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Abstract of thesis presented to the Senate of Universiti Putra Malaysia and École 

Doctorale 406 Chimie Moléculaire Université Pierre et Marie Curie in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

 

SYNTHESIS, CHARACTERIZATION, AND BIOACTIVITIES OF 

DITHIOCARBAZATE-SCHIFF BASE LIGANDS AND THEIR METAL 

COMPLEXES 

 

By 

 

LOW MAY LEE 

 

July 2014 

 

Chair: Karen Ann Crouse, PhD 

Faculty: Science 

 

There is an urgent need to discover new drugs with novel mechanisms of action, 

higher activity and improved selectivity to address the severe challenge of multi-

drug resistance in treating bacterial infections and cancer. In view of this, Schiff 

bases derived from S-substituted dithiocarbazate and their corresponding metal 

complexes with a plethora of potentially exciting biological activities and 

coordination chemistry are attractive candidates for consideration.  

 

Macroacyclic and open chain metal complexes with their respective tetradentate and 

bidentate nitrogen-sulphur (NS) Schiff base ligands derived from the condensation 

of S-benzyldithiocarbazate (SBDTC) and S-methyldithiocarbazate (SMDTC) with 

2,5-hexanedione, methyl levulinate, levulinic acid, 4-carboxybenzaldehyde and 3-

acetylcoumarin have been prepared. The compounds were fully characterized with 

various physico-chemical and spectroscopic methods. A total of 11 crystal structures 

were determined throughout this work. In order to provide more insight into the 

behaviour of the complexes in solution, electron paramagnetic resonance (EPR) and 

cyclic voltammetry (CV) experiments were performed.  

 

Conjugation of the most promising antimicrobial compound (Schiff base of SBDTC 

with 4-carboxybenzaldehyde) to various vectors (polyarginine, oligoethylene glycol 

(OEG) and phenylalanine-arginine-β-napthylamide (PAβN)) was achieved using 

either standard solid phase or solution synthetic methodologies to prepare improved 

therapeutic agents. Among the conjugates, the nonaarginine (R9) derivatives showed 

the most encouraging synergistic effect upon conjugation and complexation to 

copper ion with enhanced water solubility, bacteria cell membrane permeability and 

bioactivity. The Cu(II) R9 derivatives possess remarkable antibacterial activity 

against a wide spectrum of bacteria and in particular, highly efficacious against 

Staphylococcus aureus with MIC values up to 1-0.5 µM when tested against nine 

strains of Gram-positive and Gram-negative bacteria. This appears to be the pioneer 

study to show that the conjugation of polyarginine to dithiocarbazate compounds can 

greatly influence their therapeutic potential.  

 

 

http://en.wikipedia.org/wiki/Staphylococcus_aureus
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Cytotoxic assay was also carried out for selected non-conjugated compounds. All 

the selected Cu(II) complexes assayed against breast cancer cells lines (MCF-7 and 

MDA-MB-231) exhibited good cytotoxicity with lower IC50 values (0.71-8.31 µM) 

in comparison to their respective ligands.  

 

This work highlights the relevance of metal complexation strategy to stabilize the 

ligands and improve their bioactivity. The structure-activity relationships of the 

compounds are discussed. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia dan École 

Doctorale 406 Chimie Moléculaire Université Pierre et Marie Curie 

sebagai memenuhi keperluan untuk Ijazah Doktor Falsafah 

  

SINTESIS, PENCIRIAN, DAN AKTIVITI BIOLOGI LIGAN 

DITIOKARBAZAT-BES SCHIFF DAN KOMPLEKS LOGAM  

 

Oleh 

 

LOW MAY LEE 

 

Julai 2014 

 

Pengerusi: Karen Ann Crouse, PhD 

Fakulti: Sains 

 

Terdapat keperluan segera untuk menemui ubat-ubatan baru dengan mekanisme 

baru, aktiviti yang lebih tinggi dan tindakan yang lebih khusus bagi menangani 

cabaran yang serius iaitu rintangan terhadap pelbagai ubat-ubatan dalam rawatan 

jangkitan bakteria dan kanser. Bes Schiff dan kompleks logam yang berasal daripada 

S-gantian ditiokarbazat yang mempunyai pelbagai potensi aktiviti biologi dan kimia 

koordinatan menarik merupakan calon-calon yang baik untuk pertimbangan dalam 

menghasilkan farmaseutik baru.  

