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SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL ACTIVITIES OF 

ACRIDINE DERIVATIVES AND THEIR PLATINUM COMPLEXES 

ABSTRACT 

New compounds have been successfully synthesized. The chemical structure of all 

synthesized compounds, were characterized by using elemental analysis CHN, FTIR, 1H 

NMR, 13C NMR, APT NMR, Thermal gravimetric analysis (TGA) and single X-ray 

crystallography. Ligands were derived from acridine and various substituent of aniline, 

then reacted with Pt(II) salt to form the complexes. The ligand consists of four aromatic 

rings which three of it are in the form of acridine parent skeleton structure and another 

one is the substituent of aniline. The synthesized ligands were coordinated to the platinum 

salt via nitrogen atom, in which the core is in the turn of tetrahedral with either chloride 

or DMSO attached to it. The acridine acts as a neutral N-monodentate ligand. The reaction 

of ligands with Pt(II) salt in 1:1 (ligand/metal) molar ratio afforded complexes of Pt G3, 

Pt G4 and Pt G7. In the presence of sodium acetate, the reaction of acridine with 

PtCl2DMSO2 remain in base condition to form acridine platinum complexes. The acridine 

derivatives and its platinum complexes were found to have a significant cytotoxicity value 

towards three cancer cell lines, namely MCF-7, HL60 and HT29 but not toward the 

normal liver WRL-68 cell line. The biological activities have been conducted for all of 

the synthesized compounds, through MTT cytotoxicity assay and selected compound on 

acute toxicity. All compounds were significantly inhibited the proliferation of MCF-7, 

HL60 and HT29 cells that was shown in the cytotoxicity assay (IC50 value). Doxorubicin 

was used as a positive control. Hence the synthesized compounds are promising to be the 

future drugs as they are highly potent to induce apoptosis in MCF-7 or HL60 cells via 

intrinsic mitochondrial pathway. 

Keywords: acridine; heterocycle; acute toxicity; antiproliferative 
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SENTESIS, PENCIRIAN DAN AKTIVITI BIOLOGI TERHADAP TERBITAN 

AKRIDIN DAN KOMPLEKS PLATINUMNYA 

ABSTRAK 

Beberapa sebatian baru telah berjaya disintesiskan. Struktur kimia bagi semua sebatian 

yang disintesis telah dicirikan dengan menggunakan analisis unsur CHN, FTIR, 1H NMR, 

13C NMR, APT NMR, analisis gravimetrik terma (TGA) and kristalografi hablur tunggal 

sinaran-X. Ligan telah direkabentuk daripada akridin dan pelbagai penyambungan anilin, 

seterusnya tindakbalas dengan garam Pt(II) bagi membentuk kompleks. Ligan 

mengandungi empat gelang aromatik yang dimana tiga daripadanya adalah daripada 

struktur utama akridin, manakala satu lagi daripada penyambungan anilin. Koordinasi 

platinum berlaku pada atom nitrogen daripada ligan, yang terasnya terdiri daripada 

geometri tetrahedral dengan pengkoordinasian sama ada klorida atau DMSO. Akridin 

bertindak sebagai ligan N-monodentat neutral. Tindakbalas dengan garam Pt(II) dalam 

nisbah 1:1 (ligan:logam) membentuk kompleks Pt G3, Pt G4 dan Pt G7. Natrium asetat 

digunakan dalam tindakbalas akridin dengan PtCl2DMSO2 untuk mengekalkan keadaan 

beralkali bagi pembentukan kompleks platinum. Terbitan akridin dan kompleks 

platinumnya mempunyai nilai sitotoksisiti terhadap tiga sel kanser, terdiri daripada MCF-

7, HL60 and HT29 tetapi bukan terhadap sel hati WRL-68 yang normal. Aktiviti biologi 

telah dijalankan keatas semua sebatian yang disintesis, melalui ujian sitotoksisiti MTT 

dan ujian ketoksikan akut pula untuk sebatian terpilih sahaja. Semua sebatian dapat 

merencat percambahan sel MCF-7, HL60 dan HT29 yang telah ditunjukan dalam ujian 

sitotosisiti MTT (nilai IC50). Doksorubisin telah digunakan sebagai kawalan positif. 

Kesimpulannya, semua sebatian yang disintesis mempunyai potensi sebagai ubat pada 

masa hadapan memandangkan aktiviti apoptosis yang berkesan di dalam sel MCF-7 atau 

HL60 melalui jalur mitokondria intrinsik. 

Kata kunci: akridin; heterosiklik; ujian ketoksikan akut; antiproliferatif
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CHAPTER 1: INTRODUCTION 

1.1 Introduction 

Acridine is a class of organic compounds known as π-electron-deficient heterocycles 

that possess a number of unique chemical and physical properties (Korth et al., 2001; 

Kumar et al., 2015). Acridine structure consist of a nitrogen and aromatic rings with the 

formula of C13H9N. The present of aromatic ring like the aza-aromatic compounds will 

show the potential of compound toward the biological and physical application. The 

aromatic ring have their own ability to contribute its behavior to transfer an electron either 

donating the electron or withdrawing the electron to form the stable formation of 

molecule. Then, the aromatic ring also known as a bulky compound which somehow good 

in the metallation reaction to form complex. The chelating agents also one of the factor 

that exists in acridine compound. The nitrogen atom in acridine act as N-donor ligand, 

which has a high tendency to form the cyclometallate compounds (Aitken et al., 2007; 

Budzisz et al., 2007; Mochida et al., 2006). The behavior of nitrogen atom as a heteroatom 

will enhance the chelate between metal and acridine.   

Nowdays, the modification of acridine by metallation is an interesting field for 

researchers in their quest to discover new potent anticancer agents (Ding et al., 2014; 

Hernán-Gómez et al., 2015; Souibgui et al., 2014). Most of researcher were focus on these 

compounds due to the unique of its skeleton. There are many ways to synthesis the 

skeleton of acridine namely; Bernthsen acridine synthesis, Friedlander synthesis and 

Ullman reaction (Garnier et al., 2018; Godino-Ojer et al., 2018; Kim et al., 2018; Saini & 

Dharawath, 2018).  
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1.1.1 Bernthsen Acridine Synthesis 

The Bernthsen reaction (Figure 1.1), one of the earliest used for the synthesis of 

acridines, (II) consists of heating a mixture of an aromatic or aliphatic carboxylic acid 

(acid anhydride) with a diphenylamine (I) and zinc chloride at 200-270 °C for about 

twenty hours (Popp, 1962). 

 

Figure 1.1: Bernthsen Acridine Synthesis 

In some cases, the Bernthsen reaction needs polyphosphoric acid as catalyst (Das & 

Thakur, 2011). For example, a reaction of diphenylamine with benzoic acid in 

polyphosphoric acid for 15 minutes at 200 °C resulting in the formation of acridine 

compound. However, the reaction of p-nitrobenzoic acid with zinc chloride to form 

acridine is not as successful that is due to the existence of nitro- substituent. The nitrogen 

atom owned by the nitro group will delocalized the electrons to form the stable condition 

affecting the acridine. 

1.1.2 Friedländer Synthesis 

Another synthetic way to synthesis acridine is by the reaction of ketone with 2-

aminobenzaldehydes, catalyzed by trifluoroacetic acid, iodine and toluene sulfonic acid 

(Figure 1.2). The reaction was named after a German chemist, Paul Friedländer (1857-

1923). The method involving an acid- or base-catalyzed condensation reaction followed 

by the cyclodehydration between substituted aromatic aldehyde and ketone which 

containing α-methylene group (Jia et al., 2006; Teimouri & Chermahini, 2016). Hence, 

this synthetic pathway was proven to be the most simple method to synthesis acridine or 

poly substituted quinolones (Cheng & Yan, 2004; Wang, 2010). 

Univ
ers

ity
 of

 M
ala

ya



3 

 

Figure 1.2: Friedländer Synthesis 

 

1.1.3 Ullmann Reaction 

A coupling reaction between aryl halides and copper also known as Ullmann coupling 

(Figure 1.3) (Sambiagio et al., 2014). There are two important mechanism of Ullmann 

reaction; first, a radical mechanism when a single electron transferred from the copper 

metal to the alkyd halide to form an aryl radical. Then the final biaryl products were 

formed when two aryl react together. Second, a mechanism starts with an oxidative 

addition of copper to aryl halide followed by single electron transfer to form an 

organocuprate reagent. Next, the organocuprate performs another oxidative addition on 

aryl halide. Lastly, the final biaryl product formed after the reductive elimination 

(Mondal, 2016). Figure 1.4 shows the synthetic pathway of 2-phenylamino benzoic acid 

via Ullmann reaction. 

 

Figure 1.3: Ullmann Reaction 
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The unique of acridine skeleton either in acid or base form will contribute to many 

applications. In physical applications, acridine orange (AO) (Dai et al., 2016; Kawasaki 

et al., 2017; Rubio-Pons et al., 2001; Zhang et al., 2015) has been used as the detection 

of tumors, metasteses, and residual disease after surgical excision (Gensicka-

Kowalewska et al., 2017; Mondek et al., 2014). Acridine orange is a cell permeant nucleic 

acid binding dye which can emits green fluorescence when it bound to DNA. While, the 

red fluorescence emits when bound to DNA or RNA. Due to this characteristic, the 

acridine orange is useful in cell-cyle studies. Meanwhile, acridine yellow has been used 

as a dye-like biomolecule (Fahrenholtz et al., 2016; Mukherjee et al., 2016) in numerous 

photosensitizer studies. Others usage of acridine such as in solar cell production (Liu et 

al., 2016),   in which acridine yellow is involved in the synthesis of TiO2 films containing 

nanosized semiconductor particles. While in the biological activity, acridine can primarily 

be attributed to its core structure which are benzene ring and either –NHCH2- or –

NHCH2CH2- groups. Other substituents that attach to acridine (Borovlev et al., 2016; 

Sondhi et al., 2013), are proven to be able to enhance the biological potency of acridine 

and reduce its side effects following interaction with DNA (Bacherikov et al., 2005; Di 

Giorgio et al., 2008; Ketron et al., 2012; Loza-Mejía et al., 2009).   

