl ion and were successfully characterized. These ideas of 

coordination were coined from the two natural enzymes of vanadium (vanadium-nitrogenase 

and vanadate dependent haloperoxidases), sea squirts (ascidiaceae), as well as, mushrooms 

(amavadin) mainly from +3 to +5 oxidation states of vanadium [485-489]. In the 

environment, the oxidation states; +3, +4 and +5 of vanadium are most stable among the 

other oxidation states of -1, 0, 1 and 2 [490,491]. Vanadium exists as oxophilic in the higher 

oxidation states of +4 and +5 to form big diversed oxido compounds and complexes in both 

solid and aqueous media [490].  

 

Vanadyl ion is a hard acid and prefers to bond with hard bases. According to Pearson’s 

Concept of HSAB in 1963 and his 1967 article written with Professor Jon Songstad, hard 

acids preferably react with hard bases and soft acids react with soft bases [492]. A paper 

written by Professor Ralph G. Pearson in 1966 said there was a possibility of a hard acid 

forming stable complexes with soft bases and vice versa [492].  Oxovanadium(IV) ions are 

the most stable diatomic ion [493] acidic hydrated salt of vanadyl (IV) sulfate. Ligands have 

the abilities to stabilize vanadium in its highest oxidation states [494].The chemistry of 

oxovanadium(IV) complexes is made up coordination of ligands with stable 

oxovanadium(IV) ion to give four plausible geometries of  square  bipyramidal, square 

pyramidal and trigonal bipyramidal [495-496] as shown in Figure 3.1, and distorted 

octahedral [497].  These geometries correspond to four coordinates (tetravalent), five 

coordinates (square bipyramidal, square pyramidal and trigonal bipyramidal) and six 

coordinates (distorted octahedral). The six coordinated oxovanadium(IV) complex can form 

polymers due to intermolecular bonding of ---V=O---V=O--- [498]. Kasahara et al said green 

coloured products of their synthesized oxovanadium(IV) complexes were monomeric square 
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pyramidal while the orange coloured products were polymeric [499]. This research involved 

the coordination of sodium sulfadiazine and derivatives of dithiocarbamate of NS donors 

respectively with oxovanadium(IV) ions to yield different isolated precipitates of 

oxovanadium(IV) complexes. The synthesized oxovanadium(IV) complexes were 

characterized using molar conductivity, elemental analysis, UV-Vis and FT-IR.  
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Figure 3.1:  (a) square bipyramidal. 
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Figure 3.1: (b) Square pyramidal. 
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Figure 3.1: (c) Trigonal bipyramidal. 
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3.2. Materials and Methods 
 
3.2.1 Experimental materials 
 

All the materials and chemical reagents used for this research were of analytical grade and all 

were used as received without purification from the chemical industries. Apart from 

sulfadiazine sodium salt and vanadium(IV) oxide hydrate, others were synthesized. 

Sulfadiazine sodium salt, vanadium(IV) oxide hydrate (Sigma-Aldrich, USA), cy-DTC; 

ammonium N-cyclohexyl dithiocarbamate; an-DTC; ammonium N-aniline dithiocarbamate; 

me-DTC; ammonium N-methyl N-phenyl dithiocarbamate; bt-DTC; sodium N-butyl  

dithiocarbamate, hx-DTC; sodium N-hexyl  dithiocarbamate, de-DTC; sodium N-diethyl  

dithiocarbamate, hh-DTC, sodium N-hydrazine hydrate  dithiocarbamate, ai-DTC sodium N-

aniline  dithiocarbamate, hy-DTC sodium N-phenyl hydrate  dithiocarbamate, to-DTC, 

sodium N-ortho-toluidine dithiocarbamate; sodium N-para-toluidine dithiocarbamate, ch-

DTC; sodium N- para chloro N-phenyl dithiocarbamate, as-DTC; sodium anisidine 

dithiocarbamate, tl-DTC; Sodium N-para-toluidine dithiocarbamate, tu-DTC; sodium N-

ethyl-m-toluidine dithiocarbamate. 

 

 

3.2.1.1 Solvents 

 

Deionized water (In house), methanol (Merck, RSA), absolute ethanol (Supplied by EC 

Labs), toluene (Merck, RSA), acetone (Merck, RSA), diethyl ether (Merck, RSA), 

dimethylsulfoxide (Merck, Germany) dimethylformamide (Merck, Germany), acetonitrile 

(Merck, RSA) and 55% trioxonitrate (V) acid ((Associated Chemical Enterprises (Pty) Ltd, 

Johannesburg, RSA). 

 

3.2.2 Instrumentation 

Sample masses were weighed on Sartorius Electronic Balance (Maximum Capacity (110 g), 

One open-end capillary tube melting points were done on a STUART SMP11 melting point 

apparatus and recorded uncorrected. Molar conductivities of oxovanadium(IV) complexes 

were recorded on a CRINSON EC- Meter BASIC 30+ conductivity meter.  Elemental 

analyses for carbon, hydrogen, nitrogen and sulfur were performed on a FLASH 2000 

Thermoscientific Elemental Analyzer. Electronic spectra (UV-Vis spectra) for all 

oxovanadium(IV) complexes were measured using a Perkin-Elmer Lambda 25 UV-Vis 
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Spectrometer. Fresh solutions of the synthesized oxovanadium(IV) complexes were prepared 

and transferred into 1 cm3 cuvette (quartz cell) for electronic absorption measurement. The 

recording of the electronic spectra was done between 10-3 and 10-5 M solutions of 

dimethylsulfoxide (DMSO).  The reading was taken after calibration for baseline correction 

in the double beam spectrometer. The reading was done in the wavelength interval between 

200 nm and 1000 nm. The FT- IR spectra were recorded from a KBr disc in the range of 370-

4000 cm-1 on a Perkin-Elmer 2000 FT-IR spectrophotometer.   

 

3.3 Methods 

3.3.1 Synthesis of oxovanadium(IV) complexes from sodium sulfadiazine (L1) and 

derivatives of dithiocarbamate (L2-DTC) 

Vanadyl(IV) complexes were synthesized using similar procedure according to the literature 

with some modifications [364, 385-393].  

 

 

3.3.3.1 Synthesis of oxovanadium(IV) complex [VO(SFZ)(cy-DTC)] 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and ammonium cyclohexyl dithiocarbamate, 

L2, (0.2885 g, 1.5 mmol,) were magnetically stirred for 3 h at room temperature. A green 

solid precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and dried over 

silica gel in a desiccator. Molecular weight: 490.51 g. Percentage Yield: 85%. M. P. 140 oC. 

Molar Conductivity (DMSO): 1.10 Ω-1 cm2 mol-1; Anal. Calcd. for [VO(SFZ)(cy-DTC)](%)  

C: 41.63; H: 4.32; N: 14.28; S: 19.61, Found: C: 48.24; H: 3.40; N: 26.45; S: 11.21. Selected 

FT-IR bands (KBr), (cm-1): 3157 (SO2NH), 1627 (C=N), 1498 (C-N), 948 (CS2)as. Selected 

λmax in DMSO solvent (nm): (π- π* N-C=S) 322; (n- π* S-C=S) 362; Band I: 834, 721; Band 

II: 614; Band III: 398. 
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Scheme 3.1. Synthesis of oxovanadium(IV) complex [VO(SFZ)(cy-DTC)]. 

 

3.3.1.2 Synthesis of oxovanadium(IV) complex [VO(SFZ)(an-DTC)]  

To vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), a solution of sodium 

sulfadiazine, L1, (0.4085 g, 2 mmol) in methanol (100 mL) was added dropwise. Ammonium 

N-aniline dithiocarbamate, L2an-DTC, (0. 2795 g, 1.5 mmol,) in methanol (20 mL) was 

simultaneously added and magnetically stirred for 3 h at room temperature. A green solid 

precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and dried over 

silica gel in a desiccator. Molecular weight: 484.49 g. Percentage Yield: 72%. M. P. 206-208 

oC. Molar Conductivity (DMSO): 0.01 Ω-1 cm2 mol-1. Anal. Calcd. for [VO(SFZ)(an-DTC)] 

(%)  C: 42.15; H: 3.12; N: 14.46; S: 19.85, Found (%) C: 41.54; H: 3.94; N: 18.23; S: 18.03. 

Selected FT-IR (KBr), (cm-1): 3120 (SO2NH), 1574 (C=N), 1530 (C-N), 1016(CS2)as. 

Selected λmax in DMSO solvent (nm): (π- π*) 322; (n- π*) 354; Band I: 848, 732; 713, Band II: 

588; Band III: 402. 
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Scheme 3.2. Synthesis of oxovanadium(IV) complex [VO(SFZ)(an-DTC)]. 
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3.3.1.3 Synthesis of oxovanadium(IV) complex [VO(SFZ)(me-DTC)] 

 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in deionized water (100 mL) and ammonium N- methyl N- phenyl 

dithiocarbamate ammonium N-butyl dithiocarbamate, L2me-DTC, (0.3005 g, 1.5 mmol,) were 

magnetically stirred for 3 h at room temperature. A green solid precipitate was formed, 

filtered, washed with deionized water (3 x 5 mL) and dried over silica gel in a desiccator. 

Molecular weight: 498.49 g. Percentage Yield: 52%. M. P. 208 oC. Molar Conductivity 

(DMSO): 2.02 Ω-1 cm2 mol-1. Anal. Calcd. for [VO(SFZ)(me-DTC)](%)  C: 43.37; H: 3.44; 

N: 14.05; S: 19.29, Found C: 46.03; H: 3.55; N: 19.04; S: 10.54. Selected FT-IR (KBr), (cm-

1): 3157 (SO2NH), 1628 (C=N), 1478 (C-N), 954(CS2)as. Selected λmax in DMSO solvent 

(nm): (π- π* N-C=S) 322; (n- π* S-C=S) 348; Band I: 812, 718; Band II: 593; Band III: 402. 
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Scheme 3.3. Synthesis of oxovanadium(IV) complex [VO(SFZ)(me-DTC)]. 

 

3.3.1.4 Synthesis of oxovanadium(IV) complex [VO(SFZ)(bt-DTC)] 

 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and N-butyl dithiocarbamate, L2bt-DTC, 

(0.2570 g, 1.5 mmol,). The reaction mixture was magnetically stirred for 3 h at room 

temperature.  A light green solid precipitate was formed, filtered, washed with deionized 

water (3 x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 464.47 g. 

Percentage Yield: 82%. M. P. 212 oC. Molar Conductivity (DMSO): 0.00 Ω-1 cm2 mol-1.Anal. 

Calcd. for [VO(SFZ)(bt-DTC)] (%)  C: 38.79; H: 4.12; N: 15.08; S: 20.71, Found (%) C: 
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37.10; H: 2.93; N: 17.20; S: 11.62. Selected FT-IR (KBr), (cm-1): 3113 (SO2NH), 1589 

(C=N), 1497 (C-N), 946(CS2)as. Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 298, (n- 

π* S-C=S) 332; Band I: 843, 736; Band II: 606; Band III: 413. 
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Scheme 3.4. Synthesis of oxovanadium(IV) complex [VO(SFZ)(bt-DTC)]. 

 

3.3.1.5 Synthesis of oxovanadium(IV) complex [VO(SFZ)(hx-DTC)] 
 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and sodium hexyl dithiocarbamate, L2hx-DTC, 

(0.2990 g, 1.5 mmol,) were magnetically stirred for 3 h at room temperature. Green solid 

precipitate was formed, filtered, washed with distilled water (3 x 5 mL) and dried with silica 

gel in a desiccator. Molecular weight: 492.52 g. Percentage Yield: 64%. M. P. 208 oC. Molar 

Conductivity (DMSO): 0.00 Ω-1 cm2 mol-1. Anal. Calcd. for [VO(SFZ)(hx-DTC)](%)  C: 

41.46; H: 4.71; N: 14.22; S: 19.53.  Found (%) C: 37.57; H: 2.60; N: 18.05; S: 7.37. Selected 

FT-IR (KBr), v (cm-1): 3114 (SO2NH), 1586 (C=N), 1500 (C-N), 945(CS2)as. Selected λmax in 

DMSO solvent (nm): (π- π* N-C=S) 319, 322; (n- π* S-C=S) 355; Band I: 851, 709; Band II: 

616; Band III: 432. 
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Scheme 3.5. Synthesis of oxovanadium(IV) complex [VO(SFZ)(hx-DTC)]. 

 

3.3.1.6 Synthesis of oxovanadium complex [VO(SFZ)(de-DTC)] 

Vanadium (IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in deionized water (100 mL) and sodium N,N-diethyl 

dithiocarbamate, L2, (0.2570 g, 1.5 mmol,) were magnetically stirred  for 3 h at room 

temperature.  A green solid precipitate was formed, filtered, washed with deionized water (3 

x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 464.67 g. Percentage 

Yield: 82%. M. P. 218-220 oC. Molar Conductivity: 0. 02 Ω-1 cm2 mol-1, Anal. Calcd for 

[VO(SFZ)(de-DTC)] (%)  C: 38.79; H: 4.12; N: 15.08; S: 20.71.  Found (%) C: 43.18; H: 

4.26; N: 18.54; S: 13.94. Selected FT-IR (KBr), v (cm-1): 3130 (SO2NH), 1599 (C=N), 1500 

(C-N), 951 (CS2)as. Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 319, 322; (n- π* S-

C=S) 358, 361; Band I: 852, 741; Band II: 616; Band III: 394. 
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Scheme 3.6. Synthesis of oxovanadium(IV) complex of [VO(SFZ)(de-DTC)]. 
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3.3.1.7 Synthesis of oxovanadium(IV) complex [VO(SFZ)(hh-DTC)] 

 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and hydrazine hydrate dithiocarbamate, L2hh-

DTC, (0.1953 g, 1.5 mmol,) were magnetically stirred for 3 h at room temperature. A yellow 

solid precipitate was formed filtered, washed with deionized water (3 x 5 mL) and dried over 

silica gel in a desiccator. Molecular weight: 423.38. Percentage Yield: 58%. M. P.: 220 oC. 

Molar Conductivity (DMSO): 0.11 Ω-1 cm2 mol-1; Anal. Calcd. for [VO(SFZ)(hh-DTC)](%) 

C: 31.21; H: 2.86; N: 19.85; S: 22.75.  Found (%) C: 43.80; H: 3.61; N: 21.81; S: 19.34. 

Selected FT-IR (KBr), (cm-1): 1488 (C-N), 1023(CS2)as. Selected λmax in DMSO solvent 

(nm): (π- π* N-C=S) 250, 319, 322; (n- π* S-C=S) 351, 356; Band I: 837, 721; Band II: 592; 

Band III: 399. 

. 
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Scheme 3.7. Synthesis of oxovanadium(IV) complex [VO(SFZ)(hh-DTC)]. 

 

3.3.1.8 Synthesis of oxovanadium(IV) complex [VO(SFZ)(ai-DTC)] 

 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and aniline dithiocarbamate L2ai-DTC, (0.2868 

g, 1.5 mmol,) were magnetically stirred for 3 h at room temperature. A brownish green solid 

precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and dried over 

silica gel in a desiccator. Molecular weight: 484.46 g. Percentage Yield: 75%. M. P. 250 oC. 

Molar Conductivity (DMSO): 0.74 Ω-1 cm2 mol-1. Anal. Calcd. for [VO(SFZ)(ai-DTC)] (%) 

C: 42.15; H: 3.12; N: 14.46; S: 19.85.  Found (%) C: 41.34; H: 3.23; N: 13.56; S: 8.84. 

Selected FT-IR (KBr), v (cm-1): 3150 (SO2NH), 1624 (C=N), 1507 (C-N), 951(CS2)as . 



 

78 
 

Selected λmax in DMSO solvent (nm): (π- π*N-C=S) 319, 322; (n- π* S-C=S) 355; Band I: 

828, 738; Band II: 617; Band III: 396. 
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Scheme 3.8. Synthesis of oxovanadium(IV) complex [VO(SFZ)(ai-DTC)]. 

 

3.3.1.9. Synthesis of oxovanadium(IV) complex [VO(SFZ)(hy-DTC)] 

 

Vanadium (IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and sodium phenyl hydrazine 

dithiocarbamate, L2hy-DTC, (0.3095  g, 1.5 mmol,) were magnetically stirred for 3 h at room 

temperature. A brown solid precipitate was formed, filtered, washed with deionized water (3 

x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 499.47 g. Percentage 

Yield: 80%. M. P. 222 oC. Molar Conductivity: 0.68 Ω-1 cm2 mol-1. Anal. Calcd. for 

[VO(SFZ)(ai-DTC)] (%)  C: 40.88; H: 3.23; N: 16.83; S: 19.29, Found (%) C: 41.19; H: 

2.83; N: 15.18; S: 15.44. Selected FT-IR (KBr), v (cm-1): 3160 (SO2NH), 1645 (C=N), 1503 

(C-N), 951(CS2)as. Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 315, 319, 322; (n- π* 

S-C=S) 338 Band I: 861, 715; Band II: 602; Band III: 400. 
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Scheme 3.9. Synthesis of oxovanadium(IV) complex [VO(SFZ)(hy-DTC)]. 

 

3.3.1.10 Synthesis of oxovanadium (IV) complex [VO(SFZ)(to-DTC)] 

 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and sodium ortho toluidine 

dithiocarbamateL2to-DTC, (0.3080 g, 1.5 mmol,) were magnetically stirred for 3 h at room 

temperature. A deep green solid precipitate was filtered, washed with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 498.49 g. Percentage Yield: 

67%. M. P. 210 oC Molar Conductivity (DMSO): 1.75 Ω-1 cm2 mol-1.Anal. Calcd. for 

[VO(SFZ)(to-DTC)](%) C: 43.37; H: 3.44; N: 14.05; S: 20.71. Found (%) C: 49.03; H: 3.70; 

N: 17.34; S: 7.09. Selected FT-IR (KBr), v (cm-1): 3139 (SO2NH), 1646 (C=N), 1500 (C-N), 

948 (CS2)as. Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 316, 322; (n- π* S-C=S) 

336; Band I: 833, 719; Band II: 609; Band III: 395. 
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Scheme 3.10. Synthesis of oxovanadium(IV) complex [VO(SFZ)(to-DTC)]. 

 

3.3.1.11 Synthesis of oxovanadium(IV) complex [VO(SFZ)(ch-DTC)] 

 

Vanadium (IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL), sodium 4-chlorodithiocarbamate L2ch-DTC, 

(0.3386 g, 1.5 mmol,) were magnetically stirred for 3 h at room temperature. A brown solid 

precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and dried over 

silica gel in a desiccator. Molecular weight: 518.90 g. Percentage Yield: 76%. M. P. 240-242 

oC Molar Conductivity (DMSO): 0.02 Ω-1 cm2 mol-1. Anal. Calcd. for [VO(SFZ)(ch-

DTC)](%) C: 39.35; H: 2.72; N: 13.50; S: 18.54.  Found (%) C: 45.06; H: 3.61; N: 20.37; S: 

9.59. Selected FT-IR (KBr), v (cm-1): 3140 (SO2NH), 1645 (C=N), 1502 (C-N), 1004(CS2)as. 

Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 308, 317, 322; (n- π* S-C=S) 342, 351, 

360, 363; Band I: 812, 699; Band II: 616; Band III: 404. 
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Scheme 3.11. Synthesis of oxovanadium(IV) complex [VO(SFZ)(ch-DTC)].    

 

3.3.1.12 Synthesis of oxovanadium(IV) complex of [VO(SFZ)(as-DTC)] 

 

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and sodium anisidine dithiocarbamate L2as-

DTC, (0.3320 g, 1.5 mmol were magnetically stirred for 3 h at room temperature. A green solid 

precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and dried over 

silica gel in a desiccator. Molecular weight: 514.49 g. Percentage Yield: 73%. M. P. 232-234 

oC. Molar Conductivity (DMSO): 0.00 Ω-1 cm2 mol-1.  Anal. Calcd. for [VO(SFZ)(as-

DTC)](%)  C: 42.02; H: 3.33; N: 13.61; S: 18.69.  Found (%) C: 47.29; H: 3.96; N: 15.18; S: 

6.33. Selected FT-IR (KBr), v (cm-1): 3119 (SO2NH), 1646 (C=N), 1502 (C-N), 945(CS2)as. 

Selected λmax in DMSO solvent(nm): (π- π* N-C=S) 312, 319, 322; (n- π* S-C=S) 357, 367; 

Band I: 800, 718; Band II: 694, 599; Band III: 570. 
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Scheme 3.12. Synthesis of oxovanadium(IV) complex of [VO(SFZ)(as-DTC)]. 

 

3.3.1.13 Synthesis of oxovanadium(IV) complex [VO(SFZ)(tl-DTC)]  

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and sodium para toluidine dithiocarbamate 

L2tl-DTC, (0.3080 g, 1.5 mmol,) were magnetically stirred for 3 h at room temperature. A 

brown solid precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and 

dried with silica gel in a desiccator. Molecular weight: 498.49 g. Percentage Yield: 77%. M. 

P. 212 oC. Molar Conductivity (DMSO): 0.01 Ω-1 cm2 mol-1.Anal. Calcd. for [VO(SFZ)(tl-

DTC)](%) C: 43.37; H: 3.33; N: 14.05; S: 19.29.  Found (%) C: 48.25; H: 3.87; N: 19.10; S: 

7.17. Selected FT-IR (KBr), v (cm-1): 3150 (SO2NH), 1646 (C=N), 1501 (C-N), 951(CS2)as. 

Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 317, 322; (n- π* S-C=S) 352; Band I: 

830, 812; Band II: 694, 593; Band III: 561. 
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Scheme 3.13. Synthesis of oxovanadium(IV) complex [VO(SFZ)(tl-DTC)]. 