 

Kompleks logam bersistem makro-bukan-kitaran dan rantaian-terbuka masing-

masing dengan ligan nitrogen-sulfur (NS) tetradentat dan bidentat bes Schiff yang 

berasal daripada kondensasi S-benzilditiokarbazat (SBDTC) dan S-

metilditiokarbazat (SMDTC) dengan 2,5-heksanadion, metil levulinat, asid 

levulinik, 4-karboksibenzaldehid dan 3-asetilkoumarin telah disediakan. Semua 

sebatian tersebut telah dicirikan sepenuhnya dengan pelbagai kaedah fiziko-kimia 

dan spektroskopi. Sebanyak 11 struktur hablur tunggal telah ditentukan sepanjang 

kajian ini. Untuk memberi gambaran yang lebih jelas terhadap sifat-sifat kompleks 

dalam larutan, eksperimen resonans paramagnet electron (EPR) dan voltammetri 

berkitar (CV) telah dijalankan.  

 

Konjugasi sebatian yang paling berpotensi sebagai antimikrob (bes Schiff SBDTC 

dengan 4-karboksibenzaldehid) dengan pelbagai vektor (poliarginina, oligoetilena 

glikol (OEG) dan fenilalanina-arginina-β-naptilamida (PAβN)) telah berjaya dicapai 

sama ada melalui metodologi sintetik standard peptida fasa pepejal atau larutan bagi 

penyediaan agen terapeutik yang lebih baik. Antara sebatian yang dikonjugasi, 

terbitan nonaarginina (R9) menunjukkan kesan sinergi yang paling menggalakkan 

melalui konjugasi dan juga pembentukan kompleks dengan ion kuprum yang turut 

membawa kepada peningkatan kelarutan dalam air, ketelapan terhadap membran sel 

bakteria dan bioaktiviti sebatian. Terbitan Cu(II) R9 memiliki aktiviti antibakteria 

yang terbaik terhadap spektrum bakteria yang luas dan khususnya, sangat berkesan 

terhadap Staphylococcus aureus dengan nilai MIC sehingga 1-0.5 μM apabila diuji 

terhadap sembilan jenis bakteria Gram-positif dan Gram-negatif. Ini merupakan 

kajian perintis yang menunjukkan konjugasi antara polyarginina dengan sebatian 

ditiokarbazat boleh mempengaruhi potensi terapeutik mereka.  

http://en.wikipedia.org/wiki/Staphylococcus_aureus
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Kajian sitotoksik juga dijalankan untuk segelintir sebatian yang tidak dikonjugasi. 

Semua Cu(II) kompleks yang diuji terhadap sel-sel kanser payudara (MCF-7 dan 

MDA-MB-231) menunjukkan sifat sitotoksik yang baik dengan nilai-nilai IC50 

(0.71-8.31 µM) yang lebih rendah berbanding dengan ligan asal.  

 

Kajian ini menunjukkkan kesesuaian strategi pembentukan kompleks dengan ion 

logam untuk menstabilkan ligan dan meningkatkan bioaktiviti mereka. Perhubungan 

di antara struktur dan aktiviti sebatian juga dibincang. 
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3.8 ORTEP drawing of (a) SMHD (b) SBPY (c) CuSMHD and d) 

CuSBHD. Ellipsoids are drawn at the 50% probability level. 

 

3.9 ORTEP diagrams and intermolecular hydrogen bonds (shown as 

dotted red line) of (a) SMML (b) SBLA (c) SBML (d) SBEL. 

Ellipsoids are drawn at the 50% probability level. 