 

Figure 1.4: Synthesis 2-Phenylamino benzoic acid by Ullmann reaction 

 

 

Univ
ers

ity
 of

 M
ala

ya



5 

Acridine also reported to act as chemotherapeutic drugs especially as antileukemic 

agent (Gao et al., 1998; Janočková et al., 2015). A polycyclic aromatic compound of 

acridine with the ᴨ-conjugate structure will enhance intercalate into DNA. Furthermore, 

amsacrine (m-AMSA), an acridine derivative, was proven to be the first known DNA-

intercalating agent, or topoisomerase II inhibitor (Almeida et al., 2016; Janovec et al., 

2011; Lang et al., 2013). Acridine also possesses a wide range of other biological 

activities, which include antibacterial (Benoit et al., 2014; Wainwright, 2001), 

trypanocidal (Gamage et al., 1997), antimalarial (Prajapati et al., 2017; Valdés, 2011) and 

antiparasitic activities (Caffrey et al., 2007).  
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1.2 The objective of study 

The objectives of this study are: 

1. To synthesis a series of acridine derivatives. 

2. To synthesis platinum complexes using the synthesized acridine. 

3. To elucidate the structure of acridine derivatives and platinum complexes by using 

various spectroscopic techniques, single crystal X-ray, CHN and TGA analyses.  

4. To investigate their biological properties of the ligands and platinum complexes 

obtained. 

This thesis is divided into five chapters. Chapter 1; an introduction of general acridine 

derivatives and the type of synthesis skeleton of acridine. Chapter 2 is about the literature 

review of acridine properties and the potential of substituents and metal toward acridine. 

Then, some information about the general introduction of biological application 

especially anticancer with acridine derivatives. In Chapter 3 will describes detail about 

the methods used to synthesize acridine derivatives and its complexes. The procedures of 

the MTT test and acute toxicity test toward mice is also outlined in this chapter. Chapter 

4 consists of the results and discussion of the studied compounds. The six compounds 

were characterized by FTIR, NMR, CHN analyses and X-ray crystallography. The 

reaction mechanism of acridine compound is also discussed in this chapter. Lastly, 

Chapter 5 summarized the general conclusions and future work about this research. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Acridine 

The acridines represent an important group that is structurally related to anthracene as 

shown in Figure 2.1. This organic molecule have similarity to the acridine skeleton.  

Acridine consist of three parent rings which one of the central CH group being replaced 

by nitrogen atom. In room temperature, acridine is mildly basic and form in pale yellow 

in crystal condition or colorless solid precipitate. Acridine is one of the agents with 

interest in the field of photodynamic therapy and biological activity (Kumar et al., 2017; 

Sondhi et al., 2010). Other usage of acridine as in biological field for example, the 

derivatives of 9-anilinoacridine was shown to inhibit. P. falciparum growth in culture and 

to inhibit parasite DNA topoisomerase II activity in vitro for malaria study 

(Auparakkitanon & Wilairat, 2000).  

 

Figure 2.1: The similarity skeleton of acridine and anthracene 

 

Acridine was derived from the synthesis pathways, which has similarity as xanthone 

(Ba-gen et al., 2014; Goodell et al., 2006; See et al., 2014) as shown in Figure 2.2. 

Xanthone was derived from the natural product of α-mangostin that was isolated from 

various parts of the mangosteen Garcinia mangostana L. (Clusiaceae). Aza-aromatic 

system consists in these parent structure allowed acridine or xanthone being evaluated as 
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anti-cancer agents (Yang et al., 2014) via cytotoxicity activity screening using human 

cancer cell lines (Giri et al., 2010) 

 

 

Figure 2.2: The skeleton of acridine, xanthone and thioxanthone 

The parent acridine can exist in two tautomeric form – imine or amine form as shown 

in Figure 2.3. When the nitrogen atom binds to C-9 in acridine compound these two 

tautomeric will form.  However the presence of the substituent will affect the equilibrium 

of tautomeric (Kumar et al., 2013; Mignon et al., 2013). Somehow different types of 

solvent might also change the two tautomers. Next, the delocalization of the π-π electrons 

in the aromatic ring would enhance the tendency of acridine to bind with other 

substituents and the formation of organometallic or coordination compounds when 

reacted with metals (Kumar et al., 2016). The combination of acridine molecule with 

metals will improve the potential and behavior of acridine derivatives. Heavy metals such 

as platinum, palladium and gold are used to bind with ligand or organic compound (Becka 

et al., 2017; Prajina et al., 2016; Zhao et al., 2015). An example of 1-acridin-9-yl-3-

methylthiourea Au(I) is a complex that displays its antiproliferative activities specially 

by interfering with mitochondrial thioredoxin reductase (TrxR) (Pereira et al., 2017; 

Perez et al., 2017). In addition, acridine derivatives have been identified to trigger their 

antitumor properties through the inhibition of different enzyme. Acridine derivatives 
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form a ternary complex in which it is intercalated into DNA and the aniline side chain 

interacts with the enzyme in biological application (Kumar et al., 2017). 

 

 

Figure 2.3: Two tautomeric form of 9-aminoaniline 

 

2.2 Platinum complexes 

Platinum is group VIII in periodic table of the transition metals which is the heaviest 

member compared to other metal. The cisplatin is one example compound from this group 

having potential uses in the cure of several diseases (Lovejoy & Lippard, 2009). Metal-

based drugs have been known since very ancient time’s either soft or heavy metals. For 

example soft metal, silver employed in the treatment of wounds and ulcers (Medici et al., 

2015). In medicine, metal-based started almost 50 years when cisplatin was shown to 

inhibits cellular division which directly have attention of researchers because pool of 

transition “heavy” metals as potential therapeutic agents.  

Besides that, the fact that platinum is much more inert than palladium, is not surprising 

that the preparation of cycloplatinated primary amines still remains uncommon and its 

general synthetic methods need to be further develop. Platinum complexes (Dell’ Amico 

et al., 2015; Gallego et al., 2007; Sun et al., 2013; Zhao et al., 2014) which is square-
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planar cyclometallated, currently studied for purposes which include the preparation of 

bio-active molecules in anticancer and the synthesis of new photo-active materials 

(Matesanz et al., 2014) 

Other than that, palladium (II) (Aguirre et al., 2007; Matesanz et al., 2013) have their 

own behavior in term of chelating with ligands, which is differ from Pt(II). They expose 

a greater propensity to exchange their ligands. So, the rapid hydrolysis of palladium-based 

drugs can occur easily. Palladium complexes are inactive as therapeutically agent but 

toxic due to higher reactivity. Pd(II) complexes have been reported the cytotoxicity 

activity against human myelogenous leukemia and prostate cancer (Aguirre et al., 2007; 

Budzisz et al., 2007; Ramachandran et al., 2012). 

Metals chelating with compounds containing N, S and O donor atoms show broad 

biological activity, because of the lone pair of that atoms will binds to the DNA or protein. 

Ligands containing these atoms also will enhance the cyclometallation with metals due 

to the variety of ways, they can coordinate to metal. Cyclometallation of N-donor ligands 

by platinum, palladium or other metals was remained as one of the major topics in 

organometallic chemistry (Guo et al., 2017). Although a large variety of N-containing 

ligands have been successfully cyclometalated, however its take long time to unfold the 

synthesis method. 

 

2.3 The biological important of acridine and its derivatves 

In medicinal and pharmaceutical research, designing and development of anticancer 

drugs exhibiting superior cytotoxicity with strong DNA and protein binding ability are 

highly entreat, in order to expand and improve cancer therapy. One of a central role in 

cancer chemotherapy, widely used as platinum-based anticancer drug is cisplatin [cis-
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diamminedichloroplatinum (II)]. Cisplatin currently endorse the treatment of testicular 

cancer ovarian and bladder (Chen et al., 2018; Comsa et al., 2018; Obrist et al., 2018). 

Proteins and phospholipids are the biomolecule which the reaction take place where 

cisplatin are induce in cancer cells. However, the drugs is rapidly distributed throughout 

the whole body upon administration, interacting both with healthy and cancerous tissues. 

There are a few effects cause by cisplatin which are nephrotoxicity, emetogenesis and 

neutoxicity. In simple word, it could reverse the degeneration of normal cells which can 

cause cancer.  

Starting from that issues, there are many researchers dig the knowledge of synthesizing 

or modifying of all anticancer drugs which may be lead to the discovery of new 

compounds that can contribute to the biomedical research (Chen et al., 2009; Gama et al., 

2012; Temple et al., 2002). Acridine derivatives is one of the compound that shows good 

potential as anticancer especially when intercalating with DNA or RNA (Chang et al., 

2003). There are two ways of interaction of DNA with nuclei acids of acridine derivatives, 

either (i) via intercalation between double-stranded DNA base pairs and inhibition of a 

DNA topoisomerase II Amsacrine enzyme or (ii) via stabilization of alternative four 

stranded DNA structures call G-quadruplexes, BRACO‐19 (9‐(4‐(N,N‐

dimethylamino)phenylamino)‐3,6‐bis(3‐pyrrolodinopropion amido) acridine) (Medapi et 

al., 2016; Olszewska et al., 2014). The acridine-based drug which is 9-aminoacridine 

hydrochloride hydrate showed better antibacterial efficacy when they conjugated with 

gold nanoparticle against strains of Gram positive and Gram negative bacteria (Mitra et 

al., 2014). The use of antibiotics and inorganic nanoparticle together is the best idea 

because bacteria have resistance against one of the components, while another component 

could kill them in a different manner. (Kim et al., 2017). 
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CHAPTER 3: METHODOLOGY 

3.1 Materials and Instrumentation 

The chemicals and solvents were obtained from Merck, Sigma Aldrich or Fisher 

Scientific and used without further purification unless stated otherwise. The 2-

(phenylamino)benzoic acid was synthesized according to the described procedure (Lang 

et al., 2013; Li et al., 2014) with slight modifications. 

The Infrared (IR) spectra of the synthesized compounds were recorded using Perkin 

Elmer FTIR spectrometer within the range of 400-4000 cm-1. The Nuclear Magnetic 

Resonance of protons (1H NMR) and carbons (13C NMR) spectra were recorded on AVN 

Bruker 400 FT-NMR and Jeol ECX DELTA 400 MHz spectrometer using deuterated 

DMSO or chloroform as solvent. Elemental analyses for the determination of the carbon, 

hydrogen and nitrogen (CHN) compositions were performed by using elemental analyzer 

Perkin Elmer CHNS/O 2400 series II. Thermal gravimetric analysis was recorded on a 

Perkin Elmer TGA 4000 thermogravimetric analysis (TGA). The single crystal X-ray 

diffraction data collection of some of the complexes were performed on a Bruker APEX 

II CCD diffractometer at 100 K employing graphite-monochromated Mo Kα radiation 

(λ=0.71073Å). The intensities were collected using ω - 2θ scan mode in the range of 3.1° 

< θ < 26.0°. All structures were solved using a direct method by SHELXS-97 program 

(Sheldrick, 2008) and refined by a full matrix least-square method on F2 using SHELXL-

97 program package (semi-empirical absorption corrections were applied using SADABS 

program). The melting points of the compounds were determined using a capillary 

melting point apparatus, MEL-TEMP II Laboratory Devices USA.  
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3.2 General preparation of ligands and their complexes 

The routes towards synthesing the acridine derivatives involve four steps as shown in 

Scheme 3.1. First part is to bind the aniline with 2-chlorobenzoic acid to form the 2-

(phenylamino)benzoic acid, G1 which consists of secondary amine group. Next, the 

cyclization of, G1 occur when react with phosphorous oxychloride (POCl3) at 135 °C 

overnight, (Kalirajan et al., 2012) the yellow precipitate of 9-chloroacridine, G2 formed. 

