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PREPARATION, CHARACTERIZATION AND ENCAPSULATION OF 

DIORGANOTIN COMPLEXES AS POTENTIAL ANTICANCER DRUGS 

ABSTRACT 

A series of diorganotin(IV) complexes with Schiff base ligands derived from 3-hydroxy-

2-naphthoic hydrazide (NAH) and tris(hydroxymethyl)aminomethane (TRIS), were 

synthesized and characterized using infrared (IR), 1H and 13C nuclear magnetic resonance 

(NMR) spectroscopies and elemental analyses. Besides, the crystal structure of one of the 

complexes was determined by single crystal X-ray diffraction (SCXRD). The in vitro 

cytotoxic activities of the Schiff base ligands and their diorganotin(IV) complexes were 

evaluated against two human carcinoma cell lines, namely human colon carcinoma cell 

line (HT29) and hormone-dependent breast carcinoma cell line (MCF7). Among the 

synthesized complexes, [N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-

naphthohydrazidato]dimethyltin(IV) (NA1) and (2-{[1,1-bis(hydroxymethyl)-2-

oxidoethyl]iminomethyl}-4-dodecyloxy-2-oxidobenzylidene)dibutyltin(IV) (TB2) were 

the most active. The percentage of encapsulation efficiency and percentage of drug 

loading for niosome-encapsulated for seven diorganotin(IV) complexes were 

investigated. While only one niosomes-complex system was chosen as an exemplary 

detailed characterization, covering encapsulation efficiency and drug loading, size 

distribution, zeta potential and morphology of the carriers as well as an in vitro release 

study was performed. Niosomes with the mean diameter approximately 100 nm in size 

with low polydispersity index of 0.3 was prepared through ethanolic injection method. 

Niosome-loaded with ND2 complex exhibited high encapsulation efficiency in the range 

of between 80 - 99%. The results from a zeta potential measurement showed that the 

formulation is relatively stable with the value in a range of -25 to -36 mV. The drug 

release rate was slow, about 20% cumulative in three months. 

Keywords: diorganotin(IV), Schiff base, anticancer, niosome-encapsulated, drug release 
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PENYEDIAAN, PENCIRIAN DAN PENGKAPSULAN KOMPLEKS 

DIORGANOTIN SEBAGAI POTENSI UBAT ANTIKANSER 

ABSTRAK 

Satu siri kompleks diorganotin(IV) dengan ligan Schiff bes yang diperolehi daripada  

3-hydroxy-2-naphthoic hydrazide (NAH) dan tris(hydroxymethyl)aminomethane 

(TRIS), telah disintesis dan dicirikan menggunakan spektroskopi inframerah (IR), 1H dan 

13C resonans magnetik nuklear (NMR) dan analisis unsur. Di samping itu, struktur kristal 

salah satu kompleks telah ditentukan dengan difraksi X-ray kristal tunggal  (SCXRD). 

Aktiviti sitotoksik in vitro ligan Schiff bes dan kompleks diorganotin(IV) nya telah diuji 

dengan dua garis sel kanser manusia, iaitu garis sel karsinoma kolon manusia (HT29) dan 

garis sel karsinoma payudara yang bergantung kepada hormon (MCF7). Antara kompleks 

yang disintesis, [N'-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-

naphthohydrazidato]dimethyltin(IV) (NA1) dan (2-{[1,1-bis(hydroxymethyl)-2-

oxidoethyl]iminomethyl}-4-dodecyloxy-2-oxidobenzylidene)dibutyltin(IV) (TB2) 

adalah yang paling aktif. Peratus kecekapan pengkapsulan dan muatan ubat bagi niosom-

terkandung untuk tujuh kompleks diorganotin(IV) telah dikaji. Hanya satu sistem 

niosom-kompleks yang dipilih sebagai contoh pencirian terperinci, meliputi kecekapan 

pengkapsulan dan muatan ubat, taburan saiz, potensi zeta dan morfologi pembawa serta 

pelepasan ubat secara in vitro telah dilakukan. Niosom dengan diameter lebih kurang 

dalam saiz 100 nm dengan indeks polidispersiti rendah iaitu 0.3 telah disediakan dengan 

kaedah suntikan beretanol. Niosom-dimuatkan dengan kompleks ND2 mempamerkan 

kecekapan pengkapsulan yang tinggi diantara julat 80 - 99%. Keputusan dari pengukuran 

potensi zeta menunjukkan formulasi adalah agak stabil dengan nilai antara -25 hingga  

-36 mV.  Kadar pelepasan ubat adalah perlahan, kira-kira 20% kumulatif dalam tiga 

bulan.  

Katakunci: diorganotin(IV), Schiff bes, antikanser, niosom-terkandung, pelepasan ubat 
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CHAPTER 1: INTRODUCTION 
  

1.1 Overview 

This chapter includes the introduction and background of diorganotin(IV) complexes 

and its potential characteristic as an anticancer agent, as well as the research benefit. The 

problem statements and the objectives of the study, including with the map of the thesis 

are also in this chapter. 

 

1.2 Introduction of the research 

Complexes of platinum(II), such as cisplatin, oxaliplatin, nedaplatin, and carboplatin 

have achieved clinical status as a result of intensive research on anticancer metal-based 

drugs (Sun et al., 2007; Kaluderović & Paschke, 2011). However, despite its reasonable 

therapeutic index, the applications of platinum(II) complexes are limited by significantly 

unfavorable side effect, poor water solubility and its acute toxicity (Prasad et al., 2010). 

Hence, non-platinum metals are being investigated to replace platinum drugs due to 

problems such as typical of heavy metal toxicity and the development of drug tolerance 

by the tumors (Arjmand et al., 2014). Therefore, the synthesis of non-platinum metal 

chemotherapeutics such as gold(III), copper(II), ruthenium(II), cobalt(II), and tin(IV), all 

of which exhibit positive, no or limited side effects towards the healthy cells, are preferred 

(Prasad et al., 2010). Several researchers have begun investigating the possible 

therapeutic applications of other metal-based drugs, often organometallic complexes, 

specifically organotin(IV) complexes as alternatives to platinum for biological activities 

(Koch et al., 2008).  

Since the discovery of the cisplatin antitumor activity, great efforts have focused on 

the rational design of metal-based anticancer agents that can be potentially used in cancer 

chemotherapy (Muhammad & Guo, 2014). Tin(IV) complexes give great attention 

because of their unique properties in medicine, industrial applications and biological 
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systems (Niu et al., 2014; Pourayoubi et al., 2015). Organotin(IV) complexes might be 

designed with good properties such as increased water solubility and lower general 

toxicity than platinum drugs (Kaluderović & Paschke, 2011). It has well been established 

that organotin(IV) complexes are very important in cancer chemotherapy due to their 

apoptosis-inducing character (Hadjikakou & Hadjiliadis, 2009). Organotin(IV) 

complexes are currently becoming crucial in cancer chemotherapy treatments. It has 

proven their significant effectively by controlling of toxicity problems and specifically 

targeted drug uptake only by the cancerous cells without affecting the healthy cells 

(apoptosis) (Arjmand et al., 2014).  

Generally, the biochemical activity of organotin(IV) complexes is influenced 

prominently by several factors which are the coordination number, types of coordinated 

ligands and the structure of the molecule as well as the substituent alkyl groups of the 

tin(IV) atom (Hong et al., 2014). The ligands not only control the reactivity of the metal 

but also play important roles in determining the nature of interactions involved in the 

recognition of biological target sites such as deoxyribonucleic acid (DNA), enzymes and 

protein receptors (Sadler, 2009). Tin(IV) complexes normally have a tetrahedral, 

octahedral or trigonal bipyramidal structure. This difference in the molecular geometry 

might lead to the difference in binding to the target cells (Carraher & Roner, 2014). The 

coordination chemistry of diorganotin(IV) complexes with biologically or 

pharmacologically active O,N,O, N,N,S and O,N,S tridentate ligands may provide further 

information about the structural characteristics needed for their antitumor and cytotoxic 

activities (Dey et al, 2011; Lee et al., 2012). Due to the other works from the past with 

organotin(IV) complexes as chemotherapeutic agents, this research desired to work on 

preparation of diorganotin(IV) complexes derived from tridentate O, N, O ligands to study 

its anticancer activities and niosomal formulation. 
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A number of studies have been conducted for metal complexes encapsulated in 

nanoparticles  (Aryal et al., 2012), niosomal (Marianecci et al., 2013), and liposomal 

(Corvo et al. 2016) formulation for cancer therapies. Most of these complexes show poor 

water solubility, which reduces the anticancer efficacy. This could be circumvented via 

less polar solvents, such as dimethylsulfoxide or ethanol. However, these solvents 

strongly affect the in vitro and in vivo responses and are acutely toxic (Corvo et al., 2016). 

The formulation of the encapsulated metal complexes with relatively inert and nontoxic 

carriers has been found to reduce the side effects while improving therapeutic index, 

prolonging the product lifecycle, and eventually reduce health-care costs (Zhang et al., 

2008). The drug carrier helps prolong the release of the drug while reducing destruction 

along the pathway to the target site (Puri et al., 2010). In this research, a nonionic 

surfactant will be used to prepare niosome for it to act as a drug carrier for the 

diorganotin(IV) complexes. Niosome is known to possess distinct advantages, such as 

long shelf life, lower toxicity, and biodegradability (Bagheri et al., 2014). The preparation 

of the carrier method, in addition, helps produce a variety of vesicle sizes, which is also 

an important parameter when determining the circulation half-life of vesicles. Both size 

and a number of bilayers eventually affect the amount of drug encapsulation in the 

vesicles (Akbarzadeh et al., 2013). 

Injections are among the most common health care procedures throughout the world. 

Intravenous (IV), subcutaneous (SC), and intramuscular (IM) are three most commonly 

used injection routes in medication administration (Jin et al., 2015). In this research, the 

selected compounds were potential as an anticancer agent for breast cancer therapy. 

Therefore, a suitable drug administration route for the hormone-dependent breast 

carcinoma cell line (MCF7) is an intravenous (IV) injection. Thus, a smaller size of 

niosome in nano scale is preferred for injection route. Consequently, methods that will be 

used to formulate niosomal, must be able to produce smaller vesicle size. A suitable 
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method such as ethanol injection method that known to produce a formulation with 

narrow distribution is appropriate to apply (Jaafar-Maalej et al., 2010) and also 

microencapsulation vesicle (MCV) method that through a 2-step emulsification and 

dispersion process (Nii & Ishii, 2007). A small size vesicle for IV injection is preferred 

for the delivery of anticancer drugs, as it helps avoid steric hindrance and can penetrate 

farther into the infected cell to deliver their contents. When administered by injection, the 

use of niosomes to encapsulate drugs reduces toxicity without decreasing the potency of 

the drugs (Vaage et al., 1997).  

1.3 Research benefits 

There is crucial need to develop and characterize new drugs with enhanced activity, 

selectivity, bioavailability and fewer side-effects than conventional drugs to treat current 

cancers (Low, 2015). The newly prepared diorganotin(IV) complexes derived from NAH 

and TRIS ligands as potential anticancer drugs are expected to be a more active MCF7 

anticancer agent that is less toxic than the model drug, such as cisplatin. According to 

past research (Lee et al., 2013), the diorganotin((IV) complexes derived from NAH 

ligands such as NE1 (0.62 ± 0.01 µg mL-1) and NF2 (0.69 ± 0.01 µg mL-1) complexes 

that contain halides have better cytotoxicity than cisplatin (2.4 ± 0.6 µg mL-1) in MCF7. 

The organotin(IV) also have a different mechanism of action than those of cisplatin and 

its analogs. Furthermore, several studies related to organotin(IV) also displayed lower 

median inhibitory concentration against different human cancer cell lines as compared to 

the recent clinical drugs used in cancer treatment (Gómez-Ruiz et al., 2008; Hadjikakou 

& Hadjiliadis, 2009).   

1.4 Problem statements 

Cancer is one of the leading causes of mortality and disease in the world. Platinum 

based-drugs have been used in many treatments due to its good therapeutic index, 
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nevertheless, the platinum(II) complexes bring side effect to the healthy cells and its 

severe toxicity (Muhammad & Guo, 2014).  Hence, many new organotin(IV) complexes 

are currently being synthesized to combat this disease by redesigning the existing 

chemical structure through ligand substitution or building the entire new compound with 

enhanced safety and cytotoxic profile (Hadjikakou & Hadjiliadis, 2009; Ndagi et al., 

2017). With these reasons, it is important to stress the need for more research in the 

synthesis and characterization of new organotin(IV) with biologically active ligands 

(Garza-ortiz et al., 2013).  

In this dissertation, two type of diorganotin(IV) complexes containing 3-hydroxy-2-

naphthoic hydrazide (NAH) or tris(hydroxymethyl)aminomethane (TRIS) Schiff base 

ligands that involve different alkyl groups attached to the organotin(IV) moiety and 

different type of long alkoxy chain as substituents will be synthesized and characterized. 

The choice of NAH in this research was based on the literature findings concerning this 

hydrazide. Due to −NH−C(=O)− moiety in the structure, it can undergo keto-enol 

tautomerization, These hydrazones are able to modulate the number of negative charges 

in coordination systems and form stable complexes with metal ions in various oxidation 

states (Bikas et al., 2018). In a study, 1,2,4-triazoles derived from this hydrazide showed 

favorable in vitro anticancer activity against 60 human tumor cell lines (Dogan et al., 

2005). While in the TRIS structure it contains an amino and three alcoholic groups which 

contribute to the characteristic of physiologically inert, non-corrosive, biodegradable, and 

is available commercially (Pandit et al., 2015). The TRIS ligand coordinates to metal not 

only through nitrogen but also through oxygen, hence, increasing the coordination 

number of metal (Kemula et al., 1962). The TRIS ligands also have been reported for 

their antimicrobial properties (Odabasoglu et al., 2007) and anticancer activities (Lee et 

al., 2015). 
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However, diorganotin(IV) complexes are still toxic and its application also limited by 

their poor water solubility (Hong et al., 2013b). In order to reduce the toxicity and 

increase the bioavailability of the drugs, they will be encapsulated with nonionic drug 

carrier (Aryal et al., 2012). Niosome and other nanoparticles are precious tools in the 

chemical and pharmaceutical areas as they allow the release of drug in a controlled 

manner with improved bioavailability. Being nonionic, they are less toxic and improve 

the therapeutic index of drug and release the drug specifically to the target cell by 

controlling their action (Andresen et al., 2005; Mehta & Jindal, 2013).  

1.5 Objectives of the research 

The objectives of this study are listed below:  

 To prepare two series of ligands and diorganotin(IV) complexes based on  

3-hydroxy-2-naphthoic hydrazide (NAH) and tris(hydroxymethyl)aminomethane 

(TRIS). Two ligands and four complexes were prepared for NAH series and a 

similar number of ligands and complexes were synthesized for TRIS series. 

 To characterize the structure of synthesized ligands and complexes using infrared 

(IR), 1H and 13C nuclear magnetic resonance (NMR) spectroscopies, elemental 

analyses and single crystal X-ray diffraction (SCXRD) where the tools are 

relevant and suitable. 

 To study the encapsulation and drug release of selected diorganotin(IV)  

complexes as a model drug. 

 To study the anticancer activities in the colon (HT29) and breast (MCF7) 

carcinoma cell lines of the synthetized ligands and diorganotin(IV) complexes. 
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1.6 Dissertation map 

This dissertation consists of five chapters. Chapter 1 introduces the background and 

significance of this research, problem statements and its objectives. Chapter 2 presents 

the theories and literature relevant to the research. Chapter 3 gives the details of the 

experimental part of the research and the synthesis of the involved complexes, the 

instrumental techniques used to characterize the ligands and complexes, the biological 

study, formulation, and characterization of niosome-encapsulated diorganotin(IV) 

complexes. Chapter 4 presents the results and discussions, while Chapter 5 concludes the 

work and some recommendations for future research related to this study. A list of 

references and publication paper presented are listed at the end of this dissertation.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

This chapter includes the discussion on applications, biological significance, structural 

variety and chemical properties of organotin(IV) complexes and other metal complexes 

with hydrazone ligands (Sedaghat et al., 2014). A few types of ligands, transition metals 

and metal complexes that used in the preparation of organotin(IV) complexes are the 

matters to discuss first. Organotin(IV) complexes are toxic to living organisms and to 

their immune system (Marianecci et al., 2013). These complexes also have poor solubility 

in water and are classified as a hydrophobic drug. Therefore, a drug carrier is needed to 

facilitate the drug delivery throughout the body via a suitable drug administration route.  

Thus, a literature review on the anticancer drug administration, types of drug carrier, as 

well as the preparation of drug carrier, are also included in this chapter. 

2.2 Schiff base ligands 

Schiff base is a nitrogen analogue of an aldehyde or ketone, where the C=O group is 

exchanged with the C=N-R group, with a general formula of R2C=N-R’, where R and R’ 

is an aryl or alkyl group that makes the Schiff base a stable imine as displayed in Figure 

2.1 (Qin et al., 2013).  

 

 

Figure 2.1: Schiff reaction of preparation of imines 

Schiff bases play an important role in inorganic chemistry, as they can easily form 

stable complexes with most transition metal ions in the periodic table (Qurban, 2011). 

The coordination of these ligands with metal complexes can be monodentate, bidentate, 

tridentate and tetradentate. 
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2.3 Hydrazone ligands 

Hydrazone attracted special attention from researchers due to their well-known 

chelating capability and structural flexibility that can provide rigidity to the skeletal 

framework of the prepared metal complexes (Yang et al., 2016). The general formula of 

hydrazides, RC=ONHNH2, is known for their fascinating chemical features. Hydrazides 

react with aldehydes RCHO to form hydrazones with the general formula of R1R2C=N-

NH2. Generally, the reaction is reversible under acid or base catalysis, or upon heating. 

The metal complexes of this hydrazone are generally studied due to the presence of more 

than two potential donor sites (Shelke et al., 2011). The ligands may coordinate to the 

metal center either in the ‘keto’ or ‘enol’ forms through nitrogen or oxygen (Al-Ne’aimi, 

2012). The tautomeric keto or enol forms of ligands as shown in Figure 2.2 (Dey et al., 

2011) were also indicated by 1H-NMR spectroscopy by observing the enolic OH signal 

of enol forms of ligands or amide NH signal of keto forms. The evidence for enolization 

due to some shifted absorption frequencies showed in infrared (IR) spectrum. The absence 

of stretching band due to NH and strong ν(C=O) was attributed to the presence of the enol 

tautomer (Saadeh, 2013). 

 

 

 

 

Hydrazone derivatives containing an azomethine (-CONHN=CH-) group exhibit 

antiproliferative activities, and act as a cytotoxic agent with the ability to prevent cell 

progression in cancerous cells via different mechanisms (Onnis et al., 2009). Hydrazone 

bond linkage offers a proper system for pH-dependent release of anticancer drugs from 

Figure 2.2: Tautomerism of the ligand, N’-(2-hydroxy-3-methoxybenzyl- 
idene)benzohydrazide (I) 
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drug-conjugates. The study on structure-activity relationships showed that the hydrazone 

derived from salicylaldehyde had much more inhibitory effects (Zheng et al., 2009). 

Based on literature, these ligands are widely used for anticancer applications (Abu-Dief 

et al., 2015), antioxidant (Dutta et al., 2005; Bhat et al., 2014), antimicrobial-like 

antibacterial (Sunitha et al., 2012), and antifungal  (Chohan et al., 2010) and cytotoxic 

activities (Das et al., 2009; Qin et al., 2013).  