 

3.3.1.14 Synthesis of oxovanadium(IV) complex of [VO(SFZ)(tu-DTC)]  

Vanadium(IV) oxide sulfate hydrate (0.2445 g, 1.5 mmol), solution of sodium sulfadiazine, 

L1, (0.4085 g, 1.5 mmol) in methanol (100 mL) and sodium meta ethyl toluidine.  L2tu-DTC, 

(0.3498 g, 1.5 mmol,) were magnetically stirred for 3 hat room temperature. A greenish 

brown solid precipitate was formed, filtered, washed with deionized water (3 x 5 mL) and 

dried over silica gel in a desiccator. Molecular weight: 526.54 g. Percentage Yield: 72%. M. 

P. 190-192 oC Molar Conductivity (DMSO): 1.38 Ω-1 cm2 mol-1; Anal. Calcd. for 

[VO(SFZ)(tu-DTC)](%) C: 45.62; H: 4.02; N: 13.30; S: 18.27.  Found (%) C: 47.47; H: 4.19; 

N: 16.84; S: 10.03. Selected FT-IR (KBr), v (cm-1): 3116 (SO2NH), 1646 (C=N), 1498 (C-N), 

945(CS2)as. Selected λmax in DMSO solvent (nm): (π- π* N-C=S) 312, 317, 322, (π- π* S-C=S) 

344; Band I: 812; Band II: 706, 572; Band III: 405. 
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Scheme 3.14. Synthesis of oxovanadium(IV) complex of [VO(SFZ)(tu-DTC)]. 

 

 

3.3 Results and discussion 

3.3.1 Syntheses 

The synthesized oxovanadium(IV) complexes were precipitated from the reactions of 

solutions of mixed sulfadiazine, derivatives of dithiocarmates and oxovanadium(IV) salt. The 

different precipitates possessed various colours of light green, green, brown and yellow as 

evidence of chemical reactions to have taken place. The para substituted derivatives of mixed 

ligands of oxovanadium (IV) complexes were brown in colour, namely; ([VO(SFZ)(ch-

DTC)] and [VO(SFZ)(tl-DTC)]). The other complexes of oxovanadium (IV) had different 

levels of green colour typical of oxovanadium(IV) complexes, except for [VO(SFZ)(hh-

DTC)] which appeared yellow. The highest formula molecular mass for oxovanadium(IV) 

complexes had a formula molecular mass of 526.54 for [VO(SFZ)(tu-DTC)]. The lowest 

formula molecular mass was [VO(SFZ)(hh-DTC)]  with formula molecular mass of 423.38. 

Oxovanadium(IV) complexes were stable, though kept and stored in a desiccator over silica 

gel at room temperature. Among the synthesized oxovanadium(IV) complexes 52% was the 

minimum percentage yield and the maximum percentage yield was 85%. This indicated a 

good to excellent percentage yield of oxovanadium(IV) complexes. Dimethylsulfoxide 

(DMSO) and dimethylformamide (DMF) dissolved all oxovanadium(IV) complexes of 

sodium sulfadiazine and derivatives of dithiocarbamates. They were mostly insoluble in 
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deionized water. The lowest temperature was [VO(SFZ)(cy-DTC)], with 140 oC, while the 

highest was for [VO(SFZ)(ai-DTC)] at 250 oC. The non-electrolytic nature of all 

oxovanadium(IV) complexes of sodium sulfadiazine and derivatives of dithiocarbamates was 

confirmed with values less 20 ohms-11cm2 mol-1 [500]. The physicochemical characterization 

studies of all oxovanadium(IV) complexes are depicted in Table 3.1. below. 

  

Table 3.1: Physicochemical characterization studies of all oxovanadium(IV) complexes of 

sodium sulfadiazine and derivatives of dithiocarbamates.  

 

Oxovanadium(IV) 

Complexes 

Colour Formula  

Molecular 

Mass 

Percentag

e  

Yield (%) 

Solubility Temperatu

re 

(oC) 

Molar 

Conductivity  

(Ω-1cm2 mol-

1) 

VOSO4 Blue  99 DMSO 

DMF 

88-90 1.65 

 [VO(SFZ)(cy-

DTC)] 

Green 490.51 85 DMSO 

DMF 

140 1.10 

 [VO(SFZ)(an-

DTC)] 

Green 484.46 72 DMSO 

DMF 

206-208 0.01 

[VO(SFZ)(me-

DTC)] 

Green 498.49 52 DMSO  

DMF 

208 2.02 

[VO(SFZ)(bt-

DTC)] 

Green 464.47 82 DMSO 

DMF 

212 0.00 

 [VO(SFZ)(de-

DTC)] 

Green 464.47 82 DMSO 

DMF 

218-220 0.02 

[VO(SFZ)(hx- Green 492.52 64 DMSO 248 0.00 
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DTC)] DMF 

 [VO(SFZ)(hh-

DTC)] 

Yellow 423.38 58  DMSO 

DMF 

220 0.11 

[VO(SFZ)(ai-

DTC)] 

Light 

green 

484.46 75 DMSO 

DMF 

250 0.74 

 [VO(SFZ)(hy-

DTC)] 

Yellow 499.47 80 DMSO 

DMF 

222 0.68 

 [VO(SFZ)(to-

DTC)] 

Deep 

green 

498.49 67 DMSO 

DMF 

210 1.75 

[VO(SFZ)(ch-

DTC)] 

Brown 518.90 76 DMSO 

DMF 

240-242 0.02 

 [V(SFZ)(as-

DTC)] 

Green 514.49 73 DMSO 

DMF 

232-234 0.00 

[VO(SFZ)(tl-

DTC)] 

Brown 498.49 77 DMSO 

DMF 

212 0.01 

[VO(SFZ)(tu-

DTC)] 

Green 526.54 72 DMSO 

DMF 

190-192 1.38 

 

3.3.2 Elemental Analysis 

Elemental analysis was also used to check the purities of the oxovanadium(IV) complexes by 

determining the percentage composition of carbon, hydrogen, nitrogen and sulfur. Following 

guidelines of homogeneous samples for elemental analysis, variations were still observed in 

the results. These might be due to effect of hydrate or moisture, incomplete separation of 

water from sulfur and incomplete digestion [501-502].  
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Table 3.2: Elemental analysis of oxovanadium(IV) complexes of mixed ligands of sodium 

sulfadiazine and derivatives of dithiocarbamates. 

Metal complex Chemical formula Analytical data (%) 

 

                            C             H           N             S  

Calculated 

 Found 

[VO(SFZ)(cy-

DTC)] 

C17H21N5S3O3V 

 

                          41.63      4.32      14.28         19.61 

                          48.24      3.40      26.45         11.21                             

[VO(SFZ)(an-

DTC)] 

C17H15N5S3O3V 

 

                          42.15      3.12      14.46         19.85 

                          41.54      3.94      18.23         18.03 

[VO(SFZ)(me-

DTC)] 

C18H17N5S3O3V                           43.37      3.44      14.05         19.29 

                          46.03      3.55      19.04         10.54 

[VO(SFZ)(bt-

DTC)] 

C15H19N5S3O3V                           38.79      4.12      15.08         20.71 

                          37.10      2.93      17.20         11.62 

[VO(SFZ)(hx-

DTC)] 

C17H23N5S3O3V                           41.46      4.71      14.22         19.53 

                          37.57      2.60      18.05          7.37 

[VO(SFZ)(de-

DTC)] 

C15H19N5S3O3V                           38.79      4.12      15.08         20.71 

                          43.18      4.26      18.54         13.94 

[VO(SFZ)(hh-

DTC)] 

C11H12N6S3O3V                           31.21      2.86      19.85         22.75 

                          43.80      3.61      21.81         19.34                       

[VO(SFZ)(ai-

DTC)] 

C17H15N5S3O3V 

 

                          42.15      3.12      14.46         19.85 

                          41.34      3.23      13.56           8.84       

[VO(SFZ)(hy- C17H16N6S3O3V                           40.88      3.23      16.83         19.29 
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DTC)]                           41.19     2.83       15.18         15.44                      

[VO(SFZ)(to-

DTC)] 

C18H16N5S3O3V 

 

                          43.37      3.44      14.05         20.71 

                          49.03      3.70      17.34         7.09 

[VO(SFZ)(ch-

DTC)] 

C17H14N5S3O3ClV                           39.35      2.72      13.50        18.54 

                         45.06       3.61       20.37       9.59                            

[VO(SFZ)(as-

DTC)] 

C18H17N5O4S3V                          42.02      3.33      13.61        18.69 

                         47.29      3.96      15.18         6.33                   

[VO(SFZ)(tl-DTC)] C18H17N5O3S3V 

 

                         43.37      3.44      14.05       19.29 

                         48.25     3.87       19.10       7.17                      

[VO(SFZ)(tu-

DTC)] 

C20H21N5S3O3V                         45.62    4.02        13.30       18.27 

                        47.47    4.19        16.84       10.03 

 

 

3.3.3 Molecular Spectroscopy 

In this chapter, the two molecular spectroscopic techniques used to characterize the 

synthesized oxovanadium(IV) complexes were Fourier Transform Infra-Red (FT-IR) and 

Ultra-violet Visible (UV-Vis) Spectroscopy. 

 

3.3.3.1 Fourier Transform Infra-Red (FT-IR) Spectroscopy of mixed sulfadiazine and 

dithiocarbamate with oxovanadium(IV) complexes 

The FT-IR for oxovanadium(IV) was also taken from upper region of 4000 cm-1 to a lower 

FT-IR region of 370 cm-1. In this chapter, the relevance of FT-IR was used to determine the 

coordinating ability of the donors of the mixed ligands to the oxovanadium(IV) ion. This was 

done for each oxovanadium(IV) complex and then compared with the corresponding ligand.  

The asymmetrical and symmetrical stretching modes of amino group, NH2, of all 

oxovanadium(IV) complexes had absorption bands between 3558 and 3250 cm-1 as compared 
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to SFZ,  with absorption bands at 3415 and 3482-3310 cm-1 respectively. Differences were 

observed between the spectra of oxovanadium(IV) complexes and sodium sulfadiazine. 

These differences might be due to either different forms of vibrations of coordinated water, 

lattice water or hydrogen bonding between the oxovanadium complexes entailing the NH2 

and SO2 groups [371, 503]. Sulfonamide nitrogen (-SO2N) atom in the oxovanadium(IV) 

complexes and they all absorbed at either lower or higher frequencies (3262-3112 cm-1) 

compared to the free ligand (3251 cm-1). Azomethine group, -C=N, had higher and lower 

frequencies (1651-1579 cm-1) than the free ligand of sodium sulfadiazine (1628, 1577 cm-1). 

SO2 asymmetrical and symmetrical stretching modes absorbed at higher wavenumbers, (1333 

cm-1, 1160 cm-1) ) while (S-N) absorbed at lower wavenumbers (1057 cm-1) in all 

oxovanadium(IV) complexes when compared with the free ligand, (1374, 1244, 1138, 1102 

cm-1) (1024 cm-1) respectively. All the modifications of NH2, -SO2N, -C=N, SO2 and S-N 

confirmed the coordination of azomethine nitrogen and sulfonamide nitrogen atom to the 

oxovanadium (IV) ion [363-364, 371, 503-504]. All oxovanadium(IV) complexes had metal 

coordination stretching, (V-N) from 550-636 cm-1. 

 

In all the dithiocarbamates, the thioureide band appeared in the region from 1530-1476 cm-1 

for all the oxovanadium(IV) complexes. They all had higher wavenumbers than the ligands of 

dithiocarbamates 1496-1426cm-1, with a difference of 34-50 cm-1 in the wavenumber 

compared with the ligand. The general stretching frequency for (CS2)as is 1050-950 cm-1. The 

asymmetrical (CS2)as that had shifted slightly for a difference of 1-5 cm-1 for all synthesized 

oxovanadium(IV) complexes when compared with the stretching frequencies of the general 

with vibration frequencies from a region of 1049-945 cm-1. The wavenumbers of the 

oxovanadium(IV) complexes were less than the corresponding ligands, with the exception of 

[VO(SFZ)(hh-DTC)]  [VO(SFZ)(ch-DTC)] and[VO(SFZ)(as-DTC)] with lower differences 

of 4cm-1, 10 cm-1 and 3 cm-1 as compared to  hh-DTC, ch-DTC and as-DTC, respectively. 

Most of the (CS2)as vibrational frequencies had overlap with the ν(V=O) vibrational 

frequencies as evident in Table 3.3.  

 

The multiple covalent bond of oxovanadium species, VO, has a general stretching frequency 

for the FT-IR of oxovanadium (IV), ν(V=O),   in the region of 940-1020 cm-1 [505], 960±50 

cm-1 [506] or 985±50 cm-1 [507]. All the synthesized oxovanadium(IV) complexes had 
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absorption frequencies, ν(V=O), in the region of 1016-942 cm-1, which were within the 

general stretching frequencies. The ν(V=O) of inorganic salt of vanadyl(IV) sulfate hydrate 

was 1015 cm-1[505]. It was earlier said of their overlap with ν (CS2)as absorption frequency 

bands. Another band shift between 855-803 cm-1 indicated the presence of coordinated water 

in some oxovanadium(IV) complexes. [505]. This can also be explained as traces of ----O=V-

----V=O interaction of polymeric nature [508].The V-S wavenumber of the oxovanadium(IV) 

complexes appeared in the region of 456-407 cm-1. They were similar to the results obtained 

by Sharma M et al, where their v(V-S) had absorption stretching frequencies from 431-416 

cm-1[509]. 

Data from FT-IR spectra of all the oxovanadium(IV) complexes proved the successful 

coordination of the mixed ligands of N2S2 coordination mode to the oxovanadium (IV) ion.  
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Table 3.3: FT-IR frequencies (cm-1) for sodium sulfadiazine ligated oxovanadium(IV) 

complexes and dithiocarbamates ligated oxovanadium(IV) complexes. 

Ligand 

(L1) 

 

ν(N-H)as ν(N-H)s ν(SOON

H) 

ν(C=N) ν(SOO)as ν(SOO)s ν(S-N) ν(V-N) 

SFZ 3422(s) 

3482(s) 

 

3310(s) 3251(s) 1549(w) 

1628(s) 

 

1244(s) 

1374(w) 

1138(s) 

1102(s) 

1024(s)  

Oxovanadiu

m(IV) 

Complexes 

  

 

 

      

[VO(SFZ)(cy

-DTC)] 

3549(s) 

3481(s) 

3424(s) 

3251(w) 3157(w) 1627(s) 1286(w) 1158(s) 1021(w) 571(m) 

[VO(SFZ)(an

-DTC)] 

3435(s) 

3479(s) 

3559(s) 

3299(s) 3120(w) 1574(m) 1327(s) 1138(s) 1016(s) 559(m) 

[VO(SFZ)(m

e-DTC)] 

3427(s) 

3485(s) 

3554(s) 

3265(m) 3120(w) 1628(m) 1333(m) 1159(w) 1032(w) 627(m) 

[VO(SFZ)(bt

-DTC)] 

3427(s) 

3380(s) 

3552(s) 

3364(s) 

3271(m) 

3113(m) 1589(s) 1326(s) 1156(s) 1006(w) 555(s) 

[VO(SFZ)(hx 3425(s) 3318(s) 3114(m) 1586(s) 1326(s) 1156(s) 1000(m) 551(m) 
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-DTC)] 3477(s) 

3556(s) 

[VO(SFZ)(de

-DTC)] 

 

3428(s) 

 

 

3270(w) 3130(w) 1599(s) 1326(m) 1154(s) 1035(w) 555(s) 

[VO(SFZ)(hh

-DTC)] 

 

3426(s) 3313(m) 3109(m) 1587(s) 1299(m) 1158(s) 1052(w)  

[VO(SFZ)(cc

-DTC)] 

3421(s) 

3485(s) 

3557(s) 

3250(w) 3160(w) 1622(m) 1327(s) 1156(s) 1009(w) 602(w) 

[VO(SFZ)(ai-

DTC)] 

3428(s) 

3480(s) 

3550(s) 

3284(w) 3150(w) 1624(m) 1330(m) 1160(s) 1024(m) 597(w) 

[VO(SFZ)(hy

-DTC)] 

3431(s) 

3448(s) 

3558(s) 

3294(w) 3160(w) 1645(m) 1332(m) 1159(s) 1057(w) 565(w) 

[VO(SFZ)(to

-DTC)] 

3427(s) 

3480(s) 

 

3367(w) 

3269(w) 

3139(w) 1646(s) 1328(s) 1158(s) 

1136(m) 

1024(w) 574(m) 

[VO(SFZ)(ch

-DTC)] 

 

3428(s) 3254(w) 3140 (s) 1645(s) 1328(s) 1158(s) 1025(s) 555(s) 

[VO(SFZ)(as 3424(s) 3244(s) 3119(s) 1646(s) 1329(s) 1158(s) 1038(m) 555(s) 
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-DTC)] 3482(s) 

3554(s) 

 

[VO(SFZ)(tl-

DTC)] 

 

3424(s) 

3486(s) 

3287(s) 3150(w) 1646(s) 1331(s) 1158(s) 

 

1028(w) 570(s) 

[VO(SFZ)(tu

-DTC)] 

3424(s) 

3482(s) 

3554(s) 

3311(s) 3116(s) 1646(s) 1327(s) 1157(s) 

 

1006(w) 553(s) 

Ligands(L2) v(C-N) v(CSS)as v(V=O) v(V-S) 

cy-DTC 1486(s) 1003(m)   

[VO(SFZ)(cy-DTC)] 1498(s) 948(s) 948(s), 845(m) 414(m) 

an-DTC 1452(m) 1023(s)   

[VO(SFZ)(an-DTC)] 1530(w) 1016 (s) 1016(s), 803(s) 426(m) 

me-DTC 1496(m) 1042(m)   

[VO(SFZ)(me-DTC)] 1478(w) 954(m) 954(m) 414(s) 

bt-DTC 1464(s) 1049(w)   

[VO(SFZ)(bt-DTC)] 1497(s) 946(s) 946(m), 846(m) 432(m) 

hx-DTC 1459(s) 959(m)   

[VO(SFZ)(hx-DTC)] 1482(s)1500(s) 945(s) 945(s), 845 (m) 456(m) 

de-DTC 1475(s) 993(s)   

[VO(SFZ)(de-DTC)] 1500(s) 951(m) 951(m) 845(w) 434(m) 

[VO(SFZ)(hh-DTC)] 1495(s) 1043(s) 943(s), 844(s) 390(m) 

cc-DTC 1462(s) 985(m)   

[VO(SFZ)(cc-DTC)] 1498(s) 946(s) 946(br,s),.846(br,s) 410(s) 
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ai-DTC 1460(s) 1008(w)   

[VO(SFZ)(ai-DTC)] 1507(s) 951(m) 951(m) ,850(w) 414(s) 

hy-DTC 1426(s) 1025(s)   

[VO(SFZ)(hy-DTC)] 1503(s) 951(s) 951(s), 855(w) 413(w) 

to-DTC 1496(s) 1006(m)   

[VO(SFZ)(to-DTC)] 1500(s) 948(s) 948(s), 848(m) 446(s) 

ch-DTC 1465(s) 994(s)   

[VO(SFZ)(ch-DTC)] 1502(s) 1004(s) 1004(s), 847(w) 443(s) 

as-DTC 1466(s) 1031(s)   

[VO(SFZ)(as-DTC)] 1502(s) 1034(m) 945(m), 853(w) 447(s) 

tl-DTC 1474(m) 1005(s)   

[VO(SFZ)(tl-DTC)] 1501(s) 951(m) 951(m), 853(w) 442(s) 

tu-DTC 1459(m) 1001(s)   

[VO(SFZ)(tu-DTC)] 1498(m) 945(s) 945(s), 847(w) 423(s) 

br= broad; m= medium; s= strong; w=weak 
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Figure 3.2: The FT-IR of [VO(SFZ)(cy-DTC)] and the corresponding ligands. 

 

 

Figure 3.3: The FT-IR of  [VO(SFZ)(me-DTC)]  and the corresponding ligands. 
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3.3.3.2 Electronic spectra studies of oxovanadium(IV) complexes 

Studies on the electronic spectra of the oxovanadium(IV) complexes were done to assess the 

mode of coordination if there would be a blue or red shift, as well as, the determination of the 

geometries of all the oxovanadium(IV) complexes. Absorption in the wavelength region 

between 250-300 nm can be due to functional group of conjugated alkenes, C=C, benzene or 

phenyl ring of the mixed ligands and the corresponding oxovanadium(IV) complexes [510-

511]. In addition, all the complexes of oxovanadium with absorption bands of below 300-350 

nm were due to intra-ligand transitions from mixed ligands of sodium sulfadiazine (-CH=N-) 

and all derivatives of dithiocarbamates (N-C=S and S-C=S) as reported for uncomplexed 

ligands [510, 512, 513]. Absorption bands above 350 nm and below 400 nm can be further 

due to the presence of the azomethine group (-CH=N-) and lone pair of electrons on sulfur 

atom in S-C=S of dithiocarbamate group [511-514]. Metal to ligand charge transfer (MLCT) 

in all oxovanadium (IV) complexes have absorptions above 400 nm of d-d transition [511]. 