Then, G2 react with aniline to form acridin-9-ly-phenyl-amine G3, acridin-9-ly-(3,5-

dimethoxy-phenyl)-amine G4 and acridin-9-ly-(4-fluoro-phenyl)-amine G7. Two 

methods were utilized to synthesis the Pt complexes. The Pt G3 and Pt G7 was reacted 

with cis-dichloro(dimethylsulfoxide) (cis-PtCl2(DMSO)2) in absolute ethanol as solvent 

and sodium acetate (NaOAc) as base. The Pt G4 however, was reacted with Pt using 

mixture of methanol:toluene (2:1) as solvent. 
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Scheme 3.1: General overview to produce derivatives of acridine. Reagents and 
conditions: (a) K2CO3, Cu, CuI, DMF, 130 °C; (b) POCl3, 138 °C, (c) 
K2CO3, KI, absolute ethanol, 78 °C; (d) PtCl2DMSO2, NaOAc, 
methanol:toluene (2:1), 65 °C; (e) PtCl2DMSO2, NaOAc, ethanol 
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3.3 Preparation of the precursors  

3.3.1 Synthesis of 2-(phenylamino)benzoic acid, G1 

 

Scheme 3.2: Synthesis of 2-(phenylamino)benzoic acid, G1 

A G1 was synthesized using a similar procedure as previously described (Lang et al., 

2013; Li et al., 2014). 2-chlorobenzoic acid (6.0 g, 38.32 mmol), aniline (4.28 g, 45.98 

mmol), potassium carbonate required to remove excess of chlorine in reaction, (10.59 g, 

76.64 mmol), copper powder (1.22 g, 19.16 mmol) and copper iodide (1.83 g, 9.58 mmol) 

was dissolved in DMF and refluxed at 130 °C in oil bath overnight. The copper act as 

catalyst to increase the reactivity of aryl amine to form G1. The reaction was followed by 

thin layer chromatography (TLC). The reaction mixture was cooled to room temperature 

after the reaction completed. Then, 30 mL of water was poured into the reaction mixture 

that was first added with decolorized charcoal. The charcoal was used to remove or clean 

decant of undesired liquid from the precipitate. The mixture was filtered through celite. 

The crude product was obtained by precipitation upon acidification of the filtrate with 

dilute HCl (pH was adjusted 1 to 2). The solid residue was dissolved in 100 mL of 5% 

aqueous Na2CO3. Then, the filtration through celite was repeated to obtain the final 

product, 2-(phenylamino)benzoic acid G1 (Scheme 3.2). Yield: (4.4 g; 54.3%); mp 

(148.0-150.0 °C) Anal. Calc. for C13 H11 N O2 (213.1): C, 72.54; H, 6.09; N, 6.5. Found: 

C, 71.96; H, 5.98; N, 6.87. IR (cm-1): 3333.4 υ (N-H), 3026.0 υ (O-H), 1657.0 υ (C=O), 

1262.3 υ (C-N); 1H-NMR (400MHz, CDCl3) 9.24 (s, 1H, N-H), 7.97 (dd, J = 8.0 Hz; 1H, 

Ar-H), 7.30 (m, 3H, Ar-H), 6.76 (m, 1H, Ar-H), 6.38 (t, J = 8.0 Hz; 3H, Ar-H), 6.19 (d, 

J = 8.0 Hz; 1H, Ar-H); 13C-NMR (100MHz, CDCl3, ppm) 173.26 (C=O), 148.92 (C-
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C=O), 140.36 (C-NH), 135.19, 132.61, 129.44, 124.10, 123.15, 117.19 and 114.04 (C-

Ar). 

3.3.2 Synthesis of 9-chloroacridine, G2 

 

Scheme 3.3: Synthesis of 9-chloroacridine, G2 

A mixture of 2-(phenylamino)benzoic acid G1 (4.0 g, 18.76 mmol) and POCl3 (39.40 

g, 256.71 mmol) was heated slowly in oil bath at 85-90 °C for 15 min. The temperature 

was increased to 135-140 °C and maintained under reflux for 3 hr. Upon the completion 

of the reaction, an excess of phosphorous oxychloride was removed by vacuum 

distillation. After cooling to room temperature, the reaction mixture was poured into a 

well-stirred mixture of 25 mL concentrated ammonia and crushed ice, then allowed to 

stand for 30 min for product precipitation. The precipitate was filtered by suction, washed 

three times with 20-50 mL of 5% of NaHCO3 and finally with water. The precipitate of 

9-chloroacridine G2 (Scheme 3.3) was dried over phosphorus pentoxide and 

recrystalization from ethanol form a pale brown crystal. Yield: (2.4 g, 60.0%); mp (118.0-

120.0 °C). Anal. Calc. for C13 H8 N Cl (213.7): C, 73.08; H, 3.77; N, 6.56; Cl, 16.59. 

Found: C, 72.96; H, 4.26; N, 6.79.  IR (cm-1): 3050.0 (C-HAr), 1631.8 (C=N), 1542.0 

(C=C), 747.8 (C-Cl) cm-1; 1H-NMR (400 MHz, CDCl3) 8.37 (d, 2H,  3J=8.7 Hz, H-4, H-

5), 8.17 (d, 2H,  3J= 8.8 Hz, H-1, H-8), 7.74 (ddd, 2H, 3J = 6.6 Hz, H-3, H-6), 7.56 (ddd, 

2H, 3J= 6.7 Hz, H-2, H-7). 13C NMR (100 MHz, CDCl3): 149.0 (C-Cl) 141.17 (C-N), 

130.57, 129.83, 126.93, 124.66, 124.32 (C-N). 
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3.4 Preparation of ligands and Platinum complexes 

3.4.1 Synthesis of N-phenylacridin-9-amine, G3 

  

Scheme 3.4: Synthesis of N-phenylacridin-9-amine, G3 

A G2 (1.0 g, 4.68 mmol) was dissolved in 50 mL absolute ethanol.  To this mixture, 

aniline (0.87 g, 9.36 mmol) was added followed by K2CO3 (1.29 g, 9.36 mmol) and KI 

(0.2 g, 1.17 mmol). The reaction mixture was heated under reflux for 18.0 hr. The TLC 

showed no leftover of the starting materials; hence the solvent was evaporated to dryness 

to proceed with a separation method. The remaining mixture was extracted with 

dichloromethane against water. The organic layer was dried over magnesium sulphate 

then concentrated. The product was obtained as yellow precipitate and washed with cold 

methanol. The crude product N-phenylacridin-9-amine G3 (Scheme 3.4) was 

recrystallized from ethanol to purify it. Yellow crystalline materials were obtained after 

few days. Yield (1.0 g, 76.0%) mp. (294.0-296.0 °C) Anal. Calc. for C19H14N2 (207.3): 

C, 84.42; H, 5.22; N, 10.36, Found: C, 84.41; H, 4.42; N, 10.42. IR (cm-1): 3358.1 (N-H), 

1614.3 (C=N), 1583.5 (C=C), 1326.2 (C-N) cm-1. 1H NMR (400 MHz, CDCl3) δ: 11.03 

(s, 1H, NH), 8.10 (d, 2H, 3J = 8.4 Hz, H-4, H-5), 8.01 (d, 2H, 3J = 9.0 Hz, H-1, H-8), 7.51 

(dd~d, 2H, 3J = 8.0 Hz, Ar-H), 7.42 (dd~d, 1H, Ar-H), 7.39 (d, 2H, 3J = 8.0 Hz, Ar-H), 

7.37 (dd~d, 1H, 3J = 7.0 Hz, Ar-H), 7.29 (t, 1H, 3J = 7.5 Hz, Ar-H), 7.00 (b-dd, 2H, 3J = 

7.0 Hz, Ar-H).13C NMR (100 MHz, CDCl3): 154.06 (C-NH), 141.38 (C-N), 139.71, 

134.51, 130.16, 127.13, 126.13, 123.99 C, 123.38, 119.89, 114.91 (C-Ar).  
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3.4.2 Synthesis of (N-phenylacridin-9-amine)cis-dichloro(dimethylsulfoxide)-

platinum(II), Pt G3 

 

Scheme 3.5: Synthesis of (N-phenylacridin-9-amine)cis-dichloro(dimethylsulfoxide)-
platinum(II), Pt G3 

A G3 (0.2 g, 0.7 mmol) was dissolved in 20.0 mL methanol, followed by sodium 

acetate (0.1 g, 0.7 mmol) and  cis-[PtCl2(DMSO)2] (0.3 g, 0.7 mmol). The mixture was 

heated to reflux for 4 days in oil bath and monitored by TLC to confirm the reaction 

completion. A brownish-orange precipitate (N-phenylacridin-9-amine)cis-

dichloro(dimethylsulfoxide)-platinum(II) Pt G3 (Scheme 3.5) was formed during the 

reaction, which was then filtered out and dried over phosphorus pentoxide. Yield: (0.2 g, 

51.0%); m.p. (260.0-262.0 °C). Anal. Calc. for C21H20Cl2N2OPtS (614.45): C, 41.05; H, 

3.28; N, 4.56; S, 5.33; Found: C, 38.98; H, 2.65; N, 4.34. IR (cm-1): 3321 (N-H), 3040 

(C-HAr), 1612 (C=N), 1568, (C=C), 1267 (C-N), 1020 (S=O) cm-1. 1H NMR (400 MHz, 

DMSO-d6) 10.20 (s, 1H, NH), 9.83 (d, 2H, 3J = 8.5 Hz, H-4, H-5),  8.17 (dd~d, 2H, 3J = 

8.4 Hz, H-1, H-8), 8.03 (ddd, 2H, 3J = 8.0 Hz, Ar-H), 7.43 (ddd, 2H, 3J = 7.0 Hz, Ar-H), 

7.32 (dd, 2H, 3J = 7.5 Hz, Ar-H), 7.12 (b-t, 1H, 3J = 7.5  Hz, Ar-H), 7.37 (dd~d, 1H, 3J = 