 

 

 

 

 

 

 

 

Xia et al., (2008) synthesized several 1-arylmethyl-3-aryl-1H-pyrazole-5 

carbohydrazide hydrazone derivatives (Figure 2.3) with the intention to study its 

anticancer behavior. The results showed that all compounds had almost inhibitory effects 

on the growth of lung cancer cell lines (A549) using the (3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyl-tetrazolium bromide, (MTT) cell proliferation assay. It was suggested that 

the potency of these compounds against A549 depended on its lipophilicity, as well as 

the capacity of the compound chelating metal ions. It was believed that metal ions play a 

vital role in cell growth. The research found that the nature and position of the substituent 

Figure 2.3: Hydrazone derivatives of 1-arylmethyl-3-aryl-1H-pyrazole-5-
carbohydrazide 

R1= H, Cl, OMe          R2 = H, Cl, t-Bu  X = C, N 
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on the compound as shown in Figure 2.3 improve biological activities. The compound 

with substituents of R2 = tert-butyl, X = C and R1 were any of these three H, Cl, OMe 

will improve the biological activities. 

5-nitrosalicylaldehyde benzoylhydrazone (5nSBH) and its derivatives were tested for 

in vitro cytotoxicity on an acute myeloid leukemia (HL60) and chronic myeloid leukemia 

cell lines (BV173). 5nSBH exerted the most noticeable cytotoxic effect against both cell 

lines compared to its derivatives. The trend of inhibitory concentration 50 (IC50) for HL60 

and BV173 was increasing from various ligands but decreases in lipophilicity. The 

existence of the nitro group in salicylaldehyde moiety slightly decreases the lipophilicity 

because the nitro group is polar and a strong attractor of electrons (Nikolova-Mladenova 

et al., 2009). A decreasing lipophilicity will improve solubility of the compounds and 

gives good absorption (Arnott & Planey, 2012). 

Zheng et al., (2009) synthesized a series of novel 3-aryl-1-(4-tert-butylbenzyl)-1H-

pyrazole-5-carbohydrazide (compound 3) (R = R2 = R1 = H) derivatives and tested against 

lung cancer cells (A549) growth. The result showed that the derivative of 3 which is 3e 

(R = R2 = Cl; R1 = H) held the highest growth inhibitory effect. 3e compound also induces 

apoptosis in A549. The apoptosis induction may be a mechanism by which compound 3e 

kills the cancer cells. From the IC50 result, it showed that the substituent of R groups in 

the hydrazone of compound 3 derivatives gave different cytotoxic activities. 

2.3.1 Diorganotin(IV) complexes with hydrazone ligands 

For many years, organotin(IV) complexes have been used in industries and biology, 

due to its anticancer behavior (Nikolova-Mladenova et al., 2009), antifungal properties 

(Piver, 1973), antitumor behavior (Ahmad et al., 2007; Koch et al., 2008), as well as 

pharmaceutical benefits (Wang et al., 2010).  
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Dey et al., (2011) have synthesized three diorganotin(IV) complexes from the 

corresponding diorganotin(IV) dichlorides (Me2SnCl2, n-Bu2SnCl2, Ph2SnCl2) and ligand 

N’-(2-hydroxy-3-methoxy-benzylidene)benzohydrazide (I). The ligand can either act as 

a monobasic bidentate (I-A), monobasic tridentate (I-B) or dibasic tridentate (I-C) 

chelator, as illustrated in Figure 2.4. The ligand can undergo keto-enol tautomerism. But 

from the IR spectra of the ligand, it exists in the keto form in the solid state as there is a 

band at 1669 cm-1 for an amido carbonyl ν(C=O) vibration and consistent with the 

formation of an imine bond. In all three complexes Dey et al., (2011) have not found any 

-O-H and C=O stretching bands, which show that the ligand is coordinated to the metal 

in its deprotonated enol form.  

 

 

 

 

 

 

The diorganotin(IV) complexes of 2-hydroxy-1-naphthaldehyde-5-chloro-2-

hydroxybenzoylhydrazone as shown in Figure 2.5 are selective against cells, while the 

type of alkyl groups attached to the organotin(IV) moiety affects antitumor activity. The 

dimethyltin(IV) 1 and diphenyltin(IV) 2 are monomeric structures, where the tin(IV) 

center is coordinated with the enolic tridentate ligand (L) in the O,N,O chelate mode. 

They exhibit five-coordinated trigonal bipyramidal geometry. While dibutyltin(IV) 

complex 3 exists as a rare one-dimensional chain polymeric structure but its coordination 

of tin(IV) is the same with complex 1 and 2 (Hong et al., 2013a). 

Figure 2.4: Three potential binding modes of the ligand, N’-(2-hydroxy-3-methoxy- 
benzylidene)benzohydrazide (I) 
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The diorganotin(IV) complexes derived from (E)-N’-[1-(5-bromo-2-

hydroxyphenyl)ethylidene]-3-hydroxy-2-naphthohydrazide (H2L1) and (E)-N’-[1-(5-

chloro-2-hydroxyphenyl)ethylidene]-3-hydroxy-2-naphthohydrazide (H2L2) ligands 

have been reported to possess excellent anticancer capabilities. The ligands still displayed 

good cytotoxic activities towards all of the tested cell lines, with an IC50 value below  

8 μg mL-1 compared to some diorganotin(IV) complexes that have exceeded 30 μg mL-1. 

The cytotoxic activities of the ligands are more or less good compared with the 

cytotoxicity of cisplatin which it IC50 value is 5 μg mL-1. Cisplatin is the positive reference 

standard in the study. The trend of the cytotoxic activities among the diorganotin(IV) 

decreases in the following order: dibutyltin(IV) > dicyclohexyltin(IV) > dibenzyltin(IV) 

> di(p-chlorobenzyl)tin(IV) > di(o-chlorobenzyl)tin(IV) > diphenyltin(IV) derivatives. 

As seen here, the type of alkyl group attached to tin(IV) atom is crucial towards cytotoxic 

activities (Lee et al., 2013). 

R = Bu (3) 
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Figure 2.5: Structure of diorganotin(IV) complexes of 2-hydroxy-1-
naphthaldehyde-5-chloro-2-hydroxybenzoylhydrazone 

R = Me (1); Ph (2) 
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2.3.2 Transition metal and other metal complexes with hydrazone ligands  

The transition metal is an element whose atom has a partially filled d sub-shell, or 

those that can give rise to cations with an incomplete d sub-shell. Transition metal 

complexes are studied due to their fascinating properties, such as copper(II), nickel(II), 

cobalt(II), manganese(II) and vanadium(IV) oxide especially for its anticancer  

(Dhahagani et al., 2014; El-Tabl et al., 2015), cytotoxicity of brine shrimp bioassay 

(Bagihalli et al., 2008), antimicrobial (Mohamed et al., 2006), antibacterial (Devi et al., 

2012) and antiviral activities and catalytic activity in the oxygenation of alkene (Kumar 

et al., 2009). Metal such as zinc(II) or cadmium(II) is not a transition metal because it 

forms only ions of +2 charge with fully filled 3d electrons. The metals are able to form 

positively charged ions in an aqueous solution that can bind with negatively charged 

biological molecules (Haas & Franz, 2009). 

In 2015, new metal complexes are synthesized, such as copper(II), nickel(II), 

cobalt(II), manganese(II), zinc(II), cadmium(II), mercury(II), and iron(III) derived from 

2-hydroxy-3-(hydroxyimino)-4-oxopentan-2-ylidene)benzohydrazide. The cytotoxic 

activity of the ligand and its metal complexes demonstrated potent cytotoxicity activity 

against the growth of human liver cancer (HepG2) cell lines compared to that of the 

standard drug Sorafenib (Nexavar). The copper complex reported the highest cytotoxicity 

activity, with an IC50 value of 2.24 μM (El-tabl et al., 2015). 

 Tweedy’s chelation theory explained biological behavior seems affected by changes 

to the anion, coordination sites, and the nature of the metal ion. The cytotoxicity activity 

of the complexes could be due to the central metal atom, while chelation could help a 

complex cross a cell membrane (Tweedy, 1964). The cytotoxicity activity of the ligand 

and complexes are commonly compared, and in many cases, it was reported that metal 

chelates exhibit better biological activities compared to their ligands (Prasad et al., 2011).  
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2.4 Metal complexes with tris(hydroxymethyl)aminomethane (TRIS) ligands 

TRIS is probably the most common biochemical buffer used on its own, or in 

combination with other buffers. It has also been adopted as a ligand for the synthesis of 

chromatographic adsorbents.  It is stable, unreactive, and compatible with most proteins 

and other biomolecules. It is also nontoxic and has medicinal properties (Bui et al., 2010; 

Nagaj et al., 2013). TRIS exhibited excellent catalytic activity (Sui et al., 2007), and it 

successfully treated a tumor-induced lactic acidosis (Sundaramurthy et al., 2016). TRIS 

alone has some substantial capabilities, and has been utilized in many applications.  

TRIS contains a primary aliphatic amine nitrogen separated from the alkoxy or 

alcoholic functional groups by two carbon atoms as shown in Figure 2.6. It can lead to 

the formation of one or two chelate rings, composed of five members, each with 

geometries of trigonal bipyramidal formed by seven complexes as reported (Dotson, 

1972).  

 

 

Figure 2.6: Tris(hydroxymethyl)aminomethane (TRIS) 

Condensation with the carbonyl groups of ketones or aldehydes is possible due to the 

presence of the amino group, which leads to changes in its physicochemical and 

biological properties, making it an effective method for treating acidosis in acute lung 

injuries (Kallet et al., 2000). The ligand of TRIS produces brightly colored, air-stable, 

crystalline complexes with the first-row bi-and trivalent transition and representative 

metal salts from manganese to zinc (Dotson, 1972). Martinez et al., (2011) figured out 

that the structures of a series of Schiff bases generated from TRIS and salicylaldehydes 

holding different substituents were all enamine tautomers in the solid state. Example of 

TRIS ligand which was compound 20 as shown in Figure 2.7. 
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Figure 2.7: Compound 20 in solution exhibits an enamine structure 

Wang (2002) synthesized oxovanadium derivatives, an example being 

V2O2{naphthalylidene[hydroxymethyl-bis(oxymethyl)]-aminomethane}2 complex 

derived from the TRIS ligand. Toxicity tests were carried out by incubating transformed 

fibroblasts from mice with solutions of vanadium complexes for 12, 24, and 36 hours. 

The results reported that the toxicity increases with increasing exposure time of the cells, 

while it decreases with decreasing concentration. Also, most vanadium compounds are 

toxic at c(V) = 1 mM. 

 Odabasoglu et al., (2007) prepared several new substituted polyhydroxy 

azo-azomethine compounds from reacting TRIS with (E)-2-hydroxy-5-

(phenyldiazenyl)benzaldehyde and its substituted derivatives. The derivative compounds 

were studied in vitro to determine their antimicrobial properties. The result showed that 

the compounds exhibited a strong antimicrobial activity against gram-positive bacteria, 

mold, and yeast.  

In 2014, complexes of zinc with ligands were prepared via the reduction of Schiff 

bases derived from salicylaldehyde and TRIS.  The structure was proposed as a model of 

the active site of the zinc enzyme Aeromonas Proteolytica aminopeptidase. This is 

because zinc(+2) was in a 5-coordinate sphere, one of the nitrogen atoms was bound to 

each zinc(+2) along with four oxygen atoms, and finally, there was an acetate ligand 

bridging two zinc ions (Abu-Sbeih & Abu-Yamin, 2014).  

In 2015, diorganotin(IV) complexes with TRIS Schiff bases were synthesized and 

tested against three cancer cell lines namely colon, ovarian, and breast. The cytotoxicity 
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activities of the diorganotin(IV) complexes of the dibutyltin(IV) and dicyclohexyltin(IV) 

derivatives were remarkable and exhibited excellent cytotoxic activities (Lee et al., 2015). 

2.5 Anticancer drug administration  

The anticancer drugs will be administered into the human body via several routes, such 

as injection, orally ingestion, and inhalation, among others. The drugs will be enhanced, 

and the side effects will be reduced by encapsulating it in drug carriers, such as niosome.  

The purpose of a drug delivery system is to enhance or facilitate the action of 

therapeutic compounds. Ideally, the system is expected to deliver the drug to the site of 

action at designated rates, time, and volume to maximize the desired therapeutic response 

(Hillery et al., 2005).  

Anticancer drugs are introduced into the body via several routes. They may be taken 

by mouth (orally) (Akbari & Javar, 2013), injected into muscles intramuscularly (IM) 

(Adiseshaiah et al., 2010), by injection into a vein intravenously (IV) (Dhand et al., 2014), 

an injection beneath the skin subcutaneously (SC) (Nair et al., 2008) as shown in  

Figure 2.8. Each route comes with its own specific purposes, advantages, and 

disadvantages.  

Oral delivery of the drug is the most convenient, safest, least expensive, and most 

commonly used method (Hua, 2014). Many drugs can be administered orally in the form 

of liquids, tablets, capsules, and chewable tablets. Food and other drugs in the digestive 

tract may affect the rate at which the drug is absorbed when taken orally (Vasconcelos et 

al., 2007). This route meets its limitation when a person cannot consume medication 

orally, or when a drug must be administered quickly or in an exact or very high dosage, 

and when a drug is poorly or erratically absorbed from the digestive tract. This 
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administration has several potential advantages, such as convenience and its much lower 

cost (Sharma & Saltz, 2000). 

Examples of administration via injection include IV, IM, and SC (Jin et al., 2015). A 

needle is inserted directly into the vein for the IV route. The drug will be liquid, and the 

test subject will be given a single dose or a continuous infusion. The solution moves 

through a thin flexible tubing to a tube inserted in a vein, most often in the forearm via 

infusion with the help of an infusion pump. The IV infusion pumps offer hard-and 

soft-dose limits and safety practice guidelines to help keep the medication administration 

safe (Doyle & McCutcheon, 2016). The veins are relatively insensitive to irritation by 

irritant drugs at higher concentrations. This route may be unsuitable for an obese person, 

as inserting a needle into a vein would be difficult. 

 

 

 

 

 

 

For the SC route, a needle is inserted into the fatty tissue just beneath the skin  

(Nair et al., 2008). This route is used for many protein drugs because if they were taken 

orally, the drugs would be eliminated in the digestive tract. The IM route is preferred over 

the SC route in the case of larger volumes of drugs is needed. The skeletal muscles also 

have fewer pain-sensing nerves compared to the subcutaneous tissue (Hunter, 2008).  

Figure 2.8: Insertion of needle for each type of parenteral such as IM, IV and SC 
(Bourne, 2001) 
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Among the three injection routes, IV is better at delivering a precise dose quickly and 

in a well-controlled manner throughout the body. Drugs are delivered immediately to the 

bloodstream and tend to take effect more quickly. Normally, anticancer agents do not 

always reliably differentiate between cancerous and normal cells. This certainly limits the 

maximum allowable dose of the drug. Moreover, administration of large quantities of 

drugs will result in its rapid elimination and widespread distribution into targeted organs 

and tissues, which is not economical, and the outcomes frequently show undesirable 

toxicity (Sinha et al., 2006). If the injection of the drug is repeated at the same site, it 

could damage the veins and skin, while also causing ulceration, swellings, and collapsed 

veins (Nair et al., 2008). In some cases, finding a vein will be difficult; the injector may 

choose dangerous sites, such as the femoral vein in the groin, or the fine blood vessels in 

the fingers or toes. A cancer drug is administered through injection to the targeted organ 

with the help of drug carrier, which is expected to enhance its effects. Drbohlavova et al., 

(2013) explained that the choice of a delivery route depends on a few factors such as  

i) patient acceptance, ii) properties of the drug including its solubility, iii) access to a 

disease location, or iv) effectiveness in dealing with specific diseases. 

Administering anticancer drugs in its pure form would result in side effects, therefore, 

they are administered separately to allow large amounts to work in short periods of time. 

A drug carrier helps reduce the side effects of cancer treatment, as it allows for a sustained 

release of the drugs (Morsy, 2014). Many researchers are interested in nanoparticle 

vesicular systems, such as liposomes and niosomes. The drug encapsulation in 

nanocarriers provides better bioavailability, biocompatibility, and therefore potential use 

in pharmaceuticals (Drbohlavova et al., 2013). The vesicular formulations are expected 

to reduce toxicity and increase accumulation at target sites (Verma et al., 2010).  
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2.5.1 Drug carriers 

Drug carriers are compounds that act as a vehicle for drug molecules, allowing for 

targeted delivery, controlled release, and increased the efficiency of drug delivery. This 

is made possible via slight structural modifications (Gujral et al., 2013). There are many 

drug carriers that act as a buffer to reduce the toxic effects of medications in the human 

body. They consist of natural and synthetic compounds from a variety of sources, ranging 

from lipids to nanoparticles, including vesicles (De Jong & Borm, 2008). The active 

ingredient is not consumed in its pure form, instead, it is coated and used as fillers, which 

helps enhance its delivery. Drug carriers can also change the way a drug acts in the body, 

as it controls where the drug travels to and how it reacts once it arrives at a certain site. 

Encapsulation of a drug will prevent undesirable side effects and increase bioavailability 

and fraction of the drug accumulated in the pathological area of control (Torchilin, 2006).  

The formation of colloidal drug carriers, such as niosome, liposome, and others 

involve surfactants. The surfactants consist of a positive cationic charge and negative 

anionic charge. The lack of charges means that the surfactants are nonionic, while 

surfactants with both cationic and anionic centers attached to the same molecules are 

called zwitterionic. 

2.5.2 Types of surfactants 

The surfactant or surface active agent is a chemical compound exhibiting surface 

activity when dissolved in a liquid (water). It lowers the surface tension or interfacial 

tension via preferred adsorption at the liquid or vapors surface or interfaces  

(Rosen & Kunjappu, 2012). There are two types of surfactants: natural biosurfactants 

produced by yeast or bacteria such as spingonmyeline, and synthetics surfactant, which 

is industrially produced, such as Tween-80 (Pei et al., 2010). There are several classes of 

surfactants, namely cationic, anionic, nonionic, and amphoteric. 
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 Generally, surfactants play a vital role in modern pharmaceutical biotechnology, since 

they are largely utilized in various drug dosage forms to control stability, wetting, and 

bioavailability, among other properties. In terms of biological significance, it is used for 

cell-to-cell adhesion or interaction, drug delivery system, digestion system, and synovial 

fluids (joint lubrication). The capacity of surfactants in solubilizing drugs depends on 

numerous factors, such as a chemical structure of the surfactant, chemical structure of the 

drug, temperature, pH, ionic strength, and surface charges (Lavasanifar et al., 2002; 

Torchilin, 2006). Surface charges are known to induce different effects. The positive 

surface charge could support better interactions with a cell membrane and internalization, 

but it is more toxic to cells (Rosen & Kunjappu, 2012). The neutral surface charge results 

in increased circulation time and the inhibition of plasma protein adsorption on the 

particle surface, while negative charges have weak cell adsorption of particles and lower 

toxicity. 

(a) Cationic surfactants 

Cationic dissociate in aqueous solution and act as a carrier of the surface-active 

properties. Cationic have the ability to adsorb on negatively charged surfaces such as 

hairs and fibers. Cationic surfactants are in general more expensive than anionic 

surfactants, and the former is only used in specific applications, such as those that require 

positive charges or bactericidal actions. Examples of the cationic surfactant include 

quaternary ammonium salts, amines with amide linkages, and polyoxyethylene alkyl, and 

alicyclic amines (Kronberg et al., 2014).  

(b) Anionic surfactants 

Anionics are compounds that also dissociate in solution into a negatively charged ion 

(anion), carrying the surface activity and a positively charged ion (cation), such as for 
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instance carboxylates, sulfonates, alkylbenzene sulfonate, and sulfated natural oils and 

fats (Salager, 2002; Rosen & Kunjappu, 2012).  

(c) Nonionic surfactants 

The nonionic surfactant cannot dissociate into ions but are soluble in water due to the 

presence of polar groups. Example of nonionic includes ethoxylated aliphatic alcohol, 

Tween-80, carboxylic esters, polyethylene glycol esters, carboxylic amides, and 

polyoxyethylene fatty acid amides (Salager, 2002; Rosen & Kunjappu, 2012).  