Overlapping might occur since both ligands (L1 and L2) had π-π*and n-π*, so they had the 

same results as presented in Table 3.5. All the complexes of oxovanadium(IV) had blue 

hypsochromic shifts when compared with the mixed ligands. At room temperature, there are 

three absorption bands, known as band I (900-526 nm), band II (689-526 nm) and band III 

(476-333 nm). According to Ballhausen and Gray Scheme, band I was assigned to 2B2→ 2E 

(b2→e2
*), band II assigned to 2B2→ 2B1 (b2→e1

*) and band III assigned to 2B2→ 2A1 

(b2→a1
*) transitions [511, 515]. Studies on electronic spectroscopy of all oxovanadium(IV) 

complexes revealed coordination of DMSO solvent in the sixth position which is trans to the 

V=O bond in order to retain the dimeric nature [511]. They all formed six coordinate 

complexes, since the d-d transition showed low absorption above 700 nm [511]. For five 

coordinate complexes, there is no d-d transition above 700 nm [511]. 
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Figure 3.4: The UV-Vis spectra of oxovanadium(IV) complexes and their corresponding 

ligands of SFZ, cy-DTC and [[VO(SFZ)(cy-DTC)]. 

 

 

 

 

Figure 3.5: The UV-Vis spectra of SFZ, cy-DTC and [VO(SFZ)(me-DTC)]. 
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3.3.3.3 Nuclear Magnetic Resonance (1H NMR and 13C NMR) 

Both 1H NMR and 13C NMR were not carried out for all the oxovanadium(IV) complexes 

due to their paramagnetic nature. 

 

3.4. Conclusion  

Apart from the blue colour of inorganic salt of vanadyl sulfate hydrate, the changes observed 

in the colour of the complexes confirmed coordination. The different colours were light 

green, green, deep green, brown and yellow. They were all stable at room temperature and 

the colours were still retained after ten months. They all appeared as solid and were soluble in 

dimethylformamide (DMF) and dimethylsulfoxide (DMSO). All the oxovanadium(IV) 

complexes were non electrolytes. 

For the spectroscopic characterization studies, FT-IR proved the successful coordination of 

the mixed ligands with oxovanadium(IV) ion. The wavenumbers of oxovanadium(IV) ions 

were observed between 1016-942 cm-1, which confirmed ligands coordination with 

oxovanadium(IV) ions. Six coordinate complexes might be formed as absorption band region 

from 855-803 cm-1 indicating polymeric forms were detected as elements of water 

coordination. The coordination was N2S2 modes. 

Studies on electronic spectroscopies of all oxovanadium(IV) complexes revealed 

coordination of DMSO solvent in the sixth position which is trans to the V=O bond in order 

to retain the dimeric nature. They all formed six coordinate complexes, since the d-d 

transition showed low absorption above 700 nm. In addition to the above, d-d transitions 

above 700 nm confirmed six coordinate complexes for all the oxovanadium(IV) complexes 

on the basis of UV-Vis spectroscopic data. For five coordinate complexes, there is no d-d 

transition above 700 nm. 
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CHAPTER FOUR 

4. Preparation and spectral characterization of zinc(II) complexes of mixed sulfadiazine 

and dithiocarbamate 

 

4.1 Introduction 

Zinc is a d block element, but it is said to be a non-transition element because it possesses a 

filled d10 electron configuration, as an element or ion, when it appears as Zn2+ [516]. Zinc is a 

borderline acid in classification of hard acids and hard bases from Pearson’s concept of 

HSAB principle [516]. It is typical of zinc to appear as a sulfide, most especially, as the zinc 

ore, ZnS (zinc blende). In biological systems, zinc performs multifaceted actions [517]. The 

d10 electron configurations of Zn2+ ions enable them to form complexes with flexible 

coordinating environment and diverse geometries ranging from tetrahedral, several distorted 

polyhedral to octahedral structures [518]. 

Coordination compounds show different distinct properties due to metal ions and the types of 

ligands these metal ligands are ligated to [519]. These coordination compounds are referred 

to as metal complexes [520]. The donor ligands in these metal complexes have unique 

properties and other potentials they can use to enhance or inhibit the properties of metal ions 

to give useful metal complexes in the areas of industries, medicine and biology [516, 520-

523]. On the other way round, metals can influence the potentials of ligands in metal 

complexes [524]. HSAB classification also revealed ligands such as nitrogen and 

phenylamine as borderline bases, amine as hard base and sulfides as soft bases [516]. 

Recently, coordination chemistry of zinc has been the focus. Zinc in form of Zn(II) in 

hydrolytic enzymes can act as nucleophiles which react with substrates of electrophiles [517]. 

The central actions of Zn(II) with flexibility and coordination abilities in hydrolytic enzymes 

and deoxyribonucleic acid (DNA) have helped to implement very effective and fast catalytic 

reactions [517, 525]. Zinc also behaves catalytically and structurally in proteins, most 

especially in zinc finger family, which entailed binding of nucleic acid and gene regulation 

[526]. 

In geometry and stereochemistry of zinc(II) complexes, they can form stable structures as 

four coordinates (tetrahedral/square–planar), five coordinates (trigonal pyramidal) or six 

coordinates (octahedral) complexes. For zinc finger protein, histidine and cysteine are 
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covalently coordinated to zinc(II) ion to form tetrahedral structure [526]. In 

photoluminescence, a lot of square planar zinc(II) complexes show effective quantum 

properties [527]. Five coordinated intermediates dominate the geometry and stereochemistry 

of similarly prepared related biological ligands in zinc complexes [524, 528, 529]. Zinc in 

metalloenzymes possess ligands with donor atoms of nitrogen (imidazolyl), oxygen(aqueous) 

and sometimes sulfur (cysteinal) which coordinate with zinc ion to form five-coordinate 

trigonal bipyramidal zinc substrate [525]. Zinc(II) complexes also exist in square pyramidal 

geometry depending on the type of ligands [527]. Octahedral structures occur when zinc 

complexes are present in aqueous solution and also in proteins [526]. 

Zinc complexes with different coordination donors of N4, O4, S4, N2O2, S2O2, N2O2, and N2S2 

had been synthesized and characterized successfully. Research revealed that great interest had 

been found with zinc complexes with mixed ligands of N and S coordination modes due to 

their distinctive structural and spectroscopic characteristics for metal chelating sites in some 

metalloenzymes and metalloproteins [529].For this research, mixed ligands of sodium 

sulfadiazine of nitrogen donor and derivatives of dithiocarbamates of sulfur donor were 

coordinated with zinc ion from anhydrous zinc chloride salt to yield both aliphatic and phenyl 

complexes of zinc(II) ion. In this chapter, the write-up involves the syntheses of nineteen 

zinc(II) complexes from their corresponding mixed ligands with coordination modes of N2S2. 

The mixed ligands and zinc(II) complexes were characterized using physico-chemical 

parameters and molecular spectroscopy to probe the successful syntheses and presence of the 

moieties in the ligands and the complexes. The aim of this research was to synthesize 

heteroleptic zinc(II) complexes from their corresponding mixed ligands of sodium 

sulfadiazine and derivatives of dithiocarbamate. 

 

4.2 Materials and Methods  

4.2.1 Experimental materials and instrumentation 

4.2.1.1 Experimental materials 

All the materials and chemical reagents used for this research as obtained from the chemical 

industries were of analytical grade and all were, therefore, used as received without 

purification. All reagents were synthesized, except for sulfadiazine sodium salt and 

anhydrous zinc(II) chloride. 
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Sulfadiazine sodium salt (Sigma-Aldrich, USA), anhydrous zinc(II) chloride (Associated 

Chemical Enterprises (Pty) Ltd, RSA),bu-DTC; ammonium N-butyl  dithiocarbamate, he-

DTC; ammonium hexyl  dithiocarbamate, cy-DTC; ammonium N-cyclohexyl  

dithiocarbamate, an-DTC; ammonium N-aniline dithiocarbamate; me-DTC; ammonium N-

methyl N-phenyl dithiocarbamate; et-DTC; Ammonium N-ethyl N-phenyl dithiocarbamate, 

cl-DTC; ammonium N- para chloro N-phenyl dithiocarbamate, mt-DTC; sodium N-methyl  

dithiocarbamate, bt-DTC; sodium N-butyl  dithiocarbamate, hx-DTC; sodium N-hexyl  

dithiocarbamate; de-DTC; sodium N-diethyl  dithiocarbamate, *de-DTC; sodium N-diethyl  

dithiocarbamate(synthesized), ea-DTC; sodium N-ethanol  dithiocarbamate cc-DTC; sodium 

N-cyclohexyl dithiocarbamate, hy-DTC sodium N-phenyl hydrate  dithiocarbamate, to-DTC, 

sodium N-ortho-toluidine dithiocarbamate, ml-DTC; sodium N-methyl N-phenyl 

dithiocarbamate ;ey-DTC; sodium N-ethyl N-phenyl dithiocarbamate, ch-DTC; sodium N- 

para chloro N-phenyl dithiocarbamate, as-DTC; sodium anisidine dithiocarbamate, tl-DTC; 

sodium N-para-anisidine dithiocarbamate, tu-DTC; sodium N-ethyl-m-toluidine 

dithiocarbamate. 

 

4.2.1.2 Solvents 

Deionized water (In house), Acetone, Acetonitrile, Diethyl ether, Methanol, Toluene (Merck, 

RSA), Absolute Ethanol (Supplied by EC Labs), Dimethylformamide, Dimethylsulfoxide 

(Merck, Germany). 

 

4.2.1.3 Instrumentation 

Sample masses were weighed on Sartorius Electronic Balance (Maximum Capacity (110 g), 

one open-end capillary tube melting points were carried out on a STUART SMP11 melting 

point apparatus and recorded uncorrected. Molar conductivities of oxovanadium (IV) 

complexes were obtained from a CRINSON EC- Meter BASIC 30+ conductivity meter.  

Elemental analyses for carbon, hydrogen, nitrogen and sulfur were done on a FLASH 2000 

Thermoscientific Elemental Analyzer. Electronic spectra (UV-Vis spectra) for all the zinc(II) 

complexes were carried out at room temperature by using a Perkin-Elmer Lambda 25 UV-Vis 

Spectrometer. The recording of the electronic spectra was done between 10-3 and 10-5 M 

solutions of dimethylsulfoxide (DMSO).  The reading was taken after calibration for baseline 



 

102 
 

correction in the double beam spectrometer in the wavelength interval between 200 nm and 

1000 nm. The FT- IR spectra were recorded from a KBr disc in the range of 4000-370 cm-1 

on a Perkin-Elmer 2000 FT-IR spectrophotometer.  NMR spectra were obtained on a Bruker 

Avance 400 NMR spectrometer operating at frequencies of 400.1 MHz for 1H and 13C NMR 

at 100.6 MHz. The temperature of the NMR measurements was 303 K. NMR samples were 

prepared by dissolving the zinc(II) complexes using DMSO-d6 as solvent. University of 

Stellenbosch, South Africa (Varian UnityInova 600 NMR spectrometer operating at 

frequencies of 600 MHz for 1H and at 150 MHz for 13C NMR frequency. The chemical shifts 

were expressed in ppm in relation to internal standard of TMS. 

 

4.2.2 Methods 

Preparation of zinc(II) complexes from sodium sulfadiazine (L1) and derivatives of 

dithiocarbamate (L2-DTC)  

The zinc compounds were prepared following a literature procedure with some modifications 

[364, 385-393].  

 

4.2.2.1 Synthesis of zinc(II) complex of [Zn(SFZ)(bu-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol) and ammonium N-butyl dithiocarbamate (L2bu-DTC) 

 (0.2495 g, 1.5 mmol) were added together and magnetically stirred at room temperature for 

30 min, followed by dropwise addition of a solution of zinc chloride (0.2044 g, 1.5 mmol) in 

distilled water (30 mL). The reaction mixture was further stirred for 2 h 30 min and the 

resultant white precipitate was filtered, washed thoroughly with deionized water (3 x 5 mL) 

and dried over silica gel in a desiccator. Molecular weight: 462.91 g. Percentage Yield: 54%. 

M. P.140-142oC. Molar Conductivity: 1.80 Ω-1 cm2 mol-1. Anal. Calcd for [Zn(SFZ)(bu-

DTC)] (%)  C: 38.92; H: 4.14; N: 15.13; S: 20.18.Found: C: 35.99; H: 4.55; N: 11.82; S: 

25.07. Selected FT-IR (KBr), ν (cm-1): 3235 (SO2NH), 1652 (C=N), 1519 (C-N), 974(CS2)as. 

Selected λmax in DMSO solvent(nm): 266, 296 (π-π* N-C=S) 376, 378; (n-π* N-C=S). 

Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.95 (C2HN); δ 8.60 (C4H4N2-H) δ 10.00 (N-

H); δ 11.24 (=CHSO2NNa). Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ 29.85 (13CH2), 

δ 13.59 (13CH3). 
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Scheme 4.1. Synthesis of zinc(II) complex of [Zn(SFZ)(bu-DTC)]. 

Other zinc(II) complexes were synthesized using the same procedure for syntheses of zinc 

complexes derived from sodium salt of sulfadiazine and ammonium hexyl dithiocarbamate 

(he-DTC), ammonium N-cyclohexyl  dithiocarbamate (he-DTC),ammonium N-cyclohexyl  

dithiocarbamate (cy-DTC),  ammonium N-aniline dithiocarbamate (an-DTC), ammonium N-

methyl N-phenyl dithiocarbamate (me-DTC),  ammonium N-ethyl N-phenyl dithiocarbamate 

et-DTC), ammonium N- para chloro N-phenyl dithiocarbamate (cl-DTC), sodium N-methyl  

dithiocarbamate (me-DTC), sodium N-butyl  dithiocarbamate (bt-DTC), sodium N-hexyl  

dithiocarbamate (hx-DTC), sodium N-diethyl  dithiocarbamate (de-DTC), sodium N-diethyl  

dithiocarbamate (*de-DTC), sodium N-ethanol  dithiocarbamate (ea-DTC), sodium N-

cyclohexyl  dithiocarbamate (cc-DTC),sodium N-phenyl hydrate  dithiocarbamate (hy-DTC), 

sodium N-ortho-toluidine dithiocarbamate (to-DTC), sodium N-methyl N-phenyl 

dithiocarbamate(ml-DTC),sodium N-ethyl N-phenyl dithiocarbamate (ey-DTC),sodium N- 

para chloro N-phenyl dithiocarbamate (ch-DTC), sodium anisidine dithiocarbamate (as-

DTC), sodium N-para-anisidine dithiocarbamate, sodium N-ethyl-m-toluidine 

dithiocarbamate (tu-DTC). 
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4.2.2.2 Synthesis of zinc(II) complex of [Zn(SFZ)(he-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), ammonium N-hexyl dithiocarbamate (L2he-DTC) 

(0.2915 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed, filtered, washed thoroughly with deionized 

water (3 x 5 mL) and dried over silica gel in a desiccator.   Molecular weight: 490.96 g. 

Percentage Yield: 60%. M. P. 240-242oC. Molar Conductivity: 0.80 Ω-1 cm2 mol-1. Anal. 

Calcd for [Zn(SFZ)(he-DTC)] (%)  C: 41.59; H: 4.72; N: 14.26; S: 19.59. Found: C: 44.81; 

H: 3.83; N: 20.14; S: 13.58. Selected FT-IR (KBr), ν (cm-1): 3234 (SO2NH), 1617, 1638 

(C=N), 1498 (C-N), 995 (C=S). Selected λmax in DMSO solvent, (nm): 266, 269 (π-π* N-

C=S) 374, 390; (n-π* N-C=S). Selected 1H NMR (DMSO-d6, 600Hz, ppm): δ 5.95 (C2HN); δ 

8.45 (C4H4N2-H) δ 9.93 (N-H); δ 11.19 (=CHSO2NNa). Selected 13C NMR (DMSO-d6, 150 

MHz, ppm); δ111.97-115.33 (Ar-C) δ 129.80-152.80 (NH2C); δ 158.02(-SO2N=C). 
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Scheme 4.2. Synthesis of zinc(II) complex of [Zn(SFZ)(he-DTC)]. 

 

4.2.2.3 Synthesis of zinc(II) complex of [Zn(SFZ)(an-DTC)] 

Aqueous sodium sulfadiazine (0.4085 g, 1.5 mmol) in distilled water (50 mL) was added 

dropwise to a solution of ammonium salt of aniline dithiocarbamate (L2an-DTC) (0.2790 g, 1.5 

mmol) in distilled water (20 mL). The reaction was magnetically stirred at room temperature 

for 30 min, followed by dropwise addition of a solution of zinc chloride (0.2044 g, 1.5 mmol) 

in distilled water (30 mL). The reaction was stirred further for 2 h 30 min, and the resultant 

white precipitate was filtered, washed thoroughly with water (3 x 5 mL) and dried over silica 

gel in a desiccator. Molecular weight: 482.90 g. Percentage Yield: 68%. M. P. 180 oC. Molar 
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Conductivity: 0.18 Ω-1 cm2 mol-1.  Anal. Calcd for [Zn(SFZ)(an-DTC)](%)  C: 42.28; H: 

3.13; N: 14.50; S: 19.92. Found (%) C: 52.59; H: 3.55; N: 20.20; S: 7.44. Selected FT-IR 

(KBr), ν (cm-1): 3279 (SO2NH), 1653; 1590 (C=N), 1509 (C-N), 1017 (C=S).Selected λmax in 

DMSO solvent, (nm): 231, 252, 292 (π-π* N-C=S) 374, 379; (n-π* N-C=S). Selected 1H 

NMR (DMSO-d6, 600Hz, ppm): δ 5.95 (C2HN); δ 6.54 (Ar-H); δ 8.44 (C4H4N2-H) δ 9.70 (N-

H); δ 11.72 (=CHSO2NNa). Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ123.34-128.03 

(Ar-C) δ 129.59 (NH2C); δ 139.11(SO2N=C); δ 179.32; 192.00 (NCS2). 
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Scheme 4.3. Synthesis of zinc(II) complex of [Zn(SFZ)(an-DTC)]. 

 

 

4.2.2.4 Synthesis of zinc(II) complex of [Zn(SFZ)(me-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), ammonium N-methyl-N-phenyl dithiocarbamate 

(L2me-DTC)(0.3005 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 

3 h at room temperature. A white solid was formed, filtered, washed thoroughly with 

deionized water (3 x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 

496.93 g. Percentage Yield: 52%. M. P. 210-212oC. Molar Conductivity: 0.02 Ω-1 cm2 mol-1. 

Anal. Calcd for [Zn(SFZ)(me-DTC)] (%)  C: 43.51; H: 3.45; N: 14.09; S: 19.36. Found (%) 

C: 27.01; H: 8.34; N: 6.25; S: 29.34.Selected FT-IR (KBr), ν (cm-1):3266 (SO2NH), 1589 
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(C=N), 1497 (C-N), 1034 (C=S). Selected λmax in DMSO solvent, (nm): 265, 276 (π-π* N-

C=S) 373, 384; (n-π* N-C=S).Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 4.75 (C2HN); δ 

6.55 (Ar-H); δ 8.45 (C4H4N2-H) δ 9.11 (N-H); δ 11.31 (=CHSO2NNa). Selected 13C NMR 

(DMSO-d6, 150 MHz, ppm); δ125.49-127.85 (Ar-C) δ 129.92 (NH2C); δ 130.41; 137.42(-

SO2N=C); δ 180.68; 192.24 (NCS2). 
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Scheme 4.4. Synthesis of zinc(II) complex of [Zn(SFZ)(me-DTC)]. 

 

4.2.2.5 Synthesis of zinc(II) complex of [Zn(SFZ)(et-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), ammonium N-ethyl-N-phenyl dithiocarbamate 

(L2et-DTC) (0.3215 g, 1.5 mmol) and ZnCl2 (30 mL, 1.5 mmol) were magnetically stirred for 3 

h at room temperature. A white solid was formed filtered, washed thoroughly with deionized 

water (3 x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 510.95 g. 

Percentage Yield: 60%. M. P. 212-214oC. Molar Conductivity: 0.79 Ω-1 cm2 mol-1. Anal. 

Calcd for [Zn(SFZ)(et-DTC)](%)  C: 44.66; H: 3.75; N: 13.71; S: 18.82. Found (%) C: 46.27; 

H: 3.99; N: 7.52; S: 24.34.Selected FT-IR (KBr), ν (cm-1): 3236 (SO2NH), 1581 (C=N), 1435 

(C-N), 1502 (C=S). Selected λmax in DMSO solvent, (nm): 256, 300 (π-π* N-C=S) 372, 384; 

(n-π* N-C=S) Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 4.12 (C2HN); δ 6.55 (Ar-H);) δ 
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9.15 (N-H), Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ126.95-127.85 (Ar-C) δ 129.25 

(NH2C); δ 144.93(-SO2N=C); δ 206.35 (NCS2). 
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Scheme 4.5. Synthesis of zinc(II) complex of [Zn(SFZ)(et-DTC)]. 