7.0 Hz, Ar-H), 7.29 (t, 1H, 3J = 7.5 Hz, Ar-H), 7.00 (b-ddd, 2H, Ar-H), 7.08-7.02 (mc, 

2H, Ar-H), 3.35 (s, 6H, 2x CH3).13C NMR (100 MHz, DMSO-d6): 150.35 (C-4a, C-5a), 

148.02 (C-9), 143.57 (C-12), 133.20 C-Ar, 132.34 C-Ar, 129.66 C-Ar, 128.12 C-Ar, 

124.98 (C-1, C-8), 124.21 C-Ar, 121.14 (C-4, C-5), 118.45 (C-8a, C-9a), 40.43 (S-CH3).  
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3.4.3 Synthesis of N-(3,5-dimethoxyphenyl)acridin-9-amine, G4 

 

Scheme 3.6: Synthesis of N-(3,5-dimethoxyphenyl)acridin-9-amine, G4 

The 3, 5-dimethoxyaniline (0.7 g, 4.7 mmol) and potassium carbonate (0.7 g, 4.7 

mmol) were dissolved in an absolute ethanol (15.0-20.0 mL). The mixture was stirred for 

45 min at room temperature, then a G2 (0.5 g, 2.3 mmol) and potassium iodide (0.1 g, 0.6 

mmol) were added. The mixture was further stirred and refluxed overnight. Upon the 

reaction completion the solvent was evaporated, and the solid obtained was poured into a 

50.0 mL water and extracted with ethyl acetate to give a crude product. The orange 

precipitate of N-(3,5-dimethoxyphenyl)acridin-9-amine, G4 (Scheme 3.6) was filtered 

and washed with a cold methanol then dried. Yield: (0.7 g, 91.8%); mp (184.0-186.0 °C); 

Anal. Calc. for C21 H18 N2 O2 (330.4): C, 76.34; H, 5.49; N, 8.48. Found: C, 75.96; H, 

5.26; N, 10.79. IR (cm-1): 3358.7 υ (N-H), 1614.2 υ (C=N), 1581.8 υ (C-C), 1170.3 υ (C-

O);  1H-NMR  (400 MHz, CDCl3/TMS, ppm) 8.26 (d, J = 8 Hz; 2H, Ar-H), 8.16 (d, J = 

8 Hz; 2H, Ar-H), 7.45 (t, J = 8 Hz; 2H, Ar-H), 7.09 (t, J = 8 Hz; 2H, Ar-H) 6.56 (d, J = 4 

Hz; 2H, Ar-H), 6.23 (t, J = 4 Hz; 1H, Ar-H), 3.64 (s, 6H, OCH3); 13C-NMR (100 MHz, 

CDCl3,) 161.62 (C-O-CH3), 154.32, 142.81 (C-N), 139.95, 134.49, 126.32, 123.91, 

119.76, 114.78, 101.91, 99.07 (C-Ar) and 55.61 (O-CH3). 
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3.4.4 Synthesis of (N-(3,5-dimethoxyphenyl)acridin-9-amine) cis-dichloro 

(dimethylsulfoxide) platinum(II), Pt G4 

 

Scheme 3.7: Synthesis of (N-(3,5-dimethoxyphenyl) acridin-9-amine) cis-
dichloro(dimethylsulfoxide) platinum(II), Pt G4 

A G4 (0.5 g, 1.5 mmol) was dissolved in 20.0 mL of a mixture of toluene:methanol 

(1:1), separately dissolved sodium acetate (0.1 g, 1.5 mmol) and  cis-[PtCl2(DMSO)2] 

(0.6 g, 1.5 mmol) in the solvent mixture, then added to the G4 solution. The mixture was 

heated to reflux for 4 days in oil bath and monitored by TLC to confirm the reaction 

completion. A brownish-orange precipitate of (N-(3,5-dimethoxyphenyl)acridin-9-

amine)cis-dichloro(dimethylsulfoxide)-platinum(II), Pt G4 (Scheme 3.7) was formed 

during the reaction, which was then filtered out and dried over phosphorus pentoxide. 

Yield: (0.7 g, 53.1%); mp (224.0-226.0 °C); Anal. Calc. for C42 H35 Cl N4 O4 Pt (890.3): 

C, 51.91; H, 4.38; N, 5.75. Found: C, 40.80; H, 3.69; N, 4.42. IR (cm-l): 3322.4 υ (N-H), 

2921.1 υ aromatic, 1468.3 υ (C=N), 1488.7 υ (C=C), 1125.1 υ (C-O), 761.69 υ (C-Cl), 

488.6 υ (C-Pt);    1H-NMR  (400 MHz, DMSO- d6 TMS, ppm) 10.11 (d, J = 8 Hz; 2H, 

Ar-H),  9.82 (d, J = 8 Hz; 1H, N-H), 9.72 (d, J = 8 Hz; 2H, Ar-H), 8.20 (m, 4H, Ar-H) 

8.00 (m, 4H, Ar-H), 7.48  (m, 4H, Ar-H), 6.27 (d, J = 8 Hz; 2H, Ar-H), 6.19 (d, J = 8 Hz; 

2H, Ar-H), 6.14 (d, J = 8 Hz; 1H, Ar-H),  3.62 (s, 6H, OCH3) and 3.49 (s, 6H, OCH3);  

13C-NMR (100MHz, DMSO- d6) 161.64 (C-O-CH3), 141.42, 134.01 (C-N), 150.48, 

148.09  145.91, 132.84, 128.42, 126.55,125.38,124.57,121.55, 119.16, 117.87, 99.07, 

96.31 (C-Ar) and 55.78 (O-CH3).  
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3.4.5 Synthesis of N-(4-fluorophenyl)acridin-9-amine, G7 

 

Scheme 3.8: Synthesis of N-(4-fluorophenyl)acridin-9-amine, G7 

A G2 (1.0 g, 4.7 mmol) was added to a round bottomed flask with potassium iodide 

(3.1 g, 18.7 mmol) and dissolve in absolute ethanol 20.0 mL. Then a 4-Fluoroaniline (10.4 

g, 9.4 mmol) and potassium carbonate (1.3 g, 9.4 mmol) were added. The reaction was 

stirred and refluxed for 18.0 hr. The mixture was extracted with water (50.0 mL) and ethyl 

acetate. The precipitate of N-(4-fluorophenyl)acridin-9-amine G7 (Scheme 3.8) was then 

filtered off by cold methanol and dried over silica-gel. Yield: (0.2 g, 58.1%); mp (162.0-

164.0 °C); Anal. Calc. for C19H13FN2 (288.3): C, 79.15; H, 4.54; F, 6.59; N, 9.72. Found: 

C, 79.33; H, 4.88; N, 9.34. IR (cm-l): 3460.5 υ (N-H), 1628.2 υ (C=N), 1505.7 υ (C=C), 

1219.5 υ (C-F);  1H-NMR  (400 MHz, DMSO-d6)  11.23 (s, 1H, N-H), 7.82 (s, 2H, Ar-

H), 7.50 (dt, J = 8 Hz; 4H, Ar-H), 7.12 (dt, J = 8 Hz; 2H, Ar-H) 7.00 (t, J = 2 Hz; 2H, Ar-

H), 6.82 (dt, J = 4 Hz; 2H, Ar-H); 13C-NMR (100 MHz, DMSO-d6)  160.39 (C-F), 158.03, 

152.96, 141.41, 117.88 (C-N), 133.30, 126.96, 122.73, 122.26, 119.25, 117.88, 117.05 

and 116.83 (C-Ar). 
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3.4.6 Synthesis of (N-(4-fluorophenyl) acridin-9-amine) cis-dichloro 

(dimethylsulfoxide) platinum(II) acridine, Pt G7 

 

Scheme 3.9: Synthesis (N-(4-fluorophenyl) acridin-9-amine) cis-dichloro 
(dimethylsulfoxide) platinum(II) acridine, Pt G7 

A G7 (0.2 g, 0.7 mmol) was dissolved in 20.0 mL methanol, followed by sodium 

acetate (0.06 g, 0.7 mmol) and cis-[PtCl2(DMSO)2] (0.29 g, 0.7 mmol). The mixture was 

heated to reflux for 4 days in oil bath and monitored by TLC to confirm the reaction 

completion.  A solid precipitate of (N-(4-fluorophenyl)acridin-9-amine)cis-

dichloro(dimethylsulfoxide)-platinum(II) acridine, Pt G7 (Scheme 3.9) was formed 

during the reaction, which was then filtered out and dried over phosphorus pentoxide. 

Yield: (0.3 g, 62.1%); mp (240.0-242.0 °C); Anal. Calc. for C21 H18 Cl2 F N2 Pt S (631.4): 

C, 41.98; H, 2.87; F, 3.01; N, 4.44. Found: C, 41.91; H, 3.36; N, 4.44. IR (cm-l): 3325.1 

υ (N-H), 3003.0 υ (C-HAr), 1567.9 υ (C=N), 1450.71 υ (C=C), 1140.8 υ (C-F), 756.0 υ 

(C-Cl), 490.3 υ (C-Pt);    1H-NMR  (400 MHz, DMSO-d6)  10.18 (s, br, 1H, N-H), 9.80 

(dd, 2H, Ar-H), 8.15 (d, J = 8 Hz; 2H, Ar-H), 8.00 (m, 2H, Ar-H) 7.44 (td, J = 2 Hz; 2H, 

Ar-H), 7.15 (m, 4H, Ar-H); 13C-NMR (100 MHz, DMSO-d6)  191.83, 189.58 (C-F), 

183.94 168.80, 168.04, 132.73 (C-N), 133.59, 128.60, 125.33, 124.63, 123.94, 123.86, 

117, 116.77 (C-Ar) and 44.45 (S-CH3). 

Univ
ers

ity
 of

 M
ala

ya



23 

3.5 Biological acitvity 

The biological activities cytotoxicity and acute toxicity were done at the Department 

of Pharmacy, Faculty of Medicine, University of Malaya 50603 Kuala Lumpur. The 

cytotocity testing was done by Dr Landa Zeebelabdin Ali using all of the synthesized 

compounds where acute toxicity test was done only for selected compound which was 

G4, done by Dr Mohamad Yousif Ibrahim. The detail experimental procedures are as 

follows. 