(d) Amphoteric surfactants 

Those surfactants that change their charge with pH. They contain both acidic and basic 

hydrophilic moiety in their surfaces, such as n-cocamide ethyl-n-hydroxyethylglycine and 

a sodium salt (Salager, 2002; Rosen & Kunjappu, 2012). 

2.5.3 Vesicular system 

The main purpose of drug delivery systems is to efficiently deliver the essential 

amounts of drugs to the targeted site for a set period of time. There are several types of 

drug carriers, such as nanoparticles, microsphere, polymeric micelles, and vesicular. 

Meanwhile, the vesicular system are divided into niosome, liposomes, cubosomes, and 

hexosomes, which are used to improve the therapeutic index of both known and new drug 

molecules by encapsulating an active ingredient inside the vesicular structure  

(Jadhav et al., 2011). This research considers suitable preparation methods of niosomes.  

2.5.3.1 Niosome 

Niosomes are a nonionic surfactants vesicular system (example; alkyl ethers and alkyl 

esters). The inner structure of niosome is shown in Figure 2.9. They are unilamellar or 

multilamellar vesicles, depending on the preparation method used, obtained through 

hydration or synthetic nonionic surfactants, with or without the combination of other 
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lipids or cholesterol. The size of niosomes is very small and microscopic, mostly in the 

nanometer region (Makeshwar & Wasankar, 2013). The vesicular systems of niosomes 

are similar to liposomes and can be used as carriers of hydrophilic and lipophilic drugs. 

The medication of niosome, as a novel drug delivery system, is encapsulated in a vesicle. 

The vesicle holds hydrophilic drugs within the space enclosed in the vesicle, while 

hydrophobic drugs are embedded within the bilayer itself (Verma et al., 2010). A niosome 

can be classified into three categories, such as a function of the number of bilayers, size, 

or the method of preparation. Niosomes, as a delivery material, has been studied for the 

delivery of anticancer, anti-inflammatory, antitubercular, and hormonal drugs, and oral 

vaccines (Manosroi et al., 2003). 

Niosomes are made up of a variety of amphiphiles bearing sugar, polyoxyethylene, 

polyglycerol, polysorbate, or Tween (20, 40, 60, 80), sorbitans or Span (20, 40, 60, 80, 

85), crown ether and amino acid hydrophilic head groups. These amphiphiles typically 

possess one to two hydrophobic alkyl, perfluoroalkyl, or steroidal groups (Kumar & 

Rajeshwarrao, 2011). 

 

 

 

 

 

2.5.3.2 Liposome 

A liposome is composed of either synthetic or natural phospholipids (Dhamecha et al., 

2009). It is a vesicular structure, consisting of hydrated lipid bilayers that can incorporate 

Figure 2.9: The inner structure of niosome  (Bei et al., 2010) 
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hydrophilic, hydrophobic, and amphiphilic compounds. A liposome is formed in a variety 

of sizes, as unilamellar or multilamellar construction. Its name is related to its structural 

building blocks, such as phospholipids, instead of its size. Liposome’s size can vary from 

very small (0.025 μm) to large (2.5 μm) vesicles (Akbarzadeh et al., 2013). It is a tiny 

bubble (vesicle), made out of the same material as a cell’s membrane. Liposomes are 

formed when thin lipid films or lipid cakes are hydrated and stacks of liquid crystalline 

bilayers become fluid and swell. During agitation, the hydrated lipid sheets detach and 

self-associate to form vesicles, which prevents water from interacting with the 

hydrocarbon core of the bilayer at the edges (Verma et al., 2010). 

 Liposomes can be used as carriers for numerous molecules in the cosmetic and 

pharmaceutical industries. Applications of the liposome include drugs, enzymes, and 

other biologically active molecules, which can also be used in antimicrobial, antifungal, 

and antiviral therapies. Liposomes can trap both hydrophobic and hydrophilic 

compounds, avoid decomposition of the entrapped combinations, and release the 

entrapped molecules at designated targets (Akbarzadeh et al., 2013). There are three types 

of the vesicles, which are multilamellar vesicle (MLV): > 500 nm, a large unilamellar 

vesicle (LUV): > 100 nm; and small unilamellar vesicle (SUV): 20 - 100 nm  

(Laouini et al., 2012). 

2.5.3.3 Cubosome 

Cubosomes are self-assembling cubic crystals of certain detergents with an 

intersecting network of water channels  (Madni et al., 2014). According to Shinde et al., 

(2012) cubosomes are single crystal structures with visible unilamellar vesicles, 

bicontinuous cubic lamellar, and liquid crystalline phase particles. Cubosomes consist of 

honeycombed (cavernous) structures separating two internal aqueous channels and a large 

interfacial area. They exhibit different internal cubic structure and compositions with 
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different drug-loading modalities. Cubosomes are nanoparticles with diameters of 10 - 

500 nm. Some of its advantages include high drug payloads due to the high internal 

surface area and cubic crystalline structures, the biodegradability of lipids, and the ability 

to encapsulate hydrophobic, hydrophilic, and amphiphilic substances, a relatively simple 

preparation method, and the targeting and controlled release of bioactive agents. Several 

applications of cubosome include in melanoma (cancer) therapy and the cubic phases, 

which are more bioadhesives in nature, making them convenient for topical use, mucosal 

depositions, and the delivery of multiple drugs (Thadanki et al., 2011).  

2.5.3.4 Hexosome 

Hexosomes are submicron sized particles containing internally inverted type 

hexagonal liquid crystal-line phases (HII), which are dispersed in a continuous aqueous 

medium. Hexosomes (dispersed HII phases), due to their special structural properties, can 

be used as an alternative delivery vehicle for pharmaceuticals. Biologically active 

molecules can either be accommodated within the aqueous domains or can be directly 

coupled to the lipid hydrophobic moieties oriented radially outwards from the core of the 

water rods. These special properties of hexosomes render them usable for improving the 

solubility of poorly water-soluble drugs and transport therapeutic peptides and proteins 

via transdermal, oral, and parenteral routes (Hirlekar et al., 2010). Some of its advantages 

include its ability to solubilize, encapsulate, and transport active pharmaceutical 

ingredients, high drug loading, and its inherently enhanced stability (Revathi & 

Dhanaraju, 2014). Several therapeutic applications of hexosome are the transmucosal 

delivery of hormones, transdermal delivery of peptide, delivery of the anticancer agent, 

and parenteral sustained drug delivery system (Hirlekar et al., 2010).  
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2.5.3.5 Niosome as a preferable drug carrier 

The selection and types of drug carrier depend primarily on the type of drug, type of 

disease in which the system is being used, and the targeted area (Gujral et al., 2013).   

For the active ingredient, which is hydrophobic drugs, in this case, it is embedded 

within the bilayer itself. The chemical stability and relatively low cost of the materials 

used to prepare niosomes made these vesicles more attractive than liposomes for 

industrial production, both in pharmaceutical and cosmetic applications (Stan et al., 

2013). Other reasons include the fact that the prepared niosomes are assumed to be more 

chemically stable surfactants compared to that of phospholipids. The phospholipids in 

niosome are easily hydrolyzed due to the presence of ester bonds (Shinde et al., 2012). It 

has several advantages, such as its surfactants being biodegradable, biocompatible, and 

nonimmunogenic. It can also improve the performance of the drug molecules, and the 

vesicles can act as a depot to slowly release the drug via controlled release. Characteristics 

such as size and lamellarity of the vesicle can vary depending on the requirement, 

handling, and storage of surfactants, which do not require any special conditions and can 

be used for oral, parenteral, as well as topical applications (Makeshwar & Wasankar, 

2013).  

 

 

 

 

 

 Figure 2.10: Graphical abstract of niosome in drug delivery  
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A smaller drug carrier size is preferred for anticancer purposes, due to its slow drug 

release. Moreover, the anticancer drug is administered via IV injection, making a small 

size drug carrier vital. When administered via IV injection as shown in Figure 2.10, using 

niosomes to encapsulate the drugs help reduce toxicity without decreasing the drug’s 

potency. Hence, the best approach in this work is to synthesize small vesicles via two 

methods which are the microencapsulation vesicle method will produce a vesicle that size 

below 300 nm and by using ethanol injection method it can reduce the size more to below 

200 nm. 

2.5.4 Factors affecting the characteristic of the drug carrier  

There are several factors that affect drug carrier size and shapes, such as pH, 

temperatures, types of solvent, and methods of preparation. The drug solubility increases 

with increasing pH, due to the increase in the ionized form of the drug. The temperature 

of the hydration medium has a significant role in the formation of vesicles and their 

subsequent shapes and sizes. The temperature is supposedly always above the gel-to-

liquid phase transition temperature of the system. Temperature affects the assembly of 

surfactants into vesicles and also induces changes in the vesicle’s shape (Kumar & 

Rajeshwarrao, 2011). Entrapping drugs in vesicle increases its size, probably due to the 

interaction of a solute with the surfactant head groups, increasing the charge and mutual 

repulsion of the surfactant bilayers (Akhilesh et al., 2012).  

The physical properties and structure of niosomes are affected by cholesterol where 

cholesterol increases its hydrodynamic diameter and entrapment efficiency (Akhilesh et 

al., 2012) due to its interaction with nonionic surfactants (Kumar & Rajeshwarrao, 2011). 

The size and shape of drug carriers determine whether or not a drug will interact with 

non-targeted organs and tissues (Liu, 2014). The size and charge of vesicles significantly 

affect the corresponding stability and drug encapsulation. Size and charge can be 
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determined using a multifunctional zeta potential analyzer, where the size of the vesicles 

is the result of repulsion forces between the bilayers and entrapped drug (Kumar & 

Rajeshwarrao, 2011).  

For example, the cationic niosomes will be larger due to the repulsion between the 

positive charges of the niosomes and the loaded drug. A smaller sized carrier, regardless 

of IV administration or direct injection, help avoid steric hindrance and can penetrate 

farther into the tumor to deliver their respective payloads. A net neutral charge on the 

carrier also allows it to penetrate up to three times farther than its charge bearing 

counterparts. A neutral charge improves the distribution of homogeneity within the tumor 

tissue (Liu, 2014). Accumulation in the lung will occur if particles are larger than 5 μm, 

due to the capillary filtration effect (Sato et al., 1996).  

Besides having the advantage, some drug carrier also brings disadvantage to the host, 

namely Tween-80 which is believed to cause acute hepatitis and renal failure. While 

Cremophor EL will result in hypersensitivity reactions in human and animals. For IV 

administration, due to their surface activity, surfactant molecules can be hemolytic and 

have the potential to penetrate and disrupt biological membranes (Liu, 2008). 

2.5.5 Preparation of drug carrier 

Various methods to prepare drug carriers depends on its intended applications. The 

types of the method also play important roles in deciding the size and shape of the drug 

carrier, a number of bilayers, the lamellarity, the level of entrapment efficiency, and 

membrane permeability of the vesicle (Laouini et al., 2012; Akhilesh et al., 2012). 

2.5.5.1 Microencapsulation vesicle (MCV) method  

The MCV method has the advantage of being able to control the preparation 

conditions, such as the ambient temperature of each emulsification and the selection of 

the type of organic solvent. It can also produce niosomes with small particle sizes and 
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efficiently encapsulate water-soluble material with good stability. A mixture of 

surfactants and drugs are dissolved in an organic solvent, then distilled water is added. 

The mixture is homogenized at 7000 rpm for 10 minutes to form a water-oil (w/o) 

emulsion. Then, the emulsion is stirred at 45 oC to form a water-oil-water (w/o/w) 

emulsion. Stirring will be continued for several hours until the organic solvent is 

evaporated (Nii & Ishii, 2005). 

2.5.5.2 Ethanol injection method 

A solution of the surfactant is dissolved using ethanol. The surfactant mixture in 

ethanol is injected through the 14-gauge needle into warm water containing the drug and 

stored at 60 oC. Niosomes in the form of the large unilamellar vesicle (LUV) are 

synthesized, and the diameter was 50 - 1000 µm (Jaafar-Maalej, 2010). 

2.5.5.3 Sonication method 

The aqueous phase is added into a mixture of surfactant and cholesterol in a glass vial. 

The mixture is probe-sonicated at 60 °C for 3 minutes using a sonicator to yield a small 

unilamellar vesicle (SUV) niosomes (Madhav et al., 2011). 

2.5.5.4 Hydration of thin lipid film method                     

A mixture of phospholipid and cholesterol are dispersed in volatile organic solvents 

such as chloroform or diethyl ether. Then, the organic solvent is removed using a rotary 

evaporator at reduced pressure. Finally, by adding an aqueous buffer solution under 

agitation at a temperature above the lipid transition temperature, the dry lipidic film 

deposited on the flask wall is hydrated, leaving behind multilamellar vesicle (MLV) 

niosomes (Makeshwar & Wasankar, 2013). 
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2.6 Characterization of vesicle 

Characterizing niosome is needed to determine its viability for clinical applications, 

encompassing parameters such as encapsulation efficiency, size, polydispersity index 

(PDI), morphology, zeta potential, and release rate of the drug. 

2.6.1 Entrapment efficiency  

Entrapment efficiency (%EE) is defined as drug encapsulated in the bilayer of the drug 

vehicle (Yassin et al., 2010). After the niosomal dispersion is prepared, the unentrapped 

drug is separated by dialysis, centrifugation, or gel filtration, while the remaining 

entrapped drug in niosomes is determined by complete vesicle disruption using 50% 

n-propanol or 0.1% Triton X-100. Ultracentrifugation can also be used for the separation 

of the unentrapped drug, while the supernatant was removed and sediment washed twice 

with distilled water to remove any absorbed drug (Akhilesh et al., 2012). The resultant 

solution is analyzed by an assay method that is responsive to the drug. The loaded and 

free drug concentrations can be determined using a UV-Vis spectrophotometer (Mehta & 

Jindal, 2013) or high-performance liquid chromatography (HPLC) (Waddad et al., 2013), 

where the percentage of entrapment efficiency (%EE, amount of drug entrapped / total 

amount of drug) × 100 % (Makeshwar & Wasankar, 2013). Entrapment efficiency of 

niosomes is significantly affected by the pH of the hydration medium. At lower pH, 

niosome formulations should be examined using an optical microscope to confirm the 

presence of drug precipitates both before and after centrifugation and washing to 

determine the concentration of the drug (Kumar & Rajeshwarrao, 2011). 

2.6.2 Size, shape and morphology  

The size of the vesicle size falls between 20 nm - 50 μm. The structure of 

surfactant-based vesicles is visualized and established using freeze-fracture microscopy, 

while photon correlation spectroscopy was used to determine the average diameter of the 

vesicles. Volume dispersion of niosomes can be determined using a coulter counter  
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(˃1 μm) (Makeshwar & Wasankar, 2013). Vesicles in the submicron range can be 

detected using electron microscopy or dynamic light scattering (DLS) techniques. The 

former is used to study the morphology of the vesicles, while the latter is generally used 

to determine the size distribution, mean surface diameter, and mass distribution of 

niosomes. Electron microscopic analysis, such as transmission electron microscopy 

(TEM) or freeze-fracture techniques are used to determine the size of niosomes and the 

number of bilayers. Another instrument that can be used for this purpose includes 

scanning electron microscopy (SEM). Atomic force microscopy (AFM) and cryo-TEM 

can be used to determine the shape and surface properties of niosomes (Akhilesh et al., 

2012). 

2.6.3 Vesicle charge 

The zeta potential can be used to estimate the storage stability of colloidal dispersions. 

Zeta potential values above 30 mV (positive or negative values) lead to more stable 

nanocapsule suspensions due to the absence of aggregation when there is repulsion 

between the particles (Torchilin, 2006). The zeta potential can be defined as the difference 

between the bulk solution (dispersing medium) and the surface of the hydrodynamic shear 

(slipping plane). It can be used to optimize the nanoparticle formulation for long-term 

stability (Sreelola & Sailaja, 2014). The vesicle surface charge is crucial towards the 

behavior of niosomes in vivo and in vitro. Basically, charged niosomes are more stable 

against aggregation and fusion compared to uncharged vesicles. The zeta potential of 

individual niosomes can be measured by microelectrophoresis to obtain an estimation of 

the surface potential. An alternative approach is to use pH-sensitive fluorophores. 

Dynamic light scattering (DLS) is frequently used to measure the zeta potential of 

niosomes (Kumar & Rajeshwarrao, 2011; Akhilesh et al., 2012). 
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2.6.4 In-vitro release  

An important factor that helps develop a successful formulation is drug release from a 

nanoparticle or a vesicular system. Numerous targeted and controlled release drug 

delivery systems have been developed for this purpose. Controlled release is one of the 

basic points of drug delivery, which aims to release a drug into a patient's body at a 

predetermined rate, or with specific release profiles at specific times (Torchilin, 2006). A 

method of in-vitro release rate study includes the use of dialysis tubing. A dialysis tube 

is washed and soaked in distilled water. The vesicle suspension is pipetted or injected into 

a bag made up of the tubing and sealed using threads. The bag containing the vesicles is 

placed in a 100 ml of buffer solution in a 100 ml beaker, which is constantly stirred at  

25 °C or 37 °C. At various time intervals, the buffer is analyzed for drug content by a 

suitable assay method (Kumar & Rajeshwarrao, 2011). 
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CHAPTER 3: EXPERIMENTAL 

3.1 Materials  

The materials used in this work are listed in 3.1.1, which include chemicals that were 

commercially obtained, and 3.1.2, which were the materials needed in anticancer study 

and materials for preparation and formulation of anticancer drugs. The details of the list 

of complexes and materials as well as how the complexes will be used later are explained 

in point 1A, 1B and 2.  

3.1.1 Materials for synthesis and characterization of new complexes 

Reagent grade 2,4-dihydroxybenzaldehyde and 3-hydroxy-2-naphthoic hydrazide 

were obtained from Aldrich, tris(hydroxymethyl)aminomethane was obtained from TCI 

Mark, and triethylamine was purchased from Fluka. Chemicals 1-bromodecane, 

1-bromododecane, and dimethyltin(IV) dichloride were purchased from Merck, while 

dibutyltin(IV) dichloride was obtained from Fluka. Magnesium sulfate and potassium 

iodide were obtained from Systerm, while potassium carbonate was obtained from Sigma. 

For metal salts, cobalt(II) acetate tetrahydrate was purchased from JT Baker, nickel(II) 

acetate tetrahydrate was purchased from Unilab, while cadmium(II) acetate dihydrate, 

copper(II) acetate monohydrate, and zinc(II) acetate dihydrate were procured from Fluka 

and Merck, respectively.  

3.1.2 Materials for preparation of anticancer drugs and drug carrier  

The materials used in this research are divided into 2 parts: 1) Materials for anticancer 

activities that have 2 different ligands such as (A), which consists of NAH ligands and its 

diorganotin(IV) complexes, and NAH metal complexes, (B), which are TRIS ligands and 

its diorganotin(IV) complexes. 2) Materials for formulation study that are obtained from 

previous research (Lee, 2010). This selection is taken to compare their IC50 values with 

the new complexes synthesized in current research for their anticancer activities. 
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1A) The structures of NAH ligands and its diorganotin(IV) complexes were shown in 

Figure 3.1 and NAH metal complexes were shown in Figure 3.2. List of NAH ligands 

and its diorganotin(IV) complexes, as well as NAH metal complexes, are presented in 

Table 3.1 and 3.2, respectively.  