 

4.2.2.6 Synthesis of zinc(II) complex of [Zn(SFZ)(cl-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), ammonium N-chloro-N-phenyl dithiocarbamate 

(L2cl-DTC)  (0.3311 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 

3 h at room temperature. A white solid was formed washed thoroughly with deionized water 

(3 x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 517.34 g. Percentage 

Yield: 62%. M. P. 190-192oC Molar Conductivity: 0.01 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(et-DTC)](%)  C: 39.47; H: 3.73; N: 13.54; S: 18.59. Found (%) C: 57.58; H: 3.36; 

N: 20.00; S: 8.51. Selected FT-IR (KBr), ν (cm-1): 3247 (SO2NH), 1575, 1590 (C=N), 1506, 

1481 (C-N), 1040 (C=S). Selected λmax in DMSO solvent, (nm): 253, 282 (π-π* N-C=S) 374, 

383; (n-π* N-C=S). Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.52-6.54 

(Ar-H); δ 8.45 (C4H4N2-H) δ 9.92 (N-H); δ 11.81 (=CHSO2NNa). Selected 13C NMR 

(DMSO-d6, 150 MHz, ppm); δ115.07 (Ar-C) δ 129.80-138.22 (NH2C); δ 139.34(-SO2N=C); δ 

210.00 (NCS2). 
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Scheme 4.6. Synthesis of zinc(II) complex of [Zn(SFZ)(cl-DTC)]. 

 

4.2.2.7 Synthesis of zinc(II) complex of [Zn(SFZ)(mt-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium methyl dithiocarbamate (L2mt-DTC) 

 (0.1937 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A dirty-white solid was formed, washed thoroughly with deionized water 

(3 x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 420.83 g. Percentage 

Yield: 74%. M. P. 230-231oC. Molar Conductivity: 0.98 Ω-1 cm2 mol-1.  Anal. Calcd for 

[Zn(SFZ)(mt-DTC)] (%)  C: 34.25; H: 3.11; N: 16.64; S: 22.85. Found (%) C: 34.05; H: 

3.13; N: 14.99; S: 7.79. Selected FT-IR (KBr), ν (cm-1): 3271 (SO2NH), 1590 (C=N), 1498 

(C-N), 946 (C=S). Selected λmax in DMSO solvent, (nm): 260, 282 (π-π* N-C=S) 378, 383; 

(n-π* N-C=S). Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-6.57 (Ar-

H); δ 8.47 (C4H4N2-H). Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ112.14, 115.48, 

124.94 (Ar-C) δ 129.79 (NH2C); δ 152.99; 157.26; 158.22(-SO2N=C). 
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Scheme 4.7. Synthesis of zinc(II) complex of [Zn(SFZ)(mt-DTC)]. 

 

4.2.2.8 Synthesis of zinc(II) complex of [Zn(SFZ)(bt-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium butyl dithiocarbamate (L2bt) 

 (0.2569 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 462.91 g. Percentage Yield: 

72%, M. P.  224-226oC. Molar Conductivity: 0.35 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(bt-DTC)] (%)  C: 38.92; H: 4.14; N: 15.13; S: 19.32. Found (%) C: 37.21; H: 3.74; 

N: 15.83; S: 13.51. Selected FT-IR (KBr), ν (cm-1): 3266 (SO2NH), 1591 (C=N), 1501, 1477 

(C-N), 1050 (C=S). Selected λmax in DMSO solvent, (nm): 252 (π-π* N-C=S) 378, 383; (n-π* 

N-C=S).Selected 1H NMR (DMSO-d6, 600Hz, ppm): δ 5.96 (C2HN); δ 6.55-6.56 (Ar-H); δ 

8.46 (C4H4N2-H). Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ112.13 (Ar-C) δ 129.76 

(NH2C); δ 158.21(-SO2N=C); δ 179.32; 192.00 (NCS2). 
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Scheme 4.8. Synthesis of zinc(II) complex of [Zn(SFZ)(bt-DTC)]. 

 

4.2.2.9 Synthesis of zinc(II) complex of [Zn(SFZ)(hx-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium N-hexyl dithiocarbamate (L2hx-DTC) 

 (0.1952 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 490.96 g. Percentage Yield: 

71%. M. P. 236-238oC. Molar Conductivity: 0.01 Ω-1 cm2 mol-1. Anal. Calcd (%) for 

[Zn(SFZ)(hx-DTC)] C: 41.59; H: 4.72; N: 14.26; S: 19.59. Found: C: 37.62; H: 3.88; N: 

15.43; S: 13.20 .Selected FT-IR (KBr), ν (cm-1): 3298 (SO2NH), 1650, 1590 (C=N), 

1501,1477 (C-N), 1046 (C=S). Selected λmax in DMSO solvent, (nm): 268, 277 (π-π* N-C=S) 

375, 384; (n-π* N-C=S).Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 3.70 (C2HN); δ 6.55-

6.57 (Ar-H); δ 8.47 (C4H4N2-H) δ 7.61-7.62 (N-H); δ 11.24 (=CHSO2NNa). Selected 13C 

NMR (DMSO-d6, 150 MHz, ppm); δ112.10 (Ar-C) δ 129.77 (NH2C); δ 152.96, 158.19  

(-SO2N=C). 
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Scheme 4.9. Synthesis of zinc(II) complex of [Zn(SFZ)(hx-DTC)]. 

 

4.2.2.10 Synthesis of zinc(II) complex of [Zn(SFZ)(de-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2de-DTC) 

 (0.2569 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 462.91 g. Percentage Yield: 

80%.  M. P. 190-191oC. Molar Conductivity: 0.09 Ω-1 cm2 mol-1.  Anal. Calcd (%)  C: 38.92; 

H: 4.14; N: 15.13; S: 20.78. Found (%) C: 34.27; H: 3.96; N: 13.01; S: 17.45.Selected FT-IR 

(KBr), ν (cm-1): 3267 (SO2NH), 1590 (C=N), 1500 (C-N), 951 (C=S). Selected λmax in 

DMSO solvent, (nm): 263, (π-π* N-C=S) 316, 322, 356; (n-π* N-C=S), d-d: 417, 

457.Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-6.56 (Ar-H); δ 8.33 

(C4H4N2-H) δ 8.43 (N-H); δ 11.24 (=CHSO2NNa). Selected 13C NMR (DMSO-d6, 150 MHz, 

ppm); δ112.11 (Ar-C) δ 129.74 (NH2C); δ 158.19(-SO2N=C), δ 202.31 (NCS2). 
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Scheme 4.10. Synthesis of zinc(II) complex of [Zn(SFZ)(de-DTC)]. 

 

4.2.2.11 Synthesis of zinc(II) complex of [Zn(SFZ)(*de-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2*de-DTC) 

 (0.2569 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed, washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 462.91 g. Percentage Yield: 

75%. M. P. 210-212oC. Molar Conductivity: 0.59 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(*de-DTC)](%)  C: 38.92; H: 4.14; N: 15.13; S: 20.78. Found C: 42.04; H: 3.43; N: 

13.19; S: 16.83. Selected FT-IR (KBr), ν (cm-1): 3290 (SO2NH), 1638, 1618 (C=N), 1492 (C-

N), 970 (C=S). Selected λmax in DMSO solvent, (nm): 236, 254-290 (π-π* N-C=S) 375, 382, 

(n-π* N-C=S), 383-800; d-d) Selected 1H NMR (DMSO-d6, 600Hz, ppm): δ 5.75 (C2HN); δ 

6.51-6.80 (Ar-H); δ 7.34-7.59 (C4H4N2-H) δ 8.33 (N-H); δ 11.24 (=CHSO2NNa). Selected 

13C NMR (DMSO-d6, 150 MHz, ppm); δ111.97 (Ar-C) δ 129.45 (NH2C); δ 171.87; 157.89(-

SO2N=C), δ 202.24 (NCS2). 

 

 

 

 

 



 

113 
 

 

N

S
N

C2
5

H
S

S Na+ 

     

+

-

N

N

NH2

S OO

N

SO

N
+

O

N

N +

SFZ                                 *de-DTC                                                               [Zn(SFZ)(*de-DTC)] 

NH2

H5C2

C2H5CNa

H2O(aq)

(aq)

(aq)

(s)
H5C2

(l)

S

Zn

ZnCl2

2NaCl(aq)

 

Scheme 4.11. Synthesis of zinc(II) complex of [Zn(SFZ)(*de-DTC)]. 

 

4.2.2.12 Synthesis of zinc(II) complex of [Zn(SFZ)(ea-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethanol dithiocarbamate (L2ea-DTC) 

 (0.2403 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed, washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 451.86 g. Percentage Yield: 

52%. M. P. 218oC. Molar Conductivity: 1.55 Ω-1 cm2 mol-1.   Anal. Calcd for [Zn(SFZ)(ea-

DTC)] (%)  C: 34.56; H: 3.57; N: 15.50; S: 21.29. Found (%) C: 32.29; H: 3.06; N: 14.59; S: 

9.37.Selected FT-IR (KBr), ν (cm-1): 3292 (SO2NH), 1596 (C=N) 1502 (C-N), 1038 (C=S). 

Selected λmax in DMSO solvent, (nm): 230, 257, 281 (π-π* N-C=S) 375, 385; (n-π* N-C=S) 

Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-6.57; 6.99 (Ar-H); δ 7.61-

7.62 (C4H4N2-H) δ 8.46-8.47 (N-H). Selected 13C NMR (DMSO-d6, 150 MHz, ppm); 

δ112.16; 115.49 (Ar-C) δ 129.80 (NH2C); δ 152.99; 158.24(-SO2N=C). 
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Scheme 4.12. Synthesis of zinc(II) complex of [Zn(SFZ)(ea-DTC)]. 

 

4.2.2.13 Synthesis of zinc(II) complex of [Zn(SFZ)(cc-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2cc-DTC) 

 (0.2959 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. . A white solid was formed, washed thoroughly with deionized water (3 x 

5 mL) and dried over silica gel in a desiccator. Molecular weight: 489.93 g. Percentage Yield: 

84%. M. P. 239-240oC. Molar Conductivity: 0.04 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(cc-DTC)] (%)  C: 41.67; H: 4.53; N: 14.29; S: 19.63. Found (%) C: 43.05; H: 3.57; 

N: 17.63; S: 12.59.Selected FT-IR (KBr), ν (cm-1): 3263 (SO2NH), 1590 (C=N),: 1498 (C-

N), 946 (C=S). Selected λmax in DMSO solvent, (nm): 264, 274 (π-π* N-C=S) 374, 384; (n-π* 

N-C=S) Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.99 (C2HN); δ 6.55-6.57; 6.99 (Ar-

H); δ 7.61-7.62 (C4H4N2-H) δ 8.46-8.47 (N-H); δ 9.86 (=CHSO2NNa). Selected 13C NMR 

(DMSO-d6, 150 MHz, ppm); δ112.14 (Ar-C) δ 129.89 (NH2C); δ 158.23(-SO2N=C), δ 202.73 

(NCS2). 
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Scheme 4.13. Synthesis of zinc(II) complex of [Zn(SFZ)(cc-DTC)]. 

 

4.2.2.14 Synthesis of zinc(II) complex of [Zn(SFZ)(hy-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium hydrazine dithiocarbamate (L2hy-DTC) 

 (0.3094 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed, washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 497.91 g. Percentage Yield: 

60%. M. P. 220oC. Molar Conductivity: 6.36 Ω-1 cm2 mol-1. Anal. Calcd for [Zn(SFZ)(hy-

DTC)] (%)  C: 41.01; H: 3.24; N: 16.88; S: 19.32. Found (%) C: 37.54; H: 3.29; N: 15.46; S: 

15.19. Selected FT-IR (KBr), ν (cm-1): 3270 (SO2NH), 1621 (C=N), 1499 (C-N), 1048 

(C=S). Selected λmax in DMSO solvent, (nm): 225, 235 (π - π* N-C=S) 374, 382; (n - π* N-

C=S). Selected 1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-6.57; 6.98 (Ar-H); 

δ 7.46-7.67 (C4H4N2-H) δ 8.46 (N-H); δ 1.24 (=CHSO2NNa). Selected 13C NMR (DMSO-d6, 

150 MHz, ppm); δ112.14 (Ar-C) δ 129.81 (NH2C); δ 158.22(-SO2N=C). 
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Scheme 4.14. Synthesis of zinc(II) complex of [Zn(SFZ)(hy-DTC)]. 

 

4.2.2.15 Synthesis of zinc(II) complex of [Zn(SFZ)(to-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ortho toluidine ethyl dithiocarbamate 

(L2to-DTC) (0.3079 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 

3 h at room temperature. A dirty-brown solid was formed, washed thoroughly with deionized 

water (3 x 5 mL) and dried over silica gel in a desiccator. Molecular weight: 497.93. 

Percentage Yield: 72%. M. P. 224oC. Molar Conductivity: 0.40 Ω-1 cm2 mol-1.  Anal. Calcd 

for [Zn(SFZ)(to-DTC)](%)  C: 43.42; H: 3.64; N: 14.06; S: 19.32. Found (%) C: 43.88; H: 

4.18; N: 15.39; S: 9.61.Selected FT-IR (KBr), ν (cm-1): 3266 (SO2NH), 1590 (C=N), 1499, 

1488 (C-N), 1048 (C=S). Selected λmax in DMSO solvent, (nm): 235, 264, 284 (π-π* N-C=S) 

376, 384; (n-π* N-C=S) Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-

6.57, 6.99 (Ar-H); δ 7.17-7.24,, 7.61-7.62 (C4H4N2-H) δ 8.47 (N-H); δ 9.14 (=CHSO2NNa). 

Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ112.14 (Ar-C) δ 129.79; 130.31 (NH2C); δ 

158.22(-SO2N=C), δ 207.00 (NCS2). 
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Scheme 4.15. Synthesis of zinc(II) complex of [Zn(SFZ)(to-DTC)]. 

 

4.2.2.16 Synthesis of zinc(II) complex of [Zn(SFZ)(ml-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2ml-DTC) 

 (0.3079 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A dirty-white solid was formed. Molecular weight: 496.93 g. Percentage 

Yield: 78%. M.P. 206-208oC. Molar Conductivity: 0.02 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(ml-DTC)] (%)  C: 43.51; H: 3.45; N: 14.09; S: 19.36. Found (%) C: 40.41; H: 

3.62; N: 13.07; S: 15.95.Selected FT-IR (KBr), ν (cm-1): 3263 (SO2NH), 1587 (C=N), 1494 

(C-N), 1000 (C=S). Selected λmax in DMSO solvent, (nm): 231, 265, 275 (π-π* N-C=S) 375, 

385; (n-π* N-C=S) Selected 1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-6.56 

(Ar-H); δ 7.34-7.43 (C4H4N2-H) δ 7.61-7.62; 8.45 (N-H); δ 11.26 (=CHSO2NNa). Selected 

13C NMR (DMSO-d6, 150 MHz, ppm); δ112.08 (Ar-C) δ 129.20; 129.70 (NH2C); δ 158.18(-

SO2N=C), δ 181.77 (NCS2). 
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Scheme 4.16. Synthesis of zinc(II) complex of [Zn(SFZ)(ml-DTC)]. 

 

4.2.2.17 Synthesis of zinc(II) complex of [Zn(SFZ)(ey-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2ey-DTC) 

 (0.3289 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 510.95 g. Percentage Yield: 

82%. M. P. 220-222oC. Molar Conductivity: 0.03 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(ey-DTC)] (%)  C: 44.66; H: 3.75; N: 13.71; S: 18.82. Found: C: 44.38; H: 4.26; N: 

14.16; S: 9.37. Selected FT-IR (KBr), ν(cm-1): 3296 (NHSO2), 1591 (C=N), 1502 (C-N), 

1025 (C=S). Selected λmax in DMSO solvent, (nm): 232, 264 (π - π* N-C=S) 370, 374, 384; (n 

- π* N-C=S). Selected 1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 6.55-6.57 (Ar-

H); δ 7.20-7.25; 7.61-7.62 (C4H4N2-H) δ 8.46-8.47 (N-H); δ 9.10 (=CHSO2NNa). Selected 

13C NMR (DMSO-d6, 150 MHz, ppm); δ112.10 (Ar-C) δ 129.75 (NH2C); δ 158.18(-

SO2N=C), δ 181.77 (NCS2). 
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Scheme 4.17. Synthesis of zinc(II) complex of [Zn(SFZ)(ey-DTC)]. 

 

4.2.2.18 Synthesis of zinc(II) complex of [Zn(SFZ)(as-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2as-DTC) 

 (0.3319 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A dirty-white solid was formed. Molecular weight: 512.92 g. Percentage 

Yield: 77%. M. P. 220-221oC. Molar Conductivity: 0.36 Ω-1 cm2 mol-1. Anal. Calcd for 

[Zn(SFZ)(as-DTC)] (%)  C: 42.15; H: 3.34; N: 13.65; S: 18.75. Found (%) C: 41.76; H: 3.47; 

N: 14.92; S: 11.70.Selected FT-IR (KBr), ν (cm-1): 3292 (SO2NH), 1592 (C=N), 1496 (C-N), 

1001 (C=S). Selected λmax in DMSO solvent, (nm): 215, 235 (π - π* N-C=S) 376; 382 (n - π* 

N-C=S) 564600, 688-800(d-d).Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.98 (C2HN); δ 

6.56-6.57; 6.99 (Ar-H); δ 7.39-7.62 (C4H4N2-H) δ 8.47 (N-H); δ 9.24 (=CHSO2NNa). 

Selected 13C NMR (DMSO-d6, 150 MHz, ppm); δ112.14; 115.49 (Ar-C) δ 129.79 (NH2C); δ 

158.22(-SO2N=C), δ 179.78 (NCS2). 
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Scheme 4.18. Synthesis of zinc(II) complex of [Zn(SFZ)(as-DTC)]. 

 

4.2.2.19 Synthesis of zinc(II) complex of [Zn(SFZ)(tu-DTC)] 

Sodium sulfadiazine (0.4085 g, 1.5 mmol), sodium ethyl dithiocarbamate (L2tu-DTC) 

 (0.3500 g, 1.5 mmol) and ZnCl2 (0.2044 g, 1.5 mmol) were magnetically stirred for 3 h at 

room temperature. A white solid was formed washed thoroughly with deionized water (3 x 5 

mL) and dried over silica gel in a desiccator. Molecular weight: 524.98 g. Percentage Yield: 

82%. M. P. 200-201oC.  Molar Conductivity: 0.01 Ω-1 cm2 mol-1.  Anal. Calculated for 

[Zn(SFZ)(tu-DTC)] (%)  C: 45.76; H: 4.03; N: 13.34; S: 18.32. Found (%) C: 42.58; H: 4.00; 

N: 12.71; S: 15.62. Selected FT-IR (KBr), ν (cm-1): 3270 (SO2NH), 1592 (C=N), 1464 (C-

N), 1001 (C=S). Selected λmax in DMSO solvent, (nm): 235, 262 (π - π* N-C=S) 368, 374, 

384; (n - π* N-C=S). Selected1H NMR (DMSO-d6, 600Hz, ppm): δ 5.97 (C2HN); δ 6.55-6.57 

(Ar-H); δ 7.05-7.31, 7.61-7.62 (C4H4N2-H) δ 8.46 (N-H). Selected 13C NMR (DMSO-d6, 150 

MHz, ppm); δ112.12 (Ar-C) δ 129.75 (NH2C); δ 158.19(-SO2N=C), δ 206.18 (NCS2). 
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Scheme 4.19. Synthesis of zinc(II) complex of [Zn(SFZ)(tu-DTC)]. 

 

4.3. Results and discussion 

4.3.1. Syntheses 

All the zinc(II) complexes were prepared using solutions of mixed sulfadiazine and 

derivatives of dithiocarmates to ligate to zinc(II) chloride salt solution. The products of all 

reactions were in form of precipitates. Most of the precipitates formed were white in colour, 

few were dirty white in colour ([Zn(SFZ)(mt-DTC)], [Zn(SFZ)(ml-DTC)] and [Zn(SFZ)(as-

DTC)]) while [Zn(SFZ)(hy-DTC)]  appeared pink in colour. The different extents of the 

white colour of the precipitates justified the full d ten electron configuration and non-

transition nature of zinc and its compounds with the exception of [Zn(SFZ)(hy-DTC)].   All 

the zinc(II) complexes were kept and stored over silica gel in a desiccator at room 

temperature. For the molecular masses, [Zn(SFZ)(mt-DTC)] had the lowest molecular mass 

of 420.83 g and highest formula molecular mass of 602.08 g was for [Zn(SFZ)(cl-DTC)]. A 

maximum percentage yield of 84% was observed in [Zn(SFZ)(cc-DTC)] while a minimum 

percentage yield of 52% was observed in [Zn(SFZ)(me-DTC)]. This indicated a good to 

excellent percentage yield of zinc(II) complexes.  Solubility tests were carried out on sample 

solutions of nineteen zinc(II) complexes with polar protic (ethanol, methanol and water), 

polar aprotic (acetone, dichloromethane, dimethylformamide and tetrahydrofuran) and non-
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polar solvents (chloroform, diethyl ether, ethyl acetate and hexane. The sample solutions 

were insoluble. Further solubility test of the zinc(II) complexes in dimethylsulfoxide 

(DMSO) solvent showed  partially soluble and soluble results. Among the zinc(II) 

complexes, [Zn (SFZ) (bu-DTC)] had the lowest melting point/decomposition with 140-

142oC, while [Zn(SFZ)(he-DTC)] had the highest melting point/ decomposition temperature 

at 240-242 oC.  All zinc (II) complexes had molar conductivities of less than 20 Ω-1cm2 mol-1. 

[Zn(SFZ)(hx-DTC)] and [Zn(SFZ)(tu-DTC)]  molar conductivity of 0.01 Ω-1cm2 mol-1, while 

[Zn(SFZ)(hy-DTC)] had the highest molar conductivity of 6.36 Ω-1cm2 mol-1.  