 

3.10 ORTEP diagrams of (a) Cu(SMML)2 and (b) Cu(SMLA)2 with 

intermolecular hydrogen bonds (shown as dotted red line) in (c). 

Ellipsoids are drawn at the 50% probability level. 

 

3.11 ORTEP diagram and intermolecular interactions (shown as 

dotted red line) for Re2(SBCM)2. Ellipsoids are drawn at the 

50% probability level. 

 

3.12 1H NMR and 13C NMR spectra of SMML. 

 

3.13 1H NMR and 13C NMR spectra of SB4CB. 

3.14 (a) UV-Vis spectra recorded for tetradentate series at 25 μM in 

DMSO using a cell length of 1 cm. The insert shows the d-d 

band of the two complexes at concentration of 1 mM. (b) UV-

Vis spectra recorded for SMML and Cu(SMML)2 at 25 μM. 

Insert shows d-d band of the complex at 1 mM. 

 

3.15 UV-Vis spectra obtained by addition of Cu(OAc)2.H2O at 25°C to 

a solution of SM4CB (ca. 2.5 × 10-5 M) in DMSO solution as 

well as in 0.1 M acetate buffer, pH6.  

 

3.16 EPR spectra of CuSMHD, CuSBHD, Cu(SMML)2 and 

Cu(SM4CB)2 at 1 mM in frozen DMF. Microwave frequency 

9.50 GHz, microwave power 0.25 mW, modulation amplitude 

0.2 mT, modulation frequency 100 kHz, time constant 164 ms, T 

= 50 K.  

 

3.17  Transoid and cisoid ligands conformation. 

 

3.18 EPR spectra of Cu(R1-SB4CB)2 at 1 mM in various solvents. #: 

major species, *: minor species.   

 

3.19 EPR spectra of Cu(R9-SB4CB)2 at 1 mM in various solvents. #: 

major species, *: minor species.   

 

3.20 The different possible species of the Cu(II) complexes that could 

exist in solution. 
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3.21 Cyclic voltammograms of the Cu complexes at 1.7 mM in 

anhydrous deoxygenated DMF containing 0.1 M 

tetrabutylammonium hexafluorophosphate as the supporting 

electrolyte. Working electrode glassy carbon; counter electrode 

Pt wire; reference electrode Ag/AgCl, scan rate 100 mV/s. All 

sweeps were initiated in the direction of the arrow. 

 

3.22 Cyclic voltammograms of the Cu(SMML)2 at 1.7 mM in 

anhydrous deoxygenated DMF containing 0.1 M 

tetrabutylammonium perchlorate as the supporting electrolyte. 

Working electrode glassy carbon; counter electrode Pt wire; 

reference electrode Ag/AgCl. (a) and (b) Scan rate = 0.1 V/s. (c) 

Various scan rates = 0.02, 0.05, 0.1, 0.2, 0.5 V/s. All sweeps 

were initiated in the direction of the arrow. 

 

3.23 Plot of the (a) anodic (ipa) and (b) cathodic (ipc) current with the 

square root of scan rate for Cu(SMML)2. 

 

4.1 Schematic diagram of a functionalized bis(thiosemicarbazone) 

conjugated to a biologically active molecule (BAM). 

 

4.2 Applications of cell penetrating peptides as molecular delivery 

vehicles. 

 

4.3 CPP loading and targeting strategies.  

 

4.4 Chromatograms of OEG-SB4CB synthesized via Fmoc strategy. 

(a) Crude (b) Purified. Detection at λ = 220 nm (top) and 280 nm 

(bottom). The peak at 17.5 min corresponds to the expected 

product. 

 

4.5 RP-HPLC chromatograms obtained on a C8 column. Samples 

were eluted  using a gradient of acetonitrile from 5 to 95% in 

water over 30 min with 1 mL min-1 flow rate at room 

temperature (both solvents contain 0.1% TFA). Detection: λ = 

220 nm (top) and 280 nm (bottom). 

 

4.6 Chromatograms of PAβN-SB4CB synthesized in solution. (a) 

Crude (b) Purified. The peak at 21.5 min corresponds to the 

expected product. 