 

3.5.1 In vitro cytotoxicity Assay 

Cell cultures were maintained in humidified air with 5% CO2 at 37 °C. MTT assay is 

currently the most commonly-used method to test the cytotoxicity of acridine and it metal 

complexes. The cells were plated in triplicates on a 96-well plate at a density of 2 × 105 

cells/mL in 100 μL of culture medium. Different concentrations of all compounds (50, 

25, 12.5, 6, 3, and 1.5 μg/mL) were prepared by serial dilution. All serial dilutions were 

transferred to the cells in the 96-well plates. Untreated cells acted as the control. The cells 

were incubated for 24 hours, after which their viability was assessed by adding 20 μL of 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, 5 mg/mL) to the 

cells in a dark room. The cells were then covered with aluminium foil and incubated for 

another 4 hours. Then, all the media were removed and 100 μL of DMSO added to the 

cells to solubilize the formazan crystals. Subsequently, the absorbance was read at a 

wavelength of 570 nm using a microplate reader. The test agents’ cell growth inhibition 

abilities were expressed in terms of IC50 (i.e. the concentrations at which cell growths 

were reduced by half). 
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3.5.2 Acute Toxicity Test for G4 

The acute toxicity study was carried out to determine a non-toxic dosage for G4. The 

protocol for this experiment was permitted by the ethics committee for animal 

experimentation of the Faculty of Medicine, University of Malaya. The animal were 

treated according to the National Academy of Science’s Guide for the care and Use of 

Laboratory Animal. 

 

3.6 Animal 

Mice of both genders were obtained from the Animal House Unit, Faculty of Medicine, 

University of Malaya (UM). All procedures on these animals were carried out in 

compliance with the regulations designated by the Institutional Animal Care and Use 

Committee, Faculty of Medicine, UM. The mice were kept in sterilized plastic cages with 

homogenized wood shavings as bedding. The ambient temperature was maintained at 22 

± 2 °C, with 12 hours each of in the light-dark cycle and a relative humidity of 50 – 60%. 

Food and water were supplied at all times. 

 

3.7 Experimental Animals 

Thirty-six mice (18 male and 18 female) were divided into three groups which were 

labelled as (1) group 1 or vehicle, which was administered 0.5% carboxymethyl cellulose 

(CMC) at 5 mL/kg; (2) group 2, which was administered 5 mL/kg of G4 at 500 mg/kg; 

and (3) group 3, which was administered 5 mL/kg of G4 at 1000 mg/kg. The animals 

were deprived of food overnight prior to treatment and for 3 – 4 hours after treatment. 

The purpose of the fasting was to eliminate all the food inside their gastrointestinal tracts 

that may otherwise complicate the absorption of the tested substance. The mice were 
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monitored for the development of toxicity signs within 48 hours after the intragastrical 

administration of G4. The number of deaths was recorded over 14 consecutive days. On 

the 15th day, all the mice were killed via xylazine-ketamine aesthetic overdose, following 

which histological (liver and kidney) evaluations and serum analyses were conducted 

according to the standard techniques (Ibrahim et al., 2010; Ibrahim et al., 2015). 

 

3.8 Assessment of kidney and liver functions 

All biochemical assays were performed spectrophotometrically using a Hitachi-912 

Autoanalyzer (Mannheim, Germany). Kidney functions were assessed in terms of anion 

gaps, blood urea nitrogen, as well as serum creatinine, sodium, potassium, chloride, and 

carbon dioxide levels. Serum alanine aminotransferase (ALT), alkaline phosphate (ALP), 

gamma-glutamyl transferase (GGT), albumin, globulin, and bilirubin levels were also 

measured to evaluate the liver functions. All the serum samples were analysed in a blind 

manner to obtain data with good sensitivity and validity. 

 

3.9 Assessment of lipid profile 

The concentrations of total cholesterol and high-density lipoprotein (HDL) cholesterol 

were estimated using the commercial kits by Span Diagnostics in accordance with the 

method described in the literature (Wybenga et al., 1970). The triglyceride concentrations 

were assessed by GPO-PAP end-pointassay. 
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3.10 Histopathological examinations 

Renal and hepatic tissues were fixed in 10% formalin and embedded in paraffin, after 

which they were sectioned at intervals of 5 μm and stained with hematoxylin-eosin 

solution. All sections were examined photomicroscopically (Olympus BH-2, Japan) by 

an independent histopathologist who had no knowledge of the treatment groups. 

 

3.11 Measurement of lipid peroxidation 

The extent of lipid peroxidation was assessed with malondialdehyde (MDA) as the 

indicator. Initially, 10% (weight/volume) homogenates of kidney and liver specimens 

were obtained from 0.1 mol/L phosphate buffer which was centrifuged at 4 °C and 3500 

rpm for 10 minutes. Then, 0.2 mL of supernatant was mixed with 0.67% 2-thiobarbituric 

acid (TBA) and 20% trichloroacetic acid solutions, followed by heating in a boiling water 

bath for 30 minutes. The absorbance of the pink chromogen formed by the reaction of 

TBA with MDA was measured at 532 nm. The results were expressed as MDA nmol/mg 

protein. The protein contents in the supernatant was measured via the Lowry method 

(Lowry et al., 1951).  

 

3.12 Measurement of tissues glutathione 

Tissue samples were homogenized in 10 volumes of ice-cold 10% trichloroacetic and 

then centrifuged at 1000 rpm and 4 °C for 15 minutes. The supernatant was removed and 

re-centrifuged at 35000 rpm and 4 °C for 8 minutes. Glutathione (GSH) levels were 

determined using a spectrophotometric method, which is a modification of the Ellman 

procedure (Ellman, 1959).  
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3.13 Statistical analysis 

All data were expressed as means ± SD and analysed using one-way ANOVA followed 

by post-hoc Tukey HSD multiple comparisons test. The type-1 error level was set P < 

0.05 for all tests. This entire process was performed using SPSS software (Chicago, IL, 

USA) version 19.0 for Microsoft Windows. 
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CHAPTER 4: RESULTS AND DISCUSSION 

Three acridine derivatives with their Pt(II) complexes have been synthesized. All 

complexes were in different colours, depending on its ligands and it is soluble in dimethyl 

sulphoxide, but not in other common organic solvents. The acridine ligands however were 

soluble in chlorofom. The structure of the compounds was established by using infrared 

(IR), 1H NMR and 13C NMR spectral data and were supported by the results of elemental 

analysis and X-ray Crystallography study. Scheme 3.1 shows the general schematic 

diagram of the synthesis procedures. In general, four steps were involved, starting with 

the reaction of aniline with 2-chlorobenzoic acid. Then, the cyclization to form 9-

chloroacridine, G2 which further reacts with amine to form the ligands. The complexation 

reaction occur in a single step by reacting the ligand with Pt(II) salt. We report here the 

synthesis of G3, G4 and G7 ligands and Pt G3, Pt G4 and Pt G7 complexes. All 

compounds were subjected to biological activity testing, in vitro and in vivo to check its 

properties towards cancer cells and normal cells. 
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4.1 Mechanism of action for synthesis of acridine derivatives and their 

complexes 

There were three steps involved to produce the acridine derivatives. The first step 

utilized Ullmann reaction in which 2-chlorobenzoic acid and aniline were reflux in the 

presence of copper as catalyst. Scheme 4.1 shows the mechanism of Ullmann reaction. 

 

Scheme 4.1: Mechanism of Ullmann reaction 

Structure A shows that lone pair from chlorine and oxygen in 2-chlorobenzoic acid, 

chelating with Cu metal, which increases the reactivity of the non-activated aryl amine 

towards aryl halide to afford the corresponding 2-phenylamino acid also known as N-

phenylantranilic. The reaction was slow to form the intermediate B. This reaction was 

known as SN2 reaction. The transition state was fast then followed by the nucleophilic 

attack (aniline) to form the desired compound. Scheme 4.2 shows the final step of 

forming 2-phenylamino acid, G1. 

 

Scheme 4.2: Mechanism of 2-phenylamino benzoic acid, G1 
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Then, the preparation of 9-chloroacridine G2, involves cyclization of 2-phenylamino 

benzoic acid reacted with phosphoryl chloride in liquid without the use of any solvent to 

form acid chloride. The acid chloride was very reactive as compared to carboxylic acid. 

The electrophilic phosphorus atom was attacked by the nucleophile comes from oxygen 

of the carboxylic acid to form the activated compound (Scheme 4.3). HCl molecule react 

with the intermediate to form acid chloride. Next, the cyclization occur when lone pair of 

nitrogen attack the positive charged carbon atom. Second stage was the elimination of 

water, the hydroxyl group was pushed off, attacked by phosphoryl chloride ion and then 

promotes the delocalization of electrons from nitrogen atom and aromatic ring ended up 

with cyclization (Chandra et al., 2010; Perez et al., 2017) 

 

Scheme 4.3: Mechanism of cyclization to form 9-chloroacridine, G2 

Various amines (R) were reacted with G2 to form derivatives. The reaction starts with 

the nucleophilic attack of the positive carbon by the lone pair in of nitrogen atom. Then, 
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the second step was to remove the Cl- in the form of HCl that comes out as the by product. 

Scheme 4.4 shows details the mechanism of action for the acridine derivatives synthesis. 

 

Scheme 4.4: Mechanism of the synthesis acridine derivatives 

The Pt complexes were obtained with the acridine as ligand. The coordination was 

between the lone pair of electrons owned by the N atom at the heterocyclic counterpart 

and not from the amine moiety. The Pt G3 and Pt G7 complexes were found to be in this 

condition and owned a tetrahedral geometry. Scheme 4.5 shows the mechanism of 

platinum complexes of Pt G3 and Pt G7 
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Scheme 4.5: Mechanism of platinum complexes of Pt G3 and Pt G7 

 

The organometallic (Jamali et al., 2008) complex, Pt G4 was  shown in Scheme 4.6, 

which the formation of Pt G4 occurred by chelating the two nitrogen atoms with two 

ligands G4. The square planar appear in this complex with the organometallic bonding 

happens when the metal bind to the carbon ligand. G4 is relatively bulky as compared to 

other synthesized ligands. The bulkier amine and the presence of methyl group as a donor 

electron might be decisive in promoting the cyclometalation. The steric hindrance will 

promote the cycloplatination especially for primary amine (Gallego et al., 2007; Martín 

et al., 2009).  
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Scheme 4.6: Mechanism of platinum complex of Pt G4 

 

4.2 General and spectroscopic characterization ligands and complexes of 

acridine derivatives 

Table 4.1 shows the colour, percentage yield and elemental analysis data of acridine 

derivatives with its platinum complexes. The elemental analysis of C, H and N was 

compared to its theoretical value and found that the experimental data was in good 

agreement with the proposal formulae.   
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Table 4.1: Physical properties and analytical data of acridine derivatives and their Pt (II) 
complexes 

Compound Colour Percentage 
yield (%) 

Elemental percentage (%) 

found (calculated) 
C H N 

G3 Yellow 76.0 
84.41 

(84.42) 

5.42 

(5.22) 

10.42 

(10.36) 

Pt G3 
Brownish 

orange 
51.0 

38.98 

(41.05) 

2.65 

(3.28) 

4.34 

(4.56) 

G4 Orange 91.8 
75.96 

(76.34) 

5.26 

(5.49) 

8.79 

(8.48) 

Pt G3 
Pale 

orange 
53.1 

40.80 

(51.91) 

3.69 

(4.38) 

4.42 

(5.75) 

G7 
Pale 

yellow 
58.1 

79.33 

(79.15) 

4.88 

(4.54) 

9.34 

(9.72) 

Pt G7 
Dark 

yellow 
62.1 

40.83 

(41.91) 

3.00 

(3.36) 

4.65 

(4.44) 
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4.3 IR Spectral Data 

The IR in Table 4.2 shows the valuable information of the functional groups owned 

by the ligands and its complexes with in the frequencies range of 4000-400 cm-1.  