 

4.3.2. Spectral studies  

4.3.2.1. Elemental Analysis (E. A.) 

Variations observed in the analytical data for elemental analysis might be due to effect of 

contamination during the syntheses of dithiocarbamates, effect of hydrate or moisture, 

incomplete separation of water from sulfur and incomplete digestion. [11, 501, 502]. Table 

4.1 the elemental analyses of zinc(II) complexes of mixed ligands of sodium sulfadiazine and 

derivatives of dithiocarbamate. 
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Table 4.1: Elemental analyses of zinc(II) complexes of mixed ligands of sodium 

sulfadiazine and derivatives of dithiocarbamate 

 

Sample Codes Chemical 

Formulae 

                       Analytical Data (%) 

    C            H               N                S  

Calculated 

 Found 

[Zn(SFZ)(bu-

DTC)] 

C15H19N5S3O2Zn 

 

38.92         4.14         15.13           20.78 

35.99         4.55         11.82           25.07 

[Zn(SFZ)(he-

DTC)] 
C17H23N5S3O2Zn 

41.96         4.72          14.26          19.59 

44.81         3.83          20.14          13.58 

[Zn(SFZ)(an-

DTC)] 

C17H15N5S3O3Zn 42.28         3.13          14.50          19.92 

40.58         2.44           8.10           30.55 

[Zn(SFZ)(me-

DTC)] 

C18H17N5O2S3Zn 

 

43.51         3.45           14.09         19.36 

43.65          3.40          8.50           25.08 

[Zn(SFZ)(et-

DTC)] 

C19H19N5S3O2Zn 

 

 44.83         3.76          13.71         18.82 

 46.27        3.99           7.52           24.34 

[Zn(SFZ)(cl-

DTC)] 

C17H14N5S3O3ClZ

n 

39.47        2.73           13.54          18.59 

39.90        3.47          18.32            8.93 

[Zn(SFZ)(mt-

DTC)] 

C12H13N5O2S3Zn     

34.25       3.11            16.64           22.85 

34.05       3.13            14.99            7.79 

[Zn(SFZ)(bt-

DTC)] 

C15H19N5O2S3Zn 38.92       4.14            15.13           20.78 

37.21       3.74            15.83           13.51  
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[Zn(SFZ)(hx-

DTC)] 

C15H19N5O2S3Zn 41.92       4.72            14.26           19.59 

37.62       3.74            15.43           13.20 

[Zn(SFZ)(de-

DTC)] 
C15H19N5O2S3Zn 

38.92       4.14            15.13           20.78 

34.27       3.96            13.01           17.45      

[Zn(SFZ)(*de-

DTC)] 
C15H19N5O2S3Zn 

38.92       4.14            15.13           20.78 

42.04       3.43            13.19           16.83      

[Zn(SFZ)(ea-

DTC)] 
C13H15N5S3O3Zn 

34.56       3.57            15.50           21.29 

32.29       3.06            14.59            9.37 

[Zn(SFZ)(cc-

DTC)] 
C17H23N5S3O2Zn 

41.67       4.53            14.29          19.63 

43.05       3.57            17.63          12.59      

[Zn(SFZ)(hy-

DTC)] 

C17H16N6S3O2Zn 41.01       3.24           16.88           19.32 

37.54       3.29           15.46           15.19 

[Zn(SFZ)(to-

DTC)] 

C18H16N5S3O2Zn 43.42       3.64           14.06           19.32 

43.88       4.18           15.39             9.61 

[Zn(SFZ)(ml-

DTC)] 

C18H17N6S3O2Zn 43.51       3.45           14.09            19.36    

40.41       3.62           13.07            15.95 

[Zn(SD)(ey-DTC)] C19H19N5S3O2Zn 44.66       3.75           13.71             18.82 

44.38       4.26           14.16              9.37 

[Zn(SFZ)(as-

DTC)] 

C18H17N5O2S3Zn 42.15       3.34           13.65             18.75 

41.76       3.46           14.92             11.70 

Zn(SFZ)(tu-DTC)] C20H21N5S3O2Zn 

 

45.76        4.03          13.34             18.32 

42.58        4.00          12.71             15.62 
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4.3.3 Molecular Spectroscopy (Fourier Transform Infra-red spectroscopy (FT-IR), 

Ultraviolet-Visible Spectroscopy (UV-Vis) and Nuclear Magnetic Resonance (NMR) 

 

In this chapter, the two molecular spectroscopies applied to study the synthesized nineteen 

zinc complexes were Fourier Transform Infra-Red (FT-IR) Spectroscopy and Electronic 

Spectroscopy (UV/Vis) Spectroscopy. 

 

4.3.3.1 Fourier Transform Infra-Red Spectroscopy (FT-IR) of mixed ligands of zinc(II) 

complexes 

 

4.3.3.1.1 FT-IR frequencies (cm-1) of sulfadiazine ligated zinc(II) complexes 

The FT-IR for zinc(II) complexes was also taken from upper region of 4000 cm-1 to a lower 

FT-IR region of 400 cm-1 as it was done for ligands. FT-IR was applied to determine the 

coordination of the mixed ligands to zinc(II) ion.  

Amino group asymmetrical and symmetrical stretching modes (NH2), of all zinc(II) 

complexes had absorption bands between higher absorption vibration bands in the region of 

3548 and 3416 cm-1 as compared to SFZ, (L1), which had 3482 and 3310 cm-1 respectively. 

The differences might be due to either different forms of vibrations of coordinated water, 

lattice water or hydrogen bonding between zinc(II) complexes entailing the NH2 and SO2 

groups [371-373]. The sulfonamide nitrogen (-SO2N) atom in the zinc(II) complexes was 

observed with higher  absorption frequency values compared to the free ligand at 3251cm-1 

with exception of  some lower vibration values with [Zn(SFZ)(bu-DTC)], [Zn(SFZ)(he-

DTC)], [Zn(SFZ)(et-DTC)]and [Zn(SFZ)(cl-DTC)]. Azomethine group, -C=N, had both 

higher and lower frequencies (1653-1575 cm-1) than the corresponding free ligand of sodium 

sulfadiazine (1628, 1549 cm-1). All SO2 asymmetrical stretching modes absorbed at either 

higher or lower wavenumbers than the corresponding ligands. For symmetrical stretching 

modes, all the absorption values were greater than those of their corresponding ligands. S-N 

absorbed at lower wavenumbers (996 - 940 cm-1) in all zinc(IV) complexes when compared 
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with the free ligand, (1024 cm-1). For Zn-N, the nitrogen donor bond to zinc was observed 

from a region 577-549cm-1.All the modifications of NH2, -SO2N, -C=N, SO2 and S-N 

confirmed the coordination of sulfonamide nitrogen atom to the zinc(II) ion [363-364, 371-

373, 530]. 

 

4.3.3.1.2 FT-IR frequencies (cm-1) of dithiocarbamate ligated zinc(II) complexes 

4.3.3.1.2.1 Variations in FT-IR Absorption frequencies (C-N), ν(C=S) and ν(Zn-S) in 

mixed donor ligands of zinc(II) complexes 

As mentioned in chapter two, there are three important infra red bands in dithiocarbamate. 

These are thioureide band, ν (C-N), from 1450-1550 cm-1, dithiocarbamate band, ν (C=S) 

from 950-1050 cm-1 and ν (Zn-S) from 300-400 cm-1. 

In all the complexes of zinc(II) ion, the frequencies of thioureide bands ν (C-N) and 

dithiocarbamate band ν (C=S), were either higher or lower than those of their corresponding 

ligands. 

In all the nineteen complexes, only [Zn(SFZ)(me-DTC)] and [Zn(SFZ)(et-DTC)] had lower 

thioureide frequency bands than the ligands with a range difference of  1 cm-1 and 14-52 cm-

1, respectively. This indicated monodentate coordination, while the other seventeen zinc(II) 

complexes had bidentate coordination [531, 532]. 

In all dithiocarbamate bands, seven zinc(II) complexes, namely; [Zn(SFZ)(he-DTC)], 

[Zn(SFZ)(cl-DTC)], [Zn(SFZ)(hx-DTC)], [Zn(SFZ)(*de-DTC)], [Zn(SFZ)(hy-DTC)], 

[Zn(SFZ)(as-DTC)] and  [Zn(SFZ)(to-DTC)] with had higher frequencies differences of 18, 

40, 13, 27, 44, 37 and 38 cm-1 respectively from the corresponding ligands. This indicated 

bidentate coordination, while the other eleven zinc(II) complexes with lower absorption 

frequencies than the corresponding ligands [531, 532]. For, ν(Zn-S), the region was from 456 

- 370cm-1. Differences in ν(C-N), ν(C=S) and ν(Zn-S) proved both coordination of the sulfur 

donor to zinc(II) ion. 
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Figure 4.1: FT-IR spectra of SFZ, cy-DTC and [Zn(SFZ)(cy-DTC)]. 

 

Figure 4.2: FT-IR spectra of SFZ, me-DTC and [Zn(SFZ)(me-DTC)]. 
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4.3.3.2 Electronic spectroscopies of zinc(II) complexes of mixed sulfadiazine and 

dithiocarbamate 

Sodium sulfadiazine and dithiocarbamates both had π - π* and n - π* transitions as can be 

observed in Table 4.2. All zinc(II) complexes had a blue shifts (hypsochromic shifts) in 

comparison with the corresponding ligands, except in [Zn(SFZ)(mt-DTC)], where it was a 

red shift to mt-DTC. 

One to more than one splitting were observed in the absorption bands indicating non-

equivalence of the C-S bands in the zinc(II) complexes.[Zn(SFZ)(mt-DTC)] had no splitting. 

Shoulders of d-d transitions were observed in some zinc(II) complexes. These eight zinc(II) 

complexes were [Zn(SFZ)(me-DTC)],[Zn(SFZ)(et-DTC)],[Zn(SFZ)(hx-DTC)],[Zn(SFZ)(de-

DTC)],[Zn(SFZ)(*de-DTC)], [Zn(SFZ)(hh-DTC)], [Zn(SFZ)(as-DTC)] and [Zn(SFZ)(hy-

DTC)]. These shoulders of d-d transitions might be due to pronounced effects of sulfur 

present in the mixed donor ligands in the sodium sulfadiazine (SFZ) and dithiocarbamates 

(SFZ). 

Another factor should be solvent impact when the coordination could contribute to the d-d 

transitions. The geometries of the aforementioned could be five coordinate complexes. 

All the zinc(II) complexes with no d-d transition could be square planar or tetrahedral 

structures [533]. Tetrahedral geometries could be suggested for all zinc(II) complexes  

because their spectral bands were less than 400nm and also due to their possessions of d10 

electronic configurations [534]. 
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Figure 4.3: The UV-Vis spectra of SFZ, cy-DTC and [Zn(SFZ)(cy-DTC)].  

 

 

Figure 4.4: The UV-Vis spectra of SFZ, me-DTC and [Zn(SFZ)(me-DTC)].  
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4.3.3.3 Proton (1H) NMR and Carbon 13 (13 C) NMR Spectra of zinc(II) complexes of 

mixed sulfadiazine and dithiocarbamate 

Proton(1H) NMR and Carbon 13, (13C) NMR spectra of all zinc(II) complexes were obtained 

from deuterated DMSO (DMSO-d6)solvents. The chemical shifts of all zinc(II) complexes of 

all zinc(II) complexes were expressed in ppm relative to internal TMS, as applied to the 

ligands. 

 

4.3.3.3.1 1H NMR Spectra (Methyl and methylene, N-H, Azomethine proton, Pyrimidine 

ring and Phenyl (Ar-1H) groups) 

Methyl groups of zinc(II) complexes had similar chemical shifts with their corresponding 

ligands. These include: bt-DTC; 0.83-0.89 ppm and [Zn(SFZ)(bt-DTC)];0.86-0.89 ppm, hx-

DTC; 0.82-0.85 ppm and [Zn(SFZ)(hx-DTC)]; 0.85 ppm, de-DTC; 1.07-1.09 ppm and 

[Zn(SFZ)(bt-DTC)];1.19.-1.22 ppm, *de-DTC; 1.05-1.08 ppm and [Zn(SFZ)(*de-

DTC)];0.80-1.30 ppm, to-DTC; 2.04; 2.25; 2.50-2.51 ppm and [Zn(SFZ)(to-DTC)];2.24 ppm 

and ey-DTC; 1.14-1.16 ppm and [Zn(SFZ)(bt-DTC)]; 1.14-1.17 ppm. The above results 

revealed the non-coordinating nature of methyl groups. All the methylene groups of 

aforementioned ligands had values of chemical shifts similar to corresponding zinc(II) 

complexes, therefore, did not coordinate with zinc(II) ion. The amino proton of all zinc(II) 

complexes with the exception of  [Zn(SFZ)(cl-DTC)] resonated at higher ppm than the ligand 

at δ 5.36 ppm. The azomethine proton absorbed either at higher or lower chemical shifts than 

the ligands. Protons of pyrimidine ring (3H pyrimidine C4H2N2-H ring) of all zinc(II) 

complexes resonated at higher chemical shifts than the corresponding ligand. All zinc(II) 

complexes possessing phenyl (Ar-1H) groups had higher values of chemical shifts than the 

ligands. 

 

4.3.3.3.2 13 C NMR Spectra (Methyl and methylene, azomethine -(NCH2), aromatic 

Carbon (Ar-C), pyrimidine ring, 13C-SO2Na and thione (-NCSS) groups) 

Methyl group being absent in L1 was displayed in some zinc(II) complexes, due to some 

being present in the ligands. For L2, there were similarities in the values of chemical shifts 
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between L2 and their corresponding zinc(II) complexes.  These include: bu-DTC; 13.55 ppm 

and [Zn(SFZ)(bu-DTC)]; 13.59 ppm. (bt-DTC; 13.15-13.93 ppm and [Zn(SFZ)(bt-DTC)]; 

13.64 ppm). (de-DTC; 12.61 ppm and [Zn(SFZ)(de-DTC)]; 12.02 ppm. The similarities 

indicated no coordination with the metal ion. Others with methyl groups had the zinc(II) 

complexes lower than L2 (hx-DTC; 14.19-14.29 ppm and [Zn(SFZ)(me-DTC)]; 17.39; 17.42 

ppm. (me-DTC; 29.70 ppm and [Zn(SFZ)(me-DTC)]; 17.39; 17.42 ppm. ((ml-DTC; 29.75 

ppm and [Zn(SFZ)(ml-DTC)]; 29.80 ppm (tl-DTC; 20.55, 20.57 ppm and [Zn(SFZ)(tl-

DTC)]; 20.54 ppm. 

Some showed no chemical shift for the methyl groups, for example, ea-DTC with 18.62 ppm 

but none for the corresponding zinc(II) complex. The methylene groups of aforementioned 

ligands and their corresponding zinc(II) complexes were similar, therefore, did not coordinate 

with zinc(II) ion. For the azomethine  group -(NCH2), zinc(II) complexes had resonance 

values of -NCH2 higher than the corresponding ligands (de-DTC; 43.30 ppm and 

[Zn(SFZ)(de-DTC)]; 48.88 ppm.(*de-DTC; 46.33 ppm and [Zn(SFZ)(*de-DTC)]; 48.96 

ppm, (tu-DTC; 50.97 ppm and [Zn(SFZ)(tu-DTC)]; 53.43 ppm and (et-DTC; 38.87 ppm and 

[Zn(SFZ)(et-DTC)]; 53. 49 ppm. There was no resonance for ea-DTC, while for the complex 

[Zn(SFZ)(ea-DTC)], the chemical shift appeared at 40.43 ppm. In case of aromatic carbon 

(Ar-C), all carbon atoms present in aromatic zinc(II) complexes had their Ar-H resonance 

values higher than the corresponding ligands. The pyrimidine ring of the zinc(II) complexes 

absorbed at resonance lower than the ligands. The 13C-SO2NNa of the zinc(II) complexes 

resonated at either higher or lower chemical shifts than the ligands. The presence of thione 

group (-NCS2) moiety indicates the presence of the functional group still present and the 

impact of coordination. The values were higher than the corresponding ligands except in 

some zinc(II) complexes. These zinc(II) complexes were [Zn(SFZ)(cc-DTC)]; 202.73 ppm, 

with ligand cc-DTC; 212.94 ppm, and para substituted [Zn(SFZ)(tu-DTC)]; at 206.18 ppm, 

with ligand tu-DTC; 214.93 ppm, and para substituted [Zn(SFZ)(to-DTC)] 181.16 ppm, with 

ligand to-DTC; 181.17 ppm, [Zn(SFZ)(as-DTC)];179.76 ppm, with ligand as-DTC; 179.77 

ppm, [Zn(SFZ)(de-DTC)];202.31 ppm, with ligand de-DTC; 211.78 ppm, [Zn(SFZ)(ml-

DTC)];207.00 ppm, with ligand ml-DTC; 215.94 ppm. 

Despite the fact that aliphatic and para substituted dithiocarbamates had thione groups. The 

regions were absent in some zinc(II) complexes. These include [Zn(SFZ)(bu-DTC)], 

[Zn(SFZ)(cy-DTC)], [Zn(SFZ)(ml-DTC)], [Zn(SFZ)(ey-DTC)], [Zn(SFZ)(bt-DTC)], 
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[Zn(SFZ)(hx-DTC)],[Zn(SFZ)(hh-DTC)]and[Zn(SFZ)(hy-DTC)]. No chemical shift of –

NCS2 was observed for both ligand and zinc(II) complex of [Zn(SFZ)(ea-DTC)]. 

 

Table 4.2: The 1H NMR of sodium sulfadiazine ligated zinc(II) complexes and 

dithiocarbamate ligated zinc(II) complexes in ppm in DMSO-d6 solvent. 

1H NMR N-H Ar-

H(C6H5-

H) 

N=CH (3H 

pyrimidine 

C4H2N-H 

ring) 

=C-HSO2NNa 

SFZ (L1) 5.36 6.38-

6.46 

7.46-

7.48 

8.10  

[Zn(SFZ)(bu-

DTC)] 

5.60 6.50 7.50 8.60 11.24 

[Zn(SFZ)(he-

DTC)] 

5.95 6.55-

6.97 

7.27-

7.59 

8.45 11.19 

[Zn(SFZ)(an-

DTC)] 

5.94 6.98 7.18-

7.50 

8.44 11.72 

[Zn(SFZ)(me-

DTC)] 

5.95 6.98 7.18-

7.59 

8.45 11.31 

[Zn(SFZ)(et-

DTC)] 

 7.26 7.43 8.25  

[Zn(SFZ)(cl-

DTC)] 

5.19 6.98-

7.00 

7.35-

7.56 

8.45 11.81 

[Zn(SFZ)(mt-

DTC)] 

5.98 6.99 7.61-

7.62 

8.47  

[Zn(SFZ)(bt-

DTC)] 

5.96 6.98 7.62-

7.62 

8.46  

[Zn(SFZ)(hx- 5.98 6.99 7.61- 8.47 11.24 
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DTC)] 7.62 

[Zn(SFZ)(de-

DTC)] 

5.96 6.97 7.61-

7.62 

8.45  

[Zn(SFZ)(*de

-DTC)] 

5.75 

 

6.51-

6.80 

7.43-

7.60 

8.33 

 

11.24 

[Zn(SFZ)(ea-

DTC)] 

5.98 6.55-

6.57 

7.61-

7.62 

8.46-8.47  

[Zn(SFZ)(cc-

DTC)] 

5.99 6.55-

6.57 

7.61-

7.62 

8.46-8.47 

 

 

[Zn(SFZ)(hy-

DTC)] 

5.98 6.98 7.61-

7.62 

8.46 11.24 

[Zn(SFZ)(to-

DTC)] 

5.98 6.99 7.61-

7.62  

8.47  

[Zn(SFZ)(ml-

DTC)] 

5.98 6.99 7.61-

7.62 

8.45 11.26 

[Zn(SFZ)(ey-

DTC)] 

5.98 6.99 7.61-

7.62 

8.46-8.47 

 

 

[Zn(SFZ)(as-

DTC)] 

5.98 6.99 7.39-

7.62 

8.47 

 

 

[Zn(SFZ)(tu-

DTC)] 

5.97 6.99 761-

7.62 

8.46  

      

1H NMR 

 δ (-CH3) 

δ (γ 

1H2C) δ (β CH2) δ (α H2C) 

1H2C-

N Ar-1H N-H 

an-DTC     4.98 6.44-

7.54 

7.82-

7.85 
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10.13 

11.15 

[Zn(SFZ)(an-

DTC)] 

 

    5.95 6.54 9.70 

me-DTC 2.25 

 

   5.42 6.35-

6.38 

6.90-

7.15 

[Zn(SFZ)(me-

DTC)] 

2.04-

2.32 

   -NCH 

4.75 

6.55  9.11 

et-DTC 1.15-

1.51 

  2.96-3.34 5.42 6.47-

6.53 

6.84 

7.02-

7.06 

[Zn(SFZ)(et-

DTC)] 

1.14   4.11 4.12 6.55 9.15 

cl-DTC     5.18-

5.94 

6.52-

7.21 

10.23 

[Zn(SFZ)(cl-

DTC)] 

    5.98 6.52-

6.54 

9.92 

mt-DTC(D2O) 2.32-

2.49 

2.61 

   3.53-

3.55 

        -  

[Zn(SFZ)(mt-

DTC)] 

 

 

  5.98 6.55.6.