 

4.7 1H and 13C spectra of the Schiff base-conjugate (R1-SB4CB). 

 

4.8 MALDI spectra of R9-SB4CB. The hydrolyzed fragment 

(cleavage of C=N bond) is noticeable during MALDI 

characterization. 
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4.9 UV-Vis titration of various ligands (concentration set at ca. 2.5 × 

10-5 M) with Cu(OAc)2.H2O (concentration set at ca. 5 × 10-4 M)  

at 25°C. a) Titration of R1-SB4CB in methanol and its 

corresponding titration curve monitored at 340 nm. b) Titration 

of SM4CB in acetate buffer pH 6 and its corresponding titration 

curve monitored at 340 nm. c) Titration of R9-SM4CB in acetate 

buffer pH 6 and its corresponding titration curve monitored at 

340 nm. 

 

4.10 UV-Vis spectra obtained by addition of Cu(OAc)2.H2O at 25°C to 

a solution of R9-SB4CB (ca. 2.5 × 10-5 M) at a) pH 4 (0.1 M 

acetate buffer), b) pH 7.4 (0.01 M PBS buffer) and at c) pH 9 

(0.1 M borate buffer).  

 

4.11  LC chromatogram of Cu(R1-SB4CB)2 (top) and R1-SB4CB 

(bottom) showing the two isomeric peaks with similar molecular 

mass. A linear gradient elution developed from holding time of 5 

min at 100% (0.1% formic acid in water) and then from 0-60% 

(0.1% formic acid in acetonitrile) in 30 min. Experiments were 

carried out at a flow rate of 10 µL min-1 at room temperature 

with peaks detection at 220 nm and 280 nm. 

 

 4.12 ITC titration of Cu(R9-SB4CB)2, Cu(OAc)2 (concentration at ca. 

5 × 10-5 M) was added every 300 s to the ligand R9-SB4CB 

solution (concentration at ca. 1 × 10-5 M) in 0.1 M acetate buffer 

at pH 6.. The top curve represents the corrected heat flow with 

time. The bottom curve represents the heat of reaction (measured 

by peak integration) as a function of Cu/ligand ratio. The solid 

line is the best theoretical fit to the experimental data. The three 

first points were removed for the fitting. 

 

4.13 EPR spectra of both parent and conjugated compounds (1 mM) 

in frozen DMF were indicative of the same species being formed 

with approximate calculated g⊥ and g|| values of ~2.05 and ~2.15, 

respectively. Microwave frequency 9.50 GHz, microwave power 

0.25 mW, modulation amplitude 0.2 mT, modulation frequency 

100 kHz, time constant 164 ms, T = 50 K. 

 

 4.14 EPR spectra of 1 mM Cu(R9-SB4CB)2 and Cu(OAc)2 in frozen 

acetate buffer pH 6 (0.1 M) are different from one another. 

Microwave frequency 9.50 GHz, microwave power 1.00 mW, 

modulation amplitude 0.5 mT, modulation frequency 100 kHz, 

time constant 164 ms, T = 50 K. 

 

 4.15 Cyclic voltammograms of Cu(R1-SB4CB)2 and Cu(SB4CB)2, 

1.7 mM in anhydrous deoxygenated DMF with 0.1 M 

tetrabutylammonium perchlorate as the supporting electrolyte. 

Working electrode glassy carbon; counter electrode Pt wire; 

reference electrode Ag/AgCl, scan rate 100 mV/s. All sweeps 

were initiated in the direction of the arrow. 
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 5.1 Structural features of the cell wall that distinguishes the Gram-

positive from the Gram-negative bacteria.    

 

 5.2 Mechanism of antimicrobial agents. 

 

 5.3 The membrane target of antimicrobial peptides of multicellular 

organisms and the basis of specificity. 

 

 5.4 (a) Diagrammatic comparison of the five families of efflux 

pumps (b) Targeting the efflux pump. Illustrations of various 

targets in the efflux pump complex of RND family.  