The absorption band at υ range of 3312.37 – 3460.52 cm-1 can be assigned to the H-N 

group in acridine derivatives. The strong and sharp band of secondary amine clearly 

appeared in IR spectra of the ligands. The spectrum showed the appearance of an 

absorption band at υ 1568.26 - 1628.24 cm-1 which can be assigned to the C=N group 

consist in acridine derivatives. Meanwhile, the IR spectra of the synthesized complexes 

showed some shifted in υ due to the coordination of Pt(II) with the corresponding ligands. 

The absorption band at 2834.89 – 3124.79 cm-1 was attributed to the aromatic group 

stretching that usually appeared stronger than bending. Nonetheless the weaker bending 

absorptions are useful to differentiate the similarity types of bond in aromatic substitution. 

The observed peak at the frequency of 750.79 cm-1 suggesting the substitution at the 

aromatic group at ortho-position (Medapi et al., 2016; Mikata et al., 1998).  

Figure 4.1 shows the comparison of IR spectra between ligand G3 and its Pt(II) 

complex, Pt G3. The shifting of the absorption frequencies were observed to be of C=N 

group from 1614.27 cm-1 in G3 to 1612.99 cm-1 in Pt G3 which indicates the evidence of 

the complexation reaction. A strong absorption appeared at 1266.72 – 1268.78 cm-1 

suggesting the C-S group absorption were not present in ligands but only in complexes, 

Pt G3 and Pt G7 suggesting a successful attachment of ligands to Pt centre. While for 

G4 and Pt G4, a strong peak appeared at υ 1202.13 – 1203.51 cm-1, assigned to the C-O 

group. 

The interaction between ligands and platinum was noticeably manifested in the IR 

spectrum. The range of complexation bands is not the same as its ligands but its depend 

on the origin of the vibration complex. The region of the acridine complexes in 400-1000 
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cm-1 which corresponds to bending vibration of –Pt-N (Liu et al., 2016). Then, υ(Pt-N) 

vibration around υ 486.04 – 490.26 cm-1, indicates that the coordination of Pt(II) with 

ligands occur and the complexes were formed which was also influenced by doubly 

charged metal cation. 

Table 4.2: Selected IR spectral data of acridine derivatives and their platinum (II) 
complexes 

Compound N-H C=N C=C C-S other Pt-N 

G3 3357.05 1614.27 1514.56 - - - 

Pt G3 3312.37 1612.99 1500.07 1266.72 - 486.04 

G4 3358.71 1614.16 1515.12 - 
(C-O) 

1170.33 
- 

Pt G4 3322.40 1568.26 1498.67 - 
(C-Cl) 

767.69 
488.59 

G7 3460.56 1628.24 1505.69 - 
(C-F) 

1219.52 
- 

Pt G7 3325.05 1614.21 1510.29 1268.78 

(C-Cl) 

756.01 

(C-F) 

1210.91 

490.26 
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Figure 4.1: Comparison of IR spectra between ligand G3 and Pt (II) complex Pt G3  
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4.4 1H NMR Spectral Data 

The 1H NMR spectra of the synthesized acridine derivatives ligands and their platinum 

complexes were recorded in chloroform-D or dimethylsulfoxide DMSO-d6 using 

tetramethylsilane (TMS) as an internal standard. Table 4.3 showed the 1H NMR data of 

acridine derivatives and their platinum complexes. 

 The 1H NMR data shows six singlet signals in the region δ 10.11-11.23 which could be 

assigned to N-H11 signals respectively.  The H aromatic signals can be observed in the region 

of δ 6.23 – 8.20 ppm which can be attributed to the aromatic group owning a triplet and 

multiplet multiplicity. Figure 4.2 showed 1H NMR spectrum of N-phenylacridin-9-amine, 

G3. A couple of doublet signal for ligands and its Pt(II) complexes appeared at δ 7.12 – 9.82 

ppm and δ 7.82 – 9.80 ppm were attributed to C-H1/8 and C-H4/5 proton of aromatic. The 

complexes are more deshielded compared to its ligand because of nitrogen atom coordinate 

to Pt(II) in complexes. The protons for methoxy group consist in G4 appeared as sharp singlet 

peak at δ 3.64 ppm with integration corresponds to three protons. While methoxy group of 

Pt G4 appeared at δ 3.49 and δ 3.62 with six protons absorbed due two ligands G4 binds 

with Pt(II).  

The H-N group in Pt(II) complexes were observed to have a slight shift due the 

coordination of metal to ligand. The differences of this peak between ligand and complexes 

is very significant. No proton peak was observed in the downfield region (>12.01 ppm). 

Figure 4.3 shows 1H NMR spectrum of (N-phenylacridin-9-amine)cis-

dichloro(dimethylsulfoxide)-platinum(II) Pt G3. There are two types of complexes which is 

one ligand one metal (L-M) and two ligands one metal (L-M-L). The formation of complexes 

depends on the steric of its ligands and also the solvent used.  
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Table 4.3: Selected 1H NMR data of acridine derivatives and their platinum (II) complexes 

Compound 

Position (δ) 

1/8 4/5 11 
Other 

functional group 
Ar-H 

G3 8.01 8.10 11.03 - 
7.51, 7.39, 7.37, 

7.29, 7.00 

Pt G3 8.17 9.83 10.20 - 
8.03, 7.43, 7.32, 

7.12, 7.05 

G4 8.16 8.26 11.02 3.64 (-OCH3) 
7.45, 7.10, 6.56, 

6.23 

Pt G4 9.72 9.82 10.11 
3.62, 3.49 (-

OCH3) 

8.20, 8.00, 7.48, 

6.27, 6.19, 6.14 

G7 7.12 7.82 11.23 -F 7.50, 7.00, 6.83 

Pt G7 8.15 9.80 10.18 -F 7.98, 7.45, 7.20 
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Figure 4.2: 1H NMR spectrum of N-phenylacridin-9-amine, G3 (400 MHz, chloroform-D)  
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Figure 4.3: 1H NMR spectrum of (N-phenylacridin-9-amine) cisdichloro 
(dimethylsulfoxide) platinum(II), Pt G3 (400 MHz, DMSOd6
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4.5 13C NMR Spectral Data 

Table 4.4 shows the 13C NMR data of the acridine derivaties ligands and their platinum 

complexes. The most downfield peak at δ 150.32 – 189.58 ppm was due to the 

electronegativity effects of nitrogen atom in the complexes due to the coordination of 

Pt(II) (C-N-Pt).   

From the table, we can see clearly the shifting between ligands and complexes. The 

more deshielded peak of G7 and Pt G7 at δ 160.39-191.83 ppm shows the carbon atom 

at flourine as a functional group. For the functional group of G4 and Pt G4 which is 

methoxy, the carbon atom signal appeared at the most downfield region, δ 161.62-161.64 

ppm. The parent skeleton of acridine consist of four quaternary carbon at position 8a/9a, 

4a/5a, 9 and 12 within range δ 114.78 – 189.58 ppm.  Figure 4.4 showed 13C APT NMR 

spectrum of N-phenylacridin-9-amine, G3. The difference between 13C APT NMR and 

13C NMR is positive signal shows methine and methyl group, while negative signals 

attributed to methylene and quaternary carbon group. This technique however is less 

sensitive then DEPT. 

The carbon atom of aromatic ring signal appeared at δ 96.31 - 148.08 ppm which 

includes primary, secondary and tertiary carbon. In Pt G3, the signal of –S-CH3 was 

observed at δ 40.39 ppm, indicated that DMSO from Pt (II) salt binds to the G3 ligand. 

The 13C NMR spectra of platinum complex, Pt G3 (Figure 4.5) supported the 1H NMR 

result and confirmed the formation of the complex. While the signal of –S-CH3 in Pt G7 

at δ 44.45 ppm is slightly deshielded if compared to Pt G3 might be due to the 

electronegativity of fluorine atom. However, in the Pt G4 –S-CH3 group peak not appear 

because DMSO already remove and substituted by another ligand G4. 
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Table 4.4: Selected 13C NMR Data of acridine derivatives and their platinum (II) 
complexes 

Compound 

Position (δ) 

8a/9a 4a/5a 9 12 
Other 

functional 
group 

Ar-C (-CH) 

G3 114.89 150.32 142.30 137.79 - 
134.32, 130.03, 
126.94, 125.99, 

123.87 

Pt G3 118.91 150.83 148.49 144.06 40.39 
(-S-CH3) 

133.66, 132.81, 
130.12, 128.58, 
125.45, 124.67, 

121.61 

G4 114.78 154.32 142.81 139.95 

161.62 
(C-O-CH3) 

55.61 
(-O-CH3) 

134.49, 126.32, 
123.91, 
119.76 
101.91, 
99.07 

Pt G4 117.87 150.48 141.42 134.01 

161.64 
(C-O-CH3) 

55.78 
(-O-CH3) 

 

148.08, 145.91, 
132.84, 128.42, 
126.55, 125.38, 
124.57, 121.55, 
119.16, 99.64, 

96.31 

G7 117.88 158.03 152.98 141.41 160.39 
(-C-F) 

133.30, 126.96, 
122.73, 126.26, 
119.25, 117.05, 

116.83 

Pt G7 132.73 189.58 183.94 168.80 

191.83 
(-C-F) 
44.45 

(-S-CH3) 

133.59, 128.60, 
125.33, 124,63, 
123.94, 117.00, 

116.77 
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Figure 4.4: 13C NMR spectrum of N-phenylacridin-9-amine, G3 (400 MHz, chloroform-D) 
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Figure 4.5: 13C NMR spectrum of (N-phenylacridin-9-amine) cis-dichloro 
(dimethylsulfoxide) platinum(II), Pt G3 (400 MHz, DMSO d6 
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4.6 X-ray Crystallographic Study 

The crystal structures of three acridine derivatives G4, Pt G3 and Pt G4 were solved 

by using single crystal x-ray diffraction. These crystal were grown in different solvent 

due to the environment structural stability and also the steric nature of the compound. The 

dark brown crystal of G3 was grown in ethanol with a few drop of triethylamine, but the 

crystal structure was known (Pang et al., 2014). 