 

Figure 3.1: The general structure of (a) NAH ligands in keto form (more stable) and (b) 
its diorganotin(IV) complexes 

Table 3.1: List of NAH ligands and its diorganotin(IV) complexes 

Ligands/ Complexes Empirical formula 

n = 10; NA C28H34N2O4 

n = 12; NB C30H38N2O4 

R = Me, n = 10; NA1  C30H38N2O4Sn 

R = Bu, n = 10; NA2 C36H50N2O4Sn 

R = Me, n = 12; NB1 C32H42N2O4Sn 

R = Bu, n = 12; NB2  C38H54N2O4Sn 
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Table 3.2: List of NAH metal complexes 

Complexes Empirical formula 

M = Co, n = 10; CoNA C56H64N4O8Co 

M = Ni, n = 10; NiNA C56H64N4O8Ni 

M = Cu, n = 10; CuNA C56H64N4O8Cu 

M = Zn, n = 10; ZnNA C56H64N4O8Zn 

M = Cd, n = 10; CdNA C56H64N4O8Cd 

M = Co, n = 12; CoNB C60H72N4O8Co 

M = Ni, n = 12; NiNB C60H72N4O8Ni 

M = Cu, n = 12; CuNB C60H72N4O8Cu 

M = Zn, n = 12; ZnNB C60H72N4O8Zn 

M = Cd, n = 12; CdNB C60H72N4O8Cd 
 

1B) The structures and the list of TRIS ligands and its diorganotin(IV) complexes are 

shown in Figure 3.3 and presented in Table 3.3 respectively.  

 

 

 

 

 

Figure 3.3: The general structure of (a) TRIS ligand and (b) its diorganotin(IV) 
complexes 

M = Co(II), Ni(II), Cu(II), Zn(II), Cd(II) 
n = 10 and 12 

Figure 3.2: The general structure of NAH metal complexes 
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Table 3.3 List of TRIS ligands and its diorganotin(IV) complexes 

Ligands/ Complexes Empirical formula 

 n = 10; TA C21H35NO5 

n = 12; TB C23H38NO5 

R = Me, n = 10; TA1  C23H39NO5Sn 

R = Bu, n = 10; TA2 C29H51NO5Sn 

R = Me, n = 12; TB1 C25H43NO5Sn 

R = Bu, n = 12; TB2 C31H55NO5Sn 
 

2) Materials used for formulation studies  

The complexes used for formulation part are obtained from previous research (Lee, 

2010) because as overall they showed better cytotoxicity compared with the current 

complexes in their anticancer activities. The structures of NAH and TRIS compounds are 

shown in Figure 3.4 and 3.5, respectively. The list of complexes are listed in Table 3.4 

and 3.5. Glycolipid surfactant was synthesized in previous work (Hussen, 2010; Hussen, 

2012), ethanol (95% purity) was purchased from J. Kollins Chemicals, and 

dichloromethane, (>99% purity) was procured from Merck. 

 

 

 

 

Figure 3.4: The general structure of (a) NAH ligands and (b) its diorganotin(IV) 
complexes from previous research (Lee et al., 2010) 
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Table 3.4: List of NAH diorganotin(IV) complexes from previous research (Lee et al., 
2010) 

 Complexes Empirical formula 

R = Me, X = Br, Y = H; NC1 C20H17N2O3BrSn 

R = Bu, X = Br, Y = H; NC2 C26H29N2O3BrSn 

R = Me, X = Cl, Y = H; ND1 C20H17N2O3ClSn 

R = Bu, X = Cl, Y = H; ND2 C26H29N2O3ClSn 

R = Me, X = Br, Y = CH3; NE1 C21H19N2O3BrSn 

R = Bu, X = Cl, Y = CH3; NF2 C27H31N2O3BrSn 
 

 

 

 

 

Figure 3.5: The general structure of (a) TRIS ligand and (b) its diorganotin(IV) 
complexes from previous research (Lee et al., 2010) 

Table 3.5: List of TRIS diorganotin(IV) complexes from previous research  
(Lee et al., 2010) 

 Complex Empirical formula 

R = Bu, X = Cl, TC2 C19H30NO5ClSn 
 

 

 

 

 

Univ
ers

ity
 of

 M
ala

ya



38 

3.2 Experimental methods 

This subheading describes three different parts of the work. At the first part (Part 1a), 

the diorganotin(IV) complexes as potential anticancer drugs were synthesized through a 

condensation reaction. Then (Part 1b), all the samples prepared were analyzed using the 

Melt-Temp II, Infrared (IR) spectroscopy, Nuclear Magnetic Resonance (NMR) 

spectroscopy, Auto Magnetic Susceptibility Balance (for transition metal complexes), 

Single Crystal X-ray Diffraction (SCXRD) and elemental analyses to study their 

compounds characteristic. The next part (Part 2), the anticancer activities were studied 

to determine the IC50 values of ligands and its diorganotin(IV) complexes. In the last part 

(Part 3), niosome-encapsulated complex were studied using ultracentrifugation, 

ultraviolet-visible (UV-Vis) spectrophotometer, dynamic light scattering (DLS), field 

emission scanning electron microscopy (FESEM).   

3.2.1 Part 1a: Preparation of compounds 

3.2.1.1 Preparation of ligand precursor 

(a) Preparation of 4-decyloxy-2-hydroxybenzaldehyde, SA 

2,4-dihydroxybenzaldehyde (5.53 g, 40.00 mmol), potassium carbonate (5.53 g,  

40.00 mmol), potassium iodide (6.64 g, 40.00 mmol) and 1-bromodecane (8.30 mL,  

40.00 mmol) were mixed in 50 mL dimethylformamide (DMF). The mixture was heated 

under reflux for 4 hours by monitoring the thin layer chromatography (TLC) in hexane: 

ethyl acetate ratio of (8:2). The solution was then filtered while still hot to remove any 

insoluble solid. Diluted hydrochloric acid (HCl) was added to neutralize the warm 

solution, which was then extracted with diethyl ether. Subsequently, the combined 

organic fractions were dried over magnesium sulfate and evaporated to obtain a clear 

concentrated yellow liquid. 
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(b) Preparation of 4-dodecyloxy-2-hydroxybenzaldehyde, SB 

2,4-dihydroxybenzaldehyde (5.53 g, 40.00 mmol), potassium carbonate (5.53 g,  

40.00 mmol), potassium iodide (6.64 g, 40.00 mmol), and 1-bromododecane (9.60 mL,  

40.00 mmol) were mixed in 50 mL DMF. The mixture was then heated under reflux for  

4 hours by monitoring the TLC in hexane: ethyl acetate ratio of (8:2). Thereafter, the 

solution was filtered while still hot to remove any insoluble solids. Diluted HCl acid was 

added to the solution and extracted with diethyl ether. The combined organic fractions 

were dried over magnesium sulfate and left to evaporate to obtain a clear concentrated 

yellow liquid.   

3.2.1.2 Preparation of the ligands 

(a) Preparation of N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2- 

naphthohydrazide, NA 

A solution of SA (0.23 g, 0.50 mmol) was added to 60 mL ethanolic solutions of  

3-hydroxy-2-naphthoic hydrazide (0.20 g, 0.50 mmol) and was refluxed for 4 hours. The 

hot solution was filtered and a light yellow solid was obtained by cooling to room 

temperature. 

(b) Preparation of N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2- 

naphthohydrazide, NB 

A solution of SB (0.25 g, 0.50 mmol) was added to 60 mL ethanolic solutions of  

3-hydroxy-2-naphthoic hydrazide (0.20g, 0.50 mmol) and left to reflux for 4 hours. The 

hot solution was then filtered, and a light yellow solid was formed upon cooling to room 

temperature.  
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(c) Preparation of [N’-(4-decyloxy-2-oxidobenzylidene)-2-(hydroxymethyl)-1,3-

dihydroxypropane], TA 

A solution of SA (1.39 g, 5.00 mmol) was added to 30 mL ethanolic solution of 

tris(hydroxymethyl)aminomethane (0.60 g, 5.00 mmol) and refluxed for 3 hours. The hot 

solution was then filtered, and a dark yellow thin flake was obtained upon cooling to room 

temperature. The solid was recrystallized with 1-propanol and ethanol. It was further 

washed with hexane in order to dry the wet solid. 

d) Preparation of [N’-(4-dodecyloxy-2-oxidobenzylidene)-2-(hydroxymethyl)-1,3-

dihydroxypropane], TB 

A solution of SB (1.53 g, 5.00 mmol) was added to 30 mL ethanolic solutions of 

tris(hydroxymethyl)aminomethane (0.60 g, 5.00 mmol). The solution was reflux for  

3 hours. Then, the hot solution was filtered, and a dark yellow thin flake was formed upon 

cooling the solution to room temperature. The solid was then recrystallized with  

1-propanol and ethanol, and further condensed using hexane.  

3.2.1.3 Preparation of diorganotin(IV) complexes 

(a) Preparation of [N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]dimethyltin(IV), NA1 

Compound NA (0.46 g, 1.00 mmol) and triethylamine (0.14 mL, 1.00 mmol) were 

heated in the mixture of ethyl acetate: dimethylformamide (10:1) under reflux for  

1 hour. Dimethyltin(IV) dichloride (0.23 g, 1.00 mmol) was then added to a solution and 

the mixture was further refluxed for 5 hours. The mixture was filtered and the clear yellow 

solution was left to evaporate. The solid was recrystallized from a 2:1 mixture of 

chloroform: dimethylformamide.  Yellow crystals were obtained by slow evaporation at 

room temperature. 
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(b) Preparation of [N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]dibutyltin(IV), NA2 

Compound NA (0.46 g, 1.00 mmol) and triethylamine (0.14 mL, 1.00 mmol) were 

heated in ethyl acetate: dimethylformamide at a ratio of (10:1) solvent mixture under 

reflux for 1 hour. Dibutyltin(IV) dichloride (0.32 g, 1.00 mmol) was then poured into the 

solution, and the mixture was refluxed for another 5 hours. The clear yellow solution was 

then filtered. It was left to evaporate, and the solid was recrystallized from a mixture of 

chloroform: dimethylformamide at a ratio of (2:1) to produce a yellow powder. 

(c) Preparation of [N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]dimethyltin(IV), NB1 

Compound NB (0.49 g, 1.00 mmol) and triethylamine (0.14 mL, 1.00 mmol) were 

added in the solvent mixture of ethyl acetate:dimethylformamide (3:1) under reflux for  

1 hour. Dimethyltin(IV) dichloride (0.23 g, 1.00 mmol) was then added into the solution, 

and the mixture was further refluxed for 5 hours. The resulting clear yellow solution was 

then filtered and left to evaporate, resulting in a yellow powder. 

(d) Preparation of [N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]dibutyltin(IV), NB2 

Compound NB (0.49 g, 1.00 mmol) and triethylamine (0.14 mL, 1.00 mmol) were 

heated in a solvent mixture of ethanol:toluene:dimethylformamide (3:1:1) under reflux 

for 1 hour. Dibutyltin(IV) dichloride (0.323 g, 1.00 mmol) was added into the solution, 

and the mixture was further refluxed for 5 hours. The clear yellow solution was then 

filtered prior to being left to evaporate, resulting in a yellow powder. 
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(e) Preparation of (2-{[1,1-bis(hydroxymethyl)-2-oxidoethyl]iminomethyl}-4-

decyloxy-2-oxidobenzylidene)dimethyltin(IV), TA1  

 Compound TA (0.19 g, 0.50 mmol), and triethylamine (0.14 mL, 1.00 mmol) were 

mixed in a solvent mixture of ethanol: toluene: dimethylformamide at a ratio of (2:1:1) 

under reflux for 1 hour. Dimethyltin(IV) dichloride (0.11 g, 0.50 mmol) was then added 

to the solution, and the mixture was refluxed for another 3 hours. A clear orange solution 

was filtered and left to evaporate. A light brown powder was obtained after a few days. 

(f) Preparation of (2-{[1,1-bis(hydroxymethyl)-2-oxidoethyl]iminomethyl}-4-

decyloxy-2-oxidobenzylidene)dibutyltin(IV), TA2  

Compound TA (0.19 g, 0.50 mmol), and triethylamine (0.14 mL, 1.00 mmol), were 

added in the solvent mixture of ethanol:toluene:dimethylformamide (2:1:1) under reflux 

for 1 hour. Dibutyltin(IV) dichloride (0.15 g, 0.50 mmol) was directly added into the 

solution, and the mixture was then refluxed for 4 hours. The clear orange solution was 

filtered, and the solution was left to evaporate. A black semi-solid was obtained even after 

a few days. 

(g) Preparation of (2-{[1,1-bis(hydroxymethyl)-2-oxidoethyl]iminomethyl}-4-

dodecyloxy-2-oxidobenzylidene)dimethyltin(IV), TB1  

Compound TB (0.21 g, 0.50 mmol), and triethylamine (0.14 mL, 1.00 mmol), were 

mixed into a solvent mixture of ethanol:toluene:dimethylformamide (2:1:1) under reflux 

for 1 hour. Then, dimethyltin(IV) dichloride (0.11 g, 0.50 mmol) was directly added into 

the solution, and the mixture was refluxed for another 3 hours. The clear yellow solution 

was then filtered, and left to evaporate, resulting in a light brown powder. 
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(h) Preparation of (2-{[1,1-bis(hydroxymethyl)-2-oxidoethyl]iminomethyl}-4-

dodecyloxy-2-oxidobenzylidene)dibutyltin(IV), TB2  

Compound TB (0.21 g, 1.00 mmol), and triethylamine (0.14 mL, 1.00 mmol), were 

added into the mixture solvent of ethanol:toluene:dimethylformamide (2:1:1) under 

reflux for 1 hour. Next, dibutyltin(IV) dichloride (0.15 g, 0.50 mmol) was poured into the 

solution, and the mixture was refluxed for another 4 hours. The clear yellow solution was 

filtered, and the solution was then left to evaporate, resulting in a black semi-solid. 

3.2.1.4 Preparation of the metal complexes 

(a) Preparation of bis[N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]cobalt(II), CoNA 

Cobalt(II) acetate tetrahydrate (0.13 g, 0.50 mmol) was dissolved in 5 mL distilled 

water. Then, it was added to a mixture of ethyl acetate: dimethylformamide (3:1) solution 

of compound NA (0.46 g, 1.00 mmol). The mixture was then refluxed for 3 hours. A 

reddish brown precipitate was formed. A solid was obtained from filtration and dried 

(Kavitha et al., 2013). The solid was further recrystallized using 1,4-dioxane and  

1-propanol.  

(b) Preparation of bis[N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]nickel(II), NiNA 

Nickel(II) acetate tetrahydrate (0.12 g, 0.50 mmol) was dissolved in 10 mL distilled 

water and poured into a mixture of ethyl acetate: dimethylformamide (3:1) solution of 

compound NA (0.46 g, 1.00 mmol). The mixture was then refluxed for 4 hours. A green 

yellowish precipitate was formed during the reflux. The mixture was filtered, and a yellow 

solid was obtained. The solid was further recrystallized using 1,4-dioxane and  

1-propanol. 
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(c) Preparation of bis[N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]copper(II), CuNA 

Copper(II) acetate monohydrate (0.10 g, 0.50 mmol) was dissolved in 5 mL distilled 

water. Next, it was added to a mixture of ethyl acetate: dimethylformamide (3:1) solution 

of compound NA (0.46 g, 1.00 mmol). The solution mixture was refluxed for 3 hours. A 

green precipitate was formed, and a green solid was collected after filtration. 1,4-dioxane 

and 1-propanol were used to recrystallize the resulting solid. 

(d) Preparation of bis[N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]zinc(II), ZnNA 

Zinc(II) acetate dihydrate (0.11 g, 0.50 mmol) was dissolved in 10 mL ethanol and 

mixed into the solution of ethyl acetate: dimethylformamide (3:1) that contains compound 

NA (0.46 g, 1.00 mmol). The mixture was refluxed for 4 hours. A yellow precipitate was 

formed during the refluxing process, resulting in a solid, which was dried after filtration. 

The solid was then recrystallized using 1,4-dioxane and 1-propanol. 

(e) Preparation of bis[N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]cadmium(II), CdNA 

Cadmium(II) acetate dihydrate (0.13 g, 0.50 mmol) was dissolved in 10 mL ethanol 

and was added to a mixture of ethyl acetate: dimethylformamide (3:1) solution of 

compound NA (0.46 g, 1.00 mmol). The mixture was refluxed for 4 hours (Hussain et al., 

2013). A yellowish precipitate was formed during the reflux, and a solid was collected 

after filtration. The resulting solid was further recrystallized using 1,4-dioxane and 1-

propanol.  
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(f) Preparation of bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]cobalt(II), CoNB 

Cobalt(II) acetate tetrahydrate (0.13 g, 0.50 mmol) was added to a mixture of 

dimethylformamide: ethanol (1:3) solutions of compound NB (0.49 g, 1.00 mmol). The 

mixture was refluxed for 3 hours. A reddish brown precipitate formed during the reflux. 

A solid was acquired after the solution was filtered. Thereafter, the solid was further 

recrystallized using 1,4-dioxane and 1-propanol. 

(g) Preparation of bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]nickel(II), NiNB 

Nickel(II) acetate tetrahydrate (0.12 g, 0.50 mmol) was combined with a mixture of 

dimethylformamide: ethanol (1:3) solutions of compound NB (0.49 g, 1.00 mmol). The 

mixture was refluxed for 4 hours. A yellow greenish precipitate formed during the reflux 

and a solid was then obtained after it was filtered. The solid was recrystallized using  

1,4-dioxane and 1-propanol. 

(h) Preparation of bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]copper(II), CuNB 

Copper(II) acetate monohydrate (0.10 g, 0.50 mmol) was added to a mixture of 

dimethylformamide: ethanol (1:3) solutions of compound NB (0.49 g, 1.00 mmol). The 

mixture was then refluxed for 3 hours. A green precipitate formed during the refluxed 

process. The solid was then filtered and left to dry. The solid was then further 

recrystallized using 1,4-dioxane and 1-propanol. 

(i) Preparation of bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]zinc(II), ZnNB 

Zinc(II) acetate dihydrate (0.11 g, 0.50 mmol) was added to a mixture of 

dimethylformamide: ethanol (1:3) solution of compound NB (0.49 g, 1.00 mmol). The 
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mixture was refluxed for 4 hours. A yellow precipitate formed during the reflux process 

and subsequently a solid was obtained and dried after it was filtered. The solid was 

recrystallized using 1,4-dioxane and 1-propanol. 

(j) Preparation of bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-

hydrazidato]cadmium(II), CdNB 

Cadmium(II) acetate dihydrate (0.13 g, 0.50 mmol) was combined with a mixture of 

toluene: dimethylformamide: ethanol (1:1:3) solutions of compound NB (0.49 g,  

1.00 mmol). The mixture was refluxed for 3 hours. A yellowish precipitate was already 

formed during the reflux process and a solid was obtained after filtration. 1,4-dioxane and 

1-propanol were used to recrystallize the solid.  

3.2.2 Part 1b: Characterization of prepared compounds 

3.2.2.1  Melting point 

The melting point of all samples was determined using Melt-Temp II (Laboratory 

devices USA) melting point apparatus. The samples were packed into a melting point 

capillary tube. The heating rate was set to 2 oC per minutes. 

3.2.2.2 ATR-IR spectroscopy 

All spectra were run by applying the attenuated total reflectance (ATR) sampling 

technique. ATR-IR spectra were recorded in the region of 4000-400 cm-1 on a Perkin 

Elmer Spectrum 400 infrared (IR) spectrophotometer. The sample was in a solid form 

and was used as it is. A few amounts of sample were placed on top of the diamond surface 

of ATR and measurement was taken. The IR spectrum was collected with its peaks 

labeled. 

3.2.2.3 NMR spectroscopy 

The 1H and 13C NMR analysis for the ligands and diorganotin(IV) complexes were 

recorded using a JEOL ECA 400MHz System FT NMR spectrometer. All of the samples 
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were dissolved in a deuterated DMSO at a very high temperature, except for NB, NA1, 

TA, TB, TA2, and TB2, which were dissolved in CDCl3. The samples were then placed 

at a height of ~4 cm length of deuterated solvent in an NMR tube. The tube was placed 

in the sample holder of NMR instrument. NMR spectrum was obtained and labeled. 