57 

         -  

bt-DTC 0.83-

0.89  

  3.31-3.39 3.54-

3.67 

          - 7.50 

7.97 
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[Zn(SFZ)(bt-

DTC)] 

0.86-

0.89 

  1.28-1.29 

1.49-1.52 

5.96 6.55-

6.56 

 

hx-DTC 0.82-

0.85 

1.20-1.26 1.41-1.42-

1.52 

3.15 3.60-

3.62 

 7.97-

7.99 

9.54 

[Zn(SFZ)(hx-

DTC)] 

0.85-

0.87 

 

1.28-1.50   3.70 6.55-

6.57 

 

de-DTC 1.07-

1.09 

 

   3.95-

3.98 

  

[Zn(SFZ)(de-

DTC)] 

1.19-

1.22 

 

   5.98  9.14 

*de-DTC 1.05-

1.08 

 

   4.00   

[Zn(SFZ)(*de

-DTC)] 

0.80 

1.30 

   3.64   

ea-DTC 1.02-

1.05 

  2.00-3.43 4.25-

4.80 

 8.00 

[Zn(SFZ)(ea-

DTC)] 

 

 

   5.98   

cc-DTC    Cyclic hexyl 

0.69-1.83 

3.34-

3.54; 

4.03-

7.76-

7.78 

9.62 
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4.13 

[Zn(SFZ)(cc-

DTC)] 

   Cyclic hexyl 

1.05-1.83 

3.65 6.55-

6.57 

9.86 

hy-DTC      7.33-

7.36 

7.65-

7.67 

[Zn(SFZ)(hy-

DTC)] 

    5.98 6.55-

6.57 

 

to-DTC 2.04 

2.25 

   NC-H: 

3.31  

6.45-

7.16 

7.17-

7.27 

9.14 

[Zn(SFZ)(to-

DTC)] 

2.24    5.98 6.55-

6.57 

9.14 

ml-DTC 1.03-

1.052.50

-2.65 

   NC-H: 

3.14: 

3.39-

3.45 

6.51-

6.52 

6.85-

6.91 

7.06-

7.27  

[Zn(SFZ)(ml-

DTC)] 

    NC-

H:3.64 

6.55-

6.56 

 

 

ey-DTC 1.14-

1.16 

  2.50-2.63 3.54-

3.60 

4.28 

7.18-

7.20 

7.24-

7.27 

[Zn(SFZ)(ey-

DTC)] 

1.14-

1.17 

  2.59-2.62 5.98 6.55-

6.57 

9.10 

as-DTC 2.50    NC-H: 

3.36 

 3.73 

6.84-

6.87 

7.36-

7.38 

9.85 
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Figure 4.5: The 1HNMR spectrum of [Zn(SFZ)(bt-DTC)] in ppm in DMSO-d6 solvent. 

 

 

 

9.93 

[Zn(SFZ)(as-

DTC)] 

    NC-H: 

5.97 

 

6.55-

6.57 

9.93 

tu-DTC 1.02-

1.07 

  2.26-2.51 3.32-

3.51; 

4.23-

4.30 

6.82-

6.85 

 6.91-

6.93 

 

[Zn(SFZ)(tu-

DTC)] 

1.14-

1.16 

  C2H5: 2.32 4.10-

4.11 

6.55-

6.57 
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Table 4.3: The 13C NMR of zinc(II) complexes in ppm in DMSO-d6 solvent. 

13C 

NMR 

 

δ (-

13CH3

) 

δ (γ 

H2
13C

) 

δ (β 

13CH2

) 

δ (α 

H2
13C

) 

N13C

H2 

13Ar-

H 

N=13

CH 

13C-

NH2 

13C4H

2N2-

H 

13C-

SO2N

a 

N13C

S2 

SFZ(

L1) 

     109.2

0 

111.9

1 

128.2

5 

133.2

0 

143.9

7 

157.2

9 

164.3

9 

 

DTC(

L2) 

           

[Zn(S

FZ)(b

u-

DTC)

] 

13.59   19.48 29.85       

Zn(S

FZ)(h

e-

DTC)

] 

14.00    22.00 111.9

7 

115.3

3 

  129.6

0 

158.0

2 

152.8

0 

 

[Zn(S

FZ)(a

n-

DTC)

] 

     123.3

4 

124.1

0 

127.6

6 

128.0

8 

129.5

9 

139.1

1 

179.3

2 

192.0

0 

[Zn(S

FZ)(

me-

17.39 

17.42 

    125.4

9-

125.7

126.2

0-

126.8

127,3

5-

127.4

129.9

2 

130.4

1-

137.4

180.6

8 

192.2
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DTC)

] 

4 6 0 2 4 

[Zn(S

FZ)(e

t-

DTC)

] 

12.13    53.49 126.9

5 

126.9

5 

127.8

8 

129.2

5 

144.9

3 

205.3

6 

[Zn(S

FZ)(c

l-

DTC)

] 

     123.3

4 

124.1

0 

125.5

8 

127.6

6 

128.0

8 

129.5

9 

139.1

1 

179.3

2 

194.0

0 

[Zn(S

FZ)(

mt-

DTC)

] 

           

[Zn(S

FZ)(e

l-

DTC)

] 

           

[Zn(S

FZ)(b

t-

DTC)

] 

13.64     112.1

3 

  129.7

6 

158.2

1 

 

[Zn(S

FZ)(h

x-

DTC)

13.89 22.00 25.96 27.73 30.88 112.1

0 

  129.7

7 

152.9

6 

158.1
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] 9 

[Zn(S

FZ)(d

e                                                                                                                                      

-

DTC)

] 

12.02    48.88 112.1

1 

  129.7

4 

158.1

9 

202.3

1 

[Zn(S

FZ)(*

de-

DTC)

] 

12.00    48.96 111.9

7 

  129.4

5 

151.8

7 

157.8

9 

202.2

4 

[Zn(S

FZ)(e

a-

DTC)

] 

     112.1

6 

115.4

9 

  129.8

0 

152.9

9 

158.2

4 

 

[Zn(S

FZ)(c

c-

DTC)

] 

   24.67 

24.95 

31.20 112.1

4 

  129.8

0 

158.2

3 

202.7

3 

[Zn(S

FZ)(h

y-

DTC)

] 

     112.1

4 

125.7

8 

127.9

4 

128.5

1 

129.8

1 

139.2

8 

158.2

2 

 

[Zn(S

FZ)(t

o-

DTC)

17.80     112.1

4 

126.1

4 

126.5

128.2

4 

129.7

9 

130.3

135.0

7 

137.8

181.1

6 
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] 8 

 

1 0 

152.5

8 

158.2

2 

[Zn(S

FZ)(

ml-

DTC)

] 

    47.03 112.0

8 

125.9

1 

127.7

0 

128.8

0 

129.2

0 

129.7

3 

158.1

6 

207.0

0 

[Zn(S

FZ)(a

s-

DTC)

] 

     112.1

4 

115.4

9 

125.3

7 

128.3

5 

128.4

4 

129.7

9 

138.3

1 

152.9

9 

157.2

6 

158.2

2 

179.7

8 

[Zn(S

FZ)(t

u-

DTC)

] 

12.15   20.81 53.45 112.1

2 

123.9

8 

127.2

2 

128.5

0 

128.9

9 

129.7

5 

138.7

6 

144.9

2 

158.1

9 

206.1

8 
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Figure 4.6: The 13CNMR  spectrum of [Zn(SFZ)(bt-DTC)] in ppm in DMSO-d6 solvent. 

 

 

4.4 Conclusion 

Zinc(II) complexes of mixed sulfadiazine and dithiocarbamate ligands were synthesized and 

subjected to spectral characterization. One of the physicochemical parameters, that is, molar 

conductivity, confirmed the non-electrolytic natures were of all the zinc(II) complexes. 

Spectroscopic data from FT-IR and UV-Vis confirmed the coordination of the mixed donor 

ligands of N2S2 coordination modes to zinc(II) complexes. Results from electronic spectra 

gave likely structures of tetrahedral, square-planar and five-coordinate zinc(II) complexes. 

Resonance values of 1H NMR and 13 C NMR for all zinc(II) complexes confirmed most of 

the successful coordination of the mixed ligand of sulfadiazine and dithiocarbamate to 

zinc(II) ion. 
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CHAPTER FIVE 

5. Anticancer and antimicrobial activities of oxovanadium(IV) and zinc(II) complexes 

5.1 Introduction 

Biological assays are simply referred to as,” bioassays” [535]. They are biological assessment 

test methods that involve the use of animal or plant (in vivo) cell or tissue (in vitro) to 

determine the potency of physical, chemical or biological agent [535]. In a bioassay, the 

response of a specific amount of the test sample is measured and compared with relevant 

standard in a biological system within specific time and standard conditions [535]. Bioassay 

can be qualitative if it does not involve statistical tools and quantitative if it involves 

numerals and statistical tools [535]. The principle of bioassay is to determine what, how 

much and how long the test sample would generate a less, equal or higher biological response 

compared to that of the standard [535]. The advantages of bioassays over other assay 

methods are to determine concentration and potency of test sample, when no suitable 

bioassay is available. Other uses are to test sample substance with different chemical 

compositions that have the same biological activities, to efficiently estimate complex 

chemical compounds which cannot be analyzed by simple assay, to standardize drugs, 

vaccines, toxins, poisons and to determine specificity of a chemical compound against 

ailment for rapid recovery [535]. Bioassay techniques can be divided into in vivo techniques, 

ex vivo techniques and in vitro techniques [535]. 

5.1.1 In vivo techniques 

 These techniques involve the use of living animals such as rodents in order to directly study 

the biological response of the test compound screened in a biological system [535]. 

5.1.2 Ex vivo techniques  

These techniques involve the use of cells or tissue in a biological system in order to study the 

effect of test compound screened under standard conditions, in which the cell or tissue 

survives outside the body within specific time [535]. 
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5.1.3 In vitro techniques  

These techniques involve the use of cultured cells in a biological system in order to study the 

effect of test compound screened under standard conditions. Here, cultured cells use nutrition 

to survive [535]. 

In this chapter, this research employs the use of in vitro techniques in order to test the 

synthesized compounds for their anticancer and antibacterial activities [536, 537]. This 

chapter highlights the different methods used to determine the anticancer and antimicrobial 

activities of some of the compounds, the discussion on the results obtained from the 

biological assays are presented. The evaluations of the biological potentials of the compounds 

were carried out in three different laboratories. The experimental procedures and results 

obtained for anticancer screening is presented in Section 5.2. They were evaluated for their 

potentials as anticancer (cytotoxic activities) and antibacterial agents. Conclusion was drawn 

from the results of the various tests. 

 

5.2 In vitro anticancer screening of dithiocarbamate ligands and some mixed ligand 

metal complexes of oxovanadium(IV) and zinc(II) ions 

In vitro anticancer screening exercises were carried out at the Department of Biotechnology, 

University of the Western Cape, South Africa with WST-1 assay (Roche Diagnostics, GmbH, 

Mannheim, Germany) and at The Council for Scientific and Industrial Research (CSIR), 

Pretoria, South Africa with Sulforhodamine B (SRB) assay. 

 

5.2.1 Materials and reagents and equipment using cytotoxicity assay of Water Soluble 

Tetrazolium Salt, (WST-1) 

Incubator (37oC), centrifuge, micro plate, microscope, hemacytometer, multichannel pipette 

(10, 50, 100 µl), sterile pipette tips, cisplatin and 96-well micro plates. 

 

5.2.1.1 Cytotoxicity (WST-1) assay experiment  

Culture medium, e.g. RPMI 1640 containing 10% heat-inactivated FCS, 2 mL-glutamine and 

actinomycin C1 (actinomycin D), 1 µg/ml, WST-1 assay from Roche Diagnostics, cisplatin, 
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dimethyl sulfoxide (DMSO), KMST-6 (Non-cancerous fibroblast), HT-29 (Human colon 

cancer adenocarcinoma). Professor Denver Hendricks (Department of Clinical and 

Laboratory Medicine, University of Cape Town-South Africa) supplied the cell lines (and 

HT-29). 

Negative control - DMSO. 

Positive control (Reference cancer drug)-Cisplatin.  

Some samples of ligands and mixed ligand zinc(II) complexes. 

 

5.2.1.2 Cell culture 

HT-29 and KMST-6 were maintained in Dulbecco’s Modified Eagle’s medium containing 

10% foetal bovine serum and 1% penicillin-streptomycin at a temperature of 37oC humidified 

incubator with 5% carbon (IV) oxide saturation. All reagents for cell culture were provided 

by Invitrogen Ltd. (CA, USA). 

 

5. 2.1.3 Cytotoxicity (WST-1) assay 

WST-1 based colorimetric assay is used only for in vitro analyses [538, 539]. It involves 

nonradioactive quantification of cell proliferation, cell viability and cytotoxicity. The 

screening took place in two stages. The first stage involved the selection of active compounds 

and the second stage, secondary screening, required the determination of the inhibition 

concentration value, IC50 value, of the active compound. IC50 value is the inhibition 

concentration value, where concentration of the growth of the cell lines got reduced by 50%. 

The WST-1 colorimetric assay was used to evaluate the growth inhibitory effects of sodium 

sulfadiazine, derivatives of dithiocarbamates, oxovanadium(IV) and zinc(II) complexes. They 

were screened for cytotoxic activities as potential anticancer drugs. Culture of the cells was 

done using 96 well cell culture plates of a density of 200 000 cells/well. After 24 h, the 

culture medium was removed and substituted with culture medium which contained 

increasing concentrations (6.25- 50 µM) of the sample compounds. Stock solutions of the 

compounds were prepared in dimethylsulfoxide, DMSO, whereas, the working solutions 

were prepared in culture medium. Untreated cells were used as a negative control, while 

Cisplatin was used for positive control. All treatments were done in triplicates for 24 h, ensue 
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the treatment, 10 µL of WST-1 reagent was added to the wells and the cell plates were 

incubated at 37oC for 4 h. BMG Labtech POLAR star Omega micro plate reader was used to 

determine the absorbance/optical density of the wells. Percentage of cell viability was 

calculated by comparing the absorbance of the test samples with the absorbance of the control 

(untreated) samples, as described by the manufacturer. The primary screening of derivatives 

of dithiocarbamates and some zinc(II) complexes was done with non-cancerous fibroblast 

cell line, KMST-6 and human colon cancer line, HT-29. Secondary screening involving IC50 

was done for sample compounds. The IC50 value of the cell growth was less than 50% and 

can be said to be active with a concentration of 20 µM. 

 

5.2.2 Results and discussion on in vitro WST-1 assay cytotoxicity studies 

Some dithiocarbamate ligands (with the exception of sodium sulfadiazine) and some zinc(II) 

complexes were tested on two cancer cell lines (a non-cancerous cell line, KMST-6, and a 

cancerous cell line, HT-29 for primary screening. The results are displayed in Table 5.1. A 

concentration of less than 20 μM and lowest IC50 results indicate very active compounds 

[11]. Both ligands and zinc complexes were not very active against the resistant KMST-6 cell 

line, with a display of IC50 greater than 50. These were also reflected in the control and 

standard with IC50 above 50. For HT-29 cell line, the primary screening proved both ligands 

and zinc complexes as active compounds with concentrations less than 20 μM, therefore, all 

showed cytotoxic activities, with the exception of [Zn(SFZ)(me-DTC)]. Measuring the 

selectivity of the compounds with available data, the selectivity indices were calculated. They 

showed all forms of selectivity because they were within the range of 1-8. 

 

 

5.2.2.1 Selectivity Index [11] 

The aim of selectivity index is to further see if the samples can go into the next phase of drug 

development (drug discovery). To obtain results for selectivity index, IC50 of KMST-6 (μM) 

must be divided by IC50 of HT-29 (μM). 

For example, [Zn(SFZ)(me-DTC)], 50/31.60 (100) = 1.58 
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Table 5.1: Secondary screening results for both cell lines (KMST-6 and HT-29) and their 

selectivity indices. 

Compounds IC50for KMST-6 (μM)  IC50for  HT- 29 (μM) Selectivity Index  

an-DTC >  50  < 6.25  8  

et-DTC  >  50  < 6.25 8  

bu-DTC >  50   11.06 4.52  

de*-DTC >  50  18.06 2.77  

[Zn(SFZ)(me-DTC)] >  50  31.60 1.58  

[Zn(SFZ)(et-DTC)] >  50  < 6.25  8  

[Zn(SFZ)(cl-DTC)] >  50/ 64.773  15.87 4.08 

[Zn(SFZ)(bu-DTC)] >  50  < 6.25  8  

[Zn(SFZ)(he-DTC)] >  50  < 6.25  8  

Cisplatin  82.10  76.61 1 

DMSO (Control) 100  100 1 

 

Slight selectivity: Selective Index of 0-2; Moderate selectivity: Selective Index of 2-6; Active 

selectivity: > 6. 

 

5.3 In vitro cytotoxicity (SRB) assay cancer screening of some oxovanadium(IV) and 

zinc(II) complexes 

5.3.1 Assay Background 

The cytotoxic effects of the compounds were tested by Sulforhodamine B (SRB) assay on the 

WI38 cell line.The SRB assay was developed by Skehan and colleagues to measure drug-

induced cytotoxicity and cell proliferation. Its principle is based on the ability of the protein 

dye sulforhodamine B (Acid Red 52) to bind electrostatically in a pH-dependent manner to 

protein basic amino acid residues of trichloroacetic acid-fixed cells. Under mild acidic 

conditions it binds to the fixed cellular protein, while under mild basic conditions it can be 
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extracted from cells and solubilized for measurement. The SRB Assay is performed at CSIR 

in accordance with the protocol of the Drug Evaluation Branch, NCI, and the assay has been 

adopted for this screen. 

 

5.3.2 Materials and method 

The W1-38 cell line- normal Human Fetal Lung Fibroblast from ECACC was routinely 

maintained as a monolayer cell culture at 37ºC, 5% CO2, 95% air and 100% relative humidity 

in EMEM containing 10% foetal bovine serum, 2 mL-glutamine and 50 µg/ml gentamicin.   

 For screening experiment, the cells (21-50 passages) were inoculated in a 96-well microtiter 

plates at plating densities of 10 000 cells/well and were incubated for 24 h. After 24 h the 

cells were treated with the experimental drugs which were previously dissolved in DMSO 

and diluted in medium to produce 5 concentrations. Cells without drug addition served as 

control. The blank contains complete medium without cells. Emetine was used as a standard. 

 The plates were incubated for 48 h after addition of the compounds. Viable cells were fixed 

to the bottom of each well with cold 50% trichloroacetic acid, washed, dried and dyed by 

SRB. Unbound dye was removed and protein-bound dye was extracted with 10 mM Tris base 

for optical density determination at the wavelength 540 nm using a multiwell 

spectrophotometer. Data analysis was performed using GraphPad Prism software. 50% of cell 

growth inhibition (IC50) was determined by non-linear regression. 

 

5.3.3 Results and discussion on in vitro SRB assay cytotoxicity studies 

After successful syntheses and chemical characterization of mixed oxovanadium(IV) and 

zinc(II) complexes. Sulforhodamine B assay was used to determine the in vitro cytotoxities of 

these metal complexes [544]. Results for the in vitro cytotoxities’ tests can be seen in Table 

5.2. The interpretations of the results were based on The Council for Scientific and Industrial 

Research (CSIR) standard criteria in Table 5.3. Four oxovanadium(IV) and one zinc(II) 

complexes: [VO(SFZ)(to-DTC)], [VO(SFZ)(tu-DTC)], [VO(SFZ)(ml-DTC)], [VO(SFZ)(ey-

DTC)] and [Zn(SFZ)(to-DTC)] were of low hazard to cancer cell line of W1-38. Weak 

hazard was discovered in zinc(II) complex of  [Zn(SFZ)(as-DTC)] . In the case of moderate 

hazards on cancer cell line of W1-38, six oxovanadium(IV) complexes and two zinc(II) 
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complexes : [VO(SFZ)(tl-DTC)], [VO(SFZ)(as-DTC)] [VO(SFZ)(cc-DTC)], [VO(SFZ)(hx-

DTC)], [VO(SFZ)(bt-DTC)] and [VO(SFZ)(cl-DTC)], [Zn(SFZ)(tu-DTC)] and [Zn(SFZ)(hy-

DTC)] were noted.  None of the mixed ligand metal complexes was of high hazard and none 

had IC50 less than the standard drug of emetine. Based on observation, both [VO(SFZ)(to-

DTC)] and [Zn(SFZ)(to-DTC)] were of low hazards, while [VO(SFZ)(cc-DTC)] and 

[Zn(SFZ)(cc-DTC)] were of moderate hazards. 

 

Table 5.2: The in vitro cytotoxicity screening for oxovanadium(IV) and zinc(II) complexes. 

Compound  IC50 for W1-38 (μM) 

[VO(SFZ)(to-DTC)] > 100 

[VO(SFZ)(tu-DTC)] > 100 

[VO(SFZ)(tl-DTC)] 29.9 

[VO(SFZ)(as-DTC)] 33.9 

[VO(SFZ)(cc-DTC)] 16.3 

[VO(SFZ)(ml-DTC)] > 100 

[VO(SFZ)(el-DTC)] > 100 

[VO(SFZ)(hx-DTC)] 23.3 

[VO(SFZ)(bt-DTC)] 21.9 

[VO(SFZ)(cl-DTC)] 31.9 

[Zn(SFZ)(to-DTC)] > 100 

[Zn(SFZ)(tl-DTC)] > 100 

[Zn(SFZ)(tu-DTC)] 24.4 

[Zn(SFZ)(as-DTC)] 71.7 

[Zn(SFZ)(cc-DTC)] 22.1 

[Zn(SFZ)(hy-DTC)] > 100 
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Emetine 0.05 

 

 

Table 5.3: The Council for Scientific and Industrial Research (CSIR) standard criteria for in 

vitro cancer screening according to IC50. 