 

 5.5 Example of a metallodrug consists of hydroxamic acid and an 

ancillary ligand.  

 

 5.6 Influence of DMSO on the growth of bacteria strains over time. 

(a) AG100 and (b) EA289.  

 

 5.7 Effect of complexation on the non-conjugated bidentate series of 

molecules against the different strains of E. coli (AG100 T and 

AG100A AcrAB-)  and E. aerogenes (EA289 AcrAB- and 

EA298 TolC-). The ratio MIC (free ligand) / MIC(complexed 

ligand) has been calculated with the MIC (in presence of PMBN) 

reported  according to the stoichiometry of the complex. 

 

5.8  Effect of complexation on the conjugated bidentate series of 

molecules against the different strains of E. coli (AG100 T and 

AG100A AcrAB-) and E. aerogenes (EA289 AcrAB- and 

EA298 TolC-). 

 

5.9 Effect of complexation on Cu(SB4CB)2, Cu(SM4CB)2, Cu(R9-

SB4CB)2, Cu(RW9-SB4CB)2, Cu(R9-SM4CB)2, Cu(RW9-

SM4CB)2 against the different strains without the presence of 

PMBN. 

 

 5.10 Effect of complexation on Cu(SB4CB)2, Cu(SM4CB)2, Cu(R9-

SB4CB)2, Cu(RW9-SB4CB)2, Cu(R9-SM4CB)2, Cu(RW9-

SM4CB)2 against the different strains in the presence of PMBN. 
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B39   MALDI-TOF-MS enlarged spectrum of R9AC 
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B62   TIC (EMS) chromatogram of Cu(PAβN-SB4CB)2 
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B64   LC-MS [EMS and ER (inset)] spectra of Cu(PAβN-SB4CB)2 
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B68   LC-MS [EMS and ER (inset)] spectra of Cu(R4-SB4CB)2 at 17.3 
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C10   UV-Vis spectrum of SB4CB at 25 μM  

 

C11   UV-Vis spectrum of Cu(SB4CB)2 at 25 μM  

 

C12   UV-Vis titration of Cu-R4SB4CB  

 

 C13   Plot of absorbance against equivalent of Cu for UV-Vis titration 

of Cu-R4SB4CB 
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C14   UV-Vis titration of Cu-PAβNSB4CB 

 

C15   Plot of absorbance against equivalent of Cu for UV-Vis titration 

of Cu-PAβNSB4CB 

 

C16   UV-Vis titration of Cu-OEGSB4CB  
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C18   UV-Vis titration of Cu-RW9SM4CB   
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C20   UV-Vis titration of Cu- RW9SB4CB  

 

C21   Plot of absorbance against equivalent of Cu for UV-Vis titration 

of Cu-RW9SB4CB  

 

C22   UV-Vis titration of Cu-R9SB4CB  

 

C23   Plot of absorbance against equivalent of Cu for UV-Vis titration 

of Cu-R9SB4CB  

 

C24   UV-Vis spectra of SBCM, Cu(SBCM)2, Zn(SBCM)2 and 

Re2(SBCM)2  recorded at 25 μM in DMSO using a cell length of 

1 cm. The insert shows the d-d band of the complex Cu(SBCM)2 

at concentration of 1 mM 
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D11    FT-IR spectrum of SM4CB 

 

D12   FT-IR spectrum of Cu(SMH4CB)2 

 

D13    FT-IR spectrum of SB4CB 

 

D14    FT-IR spectrum of CuS(SB4CB)2 

 

D15   FT-IR spectrum of Re2(SBCM)2 and SBCM 

 

D16    FT-IR spectrum of Cu(SBCM)2 

 

D17    FT-IR spectrum of Zn(SBCM)2 

 

F1   RP-HPLC chromatogram of SMHD  

 

F2   RP-HPLC chromatogram of CuSMHD  

 

F3   RP-HPLC chromatogram of SBPY  

 

F4   RP-HPLC chromatogram of SMDTC  

 