 

4.6.1 Crystal structure of G4 

The structure of G4 was determined by single crystal X-ray diffraction analysis and is 

found to be of discrete asymmetric units (Figure 4.6). The crystal data has been deposited 

to Cambridge Crystallographic Data Centre (CCDC) with the deposition number of 

CCDC 1587404. The crystallographic data and its structure refinement were collected 

and presented in Table 4.5 In the G4 molecule, 9-acridine (C13) is bound to 3,5-

dimethoxyaniline (N1), as expected. The bond lengths and angles (Table 4.6) were in 

agreement with those of other associated derivatives in the literature (Jimenez et al., 2009; 

Solovyeva et al., 2016). The molecule can be divided into two main fragments: (C1-

C13/N2) and (N1/C14-C21/O1/O2). The C1-C13/N2 and N1/C14-C21/O1/O2 planes 

were slightly planar, with a maximum deviation of C13 from the mean plane was 

0.368(2). The dihedral angle between the aforementioned planes was 63.53(6). Also, 

there were no intra- or inter-hydrogen bonds in this molecule (Figure 4.7).  Univ
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Table 4.5: Crystal data and structure refinement for G4 

 

 

 

 

 

 

 

Identification code Compound G4 from methanol 

Emprical formula C21 H18 N2 O2 

Crystal color red 

Formula weight 330.37 

Temperature 293(2) K 

Wavelength 1.54178 Å 

Crystal system Orthorhombic 

Space group P212121 

a/Å 10.1753(4)  Å 

b/Å 11.8991(5)  Å 

c/Å 13.4416(6)  Å 

α/  ̊ 90.00 

β/  ̊ 90.00 

γ/  ̊ 90.00 

Volume/ Å 1627.47(12) 

Z 4 

Ƿcalc g/cm3 1.348 Mg/m 

μ/mm-1 0.701  mm 

F(000) 696 

2θ range for data 

collection/  ̊ 
4.96 to 73.52 

Index ranges 
-11<=h<=12, -9<=k<=14, -

15<=l<=16 

Reflections collected 4381 

Independent reflections 2819 [R(int) = 0.0410] 

Data/restraints/ parameters 2819 / 0 / 227 

Goodness offit on F2 0.959 

Final R indexes [I>=2σ (I)] R1 = 0.0551, wR2 = 0.1361 

Final R indexes [all data] R1 = 0.0541, wR2 = 0.1406 

Largest diff. peak/hole / 

eÅ-3 
0.496 and -0.368 

Univ
ers

ity
 of

 M
ala

ya



48 

Table 4.6: Selected bond length (Å) and angles (°) 

Bond Bond lengths (Å) Bond Bond angle (°) 

C13-N1 1.287(3) C13-N1-C14 123.0(2) 

C14-N1 1.407(3) C18-O1-C21 116.8(2) 

C18-O1 1.369(3) C16-O2-C20 117.2(2) 

C16-O2 1.354(3) N1-C13-C6 126.9(2) 

 

 

 

Figure 4.6: The ORTEP diagram of G4, showing 50% probability displacement 
ellipsoids and the atom-numbering scheme Univ
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Figure 4.7: The packing of G4 viewed down to the b axis 

4.6.2 Crystal structure of Pt G3 

The reaction of ligand, G3 with PtDMSO2Cl2 in 1:1 mol ratio resulting in the 

formation of the platinum complex Pt G3 (N-phenylacridin-9-amine)cis-

dichloro(dimethylsulfoxide)-platinum(II). The structure of the crystals grown in DMF, 

are shown in (Figure 4.8). The platinum metal bind to nitrogen N1 with the cisoid angle 

of   88.08 ̊ and 90.13 ̊ with transoid angle atom. The Pt(II) is four coordination by one 

molecule from ligand in a distorted tetrahedral of 90.09 ̊ - 91.70 ̊ (Aghakhanpour et al., 

2015; Cutillas et al., 2013; Eiter et al., 2009). The selected bond lengths and bond angles 

are given in Table 4.7 and the crystal data and structural refinement were listed in Table 

4.8.  
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Figure 4.8: The crystal structure of platinum complex, Pt G3 ORTEP 

 

4.6.3 Crystal structure of Pt G4 

The reaction of ligand G4 with PtDMSO2Cl2 in 1:1 mol ratio to resulting in the 

formation the platinum complex Pt G4, (N-(3,5-dimethoxyphenyl)acridin-9-amine)cis-

dichloro(dimethylsulfoxide)-platinum(II). The structure of the crystal grown in DMSO, 

are shown in Figure 4.9. Platinum is d10 which is able to form four coordination, distorted 

tetraredral. The platinum metal bind with two ligand at different position of nitrogen, N2 

and N3 (Ceci et al., 1996). The four coordination with platinum is three from ligand with 

the cisoid angle of   94.35 ̊ and 94.67 ̊ with transoid angle atom. The selected bond lengths 

and bond angles are given in Table 4.7 and the crystal data and structural refinement were 

listed in Table 4.8. 
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Figure 4.9: The crystal structure of platinum complex, Pt G4 ORTEP 
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Table 4.7: Selected bond length (Å) and bond angles (°) for the Pt G3 and Pt G4 
complexes 

Pt G4 Pt G3 
Bond length (Å) Bond length (Å) 

Pt1 – C5 1.992 Pt – Cl1 2.320 
Pt1 – Cl1 2.328 Pt – Cl2 2.305 
N1 – H1 0.924 Pt – N1 2.072 
N2 – Pt1 2.017 Pt – S1 2.199 
N3 – Pt1 2.149 C14 – N2 1.435 
N2 – C14 1.436 N2 – C7 1.354 
N2 – C7 1.329 C13 – N1 1.353 
N3 – C34 1.367 N1 – C1 1.370 
N4 – H4N 0.783 S1 – C21 1.781 
C35 – N4 1.413 S1 – O1 1.443 
C28 – N4 1.376 C21 – H21B 0.960 
C39 – O4 1.379 N1 – H2 2.598 
C42 – O4 1.379 N2 - H9 2.546 
C16 – O1 1.366 Bond angle (°) 
C20 – 01 1.435 C14 – N2 – C7 125.14 
C21 – O2 1.415 C1 – N1 – C13 120.62 
C18 – O2 1.367 N1 – Pt – Cl2 88.08 
C37 – O3 1.371 Cl1 – Pt – S1 90.13 
C41 – O3 1.425 O1 – S1 – C20 107.21 

C41 – H41B 0.961 N1 – C1 – C2 119.17 
C21 – H21B 0.960 N1 – C13 – C12 119.36 
C20 – H20A 0.960 C5 – C6 – C7 124.45 

Bond angle ( ̊ ) C7 – C8 – C9 122.47 
C35 – N4 – C28 128.62 C20 – S1 – C21 100.92 
C7 – N2 – Pt1 116.51   
C1 – Pt1 – C5 94.35   
N3 – Pt1 – N2 94.67   
Cl3 – N1 – H1 124.05   

C21 – O2 – C18 117.64   
C39 – O4 – C42 116.84   
C37 – O3 – C41 116.56   
C34 – N3 – C22 118.22   
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Table 4.8: Crystal data and structure refinement of Pt G3 and Pt G4 complexes 

 

 

 

 

Identification code Compound Pt G4 
from DMSO 

Compound Pt G3 from 
DMF 

Emprical formula C42 H35 Cl N4 O4 Pt C24 H26 Cl2 N3 O2 Pt S 

Crystal size (mm) 0.3000 x 0.2500 x 
0.0200 0.5300 x 0.2500 x 0.2000 

Crystal color orange orange block 
Formula weight 890.28 686.53 

Temperature 293(2) K 100.2(8) K 
Wavelength 0.71073 0.71073 

Crystal system Monoclinic Triclinic 
Space group P 1 21/n P 1 

a/Å 9.7803(4) 7.8322(2) 
b/Å 24.7870(14) 12.8710(4) 
c/Å 14.3144(7) 13.1753(5) 
α/  ̊ 90.00 95.454(3) 
β/   ̊ 90.094(4) 96.121(3) 
γ/  ̊ 90.00 107.150(3) 

Volume/ Å 3470.2(3) 1250.65(7) 
Z 4 2 

Ƿcalc g/cm3 1.704 Mg/m 1.823 Mg/m 
μ/mm-1 4.172 mm 5.934 mm 
F(000) 1768 670 

2θ range for data 
collection/  ̊ 2.846 to 29.538 3.076 to 29.434 

Index ranges 
-11<=h<=12, -
34<=k<=25, -

17<=l<=19 

-10<=h<=10, -16<=k<=16, -
18<=l<=18 

Reflections collected 18775 21485 
Independent 
reflections 7585 [R(int)=0.0480] 6178 [R(int) = 0.0605] 

Data/restraints/ 
parameters 7585/0/479 6178 / 0 / 302 

Goodness offit on F2 1.071 1.042 
Final R indexes 

[I>=2σ (I)] 
R1 = 0.0412, wR2 = 

0.0799 R1 = 0.0902, wR2 = 0.2054 

Final R indexes [all 
data] 

R1 = 0.0607, wR2 = 
0.0955 R1 = 0.1005, wR2 = 0.2140 

Largest diff. 
peak/hole / eÅ-3 1.635/-1.276 20.959/-3.088 Univ
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Since the crystals does not appeared in any solvent up to this date for G7 and Pt G7 , the 

thermogravimetric analysis (TGA) were carried out under nitrogen with the heating rate 

of 20 °C per minute form 50 °C up to 900 °C. The TGA analysis of G7 and Pt G7 was 

shown in Figure 4.10 and Figure 4.11, indicating that the G7 was thermally stable up to 

245 °C and the decomposition occurred completely without any residue at 700 °C with 

99.78% of weight of G7 decomposed. While, the thermal decomposition of Pt G7, was 

stable up to 300 °C and that thermal decomposition occurred and completely stop when 

reached 31.33% weight of Pt G7. About 68.01% of weight of Pt G7 was burnt and the 

remaining residue was platinum oxide (PtO). The theoretical value of the PtO is 33.37% 

and the experimental show 31.99%. Thus, the results showed that the theoretical and the 

experimental of remaining product are typical and also the differences between ligand 

and its metal complex. 