3.2.2.4 Magnetic susceptibility 

Magnetic susceptibility was determined using a Sherwood Auto Magnetic 

Susceptibility Balance via the Gouy method at room temperature. The finely ground solid 

sample was placed into a clean tube to a length of at least 1.5 cm. The sample tube was 

then placed into a tube guide on the top of the balance, and its length and weight were 

recorded accordingly (Hanif & Chohan, 2013). The value of the mass magnetic 

susceptibility (χg) was obtained from the instrument. The molar susceptibility (χm) was 

calculated using: 

𝜒𝑚 =  𝜒𝑔 × MW 

The molar susceptibility (χm) of diamagnetism of the constituent atom (χdia) was 

corrected using Pascal’s constant, using the following equation: 

𝜒𝑚
𝑐𝑜𝑟𝑟 =  𝜒𝑚 − 𝜒𝑑𝑖𝑎 

Then, the effective dipole moment (μeff) was calculated using the following equation: 

μeff = 2.83√T(χm
corr − Nα) 

Where, T is the absolute temperature (298 K), and Nα is the temperature-independent 

paramagnetism. 

3.2.2.5 Single crystal X-ray diffraction (SCXRD) 

The NA1 complex was the only one among the diorganotin(IV) complexes that was 

successful recrystallized from DCM: DMF (1:1). A yellow crystal was formed after the 

filtrate undergoes a slow evaporation process. The NA1 crystal data from SCXRD was 

collected at 100 K on Oxford Supernova Dual diffractometer Mo (λ=0.71073 Å). 
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Absorption correction was determined by a multi-scan method using CrysAlis Pro 

(Rigaku Oxford diffraction, 2015). The full matrix least-squares refinement against |F2| 

was done using SHELXS (Sheldrick, 2008). The program SHELXL2014/7 (Sheldrick, 

2015) was also used throughout the study.  

3.2.2.6 CHNS elemental analyzer 

Elemental analyses were performed using a Thermofischer Scientific FlashSMART 

CHNS/O analyzer. In this technique, the percentage of carbon, hydrogen, and nitrogen 

are determined that lead to the determination of empirical formula of the complex from 

which molecular formula of the complex can be drawn. A few samples are selected such 

as NA1, NB1, NB2, and TA1 based on their purity and amount of samples stock. The 

samples are further purified by using ethanol and ethyl acetate. Then, they are left to dry 

in a desiccator for a few days. 3-5 mg of each sample is placed inside the tin foil and 

folded. The tin foil is placed on the autosampler and the sequence started to produce 

chromatogram.  

3.2.3 Part 2: Anticancer studies 

The cytotoxic activity of the prepared ligands and its diorganotin(IV) complexes were 

tested using the MTT dye reduction assay as described by Mosmann (Mosmann, 1983; 

Chew et al., 2014). The method is based on the reduction of the yellow tetrazolium salt 

MTT to a violet formazan being treated for 72 hours, with increasing concentration of the 

compounds via the mitochondrial succinate dehydrogenase in viable cells. The 

compounds were dissolved in DMSO and experiment was carried out in triplicate. The 

experiments were carried out using human colon carcinoma cell line (HT29) and 

hormone-dependent breast carcinoma cell line (MCF7).  Cytotoxicity value of each 

sample was reported as IC50 value. Where, IC50 is the concentration of the concerned drug 
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that will inhibit the concerned activity of a biological system (Nikolova-Mladenova et al., 

2009). 

3.2.4 Part 3: Formulation studies 

The formulation studies include the determination of the percentage of encapsulation 

efficiency (%EE) and the percentage of drug loading of the complexes (%DL), the 

particle size measurement, morphology studies, and drug release study. %EE and %DL 

were determined for all seven complexes, but only one exemplary drug which is ND2 

was selected for the determination of its size, morphology, and drug release study. ND2 

was selected as the yield was high as well as it exhibited the highest cytotoxicity activity 

and the highest %EE and %DL compared to other diorganotin(IV) complexes. The 

diorganotin(IV) complexes from a previous research of Lee et al., (2012) and Lee et al., 

(2013) were used in the formulation part. These complexes have been identified for 

anticancer activities. The reason to use the previous research complexes is their IC50 

values are better and more promising than the current research complexes for their 

anticancer activities. While the formulation part for new complexes synthesized in current 

research will be continued in the next future. 

3.2.4.1 Preparation of the niosomes containing active ingredient 

The material used to prepare the drug carriers or niosomes was own synthesized 

glycolipid. This glycolipid is proven in previous work to be able to produce vesicles in 

nano size (Mak et al., 2015). There are two methods were used to prepare the niosomes. 

Firstly, the microencapsulation vesicle (MCV) method in which 1 mM of nonionic 

glycolipid and 10 mM of diorganotin(IV) complexes were dissolved in 2 mL of 

dichloromethane. This was then followed by the addition of 3 mL of distilled water was 

added to the solution and mixed with a homogenizer at 7000 rpm for 10 minutes to form 

a w/o emulsion. Then, 2 mL of distilled water was added and stirred at 520 rpm at 45 °C 

to form a w/o/w emulsion. The stirring continued for 120 minutes to remove all 
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dichloromethane from the suspension via evaporation and generate a drug-loaded 

niosome suspension (Nii & Ishii, 2007). 

The second method is known as ethanolic injection method. The amount of surfactant 

and active ingredient are similar as prepared for the MCV method. The surfactant and 

active ingredient were dissolved in 5% of the ethanol based on the total volume of the 

formulation. The solution was then injected rapidly into bulk water through a 25 Ga bevel 

tip needle at room temperature (Mak et al., 2015). 

3.2.4.2 Ultracentrifugation 

The prepared vesicles were precooled in the refrigerator prior to being centrifuged 

using a refrigerated centrifuge Velocity 18R (Dynamica) at 15,000 rpm and 4 °C twice. 

Each centrifugation took 30 minutes, with 10 minutes gap to separate the free drug from 

the entrapped drug. 

3.2.4.3 Ultraviolet-visible (UV-Vis) spectrophotometer 

The clear supernatant after the centrifugation was collected and analyzed using a  

UV-Vis spectrophotometer (Shimadzu UV-2600) at the wavelength of the drugs, while 

the pellet obtained after centrifugation was lysed in ethanol and sonicated for 10 minutes. 

The drugs were analyzed by using UV-Vis spectrophotometer for its content at 268 nm 

as the maximum absorbance in water and at 264 nm in ethanol. The concentration of the 

drug, in both supernatant and pellet forms, were determined based on the calibration curve 

of the particular drug.  

3.2.4.4 Encapsulation efficiency, %EE and Drug loading, %DL 

The %EE of drug encapsulated in the bilayer of the drug vehicle was calculated by 

dividing the difference between the total amount of the drug used (Wtotal drug used) and the 

non-encapsulated drug in the supernatant (Wfree drug) by the total amount of the drug usage. 
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The %DL was obtained by dividing that difference by the total weight of the surfactant. 

The %EE and %DL of the drug can be calculated based on (Yassin et al., 2010): 

%EE =
Wtotal drug used − Wfree drug

Wtotal drug used 
X 100% 

%DL =
WTotal drug used − Wfree drug

(Wtotal drug used + Wtotal lipid − Wfree drug)
X 100%     

3.2.4.5 Dynamic light scattering (DLS) 

The niosome-encapsulated ND2 and TC2 complexes were selected for this 

measurement as a comparison of different structures and the procedure was based on 

reported procedure with a few modifications (Alibolandi et al., 2015). The vesicle size 

and polydispersity index were measured using DLS (Zetasizer Nano ZS, Malvern, UK). 

The analysis was performed at a scattering angle of 173o and 25 oC and an equilibrium 

time of 120 second. The measurements were conducted thrice. The dispersant used in this 

case was water, which has a refractive index of 1.33 and a viscosity (mPa.s) of 0.8872.  

3.2.4.6 Field emission scanning electron microscopy (FESEM) 

The morphology of niosome-encapsulated ND2 was determined using FESEM 

(Hitachi SU8220, Oxford Instruments). The niosome loaded with active ingredient was 

centrifuged to remove the non-encapsulated active ingredient. Then, the sediment was 

dried on a membrane and coated with platinum. Then the sample was loaded into the 

FESEM chamber and it was subsequently viewed under FESEM. The photomicrographs 

recorded at an acceleration voltage of 30 kV for imaging (Yassin et al., 2010). 

3.2.4.7 In vitro drug release 

Drug release from niosome-encapsulated ND2 was determined using the dialysis 

method with respect to the sink’s conditions. The vesicle solution was placed into the 

dialysis bag and immersed in 100 mL of release medium (distilled water) in a glass bottle 
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with cap, at 200 rpm magnetic stirring at 37 °C. At specific time intervals,  

2 mL of medium was taken and replaced immediately with the same volume of fresh 

water into a glass bottle with cap (Haeri et al., 2014). The taken medium was analyzed 

using a spectrophotometer at the maximum wavelength absorbance. The concentration of 

the drug was estimated based on the calibration curve (Anbarasan et al., 2013), while the 

released drug was determined by the in vitro release profile, where the cumulative 

released percentage was plotted against the time of the drug release  

(Yew & Misran, 2015). 
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CHAPTER 4: RESULT AND DISCUSSION 

4.1 Part 1a: Preparation of compound and analytical data 

A total of four hydrazone Schiff base ligands were synthesized from the reactions of 

1:1 molar ratio of 3-hydroxy-2-naphthoic hydrazide (NAH) or TRIS ligands with  

4-decyloxysalicylaldehyde and 4-dodecyloxysalicylaldehyde respectively. A general 

reaction scheme for the preparation of the ligand precursor and NAH ligands are shown 

in Scheme 4.1 and 4.2, respectively. The preparation of salicylaldehydes derivatives was 

based on a modified method (Mögele et al., 2009; Lai et al., 1997). The obtained 

compounds were used without purification to prepare the NAH ligands (Nath et al., 2010).  

 

 

 

 

 

 

 

 

 

The NAH ligands were obtained in powder form and were further purified using ethyl 

acetate prior to being used to prepare diorganotin(IV) and metal complexes. The NAH 

Where, n = 10 and 12 

 

 

 

Scheme 4.1: The preparation of the substituted salicylaldehyde, ligand 
precursor 

Scheme 4.2: The preparation of the NAH Schiff base ligands 

DMF 
K2CO3, KI 

Where, n = 10 and 12 
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Schiff base ligand has five potential donor sites which are two nitrogen atoms and three 

oxygens from hydroxy groups that can readily form coordination bonds with the 

diorganotin(IV) ion. The IR spectrum of the ligand showed that it was in keto form, due 

to the presence of a broad band combination with small sharp peak ν(OH) and ν(NH), 

respectively, in the 3050 - 3260 cm-1 region.  

The hydrazone was able to coordinate with the metal atom, either in an enolic form [1] 

or in a ketonic form [2], as shown in Figure 4.1, which has been reported  

by Shaabani et al., (2014) and Deng et al., (2016). There were four potential sites of the 

enolized form, namely the azomethine nitrogen and three hydroxyl groups. The presence 

of several acidic hydroxyl groups that readily reacted with diorganotin(IV) dihalides in 

the presence of weak base became an important aspect of these Schiff base ligands. 

 

 

 

 

The NAH diorganotin(IV) complexes were synthesized from dimethyltin(IV) or 

dibutyltin(IV) dichloride reacted with NAH ligands. The NAH ligands were also further 

reacted with metal salts, such as cobalt(II) acetate tetrahydrate, nickel(II) acetate 

tetrahydrate, copper(II) acetate monohydrate, zinc(II) acetate dehydrate and cadmium(II) 

acetate dihydrate to obtain NAH metal complexes. General reaction schemes for the 

preparation of these complexes are shown in Scheme 4.3 and Scheme 4.4. 

 

 

Figure 4.1: Keto-enol tautomerism of the hydrazone NAH Schiff base ligand 
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Scheme 4.4: The preparation of the NAH metal complex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The color of both ligands precursor 4-decyloxy-2-hydroxybenzaldehyde (SA) and 4-

dodecyloxy-2-hydroxybenzaldehyde (SB) was a dark orange liquid. The color of the 

ligands was dark yellow, and its melting point is ranged between 222 - 228 oC for NAH 

ligands, as depicted in Table 4.1. Meanwhile, the color of four NAH diorganotin(IV) 

complexes was yellow, and its melting point are reported in wide range of 234 - 248 oC 

(Pawanoji et al., 2009; Lee et al., 2012; Hussain et al., 2013) where only 2 - 4 oC 

differences for each complex, as shown in Table 4.2. The differences in melting point 

range could be due to the present of impurities. As can be seen in the 1H NMR spectrum 

of NA1 (Figure 4.11), small peaks at 1.25, 1.42 and 3.72 ppm for ethanol and 1.56 ppm 

Scheme 4.3: The preparation of the NAH diorganotin(IV) complexes from 
diorganotin(IV) dichloride and the NAH ligand 

Where, n = 10 and 12            R= CH3 or C4H9 

n = 10 and 12  x = 1, 2, 4  
m = 2, 4, 6  M = Co(II), Ni(II), Cu(II), Zn(II), Cd(II) 

 

2 
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for water residue peak are presented (Gottlieb et al., 1997; Babij et al., 2016). The 

differences of percentage CHN calculated value of complexes from found values as 

presented in Table 4.19 also indicated that the impurities are existed. The color of the 

NAH metal complexes varies from yellow, green and brown, with melting points of more 

than 300 oC as shown in Table 4.3. 

 

 

 

 

 Table 4.2: Analytical data for NAH diorganotin(IV) complexes 

 

 

 Table 4.3: Analytical data for NAH metal complexes 

 

 

 

 

 

 

 

Table 4.1: Analytical data for NAH ligands  

Ligands Molecular 
weight, g/mol 

Color Percentage 
yield, (%) 

Melting 
point (oC) 

NA 462.581 Dark 
yellow 

85 226 - 228 

NB 490.634 Dark 
yellow 

76 222 - 224 

Complexes Molecular 
weight, g/mol 

Color Percentage 
yield, (%) 

Melting 
point (oC) 

NA1 609.344 Yellow 93 234 - 236 
NA2 693.503 Yellow 91 244 - 246 
NB1 637.397 Yellow 54 240 - 244 
NB2 721.556 Yellow 43 246 - 248 

Complexes Molecular 
Weight, g/mol 

Color Percentage 
Yield (%) 

Melting Point 
(oC) 

CoNA 980.063 Brown 61 >300 
NiNA 979.823 Yellow 63 >300 
CuNA 984.675 Green 43 >300 
ZnNA 986.519 Yellow 54 >300 
CdNA 1033.540 Yellow 64 >300 
CoNB 1036.169 Brown 63 >300 
NiNB 1035. 929 Yellow 69 >300 
CuNB 1040.782 Green 68 >300 
ZnNB 1042.626 Yellow 61 >300 
CdNB 1089.647 Yellow 72 >300 
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While the TRIS Schiff base ligand has five potential coordination which are the imine 

nitrogen and four hydroxyl groups on the methylene group and on the substituted 

salicylaldehyde (Pandit et al., 2015). A general reaction scheme for the preparation of the 

TRIS ligands is shown in Scheme 4.5. The diorganotin(IV) complexes were synthesized 

by using such as dimethyltin(IV) and dibutyltin(IV) dichloride reacted with TRIS ligands. 

General reaction schemes for the preparation of the complexes is shown in Scheme 4.6. 

 

 

Scheme 4.6: The preparation of the TRIS diorganotin(IV) complexes from 
  diorganotin(IV) dichloride and the TRIS ligand 

  

 

The color of TRIS ligands was dark yellow flakes, and their melting point is ranged 

between 110 - 124 oC, as shown in Table 4.4. The color of TRIS complexes was light 

brown solid for TA1 and TB1, and their melting point is ~154 - 165 oC, except for TA2 

and TB2 which were black and in the form of semi-solid as shown in Table 4.5.  

 

n = 10 and 12 
 

 

 

Scheme 4.5: The preparation of the TRIS Schiff base ligands 

 

n = 10 and 12  R = CH3 or C4H9   
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Table 4.4: Analytical data for TRIS ligand 

 
 

Table 4.5: Analytical data for TRIS diorganotin(IV) complexes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ligands Molecular weight, g/mol Color Percentage 
yield, (%) 

Melting point 
(oC) 

TA 381.506 Dark yellow 41 120 - 124 

TB 409.559 Dark yellow 38 110 - 114 

Complexes Molecular weight, 
g/mol 

Color Percentage yield, 
(%) 

Melting point 
(oC) 

TA1 528.269 Light brown 45 164 - 165 

TA2 612.429 Black 51 In semi-solid 

TB1 556.323 Light brown 49 154 - 156 

TB2 640.482 Black 52 In semi-solid 
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4.2 Part 1b: Characterization of prepared compounds 

This characterization part consist of Infrared (IR) spectroscopy, Nuclear Magnetic 

Resonance (NMR) spectroscopy, Auto Magnetic Susceptibility Balance (for transition 

metal complexes), Single Crystal X-ray Diffraction (SCXRD) and elemental analyses. 

4.2.1  Infrared (IR) spectral data 

Analysis of IR spectral data of NAH ligands and its diorganotin(IV) complexes, TRIS 

ligands and its diorganotin(IV) complexes, and lastly metal complexes. 

4.2.1.1 The IR spectra of the NAH ligands and its diorganotin(IV) complexes    

 

 

 

 
 

Figure 4.2: The structure of NAH a) ligand and b) diorganotin(IV) complex 

Figure 4.2 shows the structure of the ligand and complex. In Figure 4.3, a strong broad 

peaks were observed at 3156 cm-1, which could be attributed to ν(O-H). On the other 

hand, for the diorganotin(IV) complexes, a smaller broad band at ~3152 - 3187 cm-1 was 

detected, suggesting the presence of a hydroxyl functional group in its molecular 

structure.  