F5   RP-HPLC chromatogram of SBDTC 
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F19   RP-HPLC chromatogram of Cu(SBCM)2 

 

F20   RP-HPLC chromatogram of R1-SB4CB (crude)  

 

F21   RP-HPLC chromatogram of R1-SB4CB (purified)  

 

F22  RP-HPLC chromatogram of R4-SB4CB (crude)  

 

F23   RP-HPLC chromatogram of R4-SB4CB (purified)  

 

F24    RP-HPLC chromatogram of R9-SB4CB (crude)  

 

F25   RP-HPLC chromatogram of R9-SB4CB (purified) 

  

F26   RP-HPLC chromatogram of RW9-SB4CB (crude) 

 

F27    RP-HPLC chromatogram of RW9-SB4CB (purified)  

 

F28    RP-HPLC chromatogram of RW9-SM4CB (crude)  

 

F29    RP-HPLC chromatogram of RW9-SM4CB (purified) 

 

F30    RP-HPLC chromatogram of R1AC (crude)  

 

F31    RP-HPLC chromatogram of R1AC (purified)  

 

F32    RP-HPLC chromatogram of R4AC (crude)  

 

F33    RP-HPLC chromatogram of R4AC (purified)  

 

F34    RP-HPLC chromatogram of R9AC (crude)  

 

F35    RP-HPLC chromatogram of R9AC (purified)  

 

F36    RP-HPLC chromatogram of RW9AC (crude)  

 

F37    RP-HPLC chromatogram of RW9AC (purified)  

 

F38    RP-HPLC chromatogram obtained from the SPPS Fmoc 

synthesis of the aliphatic ligand, SMLA-R9 conjugate. None of 

the major peaks correspond to the desired product as observed by 

MALDI-TOF-MS. The coupling and deprotection were difficult 

and the Schiff base was hydrolysed resulting in the product R9-

ketone (m/z: 1521, RT = 6.5 min) and R9-Fmoc (m/z: 1645, RT = 

10.5 min)  

 

G1   Cyclic voltammogram of ferrocene  

 

G2    Cyclic voltammograms of Cu(SMLA)2 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 General 

 

The use of novel, exotic original compounds from nature’s chest to treat diseases has 

been a quest of mankind since ancient time (Li and Vederas, 2009). Although 

natural products have historically been a rich source of lead therapeutic molecules, 

Harvey (2008, p. 894) pointed out that “the difficulties in access and supply, 

complexities of natural product chemistry and inherent slowness of working with 

them” have contributed to the de-emphasis of natural products programs in industry 

over the years. It is foreseeable that developments in the field of synthesis will only 

continue as synthetic compounds hold the upper hand in meeting the demand of the 

highly competitive pharmaceutical industry to adapt to the current state-of-the-art 

advancement in science and technology (Li and Vederas, 2009).   

 

 

In terms of metal-containing drugs, the platinum drug cisplatin introduced clinically 

in 1971 and approved by Food and Drug Administration  (FDA) in late 1978, has 

been the most effective metal-based anticancer drug in the market (Hoeschele, 2009; 

Swarts et al., 2008). In general, “cisplatin is believed to kill cancer cells by binding 

to DNA and interfering with the cell's repair mechanism which eventually leads to 

programmed cell death” called apoptosis (Trzaska, 2005, p. 52 and Goodsell, 

2006). The resounding therapeutic success of cisplatin and its analogues has 

triggered tremendous effort in search of alternative metal-based chemotherapeutic 

agents in the past few decades (Ronconi and Fregona, 2009; Jakupec et al., 2008). 

The rationale for these studies is that metal centers other than platinum might open 

up new avenues in the development of clinically useful drug (Ronconi et al., 2006). 