IC50 (μM) Status 

> 100 Low hazard 

< 100 Weak hazard 

> 50 Weak hazard 

< 50 Moderate hazard 

> 10 Moderate hazard 

< 10 High hazard 

 

 

5.4. In vitro cancer screening 

5.4.1. Sulforhodamine B (SRB) assay background of in vitro cancer screening [540-542] 

The growth inhibitory effects of the compounds were tested in a 3-cell line panel consisting 

of TK10 (renal), UACC62 (melanoma) and MCF7 (breast) cancer cells by Sulforhodamine B 

(SRB) assay.The SRB assay was developed by Skehan and colleagues to measure drug-

induced cytotoxicity and cell proliferation [543]. Its principle is based on the ability of the 

protein dye Sulforhodamine B (Acid Red 52) to bind electrostatically in a pH-dependent 

manner to protein basic amino acid residues of trichloroacetic acid-fixed cells. Under mild 

acidic conditions it binds to the fixed cellular protein, while under mild basic conditions it 

can be extracted from cells and solubilized for measurement. The SRB Assay is performed at 

CSIR in accordance with the protocol of the Drug Evaluation Branch, NCI, and the assay has 

been adopted for this screen. 
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5.4.2 Materials and method 

 The human cell lines TK10, UACC62 and MCF7 was obtained from NCI in the framework a 

collaborative research program between CSIR and NCI. Cell lines was routinely maintained 

as a monolayer cell culture at 37ºC, 5% CO2, 95% air and 100% relative humidity in RPMI 

containing 5% fetal bovine serum, 2 mM L-glutamine and 50 µg/ml gentamicin.   

  For screening experiment, the cells (3-19 passages) were inoculated in a 96-well micro titer 

plates at plating densities of 7-10 000 cells/well and were incubated for 24 h. After 24 h the 

cells were treated with the experimental drugs which were previously dissolved in DMSO 

and diluted in medium to produce 5 concentrations. Cells without drug addition served as 

control. The blank contains complete medium without cells. Parthenolide was used as a 

standard. 

The plates were incubated for 48 h after addition of the compounds. Viable cells were fixed 

to the bottom of each well with cold 50% trichloroacetic acid, washed, dried and dyed by 

SRB. Unbound dye was removed and protein-bound dye was extracted with 10mM Tris base 

for optical density determination at the wavelength 540 nm using a multiwell 

spectrophotometer.  

 Data analysis was performed using GraphPad Prism software. 50% of cell growth inhibition 

(IC50) was determined by non-linear regression. 

 

5.4.3 The in vitro cancer screening studies 

Ten oxovanadium(IV) and six zinc(II) complexes were screened for in vitro cancer activities, 

against three cancer cell lines. These cancer cell lines are TK10 (renal), UACC62 

(melanoma) and MCF7 (breast). Parthenolide was used as the standard drug and the control 

as dimethylsulfoxide.  

The anticancer activities of these sixteen mixed ligand complexes standard and control were 

determined with SRB assay on the three cancer cells [543]. The results obtained can be seen 

in Table 5.4. The explanation of the results was based on CSIR criteria in Table 5.5. For 

cancer cell line of TK-10 (renal), two oxovanadium(IV) complexes: [VO(SFZ)(ml-DTC)], 

[VO(SFZ)(ey-DTC)] and three zinc(II) complexes: [Zn(SFZ)(to-DTC)], [Zn(SFZ)(tu-DTC)] 

and [Zn(SFZ)(hy-DTC)] were inactive. Four oxovanadium(IV) complexes: [VO(SFZ)(to-

DTC)], [VO(SFZ)(tu-DTC)], [VO(SFZ)(as-DTC)] [VO(SFZ)(bt-DTC)] and one zinc(II) 
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complex of [Zn(SFZ)(as-DTC)] gave weak activities against TK-10. Moderate activities 

against TK-10 were observed in four oxovanadium(IV) complexes: [VO(SFZ)(tl-DTC)], 

[VO(SFZ)(cc-DTC)], [VO(SFZ)(hx-DTC)], [VO(SFZ)(cl-DTC)], and two zinc(II) complexes 

of  [Zn(SFZ)(tu-DTC)] and [Zn(SFZ)(cc-DTC)]. No metal had a potent activity and higher 

than the standard drug. 

In the case of the cancer cell line of UACC62 (melanoma), an oxovanadium(IV) complex of 

[VO(SFZ)(ml-DTC)] and zinc(II) complexes of Zn(SFZ)(to-DTC)], [Zn(SFZ)(tu-DTC)] and 

[Zn(SFZ)(hy-DTC)] were inactive. An oxovanadium(IV) complex of  [VO(SFZ)(ey-DTC)]  

was found with weak activity. Moderate activities were observed in seven oxovanadium(IV) 

complexes of  [VO(SFZ)(to-DTC)], [VO(SFZ)(tu-DTC)], [VO(SFZ)(tl-DTC)], 

[VO(SFZ)(as-DTC)], [VO(SFZ)(cc-DTC)], [VO(SFZ)(hx-DTC)], [VO(SFZ)(bt-DTC)] and 

three zinc(II) complexes of  [Zn(SFZ)(tu-DTC)], [Zn(SFZ)(as-DTC)] and  [Zn(SFZ)(cc-

DTC)]. Oxovanadium(IV) complex of [VO(SFZ)(cl-DTC)] had very high activity. 

For the cancer cell line of MCF-7 (breast), two zinc(II) complexes: [Zn(SFZ)(ml-DTC)] and  

[Zn(SFZ)(ml-DTC)] were inactive. Two oxovanadium(II) complexes: [VO(SFZ)(ml-DTC)] 

[VO(SFZ)(ey-DTC)] and one zinc(II) complex of  [Zn(SFZ)(hy-DTC)] had weak activities. 

Moderate activities were observed in six oxovanadium(IV) complexes: [VO(SFZ)(to-DTC)], 

[VO(SFZ)(tu-DTC)], [VO(SFZ)(tl-DTC)], [VO(SFZ)(as-DTC)], [VO(SFZ)(cc-DTC)] 

[VO(SFZ)(bt-DTC)] and zinc(II) complexes: [Zn(SFZ)(tu-DTC)], [Zn(SFZ)(as-DTC)] and 

[Zn(SFZ)(cc-DTC)]. Oxovanadium(IV) complexes of   [VO(SFZ)(hx-DTC)] and  

[VO(SFZ)(cl-DTC)] were of high activities. The IC50 of the standard drug, Parthenolide is 

higher than all the compounds. According to CSIR criteria, a sample is categorized to have 

potent activity if the parameter IC50 for two or three cancer cell lines is less than 10 μM. 

Oxovanadium(IV) complex of potent activity is [VO(SFZ)(hx-DTC)] has IC50 of 6.97 μM, 

which is less than 10 μM, but only against MCF7 cancer cell line. The only compound found 

in this category is [VO(SFZ)(cl-DTC)]. This might be due to a study that chloro- substituents 

are biologically active against breast, colon and lung cancer cell lines [545].  
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 Table 5.4: In vitro cancer screening of oxovanadium(IV) and zinc(II) complexes. 

 

Compound IC50 for TK-10 (μM) IC50 for UACC-62 

(μM) 

IC50 for MCF-7 

(μM) 

[VO(SFZ)(to-DTC)] 59.13 47.97 38.21 

[VO(SFZ)(tu-DTC)] 81.22 49.81 33.34 

[VO(SFZ)(tl-DTC)] 30.65 15.84 15.43 

[VO(SFZ)(as-DTC)] 73.23 49.14 33.27 

[VO(SFZ)(cc-DTC)] 28.27 12.51 12.80 

[VO(SFZ)(ml-DTC)] > 100 > 100 62.36 

[VO(SFZ)(ey-DTC)] > 100 > 64.02 50.65 

[VO(SFZ)(hx-DTC)] 11.15 15.18 6.97 

[VO(SFZ)(bt-DTC)] 75.95 49.98 28.75 

[VO(SFZ)(cl-DTC)] 36.00 5.92 7.10 

[Zn(SFZ)(to-DTC)] > 100 > 100 > 100 

[Zn(SFZ)(tl-DTC)] > 100 > 100 102.00 

[Zn(SFZ)(tu-DTC)] 22.71 24,53 16.08 

[Zn(SFZ)(as-DTC)] 66.52 32.03 23.10 

[Zn(SFZ)(cc-DTC)] 23.19 18.28 13.60 

[Zn(SFZ)(hy-DTC)] > 100 > 100 80.37 

Parthenolide 4.64 11.37 3.52 
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Table 5.5: The Council for Scientific and Industrial Research (CSIR) standard criteria for in 

vitro cancer screening according to IC50. 

IC50 (μM) Status 

> 100 Inactive 

< 100 Weak  activity 

> 50 Weak  activity 

< 50 Moderate activity 

> 10 Moderate activity 

< 10 Potent activity 

 

 

5.5. Antibacterial studies 

 

5.5.1. Materials and methods for antibacterial studies  

5.5.1.1. Bacterial strains, disc susceptibility tests and growth conditions 

The antibacterial screening exercise was carried out at the Department of Pharmacy and 

Pharmacology in University of Bath, United Kingdom. 

Antimicrobial susceptibility test was carried out on four bacterial strains used. They were 

Staphylococcus aureus (MRSA252), Enterococcus faecalis (BS385), Escherichia coli 

(MC4100) and Pseudomonas aeruginosa (PA01). Bacterial strains were maintained on 

Tryptone Soy Agar (TSA; Oxoid). The media used fresh Mueller Hinton broth. 

Bacterial cell lines of S. aureus, E. coli, E. faecalis and P. aeruginosa cultures were grown in 

Mueller Hinton (MH; Oxoid) broth to an optical density (at 600 nm) of approximately 1, and 

then diluted to 106 cells/mL in fresh MH broth. 100µl of this was placed on MH agar plates. 

Next, 6 mm paper disks (Whatman 3MM chromatography paper), loaded with 50 µg of 

compound (stock solutions 10mg/mL in DMSO), were deposited on top of the agar. The 

plates were then incubated at 37oC, and after 24 h the zone of inhibition around the disks was 

recorded.   
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There is no standard amount in disks that applies to all antibiotics. Some are use at 30 µg but 

many others are used at different concentrations. Disks contain 1, 2, 5, 10, 15 or 30 µg 

depending on the antibiotic. The amount used is based on what is workable; if a disk would 

give an enormous zone of inhibition at 30 µg, then it would be better to go lower. Similarly, 

if an antibiotic has rather low activity, a higher amount is needed. Well, there is no certainly 

for a concentration higher than 30 µg. More generally, for new compounds, it may be 

desirable to test initially at fairly high concentrations in order to check if there is activity at 

all.  

 

5.5.1.2. Antibacterial screening activities [11] 

The aim was to explore the antibacterial potencies and potentials of sodium sulfadiazine, 

derivatives of dithiocarbamates, oxovanadium(IV) and zinc(II) complexes to inhibit bacterial 

growth by screening against four bacterial strains of Staphylococcus aureus (MRSA252), 

Enterococcus faecalis (BS385), Escherichia coli (MC4100) and Pseudomonas aeruginosa 

(PA01). The results had been displayed in Figures 5.6 to 5.8 for zone of inhibition (ZOI) of 

ligands, oxovanadium(IV) and zinc(II) complexes respectively. The solvent, 

dimethylsulfoxide, (DMSO) was used as a negative control, which showed no activity against 

all the four bacterial strains. The positive control was 30 µg of tetracycline for 

Staphylococcus aureus and 28 µg Escherichia coli. Other positive controls used were 

vancomycin and meropenem for Enterococcus faecalis and Pseudomonas aeruginosa 

respectively. Both ligands and metal complexes were screened in vitro against two Gram 

positive bacteria (Staphylococcus aureus and Enterococcus faecalis) and Gram negative 

bacteria (Escherichia coli and Pseudomonas aeruginosa). Well diffusion method was used, 

while the nutrient medium was agar.  

 

5.5.2. Activity Index [11] 

The activity of both ligands and metal complexes could not be compared to the antibiotic, 

tetracycline, because of the variances in the masses for Staphylococcus aureus and 

Escherichia coli. Each sample had a mass of 50 µg per disc, while tetracycline of commercial 

disc used in hospitals had 30 µg. As aforementioned, no activity index could be done. 50 µg 
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per disc used were vancomycin and meropenem for Enterococcus faecalis and Pseudomonas 

aeruginosa respectively. 

% Activity Index=A/B*100 

where A is ZOI of sample compound 

          B is ZOI of standard (positive control) 

For hx-DTC=22.5/22*100=102% 

[VO(SFZ)(hhDTC)], activity index=22/22*100=100% 

ZnCl2=27/22*100=123% 

 

5.5.3 Minimum Inhibitory Concentration (MIC) 

Minimum inhibitory concentration is the lowest drug concentration where a visible inhibition 

in the growth of the microorganisms can be identified (546, 547). The minimum inhibitory 

concentrations (MIC) values for the compounds were determined with a micro dilution broth 

method using MH broth as described (546, 547). MIC gives the inhibition screening 

concentration of sample compounds. MIC serves as a secondary screening after the in vitro 

primary antibacterial screening test had been done to give ZOI of sample compounds. 

For the MIC secondary screening, nineteen sample compounds were screened against 

Staphylococcus aureus, fifteen samples against Enterococcus faecalis, twenty sample 

compounds Escherichia coli and fifteen sample compounds against Pseudomonas 

aeruginosa. All selected sample compounds for MIC had zone of inhibition of above 11 mm. 

 

5.6 In vitro studies 

This section looks into in vitro cytotoxicity and antibacterial studies of sodium sulfadiazine, 

dithiocarbamate ligands, oxovanadium(IV) and zinc(II) complexes. 
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5.6.1 Antibacterial studies 

The results for the zone of inhibition of antibacterial activities for all the ligands are shown in 

Table 5.6. Four bacterial strains of Staphylococcus aureus (MRSA252), Enterococcus 

faecalis (BS385), Escherichia coli (MC4100) and Pseudomonas aeruginosa (PA01) were 

considered for the antibacterial activities. 

All the ligands were inactive against the bacterial cell line of Pseudomonas aeruginosa. For 

Escherichia coli, only SFZ (17 mm), eh-DTC (6.7 mm), he-DTC (6.7 mm) and hx-DTC (18.7 

mm) were active while the other ligands were inactive. In reference to gram- positive 

bacterial strain of Enterococcus faecalis, only three ligands were active while the other 

ligands were inactive. These ligands are he-DTC (6.5 mm), ea-DTC (6.5 mm) and hx (22.5 

mm). Ligand of hx-DTC is 0.5 mm higher than the positive standard, vancomycin. The other 

gram positive bacterial strain; Staphylococcus aureus, had more than half of the ligands 

active against it. The ligands were SFZ (17 mm), cy-DTC (8 mm), he-DTC (11.3 mm), ch-

DTC (6.7 mm), tl-DTC (9.3 mm), ai-DTC(8 mm), to-DTC(6.5 mm), as-DTC (6.5 mm),  de-

DTC (16 mm), mt-DTC (7.3 mm), el-DTC(6.2 mm), hy-DTC (6.7 mm), bt-DTC(8.7 mm), 

ea-DTC (12.7 mm), hx-DTC (40 mm), ey-DTC(8 mm) and hh-DTC(10.7 mm).Ligand of hx-

DTC is 10 mm higher than the positive standard, tetracycline. Among all the ligands, hx-

DTC had the highest zone of inhibition against all bacterial strains, with the exception of 

Pseudomonas aeruginosa. Ligand of hx-DTC can be said to have a broad spectrum because 

of its activity against both gram positive and gram negative. 

Table 5.7 shows results for the zones of inhibition of vanadyl(IV) sulfate and fourteen mixed 

oxovanadium(IV) complexes of sodium sulfadiazine and derivatives of dithiocarbamate. 

Vanadyl(IV) sulfate was inactive to the four bacterial strains. Six oxovanadium(IV) 

complexes were still inactive against  Pseudomonas aeruginosa like their corresponding 

ligands, while eight oxovanadium(IV) complexes were active against Pseudomonas 

aeruginosa. Eight oxovanadium(IV) complexes underwent synergism compared to their 

corresponding ligands. For the bacterial strain of Escherichia coli, three inactive 

oxovanadium(IV) complexes, namely; [VO(SFZ)(to-DTC)], [VO(SFZ)(as-DTC)] and 

[VO(SFZ)(tu-DTC)] were not active like their corresponding ligands.  The other eleven 

oxovanadium(IV) complexes were active against Escherichia coli and synergistic 

mechanisms were observed in comparison with their corresponding dithiocarbamate ligands. 

All oxovanadium(IV) complexes had antagonistic effect against Escherichia coli as 
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compared with ligand of SFZ, with zone of inhibition of 16.3 mm The only exemption is 

[VO(SFZ)(bt-DTC)] with zone of inhibition of 17 mm. Oxovanadium(IV) complexes of 

[VO(SFZ)(ai-DTC)], [VO(SFZ)(bt-DTC)], [VO(SFZ)(to-DTC)], [VO(SFZ)(as-DTC)] 

[VO(SFZ)(tl-DTC)] and [VO(SFZ)(tu-DTC)] were inactive against Enterococcus faecalis, 

while the other oxovanadium(IV) complexes were active. Oxovanadium(IV) complex of  

[VO(SFZ)(hx-DTC)] of zone of inhibition of 12 mm had an antagonistic mechanism 

compared to the corresponding ligand, hx-DTC with zone of inhibition of 22.5 mm. All the 

oxovanadium(IV) complexes were active Staphylococcus aureus, with the exception of 

[VO(SFZ)(ai-DTC)] and [VO(SFZ)(to-DTC)]. Oxovanadium(IV) complex of  [VO(SFZ)(hx-

DTC)] with zone of inhibition of 19.7 mm had an antagonistic mechanism against 

Staphylococcus aureus compared with the corresponding ligand , hx-DTC with zone of 

inhibition of 40 mm. For the ligand of SFZ, with zone of inhibition of 17 mm against 

Staphylococcus aureus, others had antagonistic mechanisms except for [VO(SFZ)(an-

DTC)],[VO(SFZ)(hx-DTC)] and [VO(SFZ)(to-DTC)] with zones of inhibition of 20.7 mm, 

19.7 mm and 40 mm respectively. Oxovanadium(IV) complex of [VO(SFZ)(hh-DTC)] with 

zone of inhibition of 22 mm had the same with zone of inhibition as the positive standard, 

vancomycin. Eight oxovanadium(IV) complexes were broad spectrum antibacterial 

oxovanadium agents. 

According to Table 5.5, there were results for zones of inhibition for anhydrous zinc(II) 

chloride and nineteen zinc(II) complexes of mixed sodium sulfadiazine and derivatives of 

dithiocarbamate. Anhydrous zinc(II) chloride was active to all the four bacterial cell lines.  

Among these nineteen complexes of zinc(II), only three zinc(II) complexes were inactive 

against Pseudomonas aeruginosa like their corresponding DTC ligand ([Zn(SFZ)(de*-

DTC)],[Zn(SFZ)(et-DTC)]  and [Zn(SFZ)(hy-DTC)]. Three zinc(II) complexes had 

antagonistic mechanisms compared to anhydrous zinc(II) chloride([Zn(SFZ)(cl-

DTC)],[Zn(SFZ)(ea-DTC)]  and [Zn(SFZ)(hy-DTC)]) while [Zn(SFZ)(he-DTC)] had the 

same value of zone of inhibition as 9 mm as anhydrous zinc(II) chloride. All the zinc 

complexes with the exception of ([Zn(SFZ)(cl-DTC)], [Zn(SFZ)(ea-DTC)]  and 

[Zn(SFZ)(hy-DTC)] had synergistic mechanisms compared to their corresponding 

dithiocarbamate ligands. 

For the bacterial strain of Escherichia coli, all the zinc(II) complexes had synergism when 

compared with anhydrous zinc(II) chloride of 9.3 mm,  The exempted zinc(II) complexes 

were [Zn(SFZ)(tl-DTC)] and [Zn(SFZ)(to-DTC)] with zones of inhibition of 8.7 mm and 9.0 
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mm respectively. All the zinc(II) complexes had antagonistic effects with the exception of 

zinc(II) complexes of [Zn(SFZ)(cl-DTC)] and [Zn(SFZ)(hx-DTC)] when compared with 

ligand of SFZ. There were synergistic effects for all zinc(II) complexes with the exception of 

([Zn(SFZ)(hx-DTC)] when compared with the ligand of dithiocarbamates. The zone of 

inhibition of the positive standard, tetracycline, is highest when compared to the zones of 

inhibition of anhydrous zinc(II) chloride and zinc(II) complexes. Antagonism was 

encountered for all activities of zinc(II) complexes when compared to the zone of inhibition 

of anhydrous zinc(II) chloride against  Enterococcus faecalis. Nine zinc(II) complexes were 

inactive like their corresponding ligands of SFZ and DTC. For the ligands of DTCs, 

[Zn(SFZ)(hx-DTC)] had a lower zone of inhibition of 12 mm than the ligand, hx-DTC of 22 

mm. The remaining nine zinc(II) complexes had synergism when compared with the 

corresponding  ligands of SFZ and DTCs. None of the zinc(II) complexes had values higher 

than the positive standard, vancomycin. Four zinc(II) complexes of [Zn(SFZ)(bu-DTC)], 

[Zn(SFZ)(bt-DTC)], [Zn(SFZ)(hx-DTC)], and [Zn(SFZ)(cc-DTC)] had higher zones of 

inhibition than the zone of inhibition for ZnCl2 with their activities against Staphylococcus 

aureus. Only zinc complex of [Zn(SFZ)(hx-DTC)]among the nineteen zinc(II) complexes 

had synergism due to its higher zone of inhibition than the ligand of SFZ. Zinc(II) complexes 

of [Zn(SFZ)(de-DTC)], [Zn(SFZ)(hx-DTC)] and [Zn(SFZ)(to-DTC)] had antagonism 

compared to their corresponding ligands, while the other sixteen zinc(II) complexes had 

synergism. None of the zinc(II) complexes had higher values than the positive control., 

tetracycline, but most had potentials for activities against Staphylococcus aureus. 