 

 

 

 

a) Ligand 

NA: n = 10, NB: n = 12   NA1: R = CH3, n = 10,  NA2: R = C4H9, n = 10 
     NB1: R = CH3, n = 12,  NB2: R = C4H9, n = 12 
 

b) Complex 
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Figure 4.3: IR spectrum of NA 

Two strong peaks at 2918 - 2921 cm-1 and 2847 - 2851 cm-1 were assigned to the 

asymmetric and symmetric stretching of ν(C-H) in both ligands and diorganotin(IV) 

complexes spectra (Figure 4.4), respectively. Two sharp bands at ~1626 - 1627 cm-1 

region were attributed to ν(C=N), which was comparable to the values reported for Schiff 

base ligands (Lee et al., 2013; Kavitha et al., 2013). The diorganotin(IV) complexes 

showed strong absorption in the ~1624 - 1638 cm-1 and ~1597 - 1607 cm-1 region due to 

ν(C=N) and ν(C=N-N=C) stretching frequencies (Samanta et al., 2007; Hong et al., 

2013b). The absence of ν(C=O) band in ligands spectra between than 1690-1740 cm-1 

(Lampman et al., 2010) suggest that it was in an enolic form, while the medium-to-strong 

band of ~1169 - 1172 cm-1 indicates ν(C-O) asymmetrical stretching frequencies and ν(C-

O-C) symmetrical stretching frequencies in the range of 1013 - 1074 cm-1   for both 

ligands and complexes, respectively. Meanwhile, the weak absorption bands at 679 - 775 

cm-1 could be assigned to stretching vibrations of the Sn-O bond. The weak bands at 457 
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- 489 cm-1 were assigned to Sn-N stretching frequency. In fact, both Sn-O and Sn-N 

stretching frequencies were in the range reported for derivatives of diorganotin(IV) 

complexes (Shujah et al., 2010; Shujah et al., 2011). The infrared stretching frequencies 

for NAH ligands and its diorganotin(IV) complexes are presented in Tables 4.6 and 4.7 

respectively 

Table 4.6: Infrared spectral data for NAH ligands 

Ligands/  
Wavenumber (cm-1) 

NA NB 

ν(O-H) 3156b 3161b 
ν (C=N) 1626s 1627s 

ν (-C=N-N=C-) 1606s 1606s 
ν (C-O) 1169m 1171m 

ν (C-O-C) 1073m, 1025w 1072w, 1015w 
ν(C-H)asym / ν(C-H)sym 2921s, 2849s 2920s, 2848s 

 
*b = broad, s = strong, m = medium, w = weak 

Table 4.7: Infrared spectral data for NAH diorganotin(IV) complexes 

Complexes/  
Wavenumber (cm-1) 

NA1 NA2 NB1 NB2 

ν(O-H) 3162b 3187b 3152b 3156b 

ν (C=N) 1633s 1624s 1638s 1627s 

ν (-C=N-N=C-) 1597s 1607s 1607s 1607s 

ν (C-O) 1169m 1169m 1169m 1172m 

ν (C-O-C) 1073w, 
1013w 

1074m, 
1026w 

1054w, 
1016w 

1072w, 
1018w 

ν(Sn-O) 775w 679w 749w 747w 

ν(Sn-N) 457w 470w 463w 489w 

ν(C-H)asym / ν(C-H)sym 2921s, 
2850s 

2918s, 
2847s 

2921s, 
2851s 

2919s, 
2847s 

*b = broad, s = strong, m = medium, w = weak 
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Figure 4.4: IR spectrum of NA1 

4.2.1.2 The IR spectra of the TRIS ligands and its diorganotin(IV) complexes 

 

 

 

 

 

Figure 4.5: The structure of TRIS a) ligand and b) diorganotin(IV) complex 

Figure 4.5 show the structure of ligand and complex. Two strong peaks at the range of 

2920 - 2924 cm-1 and 2849 - 2855 cm-1 were assigned to asymmetric and symmetric 

stretching of ν(C-H) in both ligands (Figure 4.6) and diorganotin(IV) complexes spectra, 

respectively. 

a) Ligand 

TA: n = 10, TB: n = 12  TA1: R = CH3, n = 10, TA2: R = C4H9, n = 10 
     TB1: R = CH3, n = 12, TB2: R = C4H9, n = 12 

b) Complex 
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Figure 4.6: IR spectrum of TA 

In diorganotin(IV) complexes spectrum (Figure 4.7), a broad band of alcoholic groups 

was observed at 3124 - 3220 cm-1 (Abu-Sbeih & Abu-Yamin, 2014), which suggest the 

involvement of only one of three OH groups in the coordination to the metal atom. The 

stretching vibrations of ν(C=N) azomethine bond in the ligands appeared as intense bands 

at 1631 - 1634 cm-1 (Abramenko et al., 2013). The ν(C=N) stretching frequencies for the 

diorganotin(IV) complexes were found in the region between 1599 and 1608 cm-1, which 

is ~26 - 35 cm-1 lower than the ligands. The strong band of ν(O-C=C) at the region of 

1524 - 1525 cm-1 increased to 1529 cm-1, while the medium band at the range of 1187 - 

1199 cm-1 indicated ν(C-O) asymmetrical stretching frequencies and ν(C-O-C) 

symmetrical stretching frequencies in the range of 1016 - 1078 cm-1 for the ligands and 

complexes, respectively.  Moreover, the weak absorption bands at 748 - 757 cm-1 could 

be assigned to stretching vibrations of ν(Sn-O) bond, whereas the weak bands at 482 - 

487 cm-1 were assigned to ν(Sn-N) stretching frequency (Lee et al., 2015; Yang et al., 

Wavenumber (cm-1) 
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2016). The characteristics of infrared stretching frequencies for TRIS ligands and its 

diorganotin(IV) complexes are presented in Tables 4.8 and 4.9 respectively. 

Table 4.8: Infrared spectral data for TRIS ligands 

Ligands/ 
Wavenumber 

(cm-1) 
TA TB 

ν (O-H) 3230b 3233b 

ν (C=N) 1631s 1634s 

ν (-O-C=C ) 1524s 1525s 

ν (C-O) 1192m 1194m 

ν (C-O-C) 1048s, 1017m 1047s, 1016m 

ν(C-H)asym /  
ν(C-H)sym 

2923s, 2853s 2919s, 2851s 

 
*b = broad, s = strong, m = medium, w = weak 

 

Table 4.9: Infrared spectral data for TRIS diorganotin(IV) complexes 

Complexes/ 
Wavenumber 

(cm-1) 
TA1 TA2 TB1 TB2 

ν(O-H) 3124b 3220b 3177b 3213b 

ν (C=N) 1599s 1607s 1599s 1606s 

ν (-O-C=C ) 1529m 1529w 1529m 1529w 

ν (C-O) 1199w 1190w 1187w 1190m 

ν (C-O-C) 1066m, 
1037m 

1078w, 
1020w 

1067m, 
1038m 

1078w, 
1020w 

ν(Sn-O) 756w 748w 757w 749w 

ν(Sn-N) 484w 485w 487w 482w 

ν(C-H)asym /  
ν(C-H)sym 2920s, 2849s 2923s, 2854s 2920s, 2849s 2924s, 2855s 

*b = broad, s = strong, m = medium, w = weak 

Univ
ers

ity
 of

 M
ala

ya



65 

4000 3500 3000 2500 2000 1500 1000 500

50

60

70

80

90

100

 Sn-N

Sn-O

%
 T

cm
-1

OH

 O-C=C

C-O-C C-O
 C=N

C-H

C-H

 

    Figure 4.7: IR spectrum of TA1 
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4.2.1.3 The IR spectra of the NAH ligands and its metal complexes  

 

Figure 4.8: The structure of NAH metal complexes 

Figure 4.8 show the structure of metal complexes. Figure 4.9 shows the spectrum of 

CoNA. The weak band of ν(C-O-C) symmetrical stretching frequencies is observed in the 

range 1027 - 1086 cm-1 for the metal complexes.  

A broad band was ascribed to ν(OH) and ν(NH) bands in the 3155 - 3187 cm-1 region 

of the spectra of the ligand, as well as complexes due to the ligand and water molecules 

being associated with the complexes (Pawanoji & Mehta, 2009). The band due to ν(C=N) 

at 1626 - 1627 cm-1 in the free ligand shifts to a higher frequency on complexation 

suggests coordination via the azomethine group. The metal complexes show strong 

CoNA/ NB: n = 10/ 12  
NiNA/ NB:  n = 10/ 12  
CuNA/ NB: n = 10/ 12  
ZnNA/ NB:  n = 10/ 12  
CdNA/ NB: n = 10/ 12  
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Figure 4.9: IR spectrum of CoNA 
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absorption in 1599 - 1608 and 1626 - 1634 cm-1 region due to ν(C=N-N=C) and ν(C=N)  

stretching frequencies (Thilagavathi et al., 2010; Miao, 2012; Saif et al., 2016), 

confirming the coordination of C=N group to the metal ion for all the prepared complexes. 

The ligand exhibits ν(C-O) stretching vibration at 1169 - 1171 cm-1, while in the metal 

complexes, ν(C-O) absorption band appears at 1168 - 1180 cm-1, which were compared 

to the corresponding (C-O) vibration of the reported free ligand (Kavitha & Lakshmi, 

2015). The new bands in the range 640 - 674 cm-1 and 483 - 499 cm-1 region in all of the 

complexes were assigned to ν(M-O) and ν(M-N) stretching vibrations, respectively. The 

ν(M-O) and ν(M-N) stretching frequencies of these metal complexes were slightly higher 

than the reported values due to electron donating group, which was an alkoxy long chain 

attached to the ligand (Pawanoji & Mehta, 2009; Saif et al., 2016). The IR spectroscopy 

range was limited to only 4000 - 450 cm-1 only, thus, it was not confidently assigned to 

the peak of M-O and M-N stretching bonds. The characteristics of the infrared stretching 

frequencies for metal complexes are presented in Tables 4.10. 

Table 4.10: Infrared spectral data for NAH metal complexes  

Complexes/ 
Wavenumber 

(cm-1) 
(O-H) ν(C=N) (-C=N-N=C-) (C-O) (C-O-C) (M-O) (M-N) 

CoNA 3166b 1626s 1608s 1180w 1084m, 1027w 674w 499w 

NiNA 3157b 1629s 1603s 1172m 1081w, 1028w 640w 488w 

CuNA 3156b 1630s 1608s 1172m 1068m, 1029w 638w 497w 

ZnNA 3155b 1628s 1600s 1179m 1086w, 1029w 674w 483w 

CdNA 3156b 1629s 1601s 1169w 1078m, 1031w 651w 494w 

CoNB 3168b 1627w 1602w 1170m 1082m, 1029w 652w 492w 

NiNB 3160b 1630w 1603w 1168w 1082m, 1029w 651w 489w 

CuNB 3187b 1634w 1608w 1170m 1066m, 1032w 650w 496w 

ZnNB 3155b 1628w 1599s 1169s 1086m, 1032w 651w 486w 

CdNB 3160b 1633w 1601m 1169sh 1078m, 1031w 651w 495w 

*b = broad, s = strong, m = medium, w = weak 
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4.2.2 Nuclear Magnetic Resonance (NMR) spectral data 

Most of the prepared ligands and diorganotin(IV) complexes were dissolved in 

deuterated DMSO, except for NA1, TA, TB, TA2, and TB2, which were dissolved in 

deuterated CDCl3. Solvent residue peak for DMSO and CDCl3 are as reported (Gottlieb, 

et al., 1997; Babij et al., 2016). Meanwhile, the NMR experiment could not be carried out 

for metal complexes, due to solubility issues such that most of the solid do not dissolve 

well in several deuterated solvents.  

4.2.2.1 The 1H and 13C NMR spectra of the NAH ligands and its diorganotin(IV) 

complexes  
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Figure 4.10: 1H-NMR spectrum of NA 
 

In Figure 4.10 shows 1H NMR spectra of NA, the methylene protons, H(22, 23, 24, 

25, 26, 27, 28, 29 and 30, 31) appeared as multiplets in the range of 1.20 - 1.74 ppm 

similar range as in the diorganotin(IV) complexes. The methyl protons, H(30 or 32) of 

the ligands and its diorganotin(IV) complexes were in the range of 0.78 - 0.89 ppm (Pavia 

et al., 2014). Meanwhile, the methylene protons for long alkoxy chain, H(21) appeared 

H(30) 

H(21) 
H(10) 

--
H

(3
) 

H(1) 

H(22, 23, 24, 25,  
26, 27, 28, 29) 

H(5, 6, 8, 11, 13,  
14, 15, 16, 18) 
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as a triplet in the range of 3.91 - 3.99 ppm. The chemical shift in the range of 6.18 - 7.94 

ppm and 8.39 - 8.85 ppm are assigned to the aromatic protons, H(5, 6, 8, 11, 13, 14, 15, 

16, 18) of the ligands and diorganotin complexes. The methine protons of the azomethine 

group, -N=C(H)-, H(3), occurred as a single peak at 8.40 and 8.24 for ligands, while 8.41 

and 8.54 ppm for diorganotin(IV) complexes, making it comparable to the reported values 

(Samanta et al., 2007). In the diorganotin(IV) complexes spectra (Figure 4.13), the 

decrease in the integration value of the hydroxy protons signal suggests that tin(IV) atom 

is bonded to one of the oxygen atoms of the Schiff base ligand via the replacement of one 

of its phenolic protons. The hydroxyl, H(10) in the ligands appeared in the range of 11.31 

- 11.32 ppm, while the small signal present in the region between 11.47 - 11.69 ppm in 

the diorganotin(IV) complexes showed that phenoxy proton on the naphthalene ring did 

not bind to tin(IV) atom. In the 1H NMR spectra of the ligands, a singlet at 12.02 ppm is 

assigned to the NH proton H(1) (Lee et al., 2013). However, the signal disappeared in the 

spectra of the complexes (Figure 4.11) due to the engagement of the imine nitrogen atoms 

in complexation. 1H NMR chemical shifts are listed in Tables 4.11 and 4.12, respectively. 

Table 4.11: 1H NMR chemical shifts for the NAH ligands 
 
 

 

 

 

 

 

 

Ligands/ δ 
(ppm) NA NB 

H(5, 6, 8, 11, 
13, 14, 15, 

16, 18) 

6.30-6.48 (m, 3H) 
7.28-7.49 (m, 3H) 

7.70-7.72, d (1H, J = 8.4) 
7.85-7.87, d (1H, J = 8.0) 

8.53 (s, 1H) 

6.38- 6.52 (m, 3H) 
7.08-7.11, d (1H, J = 8.8) 

7.44-7.51 (m, 2H) 
7.65-7.60, d (1H, J = 9.2) 

7.71-7.77 (m, 1H) 
8.39 (s, 1H) 

H(3) 8.40 (s, 1H) 8.24 (s, 1H) 

H(10) 11.31 (s, 1H) 11.32 (s, 1H) 

H(1) 12.02 (s, 1H) 12.08 (s, 1H) 

H(21) 3.91-3.94, t (2H, J = 6.4) 3.93-3.97, t (2H, J = 6.8) 

H(30 or 32) 0.78-0.81, t (3H, J = 6.4) 0.83-0.87, t (3H, J = 6.8) 

H(22, 23, 24, 
25, 26, 27, 
28, 29 and 

30, 31) 

1.20-1.66 (m, 16H) 1.22-1.74 (m, 20H) 
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Table 4.12: 1H NMR chemical shifts for the NAH diorganotin(IV) complexes 

 

 

 

 

 

 

 

 

 

Complexes/ δ 
(ppm) 

NA1 NA2 NB1 NB2 

H(5, 6, 8, 11, 13, 
14, 15, 16, 18) 

6.22-6.38  
(m, 2H) 

7.40-7.44  
(m, 4H) 

7.65-7.67, d   
(1H, J = 8)   
7.78-7.80, d   
(1H, J = 8)   
8.55 (s, 1H) 

6.45-6.50 
(m, 2H) 

7.30-7.50 (m, 
4H) 

7.71-7.73, d  
(1H, J = 8) 
7.86-7.88, d  
(1H, J = 8) 

8.57  (s, 1H) 

6.18-6.35 
(m, 2H) 

7.27-7.47 (m, 
4H) 

7.72-7.74, d  
(1H, J = 8.4) 
7.92-7.94, d  
(1H, J = 8) 

8.85  (s, 1H) 

6.45-6.50  
(m, 2H) 

7.31-7.50  
(m, 4H) 

7.72-7.74, d  
(1H, J = 8.4) 
7.86-7.88, d  
(1H, J = 8) 
8.54 (s, 1H) 

H(3) 8.45 (s, 1H) 8.45  (s, 1H) 8.45  (s, 1H) 8.41  (s, 1H) 

H(10) 11.69 (s, 1H) 11.49 (s, 1H) 11.47 (s, 1H) 11.47 (s, 1H) 

H(21) 3.94-3.97, t  
(2H, J = 6.4) 

3.92-3.95, t  
(2H, J = 6.4) 

3.96-3.99, t  
(2H, J = 6.4) 

3.93-3.96, t  
(2H, J = 6.4) 

H(30 or 32) 0.85-0.89, t  
(3H, J = 7.2) 

0.81-0.83, t  
(3H, J = 7.2) 

0.83-0.87, t  
(3H, J = 7.2) 

0.80-0.84, t  
(3H, J = 7.2) 

H(22, 23, 24, 25, 
26, 27, 28, 29 
and 30, 31) 

1.26-1.78  
(m, 16H) 

1.20-1.69  
(m, 16H) 

1.24-1.70  
(m, 20H) 

1.24-1.66  
(m, 16H) 

Sn-R (R = CH3 : 
NA1 & NB1,  

R = 
CH2CH2CH2CH3: 

NA2 & NB2) 

0.79 (s, 6H)  0.79-1.88 
(m, 18H) 0.77 (s, 6H) 0.79-2.02 

(m, 18H) 

Figure 4.11: 1H-NMR spectrum of NA1 
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The 13C NMR spectra of ligand is shown in Figure 4.12. C(7) is attached to the electron 

donating groups substituents with lone pairs, they activate the aromatic ring by increasing 

the electron density on the ring through a resonance donating effect.  The chemical shift 

of the C(7) for the Schiff base ligands and the diorganotin(IV) complexes appeared in the 

range 154.25 - 160.03 ppm.  

 

 

 

 

 

 

 

Figure 4.12: 13C-NMR spectrum of NA 

While the chemical shift for C(3) of the ligands (NA and NB) and complexes (NA1, 

NA2, NB1 and NB2) were in the range 156.24 - 162.26 ppm. The carbonyl carbon C(20), 

was more deshielded than C(3), where its chemical shift was in the region at 162.28 - 

165.60 ppm. The methyl carbon of long alkoxy chain C(30 and 32) appeared in the region 

at 14.17 - 14.49 ppm for both ligands and its diorganotin(IV) complexes. There are new 

signals appeared in the complexes spectrum (Figure 4.13) at 6.84, 8.83, 9.05, 10.50, 

14.44, 14.48, 22.61, 22.62, 29.08 and 31.21 ppm indicated that for the alkyl group 

substituent of tin(IV). The signal of the methylene carbons of long alkoxy chain C(22, 

23, 24, 26, 27, 28, 29 and 30, 31) for the Schiff base ligands and its diorganotin(IV) 

complexes appeared in the region at 22.60 - 31.98 ppm, with some of the peaks 
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overlapping with each other. The aromatic carbons C (4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18, 19) were found in the range of 101.86 - 160.03 ppm for both ligands and 

complexes (Majumder et al., 2017). The structure of the ligands and its diorganotin 

complexes are shown in Figure 4.16. The 13C NMR chemical shifts for NAH ligands and 

its diorganotin(IV) complexes are listed in Tables 4.13. 
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Figure 4.13: 13C-NMR spectrum of NA1 
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Table 4.13: 13C NMR chemical shifts for NAH compounds 

Compound/  δ 
(ppm) NA NA1 NA2 NB NB1 NB2 
C(3) 159.95 162.04 162.26 156.24 161.06 162.24 
C(7) 154.60 159.95 160.03 154.25 155.66 159.98 

C (4, 5, 6, 8, 9,  
10, 11, 12, 13, 14, 
15, 16, 17, 18, 19) 
 
 
 
 
 
 
 

102.11 
107.54 
111.11 
112.10 
120.40 
124.42 
126.38 
127.30 
127.35 
129.21 
130.74 
131.68 
136.40 
149.90 
152.59 

101.86 
107.25 
110.87 
112.51 
120.07 
124.12 
126.15 
126.20 
127.03 
128.94 
130.47 
131.42 
136.17 
149.83 
154.43 

102.10 
107.47 
111.14 
112.10 
120.12 
124.33 
126.36 
127.27 
128.81 
129.19 
130.71 
131.68 
136.45 
149.99 
154.77 

102.59 
106.19 
111.00 
111.99 
120.00 
123.96 
125.99 
126.51 
128.83 
129.36 
131.50 
132.21 
135.50 
145.04 
151.70 

102.00 
107.52 
110.30 
111.45 
119.18 
123.81 
126.27 
127.26 
128.30 
129.17 
130.23 
136.37 
136.83 
148.14 
154.63 

102.09 
107.52 
111.09 
112.10 
120.39 
124.36 
126.38 
127.27 
128.81 
129.19 
130.70 
131.63 
136.39 
149.87 
154.63 

C(20) 162.28 165.52 163.90 162.70 165.6 163.87 
C(21) 68.21 67.92 68.17 59.58 68.11 68.17 

C(22, 23, 24, 26, 
27, 28, 29 and  
30, 31) 
 
 
 
 
 

22.60 
25.96 
29.04 
29.19 
29.23 
29.44 
29.49 
31.80 

22.33 
25.69 
28.80 
28.95 
28.95 
29.19 
29.19 
31.54 

22.61  
25.98 
29.08 
29.23 
29.26 
29.47 
29.52 
31.82 

22.75 
25.34 
29.01 
29.20 
29.43 
29.75  
29.75 
30.99 
31.30 
31.98 

22.62 
25.95 
29.01 
29.23 
29.48 
29.53 
31.22  
31.22 
31.82 

 