Furthermore, there is an urgency to discover and characterize new drugs with 

enhanced activity, selectivity, bioavailability and fewer side-effects than 

conventional drugs to treat current diseases. Figure 1.1 highlights the steady 

decrease in not only the commercialization but also the discovery for new antibiotics 

after the 1980s while the serious threat of antimicrobial resistance continues to 

prevail as reflected in the increasing occurrence of Methicillin-resistant 

Staphylococcus aureus (MRSA) over the same period (Bandow and Metzler-Nolte, 

2009; Patra et al., 2012b). In addition, parallel concern over acquired drug resistance 

and serious side-effects of current anti-cancer drugs in the midst of the rise of 

cancer, in particular breast cancer as one of the leading causes of death worldwide, 

also drives the need to develop better alternatives (Ahmad et al., 2013; Yang et al., 

2013; Ronconi and Fregona, 2009).   
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Figure 1.1. (a) Decade-wise approval of new antibiotics and (b) prevalence of 

MRSA. (Source: Patra et al., 2012b) 

 

 

Many publications have highlighted the rich diversity and potential of metal 

complexes for the design of novel therapeutic agents (Fricker, 2007; Haas and 

Franz, 2009; Ronconi and Sadler, 2007; Hambley, 2007; Thompson and Orvig, 

2006; Meggers, 2009). The intrinsic nature of metal centers, characteristic 

coordination modes, accessible redox states and tuneable thermodynamic and kinetic 

properties allow metal complexes to offer potential advantages over organic agents 

alone (Rijt and Sadler, 2009). In addition, Sadler (2009, p. 10647) stated that “the 

ligands not only control the reactivity of the metal but also play critical roles in 

determining the nature of interactions involved in the recognition of biological target 

sites such as deoxyribonucleic acid (DNA), enzymes and protein receptors”.  

 

 

The great expansion of research in the coordination chemistry of nitrogen- and 

sulphur-containing ligands such as Schiff bases derived from thiosemicarbazones 

and dithiocarbazates has taken place during recent years (Pelosi, 2010; Beraldo and 

Gambinob, 2004; Ali and Livingstone, 1974). Schiff base metal complexes have 

played a prominent role in the development of coordination chemistry. This area of 

research has a wide spectrum, ranging from synthesis to application in many diverse 

fields. According to IUPAC, Schiff bases are “imines bearing a hydrocarbyl group 

on the nitrogen atom R2C=NR' (R' ≠ H)”. Hydrocarbyl groups are “univalent groups 

formed by removing a hydrogen atom from a hydrocarbon, e.g. ethyl, phenyl”. 

Nonetheless, this term has been broadly used in many publications for any 

compound that includes an azomethine group formed from the condensation of 

primary amines with aldehydes or ketones. Schiff bases have often been used as 

chelating ligands for preparation of complex compounds which are useful as 

catalysts, in various biological systems, polymers and dyes besides some uses as 

antifertility and enzymatic agents (Kumar et al., 2009; Soliman and Linert, 2007). 

Since this class of ligands possess both hard nitrogen and soft sulphur donor atoms, 

they are capable to act as good chelating agents for various metal ions (Mohamed et 

al., 2009). The flexibility and bioactivity of nitrogen and sulphur containing Schiff 

bases have also been associated with the presence of both imino (-N=CH-) and 

thioamino (-(C=S)-NH-) moieties in their structures (Tarafder et al., 2008). 

Coordination of such compounds with metal ions often enhances their activities 
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(Lobana et al., 2009). The low cost as well as the relatively easy preparation of 

Schiff base derivatives also provide a major attraction in creating novel leads that 

can be synthesized in a practical and step-economical fashion.  

 

 

1.2 Objectives 

 

1. To synthesize bioactive Schiff bases and their open chain or macroacyclic 

metal complex systems derived from S-substituted dithiocarbazates. 

2. To incorporate grafting work with vectors (i.e. polyarginine, oligoethylene 

glycol (OEG) and phenylalanine-arginine-β-napthylamide (PAβN)) in order 

to prepare improved therapeutic agents.  

3. To characterize the synthesized compounds using various physico-chemical 

and spectroscopic techniques.  

4. To study the biological activity of the compounds prepared and to attempt to 

elucidate their structure-activity relationships. 
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