 

Table 4.9: The theoretical and the experimental of remaining product after 
decomposition process 

Compound 
Theoretical value (%) 

(remaining product) 

Experimental value (%) 

(remaining product) 

Pt G3 34.35 32.90 

Pt G4 23.74 28.53 

Pt G7 33.37 31.99 
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Figure 4.10: The TGA data of G7 

 

Figure 4.11: The TGA data of Pt G7 
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4.7 Biological activity 

4.7.1 Anti-proliferative activity of compounds 

The effects of compounds on the viability of MCF-7, HL60, HT29 and WRL68 cells 

were measured using the MTT assay. Cellular proliferation following 24 h of exposure to 

acridine derivatives and platinum complexes showed significant inhibition in G3, G4, G7 

Pt 3, Pt G4 and Pt G7 -treated cells compared to non-treated cells (controls). As shown 

in Table 4.10, the IC50 of G3, G4, G7 Pt 3, Pt G4 and Pt G7 was following 24 h of 

treatment. The proliferation of all compound -treated cells decreased as the G3, G4, G7 

Pt 3, Pt G4 and Pt G7 concentration increased. However, they exhibited no suppressive 

against normal WRL-68 hepatic cell compares to IC50 value of compounds toward 

viability of MCF-7, HL60 and HT29 cells. The IC50 value of WRL68 in this assay also 

recorded as positive as shown in Table 4.10. In the present research we have shown that 

the cytotoxic activities of G3, G4, Pt G3 and Pt G4 towards MCF-7, HT29 and HL60 

cells are high while in the same time the toxicity against WRL68 was very low in 

treatment of G3, G4, Pt G3 and G7 while Pt G4 and Pt G7 are having toxicity against 

WRL68. The G3 is good compound due to the result of IC50 value is low against MCF-7 

and HL60 cells compared to other compounds. While the G4 is good compound against 

HT29 and HL60 with the IC50 value below than 20 μg/mL. This result considers as a 

beginning to study anti-cancer mechanism of G3, G4, Pt G3 and G7 towards all this cell 

line in the result above. 
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Table 4.10: Cytotoxicity effect of G3, G4, G7, Pt G3, Pt G4 and Pt G7 

Cell line 
IC50 +SD (μg/mL) 

G3 G4 G7 Pt G3 Pt G4 Pt G7 

WRL68 
56.0 ± 

0.03 

49.0 ± 

0.05 

50.0 ± 

0.03 

43.0 ± 

0.03 

29.0  ± 

0.04 

23.0 ± 

0.03 

MCF-7 
16.0 ± 

0.05 

22.0 ± 

0.04 

38.0 ± 

0.05 

18.5 ± 

0.03 

18.0  ± 

0.03 

42.5 ± 

0.03 

HT29 
22.0 ± 

0.03 

17.5 ± 

0.02 
- 

24.0 ± 

0.03 

23.0  ± 

0.04 
- 

HL60 
10.0 ± 

0.04 

15.0 ± 

0.03 

22.0 ± 

0.04 

13.5± 

0.04 

15.0  ±  

0.05 

19.5 ± 

0.04 

 

4.7.2 General acute toxicity observation for G4 

The acute toxicity study was carried out to determine a nontoxic dosage for G4. After 

fourteen days of the intragastric administration of G4 at two different concentrations, 

observed that there were no behavioral alterations or death was noticed. The investigation 

of compound G4 towards the mice did not showed any abnormalities in term of their 

behaviors or physical appearances. Food and water was provided as usual and no 

abnormalities observed on their feces that were dark and dry. Other than that, there was 

also no significant differences in their body weight measurement between the mice. 
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Table 4.11: Serum biochemical data for male and female mice orally administered G4 
at different concentration for 14 days. 

Parameters Sex Control   

mean ± SD 

Low dose 

mean ± SD 

High dose 

mean ± SD 

Sodium 

mmol/L 

Male 151±1.22 152±0.23 152.6±3.13 

Female 149±0.55 149.6±0.54 149±2.50 

Potassium 

mmol/L 

Male 5.8±0.5 4.6±1.4 5.01±0.39 

Female 4±0.7 4.84±0.5 4±1.21 

Chloride 

mmol/L 

Male 108.8±1.64 107±0.2 107.6±2.30 

Female 110±2.7 110.2±1.1 109±0.68 

Carbon 

Dioxide 

mmol/L 

Male 13.4±4.5 13±2.1 13.6±2.90 

Female 19±2.41 18±2.9 19±3.20 

Anion Gap 

mmol/L 

Male 34.8±3.8 33.7±0.9 35.2±2.4 

Female 27±0.55 27±0.11 28.1±1.89 

Urea 

mmol/L 

Male 8.26±0.7 9±0.76 8.86±1.32 

Female 8±0.8 8.8±1.3 8.6±1.2 

Creatinine 

mmol/L 

Male 8±0 8±0 8±0 

Female 9±0.5 9±0.2 8±0.23 

Albumin g/L Male 27.2±2.6 28±3.1 27±1.2 

Female 27±1.7 27±0.24 28±3.1 

Total 

Bilirubin 

umol/L 

Male 1±0 1±0 1.4±0.55 

Female 1±0.2 1±0.23 1±0.9 

Alkaline 

Phosphatase 

IU/L 

Male 61.4±0.5 74±0 75.2±8.6 

Female 67±6.5 68±4.1 66.5±3.7 

Alanine 

Aminotransf

erase IU/L 

Male 41.6±0.9 41.1±6.7 42.6±3.2 

Female 34.01±5.3 33.1±0 33.4±1.3 

G-

Glutamyal 

Transferase 

IU/L 

Male 4.6±3.2 4±0.6 4.4±1.82 

Female 2±0.3 2±0.21 3±0.15 
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4.7.3 Serum biochemical parameters  

All mice were treated with either 500 or 1000 mg/kg of compound G4 did not exits 

significant differences in these hepatic markers. Table 4.11 shows data of serum 

biochemical obtained. The level of serum albumin and total bilirubin did not show any 

significant changes. While the investigation was further with Alkaline Phosphatase 

(ALP), Alanine Aminotransferase (ALT) and Gamma-Glutamyal Transferase (GGT) on 

G4 compound toward the liver function parameter. In addition, Table 4.11 also shown 

there is no significant change in serum electrolyte such as potassium, chloride, sodium or 

urea.  The mice were dosed with 500 mg/kg, male and female showed some significant 

increases in total cholesterol, high density lipoprotein cholesterol HDL, and low density 

lipoprotein cholesterol LDL and triglyceride level. While for the 1000 mg/kg treated 

mice, the results showed decreases in all parameter for male and female mice. The effect 

of G4 on triglyceride, total cholesterol, HDL cholesterol and LDL cholesterol are shown 

in Table 4.12. 

Table 4.12: The effect of G4 on trigyceride, total cholesterol, HDL cholesterol and 
LDL cholesterol. 

Parameters Sex 
Control      

mean ± SD 

Low dose 

mean ± SD 

High dose 

mean ± SD 

Triglyceride 

mmol/L 

Male 1.54±0.32 1.39±0.33 1.16±0.5 

Female 1.5±0.4 1.8±0.07 1.7±0.41 

Total Cholestrol 

mmol/L 

Male 2.92±0.41 3.1±0.8 2.78±0.3 

Female 2±0.1 2.4±0.13 2±0.19 

HDL Cholestrol 

mmol/L 

Male 1.66±0.32 1.8±0.9 1.94±0.5 

Female 0.9±0.27 2.4±0.13 1.2±0.26 

LDL Cholestrol 

mmol/L 

Male 1.21±0.2 1.13±0.69 1.48±0.72 

Female 1.53±0.1 1.67±0.74 1.37±0.49 
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4.7.4 Histopathological evaluation  

The kidney and liver examination of the mice did not show any abnormalities in gross 

appearances and weight as a results of the compound consumption. The results from the 

gross examination were also confirmed by histopathological assessment. There were no 

detected ion of any damages in their gastroinstestinal tracts or the potential and direct 

target for toxic effects of the ingested foods. G4 was also found to not implicatory any 

significant histological changes in the organ tissues of any of the mice (Figure 4.12). 

Hence, it can be concluded that there were no necrosis, cirrhosis or inflammation was 

observed. These outcomes revealed that G4 up to an intragastric concentration of 1000 

mg/kg was not-toxic in rats.  

 

Figure 4.12: Effect of G4 compound on histological sections of the liver and kidney in 
rats. (A, B) Rats treated with vehicle. (C, D) Rats treated with 500 mg/kg of 
G4. (E, F) Rats treated with 1000 mg/kg of G4. (H &E stain, 20× 
magnifications) 
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CHAPTER 5: CONCLUSION 

A new series of platinum complexes with acridine derivatives Pt G3, Pt G4 and Pt 

G7 were synthesized using the ligands G3, G4 and G7. The G4 is a new and novel ligand 

from acridine derivatives derived form 3,5 dimethoxyaniline and 2-chlorobenzoic acid as 

a precursor. The percentages yields of complexes were about 50-60% as compared to its 

ligand. A higher percentages yield (90%) was obtained for G4. The platinum was bound 

to N as donor atom, to form complex with a distorted tetrahedral geometry. The crystal 

structure of Pt G3 showed that the type of metal-ligand referred as monodentate due to 

the lone pair electron shared between the N atom and Pt(II) atom. While for the crystal 

structure of Pt G5, the organometallic cycloplatinum was found to be the type of chelate 

with two ligand and one metal (monodentate).  Two ligands (G4) were bond to the Pt(II) 

to form Pt G4 from N(2) and N(3) atoms as showed in crystal structure. The N(2) atom 

came from the acridine skeleton itself and another nitrogen atom N(3) is from the 

substituent (3,5 dimethoxyaniline). The only of difference between Pt G3 and Pt G4 is 

the bonding of C(5) with the platinum. The cyclometallate of the ligand also effected by 

the steric and basicity of the ligand.  The bulky of ligand or primary amine will ease in 

promoting the cycloplatination. 

All the synthesized compounds G3, G4, G7, Pt G3, Pt G4 and Pt G7, had shown 

good anticancer activities against MCF-7, HT29 and HL60 cells. From MTT assay, the 

cytotoxic activities of compound towards MCF-7, HT29 and HL60 cells were low in IC50 

values. However, the value of IC50 for WRL68 was very high in treatment using the 

synthesized compounds indicated that it is harmless for normal cells.  The HL60 cell 

showed the best result by treatment of all compounds which was less than 20 μg/mL (IC50 

value) as compared to other cells.  While for acute toxicity test of G4, the 

histopathological evaluations for the liver and kidney as well as the serum biochemistry 
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results in which no indications of toxicity were noticed after intragastric administration 

of the 2 concentrations of MDLA. From that we can say, G4 up to an intragastric 

concentration of 1000 mg/kg was not-toxic in rats. 

 

5.1 Future work 

Futher investigations on biological important of these compund can be carried out. The 

study of the reaction mechanisms of those compounds toward cancel cell is also a 

consideration for futher discovering. The acute toxicity study can be conducted to the 

remaining compounds and further research in the area of in vivo studies might be vital for 

the development of new pharmaceuticals drugs.  
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