22.54 
22.62 
25.99 
29.06 
29.23 
29.50 
29.53 
30.99 
31.21 
31.82 

C(30 and 32); CH3 14.47 14.20 14.44 14.17 14.49 14.48 
Sn-R  
(R = CH3 : NA1 & 
NB1,  
R = 
CH2CH2CH2CH3: 
NA2 & NB2) 

None 
 
 

8.83 
 
 

9.05 
14.44 
29.08 
22.61 

 

None 
 
 

6.84 
 
 

10.50 
14.48 
31.21 
22.62 

 

a)  b)  

Figure 4.14: The structure of NAH a) ligand and b) diorganotin(IV) complex 

NA: n = 8, NB: n = 10 NA1: R = CH3, n = 8,  NA2: R = C4H9, n = 8 
    NB1: R = CH3, n = 10, NB2: R = C4H9, n = 10 
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4.2.2.2 The 1H and 13C NMR spectra of the TRIS ligands and its diorganotin(IV) 

complexes 

In the 1H NMR spectra of TA (Figure 4.15), the methyl protons for long alkoxy chain 

H(21 and 23) were presented as triplets in the range of 0.84 - 0.88 ppm, while in the 

diorganotin(IV) complexes (Figure 4.16), the range was 0.79 - 0.92 ppm. 
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 The methylene protons for long alkoxy chain H(13, 14, 15, 16, 17, 18, 19, 20 and 21, 

22) of the ligands and complexes appeared as multiplets in the range from 1.20 - 1.68 

ppm. While the signal for the methylene protons attached to hydroxyl H(9, 10, 11) was 

in the range of 3.56 - 3.91 ppm. The signal for methylene of alkoxy long chain H(12) 

appeared between 3.87 - 4.00 ppm (Sui et al., 2007). The 1H NMR chemical shifts of the 

hydroxyl protons H(2) in the ligands were found to be 3.98 - 3.99 ppm, while for the 

diorganotin(IV) complexes, the chemical shifts were slightly downfield in the region of 

4.03 - 4.93 ppm as the oxygen was bonded to tin(IV) atom. The integration value of the 

 H(2) / H(12) H(1, 3, 4, 5, 6) 

--
H

(7
) 

H(9, 10, 11) 

H(21) 

H(13, 14, 15, 16, 17, 18, 
19, 20) 

Figure 4.15: 1H-NMR spectrum of TA 
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hydroxyl protons signal was decreasing for the diorganotin(IV) complexes, due to one 

oxygen atom of the Schiff base ligand being bonded to the tin(IV) atom via the 

replacement of one of the phenolic proton. When these synthesized ligands reacted with 

diorganotin(IV) ions, the ligands get deprotonated from one phenolic proton and one 

hydroxyl proton thus diorganotin(IV) complex is formed. Furthermore, the multiplet 

peaks at 6.02 - 7.41 ppm were assigned to the aromatic protons H(1, 3, 4, 5, 6) of the 

ligands and the diorganotin(IV) complexes. Meanwhile, a single peak at 7.41 ppm was 

assigned to the methine protons of the azomethine carbon H(7) of the ligand, and the 

signals were shifted downfield in the diorganotin(IV) complexes at the region 8.29-8.30 

ppm. The value of azomethine proton observed was slightly lower from those reported 

for the Schiff base ligands (Sui et al., 2007). 1H NMR chemical shifts are listed in Tables 

4.14 and 4.15, respectively. 

Table 4.14: 1H NMR chemical shifts for TRIS ligands 

Ligands/ δ 
(ppm) TA TB 

H(1, 2, 3, 4,  
5, 6) 

6.39, d (1H, J = 2.4), 
6.49-6.52,  dd (1H, J = 9.2, 2.4) 

7.38 (s, 1H) 

6.39-6.40, d (1H, J = 2.4) 
6.50-6.52, dd (1H, J = 8.4, 2.4) 

7.39, s (1H) 
H(7) 7.41 (s, 1H) 7.41 (s, 1H) 

H(2) 3.98 (s, 3H) 3.99 (s, 3H) 

H(12) 3.97-4.00 (m, 6H) 3.97-4.00 (m, 6H) 

H(9, 10, 11) 3.60-3.64 (m, 2H) 3.61-3.64 (m, 2H) 

H(21 and 23) 0.84-0.88, t (3H, J = 6.8) 0.84-0.88, t (3H, J = 6.8) 
H(13, 14, 15, 
16, 17, 18, 19, 
20 and 21, 22) 

1.23-1.81 (m, 18H) 1.24-1.79 (m, 20H) 
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Table 4.15: 1H NMR chemical shifts for TRIS diorganotin(IV) complexes 

 Complexes/ δ 
(ppm) 

TA1 TA2 TB1 TB2 

H(1, 2, 3, 4, 5, 6) 

6.02-6.03,d   
(1H, J = 4.0) 
6.17-6.19, dd 
(1H, J = 8.8, 

2.1) 
7.15-7.17, d  
(1H, J = 8.0) 

6.38, d 
(1H, J = 2.0) 

6.48-6.50 
(m, 1H)  

7.38-7.40 dd 
(1H, J = 7.2, 

1.2) 

6.02, d 
(1H, J = 2.4) 
6.17-6.20, dd 
(1H, J = 8.8, 

2.4) 
7.16-7.18, d 
(1H, J = 8.8) 

6.40, d  
(1H, J = 2) 

6.50-6.53, dd 
(1H, J = 6.8, 

2.0) 
7.39-7.41, d 
(1H, J =8.0) 

H(7) 8.29 (s, 1H) 8.30 (s, 1H) 8.29 (s, 1H) 8.30 (s, 1H) 

H(2) 4.93 (s, 2H) 4.03 (s, 2H) 4.34 (s, 2H) 4.18 (s, 2H) 

H(12) 3.87-3.99  
(m, 6H) 

3.96-3.99  
(m, 6H) 

3.96-3.99 (m, 
6H) 

3.95-3.97  
(m, 6H) 

H(9, 10, 11) 3.56-3.66  
(m, 2H) 

3.60-3.62  
(m, 2H) 

3.87-3.91 (m, 
2H) 

3.65-3.67  
(m, 2H) 

H(21 and 23) 0.79-0.83, t   
(3H, J = 8.0) 

0.90-0.92, t  
(3H, J = 6.0) 

0.79-0.83, t  
(3H, J = 8.0) 

0.89-0.91, t  
(3H, J = 8.0)  

H(13, 14, 15, 16, 
17, 18, 19, 20 
and 21, 22) 

1.20-1.64  
(m, 16H) 

1.24-1.65  
(m, 20H) 

1.20-1.68  
(m, 16H) 

1.28-1.48  
(m, 20H) 

Sn-R (R = CH3 : 
TA1 & TB1,  

R = 
CH2CH2CH2CH3: 

TA2 & TB2) 

0.36 (s, 6H) 0.84-1.81  
(m, 18H) 0.37 (s, 6H) 0.92-1.81  

(m, 18H) 
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 Figure 4.16: 1H-NMR spectrum of TA1 
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In the 13C NMR spectrum of Schiff base ligands (Figure 4.17), signals of the 

azomethine carbons C(7) appeared at 166.57 ppm while in the diorganotin(IV) complexes 

it appeared at 166.56, 166.57 and 171.34 ppm. 
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Figure 4.17: 13C- NMR spectrum of TA 

In addition, 13C NMR spectra for TA1 complexes (Figure 4.18) displayed a significant 

downfield shift for the carbon resonances in comparison to the free ligands. C(2) is shifted 

to higher frequency in the complexes, 165.52, 162.66, 163.60 and 163.85 ppm for TA1, 

TA2, TB1 and TB2 respectively compared to the ligands 159.92 (TA) and 158.81 (TB) 

ppm, this is indicative that the phenolic hydrogen has been replaced by the tin(IV) atom 

(Mu et al., 2014). The chemical shift value for C(9, 10, 11) was found at  59.60 ppm for 

the ligands, while for the diorganotin(IV) complexes, its chemical shift value range was 

slightly wider, between 59.59 and 67.07 ppm, due to the influence of the interaction 

between the methylene oxygen with the tin(IV) atom. The aromatic carbons C (1, 3, 4, 5, 

6) were assigned in the region at 101.14 - 164.61 ppm for Schiff base ligands and slightly 
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downfield at 101.11 - 171.27 ppm for diorganotin(IV) complexes. The signals for the 

quarternary carbon C(8) were observed between 67.07 - 68.70 ppm in both ligands and 

diorganotin(IV) complexes. There is a new signal appeared in the complexes spectrum at 

1.02 and 1.06 ppm for TA1 and TB1 respectively indicated the carbon of  

Sn-CH3. These new signals at 13.66, 13.70, 18.97, 18.97, 26.57, 26.71, 27.20 and 27.35 

ppm indicated for carbon bonded to Sn-CH2CH2CH2CH3 in TA2 and TB2 (Dey et al., 

2011). While the 13C NMR chemical shifts for TRIS ligands and its diorganotin(IV) 

complexes are listed in Tables 4.16. The structure of the ligands and its diorganotin 

complexes are shown in Figure 4.19. 
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Figure 4.18: 13C-NMR spectrum of TA1 
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Table 4.16: 13C NMR chemical shifts for TRIS compounds 

 

Compound/  δ 
(ppm) TA TA1 TA2 TB TB1 TB2 
C(2)  159.92 165.74 162.66 158.27 163.60 163.85 
C(7) 166.57 171.34 166.56  166.57 171.31 166.57 
C(8) 68.70 67.07 68.69 68.70 68.04 68.70 

C (9, 10, 11, 12) 
 

59.60 
68.70 

 

61.84 
65.03 
68.02 

51.58 
62.76 
68.69 

59.60 
68.70 

 

 
67.07 
68.04 
68.52 

62.86 
63.21 
59.59 
68.70 

C (1, 3, 4, 5, 6) 
 
 

101.14 
108.88 
115.08 
135.29 
164.61 

104.18 
106.29 
112.06 
138.09 
171.27 

101.11 
108.87 
115.06 
135.30 
164.59 

101.14 
108.88 
115.08 
135.29 
164.61 

101.64 
108.26 
116.56 
138.09 
165.75 

101.12 
108.91 
115.07 
135.30 
164.62 

C (13, 14, 15, 16,  
17, 18, 19, 20 and 
21, 22) 
 
 
 
 

22.75 
25.99 
28.99 
29.38 
29.61 
29.78 
31.01 
31.96 

22.63 
25.95 
29.01 
29.23 
29.23 
29.47 
29.51 
31.83 

22.75 
25.98 
28.98 
29.38 
29.60 
29.77 
31.52 
31.95 

22.77 
25.99 
28.99 
29.38 
29.61 
29.70 
29.72 
29.78 
31.01 
31.99 

22.61 
25.89 
25.93 
28.92 
28.99 
29.23 
29.48 
29.53 
31.19 
31.81 

22.79 
25.99 
26.71 
28.99 
29.43 
29.62 
29.71 
29.79 
31.32 
32.00 

C(21 and 23)   14.18  14.48 14.19 14.19 14.45 14.22 
Sn-R :  CH3  and 
CH2CH2CH2CH3 
(CH3 : TA1 & TB1, 
and 
CH2CH2CH2CH3 : 
TA2 & TB2) 

None 
 
 

1.06 
 
 

13.70 
18.97 
27.35 
26.71 

None 
 
 

1.02 
 
 

13.66 
18.97 
27.20 
26.57 

b) a) 

TA: n = 8, TB: n = 10 TA1: R = CH3, n = 8 , TA2: R = C4H9, n = 8 
    TB1: R = CH3, n = 10, TB2: R = C4H9,  n = 10 

 Figure 4.19: The structure of TRIS a) ligand and b) diorganotin(IV) complex 
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4.2.3 Magnetic susceptibility of the NAH transition metal complexes 

(a) Bis[N’-(4-decyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]- 

cobalt(II), CoNA 

The value was calculated using the formula: μeff = 2.83[T(χm
corr - Nα)]½, and the 

following data: Mw = 980.081 g mol-1, χg = 4.78 x 10-6 cm3 g-1, χm = 4.68 x 10-3 cm3  

mol-1, χdia= -1.72 x 10-4 cm3 mol-1, and χm
corr = 4.86 x 10-3 cm3 mol-1. Moments in the range 

of 4.7 - 5.2 B.M. and 2.0 - 2.2 B.M. are expected for high spin and low spin octahedral 

complexes respectively. However, a magnetic moment of 3.40 B.M. was observed for 

this CoNA complex at 298 K due a reasoned reported before which is a combination of 

spin equilibrium (spin-crossover) between the high spin and low spin octahedral 

geometries (Osowole et al., 2016).  The magnetic moment observed was lower than the 

reported value which is in the range of 4.34 - 4.62 B.M. (Hanif & Chohan, 2013). 

(b) Bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-hydrazidato]- 

nickel(II), NiNB 

The value of μeff, calculated from the values of Mw = 1035.849 g mol-1, 

 χg = 6.43 x 10-6 cm3 g-1, χm = 6.49 x 10-3 cm3 mol-1, χdia = -1.72 x 10-4 cm3 mol-1, and  

χm
corr = 6.67 x 10-3 cm3 mol-1 was 3.99 B.M. at 298 K which seems to agree with reported 

values of 3.80 - 4.02 B.M. (Mohamed et al., 2006). The moments in the range of 2.8 - 3.5 

B.M were reported for high spin octahedral Ni(II) while low spin octahedral Ni(II) 

complexes were diamagnetic (Al-Shaheen et al., 2012; Osowole et al., 2016). The 

observed moment was a combined spin equilibrium (spin-crossover) between the high 

spin and low spin octahedral geometries. 
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(c) Bis[N’-(4-dodecyloxy-2-oxidobenzylidene)-3-hydroxy-2-naphtho-hydrazidato]-

copper(II), CuNB 

The value of μeff was calculated using the same formula  mentioned above at 298 K 

from the values of Mw = 1040.802 g mol-1, χg = 2.14 x 10-6 cm3 g-1, χm = 2.17 x 10-3 cm3 

mol-1, χdia = -1.72 x 10-4 cm3 mol-1, and χm
corr = 2.34 x 10-3 cm3 mol-1 (Al-Ne’aimi, 2012). 

The magnetic moment value of 2.37 B.M. falls within the range normally observed for 

octahedral Cu(II) complexes (Mohamed et al., 2009). Mononuclear copper(II) complexes 

usually are observed in the range of 1.9 - 2.2 B.M. moment, regardless of stereochemistry, 

due to the orbital contribution and spin-orbit coupling moment is expectedly higher than 

the spin only moment (Osowole et al., 2016). 

(d) The diamagnetic transition metal complexes of Zn(II) and Cd(II) 

The Zn(II) and Cd(II) complexes were found to be diamagnetic in nature as expected 

for d10 configuration (Sunitha et al., 2012; Kumar et al., 2014). 

4.2.4  Single crystal X-ray diffraction (SCXRD) study 

The NA1 complex has a molecular formula of Sn(CH3)2(C28H32N2O4). Crystal NA1 

crystallized in monoclinic crystal system with I2/a space group as shown in Figure 4.20.  

 

 

The tin(IV) atom displays a distorted C2NO2 between ideal trigonal bipyramidal and 

square pyramidal. The bond angle of O(1) —Sn—O(3) is 157.14°, which it deviated from 

the ideal angle of 180°, thus showing the distorted trigonal bipyramidal geometry of the 

Figure 4.20: The molecular structure of NA1 
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structure (Yang et al., 2016; Zafarian et al., 2017). The Schiff base coordinates to the 

tin(IV) atom as a tridentate ligand via the hydrazinyl-N atom, the hydroxyl O atom and 

the carbonyl O atom with the Sn—N(2) distance is 2.1503 (16) Å, Sn–O(1) bond lengths 

is 2.1600 (15) Å and Sn—O(3) bond length is 2.0984 (15) Å (Hong et al., 2013a).  Other 

bond lengths such as Sn—C(29) and Sn—C(30) are 2.112 (2) Å and 2.106 (2) Å, 

respectively (Yang et al., 2016). All the bond distances are in good agreement with other 

previously known hydrazone diorganotin(IV) complexes in the literatures. Selected bond 

distances and angles are listed in Table 4.17. 

Table 4.17: Selected bond lengths (Å) and bond angles (°) for NA1 crystal 

 

 

 

 

 

The packing diagram of NA1 (Figure 4.21) showing an intramolecular hydroxyl-O-

H···N(hydrazinyl) hydrogen bond, O(2)-H(2)O...N(1) 2.580 (2) is in close agreement 

with values reported in literature (Wang et al., 2014). The crystallographic details of NA1 

crsytal is listed in Table 4.18. 

Sn—O1  2.1600 (15) 
Sn—O3 2.0984 (15) 
Sn—N2 2.1503 (16) 
Sn—C29 2.112 (2)  
Sn—C30 2.106 (2) 
O1—Sn—O3 157.14 (6) 
O1—Sn—N2 73.16 (6) 
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Figure 4.21: Packing diagram of NA1 showing hydrogen bonds interactions (2.580) 
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Table 4.18: Crystallographic and refinement details for NA1 complex1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

1 Computer programs: QMol (Gans & Shalloway, 2001), DIAMOND (Brandenburg, 2006), SHELXS (Sheldrick, 2008), publCIF 
(Westrip, 2010), ORTEP-3 for Windows (Farrugia, 2012), SHELXL2014 (Sheldrick, 2015) and CrysAlis PRO (Rigaku Oxford 
Diffraction, 2015).  

Empirical formula C30H38N2O4Sn 

Formula weight 609.31  
Temperature/K 100 

Crystal system Monoclinic 

Space group I2/a 

a / Å  25.2622 (9) 

b / Å  7.4543 (2) 

c / Å  29.9819 (11) 

α / ° 90.00 

β / °  102.349 (4) 

γ / ° 90.00 

Volume / Å3 5515.3 (3)  

Z  8 

µ / mm−1 0.96  

Radiation  Mo Kα, λ = 0.71073 Å 

Crystal size / mm 0.26 × 0.21 × 0.09  

Absorption coeficient, (mm-1), F(000) 2512 

Tmin, Tmax 0.756, 1.000  

No. of measured, independent and 

observed I > 2σ(I) reflections  

38191, 7182, 6371 

Rint 0.038 

(sin θ/λ)max (Å-1) 0.696 

R [F2 > 2σ(F2)], wR(F2), S  0.031, 0.076, 1.01 

Data/restraints/parameters 7182/1/340 

∆ρmax, ∆ρmin (e Å−3)  0.80, -1.32 

(∆/σ)max 0.006 Univ
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4.2.5 CHNS elemental analysis 

Elemental analysis were done to several compounds only. Even though, the found 

values have more than +/- 0.40 % difference than the calculated values, but the range was 

not too far. The differences of percentage CHN calculated value of complexes from found 

values were probably influenced by the presence of solvent residue or impurities in the 

compounds (Sainorudin et al., 2015). Type of solvents such as water, DMF, ethyl acetate, 

and ethanol. For example, a trace of ethanol and water can be spotted in the NA1 1H NMR 

spectrum as shown in Figure 4.11. A small peak at 1.25, 1.42 and 3.72 ppm for ethanol 

and 1.56 ppm for water residue peak (Gottlieb et al., 1997; Babij et al., 2016). Data for 

elemental analysis for C, H, and N are shown in Table 4.19. 

Table 4.19: Elemental analysis of diorganotin(IV) complexes 

Complexes Element% 
Anal. Calc (Found) 

Differences % 

C H N C H N 
NA1 59.13 (60.20) 6.29 (7.17) 4.60 (4.21) -1.07 -0.88 0.39 
NB1 60.30 (59.09) 6.64 (7.63) 4.39 (5.38) 1.21 -0.72 -0.99 
NB2 63.25 (63.92) 7.54 (7.67) 3.88 (3.99) -0.67 -0.13 -0.11 
TA1 52.29 (51.75) 7.44 (7.33) 2.65 (2.25) 0.54 0.11 0.4 

 

4.3 Part 2: Anticancer studies 

4.3.1 Cytotoxicity activities of NAH ligands and its diorganotin(IV) complexes 

By using the MTT assay, cytotoxic activity of NAH Schiff base ligands and its 

diorganotin(IV) complexes were summarized in Table 4.20. Cisplatin was used as 

positive control, and the IC50 values of HT29 and MCF7 were taken from Lee et al., 

(2013).  