 

Table 5.6: Zone of inhibition for antibacterial susceptibility test for ligands of sodium 

sulfadiazine and derivatives of dithiocarbamate. 

 Ligands Staphylococcus 

aureus MRSA252 

(mm) 

Enterococcus 

faecalis BS385 

(mm) 

Escherichia coli 

MC4100(mm) 

Pseudomonas 

aeruginosa PA01 

(mm) 

SFZ 17 ND 16.3 ND 

me-DTC 0 ND 0 ND 

cy-DTC 8 ND 0 ND 
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an-DTC 0 ND 0 ND 

cl-DTC 0 ND 0 ND 

eh-DTC 0 ND 6.7 ND 

et-DTC 0 ND 0 ND 

he-DTC 11.3 6.5 6.7 ND 

cc-DTC 0 ND 0 ND 

ch-DTC 6.7 ND 0 ND 

tl-DTC 9.3 ND 0 ND 

tu-DTC 0 ND 0 ND 

ai-DTC 8 ND 0 ND 

to-DTC 6.5 ND 0 ND 

as-DTC 6.5 ND 0 ND 

de-DTC 16 ND 0 ND 

mt-DTC 7.3 ND 0 ND 

el-DTC 6.2 ND 0 ND 

hy-DTC 6.7 ND 0 ND 

bt-DTC 8.7 ND 0 ND 

ea-DTC 12.7 6.5 0 ND 

hx-DTC 40 22.5 18.7 ND 

ml-DTC 0 ND 0 ND 

ey-DTC 8 ND 0 ND 

hh-DTC 10.7 ND 0 ND 

Vancomycin  22   
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Meropenem    30 

Tetracycline 30  28  

DMSO 0 0 0 0 

ND=Non Detectable; 0 is equivalent to ND. Positive standards/controls: Vancomycin; 

Meropenem; Tetracycline. Negative control: DMSO (Dimethylsulfoxide). 

 

Table 5.7: Zone of inhibition for antibacterial susceptibility test of vanadyl (IV) sulfate and 

oxovanadium(IV) complexes of sodium sulfadiazine and derivatives of dithiocarbamate. 

Compounds Staphylococcus 

aureus MRSA 

252 (mm) 

Enterococcus 

faecalis BS 

385 (mm) 

Escherichia 

coli 

MC4100 

(mm) 

Pseudomonas 

aeruginosa 

PA01 (mm) 

VOSO4 0 NA 0 NA 

[VO(SFZ)(me-DTC)] 12.7 15.5 13.3 12 

[VO(SFZ)(cy-DTC)] 8 10.5 14.7 11 

[VO(SFZ)(an-DTC)] 20.7 16.5 14.7 10 

[VO(SFZ)(bt-DTC)] 16.8 14.5 17.0 12 

[VO(SFZ)(hx-DTC)] 19.7 12 15.7 10 

 [VO(SFZ)(de-DTC)] 8.0 NA 8.70 NA 

[VO(SFZ)(hh-DTC)] 14.3 22 14.3 13.5 

[VO(SFZ)(ai-DTC)] 0 NA 8.0 NA 

[VO(SFZ)(hy-DTC)] 12.7 19 9.3 9.5 

[VO(SFZ)(to-DTC)] 0 NA 0 NA 

[VO(SFZ)(ch-DTC)] 13.7 16.5 15.0 13.5 

[VO(SFZ)(as-DTC)] 7.30 NA 0 NA 
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[VO(SFZ)(tl-DTC)] 40 NA 14.3 NA 

[VO(SFZ)(tu-DTC)] 7.0 NA 0 NA 

Meropenem    30 

Vancomycin  22   

Tetracycline 30  28  

DMSO 0 0 0 0 

NA=Not Applicable. Positive standards/controls:Vancomycin;Meropenem;Tetracycline. 

Negative control: DMSO (Dimethylsulfoxide) 
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Table 5.8: Zone of inhibition for antibacterial susceptibility test of zinc(II) chloride, zinc(II) 

complexes of sodium sulfadiazine and derivatives of dithiocarbamate. 

Compounds Staphylococcus 

aureus MRSA 

252 (mm) 

Enterococcus 

faecalis BS 

385 (mm) 

Escherichia 

coliMC4100 

(mm) 

Pseudomonas 

aeruginosa PA01 

 (mm) 

ZnCl2 13 27 9.3 9.0 

[Zn(SFZ)(bu-DTC)] 16.3 NA 13.0 11.0 

[Zn(SFZ)(he-DTC)] 7.7 9.0 15.0 9.0 

[Zn(SFZ)(an-DTC)] 7.0 NA 10.0 13.0 

[Zn(SFZ)(me-DTC)] 11.7 9.0 16.7 10.0 

[Zn(SFZ)(et-DTC)] 6.7 NA 0.0 NA 

[Zn(SFZ)(cl-DTC)] 6.7 11.0 12.7 7.0 

[Zn(SFZ)(mt-DTC)] 11 13.5 12.70 13.0 

[Zn(SFZ)(bt-DTC)] 16 11 16 10.5 

[Zn(SFZ)(hx-DTC)] 17.8 12 16.8 10.0 

[Zn(SFZ)(de-DTC)] 10.3 12.5 12.70 11.5 

[Zn(SFZ)(de*-DTC)] 7.7 NA 12.7 NA 

[Zn(SFZ)(ea-DTC)] 9.0 NA 13.0 8.0 

[Zn(SFD)(cc-DTC)] 15 11.5 12.7 7.0 

[Zn(SFZ)(hy-DTC)] 7 NA 13.7 NA 

[Zn(SFZ)(to-DTC)] 0.0 NA 9.0 9.5 

[Zn(SFZ)(ml-DTC)] 10.7 NA 13.0 13 

[Zn(SFZ)(ey-DTC)] 10.0 NA 14 13 
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[Zn(SFZ)(as-DTC)] 11.0 9.0 12.0 10.5 

[Zn(SFZ)(tu-DTC)] 9.0 8.0 10.3 10.5 

Meropenem    30 

Vancomycin  22   

Tetracycline 30  28  

DMSO 0 0 0 0 

NA=Not Applicable. Positive standards/controls: Vancomycin; Meropenem; Tetracycline. 

Negative control: DMSO (Dimethylsulfoxide). 

 

5.6.2 Minimum Inhibition Concentration (MIC)  

The minimum inhibition concentrations (MIC) of vanadyl(IV) sulfate and anhydrous zinc(II) 

chloride were both > 128 µg/ml . This indicated they had best activities against Pseudomonas 

aeruginosa. All oxovanadium(IV) complexes and zinc(II) complexes also showed best 

activities with MIC values of 128 and > 128 µg/mL against Pseudomonas aeruginosa, with 

the exception of two zinc(II) complexes of  [Zn(SFZ)(hx-DTC)] and [Zn(SFZ)(hx-DTC)]. 

The two had most active inhibition of MIC value of 64 µg/mL. Of all the compounds 

screened against Escherichia coli MC4100, the most active and potent was SFZ lignd, with 

MIC value of 64 µg/mL.  Samples of oxovanadium(IV) and zinc(II) complexes had best 

activities with MIC values at128 and > 128 µg/mL. In the MIC secondary screening against 

Enterococcus faecalis, four oxovanadium(IV) complexes with each having MIC results of 32 

µg/mL were of highest activities. They were [VO(SFZ)(bt-DTC)], [VO(SFZ)(hx-DTC)], 

[VO(SFZ)(hh-DTC)] and [VO(SFZ)(ch-DTC)]. Two zinc(II) complexes each having 64 

µg/mL had most active inhibition of MIC against Enterococcus faecalis. These were 

[Zn(SFZ)(mt-DTC)] and  [Zn(SFZ)(hx-DTC)] . Minimum Inhibition Concentration (MIC) 

results can be found in Table 5.9. 
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Table 5.9: MIC of sample compounds of oxovanadium(IV) and zinc(II) complexes. 

Compounds S.aureus MRSA252 MIC(µg/mL) Compounds E. faecalis 

BS385 

MIC 

(µg/mL) 

 

SFZ 64   

VOSO4 >128 VOSO4 >128 

[VO(SFZ)(an-DTC)] 128   

[VO(SFZ)(me-DTC)] >128 [VO(SFZ)(me-DTC)] >128 

[VO(SFZ)(bt-DTC)] 128 [VO(SFZ)(bt-DTC)] 32 

[VO(SFZ)(hx-DTC)] >128 [VO(SFZ)(hx-DTC) 32 

[VO(SFZ)(ch-DTC)] >128 [VO(SFZ)(ch-DTC)] 32 

  [VO(SFZ)(hh-DTC)] 32 

Compounds E. coli MC4100 

MIC 

(µg/mL) 

Compounds P.aeruginosa PA01 

MIC 

(µg/mL) 

 

SFZ 64   

VOSO4 >128 VOSO4 >128 

[VO(SFZ)(an-DTC)] 128   

[VO(SFZ)(me-DTC)] >128 [VO(SFZ)(me-DTC)] >128 

[VO(SFZ)(bt-DTC)] 128 [VO(SFZ)(bt-DTC)] >128 
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[VO(SFZ)(hx-DTC)] >128 [VO(SFZ)(ch-DTC)] >128 

[VO(SFZ)(cy-DTC)] >128   

[VO(SFZ)(ch-DTC)] 128   

[VO(SFZ)(hh-DTC)] 128 [VO(SFZ)(hh-DTC)] 128 

[VO(SFZ)(tl-DTC)] >128   

Anhydrous ZnCl2 >128 Anhydrous ZnCl2 >128 

  [Zn(SFZ)(an-DTC)] >128 

[Zn(SFZ)(hx-DTC)] 128 [Zn(SFZ)(hx-DTC)] 64 

[VO(SFZ)(ea-DTC)] >128 [VO(SFZ)(mt-DTC)] 64 

[Zn(SFZ)(me-DTC)] >128 [Zn(SFZ)(de-DTC)] 128 

  [Zn(SFZ)(hh-DTC)] >128 

Weak inhibition of MIC: >500 µg/mL; Moderate inhibition of MIC:  250-500 µg/mL; Best 

active inhibition of MIC: 100-250 µg/mL; Most active inhibition of MIC: 50-100 µg/mL; 

Highest activity of MIC: 1-50 µg/mL. 
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5.7 Conclusion 

The use of WST-1 assay on synthesized ligands of derivatives of dithiocarbamates and zinc 

complexes of mixed ligands of sodium sulfadiazine and derivatives of dithiocarbamates 

showed cytotoxic activities against human colon cancer cell HT-29 with a concentration less 

than 20 μM, except  [Zn (SFZ)(me-DTC)]. They all showed no cytotoxic activity towards 

non-cancerous human fibroblast cell line, KMST-6 with all possessing IC50 above 50. Both 

[Zn (SFZ)(cl-DTC)] and [Zn (SFZ)(de-DTC)] showed moderate selectivity. With the 

exception of [Zn (SFZ)(me-DTC)], the results proved that they were all good enough to enter 

secondary screening. 

Cytotoxities’ tests on mixed oxovanadium(IV) and zinc(II) complexes were carried out with 

SRB assay revealed moderate hazards of [VO(SFZ)(cc-DTC)] with IC50 of 16.3 μM and 

[Zn(SFZ)(cc-DTC)] with IC50 of 22.1 μM. 

Results from anticancer studies on mixed oxovanadium(IV) and zinc(II) complexes using 

SRB assay confirmed the potent activities of [VO(SFZ)(hx-DTC)] and [VO(SFZ)(cl-DTC)], 

but [VO(SFZ)(cl-DTC)] is more potent than [VO(SFZ)(hh-DTC)]. 

The in vitro antibacterial susceptibility screening test of both ligands and complexes were 

carried out. All ligands were not active against the bacterial strain of Pseudomonas 

aeruginosa. Oxovanadium(II) complexes: [VO(SFZ)(hh-DTC)] and [VO(SFZ)(ch-DTC)] 

were the best active oxovanadium(IV) compounds, each having a ZOI of 13.5 mm. Against 

most bacterial strain of Enterococcus faecalis, hx-DTC had the highest activity with ZOI of 

22.5 mm. The most active oxovanadium complex was [VO(SFZ)(hh-DTC)] with ZOI of 22 

mm. The most active zinc(II) complex was  [Zn(SFZ)(mt-DTC)] with ZOI of 13.5 mm. 

Ligand hx-DTC had the highest activity with zone of inhibition of 40 mm against 

Staphylococcus aureus. For the complexes, most active complexes were [VO(SFZ)(tl-DTC) 

with ZOI of  40 mm and [Zn(SFZ)(hx-DTC) with ZOI of 17.8 mm. In the case of Escherichia 

coli MC4100, hx-DTC was found to be the most active, with ZOI of 18 mm, while 

[VO(SFZ)(bt-DTC)] had ZOI of 17 mm was the most active oxovanadium(IV) complex and 

[Zn(SFZ)(me-DTC)] was the most active zinc(II) sample compound.  
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In comparison, MIC values for oxovanadium(IV) complexes had four that were of high 

activities (32 µg/ml). These are [VO(SFZ)(bt-DTC)],[VO(SFZ)(hx-DTC)], [VO(SFZ)(ch-

DTC)]and [VO(SFZ)(hh-DTC)].Only one zinc(II) complex of  [Zn(SFZ)(bu-DTC)] had 

highest activity of 32 µg/mL . 
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CHAPTER SIX 

 

6. Summary of results, conclusion and future prospects 

 

6.1 Summary of results 

In this research study, the syntheses, characterizations and biological activities of 

oxovanadium(IV) and zinc(II) complexes from mixed sodium sulfadiazine and   

dithiocarbamates are described. This thesis is made up of six chapters. 

 

Chapter one dealt with chemistry of vanadium, zinc, oxovanadium(IV) and its compounds, 

zinc(II) and its compounds, as well as, their main biological applications as anticancer and 

antimicrobial agents. Chemistry of the mixed ligands of sodium sulfadiazine and 

dithiocarbamates and the relevance to medicine were discussed. Studies also  involved cancer 

and micro-organisms and the chemotherapy. This chapter also highlights the problem 

statement, hypothesis and the aims and objectives. A prior into subsequent chapters was also 

done. 

In chapter two, twenty five ligands which are derivatives of dithiocarbamates were 

synthesized and characterized with physicochemical and spectroscopic studies (Elemental 

analysis, FT-IR, ultra-violet visible spectroscopy, UV-Vis and NMR). Results from molar 

conductivity confirmed the non-electrolytic nature of the ligands, as well as the other ligand; 

sodium sulfadiazine. Nuclear magnetic resonance confirmed the presence of moieties in both 

ligands. 

 

Synthesis and characterization techniques which include physicochemical studies, molecular 

absorption spectrophotometry (FT-IR and Ultra-violet visible spectroscopy) of fourteen 

oxovanadium(IV) complexes mixed ligands of sodium sulfadiazine and derivatives of 

dithiocarbamates were covered in chapter three. Results from FT-IR gave the presence of 

oxovanadium ion and the presence of water of crystallization as hexahydrate in all 
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oxovanadium(IV) complexes.  The FT-IR and UV-Vis confirmed the N2S2 coordination of 

ligands to oxovanadium(IV) ions. Sodium sulfadiazine coordinated through the sulfonamide 

nitrogen atom, while dithiocarbamates coordinated through the dithiocarbamato sulfur atom 

to the oxovanadium(IV) ion. Most oxovanadium(IV) complexes could be said to possess 

octahedral distorted geometries (six- coordinate geometries) from FT-IR and UV-VIS 

studies.  

Chapter four described the syntheses of nineteen zinc(II) complexes of mixed ligands of 

sodium sulfadiazine and derivatives of dithiocarbamates. This chapter also considered 

characterization of mixed zinc(II) complexes using physicochemical studies and 

spectroscopic studies (Elemental analysis, FT-IR, UV-Vis and nuclear magnetic resonance, 

NMR) of zinc(II) complexes As in oxovanadium(IV) complexes, the FT-IR and UV-Vis 

confirmed the N2S2 coordination of ligands to zinc(II) ions. Sodium sulfadiazine coordinated 

through the sulfonamide nitrogen atom, while dithiocarbamates coordinated through the 

dithiocarbamato sulfur atom to zinc(II) ion. Nuclear magnetic resonance confirmed the 

presence of moieties of both ligands to zinc(II) ion and the impact of coordination with 

zinc(II) ion. UV-VIS confirmed the tetrahedral geometries of most zinc(II) complexes. 

Biological evaluation of the ligands, oxovanadium(IV) and zinc(II) complexes were 

discussed in chapter five. The biological evaluation entailed cytotoxicity, anticancer and 

antibacterial activities. The compounds for cytotoxicity tests using WST-1 assay had good 

anticancer potencies except [Zn(SFZ)(me-DTC)], with a concentration higher than 20 µM. 

Sulforhodamine (SRB) assay was used on sixteen mixed oxovanadium(IV) and zinc(II) 

complexes for cytotoxicity evaluation. Results revealed moderate hazards of [VO(SFZ)(cc-

DTC)]  and [Zn(SFZ)(cc-DTC)] on W1-38 cell line. Anticancer studies on mixed 

oxovanadium(IV) and zinc(II) complexes with SRB assay confirmed the potent activities of 

[VO(SFZ)(hx-DTC)] and [VO(SFZ)(cl-DTC)]. For antibacterial activities, the sample 

compounds which entailed the ligands, oxovanadium(IV) and zinc(II) complexes were most 

active and best active. None was with a weak activity of MIC value of 500 µg/mL.  

Oxovanadium(IV) complexes had more antibacterial potencies and potentials than zinc(II) 

complexes. 
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6.2 Conclusion 

The aims and objectives of this research were to synthesize, characterize and evaluate 

dithiocarbamate ligands, mixed oxovanadium(IV) and zinc(II) complexes as anticancer and 

antimicrobial chemotherapeutic agents. No significant difference existed in non-electrolytic 

status among ligands, oxovanadium(IV) complexes and zinc(II) complexes. The FT-IR 

supported bidentate N2S2 coordination modes in mixed oxovanadium(IV) and zinc(II) 

complexes. On the other hand, there is a significant difference in the geometries. Mixed 

oxovanadium(IV) complexes were proposed to be of distorted octahedral geometries (6 

coordinate geometries) and mixed zinc(II) complexes were proposed to be of tetrahedral 

geometries (4 coordinate geometries). Another significant difference to note were the higher 

MIC and IC50 of mixed oxovanadium(II) complexes compared to zinc(II) complexes. The 

hypothesis that oxovanadium(IV) complexes are less active or of the same activities as mixed 

zinc(II) complexes were not supported, but the hypothesis that mixed oxovanadium(IV) 

complexes are more active than mixed zinc(II) complexes was supported for the results of 

this research. Mixed oxovanadium(IV) complexes are better anticancer and antibacterial 

agents than  zinc(II) complexes because of more mixed oxovanadium(IV) complexes of 

potent activities. 

 

6.3 Future prospects 

The future work to be done still involves some chemical characterization methods and 

biological activities. 

 

6.4 Chemical characterization 

Crystal structures of oxovanadium(IV) and zinc(II) complexes could not be achieved through 

crystal growth. More efforts with different solvents shall be tried to grow the crystals. While 

crystal growth will be in place, the samples of these compounds would be subjected to the 

characterization technique of magnetic susceptibility to obtain the geometries of these 

samples. 

 



 

172 
 

Microwave synthesis will be employed and compared with one pot synthesis used to 

synthesize dithiocarbamate ligands, mixed oxovanadium(IV) complexes and zinc(II) 

complexes. 

 

6.5 Other microbiological activities 

The antibacterial test shall be done for other bacterial strains of two gram positive (Bacillus 

pumilis and Bacillus cereus) and two gram negative bacteria (Proteus vulgaris and Klebsiella 

pneumonia).The antifungal and antiviral screening activities of the mixed donor ligands, 

oxovanadium(IV) and zinc(II) complexes will be done to find out if they have antifungal and 

antiviral potencies and potentials. 

 

6.6 Cytotoxity test 

The robustness of assay performance is important in drug discovery. This will amount to 

considering high throughput screening (HTS) assay for the mixed complexes. 

6.7 Insulin mimetic activities 

Ligands, oxovanadium(IV) and zinc(II) complexes should be screened for their insulin 

mimetic activities. 
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