All NA series reported good cytotoxic activities for HT29 cell lines in the range of 

0.17 - 1.62 μg mL-1. For NA series, the effect of carbon chain length on the substituent of 

the complexes was clearly seen that the ligand have better anticancer activity than the 

dimethyltin(IV) and dibutyltin(IV) complexes against HT29. Nevertheless, the series 
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demonstrated poor cytotoxic activity against MCF7 cell line. Meanwhile, for NB series, 

all compounds displayed very weak cytotoxic activity in both tested cell lines, except for 

NB2 against MCF7 which was 0.25 μg mL-1.  

In short, among this diorganotin(IV) complexes, NA1 showed the lowest IC50 value 

equivalent with excellent cytotoxicity activities when tested in vitro across two human 

cancer cell lines, indicating its high potential as an anticancer drug. Overall, the NA series 

were more selective towards HT29 cancer cell line, while the NB series were more 

selective towards MCF7 cancer cell line. The results also indicate that different type of 

alkyl groups attached to the organotin(IV) moiety has different effects on anticancer 

activity (Hong et al., 2013a). Many organotin(IV) compounds dibutyltin(IV) derivatives 

reported have displayed both higher activity and lower toxicity (Singh & Singh, 2014). 

The degree of toxicity for alkyl group substituted organotin(IV) complexes varies with 

the certain organism tested (Carraher & Roner, 2014). 

Table 4.20: Cytotoxic activities of NAH ligands and its diorganotin(IV) complexes 

 

 

 

 

 

*IC50 values (μg mL-1) = inhibition concentration at 50%, i.e., concentration to reduce 
growth of cancer cells by 50%. 

 

 

Compounds IC50 (µg mL-1)* 
HT29  MCF7 

Cisplatin 
(Lee et al., 2013) 5.0± 0 2.4±0.6 

NA 0.17 ± 0.03 10.51 ± 0.37 
NA1 0.29 ± 0.03 8.35 ± 0.87 
NA2 1.62 ± 0.61 >30 
NB 10.54 ± 1.34 9.23 ± 0.912 
NB1 >30 9.82 ± 0.76 
NB2 >30 0.25 ± 0.02 Univ
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4.3.2 Cytotoxicity activities of TRIS ligands and its diorganotin(IV) complexes 

The results of cytotoxic activity of TRIS ligands and diorganotin(IV) complexes on 

HT29 and MCF7 cell lines were analyzed using mean of cell viability and expressed as 

IC50 values are shown in Table 4.21. Cisplatin was used as positive control and its IC50 

values of HT29 and MCF7 were taken from Lee et al., (2015). 

The results showed that the ligands and complexes resulted in good cytotoxic activities 

for both cells at 2.34 - 5.70 μg mL-1. Also, complexes TA2 and TB2 reported better 

cytotoxic activity than TA1 and TB1 towards HT29 and MCF7 cell lines. Generally, the 

dibutyltin(IV) derivatives of TA and TB series were more cytotoxic than dimethyltin(IV) 

against both cell lines. Furthermore, TA2 and TB2 (n = 10) which have a longer chain of 

carbon on the ligand as substituent showed better cytotoxicity activity than TA1 and TB1 

(n = 12).  

The end results indicated that majority of all the compounds react selectively towards 

HT29 cells, the longer carbon chain length on the ligand as substituent gives better 

anticancer activities and different type of alkyl groups attached to the organotin(IV) 

moiety result in different effects of anticancer activity (Hong et al., 2014).  

 Table 4.21: Cytotoxic activities of TRIS ligands and its diorganotin(IV) complexes 

 

 

 

 

 

 

Compounds IC50 (µg mL-1) 
HT29  MCF7 

Cisplatin 
(Lee et al., 2013) 5.0 ± 0 2.4 ± 0.6 

TA 5.17 ± 0.66 5.70 ± 0.52  
TA1 10.04 ± 0.70 0.74 ± 0.14 
TA2 0.98 ± 0.51 2.24 ± 0.16 
TB 2.34 ± 0.32 5.26 ± 0.35 
TB1 3.98 ± 0.57 6.32 ± 0.71 
TB2 0.56 ± 0.20 2.07 ± 0.39 
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Figure 4.22: General structures of (a) NAH diorganotin(IV) complexes and (b) TC2 
diorganotin(IV) complexes 

 

4.4 Part 3: Formulation studies of diorganotin(IV) complexes from previous 

research conducted by Lee (2010) 

The diorganotin(IV) complexes from a previous research were used in the formulation 

part (Lee et al., 2012; Lee et al., 2013). The general structure of the complexes is shown 

in Figure 4.22, while its names are listed in Table 4.22.  

  

 

 

 

Table 4.22: List of anticancer drugs of NAH and TRIS diorganotin(IV) complexes 

  

 

 

 

 

4.4.1 Preparation of niosome-encapsulated diorganotin(IV) complexes  

The microencapsulation vesicle (MCV) method is reported to produce homogenous 

particle size with a high encapsulation efficiency and good stability. Frequently, the 

outcome is influenced by the preparation conditions,  such as a type of organic solvent, 

intensity, and the time of mechanical agitation in each emulsification (Ohshima & 

Makino, 2014).  By using MCV method, the formulation of niosome-encapsulated ND2 

with 10 mM concentration produces a particle size of 278 ± 25 nm if agitated overnight. 

Two hours agitation yields three peaks which are 724 ± 289 nm, 207 ± 52 nm and  

Diorganotin(IV) complexes Molecular weight, g/mol 

R = Me, X = Br, Y = H; NC1 531.967 

R = Bu, X = Br, Y = H; NC2 616.127 

R = Me, X = Cl, Y = H; ND1 487.516 

R = Bu, X = Cl, Y = H; ND2 571.678 

R = Me, X = Br, Y = CH3; NE1 545.994 

R = Bu, X = Cl, Y = CH3; NF2 585.590 

R = Bu, X = Cl; TC2 678.500 
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Figure 4.23: General structure of the diorganotin(IV) complexes where (a) is the 
structure for NC-NF series while (b) is the structure for TC2 

5370 ± 329 nm with the fraction of 87%, 11%, and 2% respectively. In addition, the 

particle size can be reduced down to 128 ± 13 nm with ethanol injection method. 

4.4.2 Percentages of drug encapsulation efficiency, %EE and drug loading, %DL 

The general structures of diorganotin(IV) complexes of NC to NF series and TC2  are 

shown in the Figure 4.23. The percentage of encapsulation efficiency, %EE and drug 

loading, %DL were calculated and tabulated in Table 4.23. 

 

 

 

 

Table 4.23: %EE, %DL and IC50 (µg mL-1) values of (HT29) and (MCF7) of 
     diorganotin(IV) complexes and common drugs  

 

 

Complexes %EE %DL HT29 MCF7 

R=Me, X=Br, Y=H, NC1 99 88 5.0 ± 0.0 17 ± 3.6 

R=Bu, X=Br, Y=H, NC2 >99 89 6.7 ± 0.6 5.3 ± 0.6 

R=Me, X=Cl, Y=H, ND1 97 86 6.0 ± 0.0 71 ± 4.6 

R=Bu, X=Cl, Y=H, ND2 >99 89 2.3 ± 1.2 8.5 ± 0.5 

R=Me, X=Br, Y=CH3, NE1 80 85 0.9 ± 0.1 0.62 ± 0.01 

R=Bu, X=Br, Y= CH3, NF2 >99 88 0.7 ± 0.0 0.69 ± 0.01 

R=Bu, X=Cl, TC2 99 87 8.2 ± 0.2 2.2 ± 1.2 

5-Fluorouracil  55  
 

4 2.6 ± 0.4 12.03 ± 1.49 

(Fan et al., 
2014) 

(Flis & 
Splawinski, 

2009) 

(Li et al., 
2013) 

Paclitaxel  80 31 0.061± 0.001 7.0 ±9.2 

(Joshi et al., 
2014) 

(Dagar et al., 
2012) 

(Sain et al., 
2006) 

Univ
ers

ity
 of

 M
ala

ya



90 

The trend in NC and ND series showed that bigger molecular weight of the 

diorganotin(IV) complexes would result in higher loading efficiency. That could be due 

to the saturation of the media with diorganotin(IV) complexes that forces the drug to be 

encapsulated into niosomes (Mokhtar et al., 2008). Furthermore, the encapsulation 

efficiency and drug loading were found to be in the range of 80 - 99% and 86 - 89%, 

respectively. Moreover, both values for %EE and %DL of the synthesized 

diorganotin(IV) complexes were higher than the common drugs, such as 5-fluorouracil 

and paclitaxel. The diorganotin(IV) complexes were hydrophobic drugs that have poor 

solubility in water. Despite the formulations for hydrophobic drugs are normally uneasy, 

it has the advantage of providing a higher percentage of encapsulation efficiency as 

reported in Mehta and Jindal (2013) where all the hydrophobic drugs showed %EE more 

than 90%.  

Paclitaxel is a hydrophobic drug and %EE reported as 80%. The synthesized 

diorganotin(IV) complexes showing higher %EE compared to paclitaxel because their 

molecular structures are smaller. Paclitaxel has a molecular weight of 853.906 g/mol 

while the molecular weight of the synthesized diorganotin(IV) complexes are in a range 

of 487.516 to 637.781 g/mol. NC2, ND2, and NF2 showed the highest encapsulation 

efficiencies with values are about 99%. The reason for the high encapsulation efficiencies 

for hydrophobic drugs is they do not leak due to diffusion (Nii & Ishii, 2005). Moreover, 

the chain length of the glycolipid surfactant could also affect the encapsulation efficiency 

of the drug. The glycolipid used in this formulation is a branched chain, containing a total 

of 16 carbons and the longer chain part is with 10 carbons. The longer the chain length, 

the higher the encapsulation efficiency (Kumar & Rajeshwarrao, 2011). Furthermore, the 

series of NC, ND, NE, and NF contained more ring in their structures than the TC series; 

yet the entrapment efficiency for the TC2 complex was almost similar, at 99%. 
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4.4.3 Particle size and zeta potential measurements 

DLS was used to measure particle size and zeta potential of drug loaded niosomes. 

Two complexes, ND2 and TC2 were used as prototypical drugs for the encapsulation and 

characterization. The size distribution and its percentage, polydispersity index (PDI) and 

their zeta potential are displayed in Table 4.24. 

Table 4.24: The size and zeta potential of selected complexes 

 

The particle size measured with the light scattering is presented as a size in diameter 

and goes along with the PDI. PDI is the square of the light scattering polydispersity. This 

is used to describe the degree of “non-uniformity” of a distribution. For a perfectly 

uniform sample, the PDI would be 0.0. If the PDI values are between 0.1 - 0.25, indicating 

a narrow size distribution, while a PDI greater than 0.5 was related to a broad distribution 

Complex, 
concentration Method PDI Size, nm % 

Zeta 
potential, 

mV 
No  MCV 0.2 278±25 100 - 

No Ethanol 
injection 0.3 97±1 100 - 

ND2, 10 mM Ethanol 
injection 0.3 128±13 100 -25±2 

ND2, 10 mM 
 

MCV 
(agitated 

overnight) 
 278±25 100 - 

ND2, 10 mM MCV 0.4 
724±289 
207±52 

5370±329 

75 
23 
2 

-33±5 

ND2, 25 mM 
MCV (fresh) 0.3 

627±257 
164 ±37 

5327±376 

87 
11 
2 

Not 
measured 

MCV   
(after 3 days) 0.2 402±200 

4316±1023 
97 
3 

Not 
measured 

ND2, 50 mM 

MCV 
(fresh) 0.3 431±112 

113±16 
92 
8 

Not 
measured 

MCV 
(after 3 days) 0.2 400±215 

5227±458 
>99 
<1 

Not 
measured 

TC2, 10 mM 

MVC 
(fresh) 0.2 269±96 

4744±753 
95 
5 -36±5 

MCV 
(after 3 days) 0.2 296±132 

4816±717 
99 
1 

Not 
measured Univ
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(Lobato et al., 2013; Wu et al., 2013). In this research, the PDI is in a range of 0.2 to 0.4. 

Ethanol injection method enables to produce nanosize carriers.  

Another physical property that obtained from the light scattering measurement is the 

zeta potential. A zeta potential measurement enables to predict the stability of a colloidal 

formulation. The high magnitude of zeta potentials indicates strong repulsive interactions 

of the carriers with the encapsulated drugs, which stabilize a colloidal dispersion, while 

low zeta potential indicates instability in terms of coagulation or flocculation. Zeta 

potentials value in a range between 0 mV to ±5 mV refers to rapid coagulation or 

flocculation. While a range of 10 mV to 30 mV, positive or negative, indicates developing 

instability. Reasonable stability is the value in between 30 mV and 40 mV, whereas good 

stability requires a range from 40 mV to 60 mV. Zeta potentials exceeding 60 mV are 

related with tremendous dispersion stability (Greenwood & Kendall, 1999; Hanaor et al., 

2012; Hussen & Heidelberg, 2016). The zeta potentials ND2 were of -25±2 mV and  

-33±5 mV based on two different methods and environment. The 5% ethanol v/v is 

suspected to be the reason why the outcome from ethanolic injection method showing 

slightly low value. The formulation of TC2 gives -36.2 mV.  

Overall, drug formulation with diorganotin(IV) complexes was reasonably stable. The 

zeta potential could be related to surfactant type or encapsulation efficiencies that might 

affect the zeta potential values according to what has been reported (Bayindir & Yuksel, 

2009). In this case, the ethanol acting as a co-surfactant hence influenced the stability of 

the formulation. However, the benefit to use ethanol injection method is the particle size 

was much smaller with lower PDI.   

4.4.4 Niosome morphology  

Only the morphology of niosome-encapsulated ND2 was studied as an example in this 

work due to its higher percentage of encapsulation efficiency and a higher percentage of 
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drug loading among other complexes. The concentration of the niosome-encapsulated 

diorganotin(IV) complex is 10 mM and was prepared using MCV method. The 

photomicrograph is shown in Figure 4.24. 

 

 

 

 

 

 

 

 

 

 The photomicrograph confirmed that the drug carriers are niosome because they were 

spherical in shape as reported for vesicles (Mehta & Jindal, 2013; Anbarasan et al., 2013). 

The photomicrograph also is in agreement with the DLS measurement. Based on the DLS 

measurement, there are varies in size where the biggest niosomes are about 2%. 

Furthermore, a few niosomes in micro size are spotted and there are more particles below 

1000 nm as well. 

4.4.5 In vitro release study 

The in vitro release study of the niosome-encapsulated ND2 was conducted. The 

niosome-encapsulated diorganotin(IV) complexes were freshly prepared using MCV 

method and was examined for more than 100 days. The release profiles of ND2 is shown 

in Figure 4.25.  

 

 

Figure 4.24: The photomicrograph of ND2 niosome 
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It was observed that the release rate of ND2-niosomes sharply increased to 2.6% in  

24 hours. The release was significant up to about day 50, the R2 value was obtained 0.986 

in Higuchi plot, 0.799 in the first order, and that 0.939 in zero order. This shows the best 

fit with higher correlation was found with the Higuchi's equation thus, ND2 release 

exhibits a linear relationship against the square-root of time. The entrapped ND2 was still 

releasing but slowly even until the last day it was observed.  Even though the ND2 

complex is suitable for colon cancer treatment, oral delivery is not suitable for the drug 

administration. Oral administration is designed for immediate release of drug for rapid 

absorption. As an anticancer drug, intravenous administration is one of the suitable way 

to manage the niosome-encapsulated ND2. Moreover, based on the release study, this 

formulation can achieve a prolonged therapeutic effect by continuously releasing 

medication over an extended period of time after administration of a single dosage. 

Common anticancer drugs for treating colon and breast such as paclitaxel and 5-

fluorouracil are administered through an intravenous injection (Saville et al., 1995). 

Figure 4.25: In vitro release profile of ND2 formulation in 102 days, data  
    represents mean, n=2 
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CHAPTER 5: CONCLUSION  

A total of eighteen compounds were synthesized and characterized in this work but 

several compounds were used in the niosomal formulation and anticancer activities. 

These compounds comprised of four Schiff base ligands derived from either NAH or 

TRIS ligand, four NAH and four TRIS diorganotin(IV) complexes, and ten other metal 

complexes. The compounds were characterized using IR, 1H, and 13C NMR 

spectroscopies and elemental analysis.  In 1H NMR and IR studies, the observations 

indicated that -C=N-N=C- hydrazone bond in the aliphatic free ligands could undergo 

keto-enol tautomerism. In TRIS diorganotin(IV) complexes spectrum, ν(C=N) bands are 

all shifted to lower wavenumbers compared to the free ligand due to coordination of the 

metal to the imine nitrogen. The magnetic susceptibility analysis showed that the 

transition metal complexes were octahedral geometry and paramagnetic, except for Cd(II) 

and Zn(II), which were diamagnetic and not transition metal. Single crystal structures 

were solved for one compound only. The SCXRD studies showed the distorted features 

of a C2NO2 coordination geometry falling in between the ideal trigonal bipyramidal and 

square pyramidal for the NA1 crystal. The space group of a NA1 crystal is I2/a, and it 

was crystallized in a monoclinic crystal system.  

In terms of anticancer properties, it was proven by cytotoxic activity that the most 

promising diorganotin(IV) complexes were NA1 and TB2. The IC50 value of NA1 were 

0.29 ± 0.03 μg mL-1 for HT29 and 8.35 ± 0.87 μg mL-1 for MCF7, while for TB2 against 

HT29 and MCF7, the IC50 values were 0.56 ± 0.20 μg mL-1 and 2.07 ± 0.39 μg mL-1, 

respectively. Both showed the highest cytotoxicity activity when tested in vitro across 

both human cancer cell lines, indicating its significant potential for both HT29 and MCF7 

anticancer drugs. In terms of the overall activities, the diorganotin(IV) complexes were 

selectively more on colon cancer cell line. Even though, as stated in Chapter 1 the focuses 

of this research is to design the anticancer drugs for breast cancer, only NB2 and TA1 
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showing excellent IC50 values for MCF7 which were 0.25 ± 0.02 and 0.74 ± 0.14 

respectively. It was evident that the anticancer activities of the complexes were strongly 

dependent on their respective substituents. Considering, the serious side effects and 

upcoming resistance of clinical reference drugs, these several new compounds are more 

useful candidates for the development of novel therapeutic agents to treat cancer. 

 The encapsulation efficiency of the niosome-encapsulated NAH diorganotin(IV) 

complexes was in a range of between 80 to 99%. The study on the niosome-encapsulated 

ND2 confirmed that it is in a spherical shape and their sizes were within the desired range 

for intravenous injection administration route, which was about 100 nm prepared by 

ethanolic injection method. The drug formulation is reasonable stable based on the zeta 

potential value. Niosome-encapsulated ND2 complex showed a slow drug release profile 

for 102 days. Therefore, niosome-encapsulated diorganotin(IV) complex is a good 

candidate for sustain and control release for longer periods of time.  

For future work, the structures for the rest of complexes studied in this work need to 

be ascertained by X-ray crystallography of single crystals and CHN analysis. The 

anticancer activities of other metal complexes also can be pursued to determine whether 

they will exhibit good cytotoxicity. The formulation of the new compounds in this work 

has yet to be studied besides the compounds obtained from the previous work. Therefore, 

efforts to determine the percentage of encapsulation efficiency and drug loading, size, 

morphology and also drug release of the compounds will be continued. This is important 

in order to increases the compounds chances of succeeding in in vitro assay, clinical trials 

and ultimately to be used as therapeutic drugs. Furthermore, for future study, one of it 

could be to find out what is the required level of drug within the desired (or therapeutic) 

range. 
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