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 SYNTHESIS AND BIOLOGICAL ACTIVITIES OF IMIDAZOLIUM 

ACRIDINES AND THEIR SILVER COMPLEXES 

                                                     ABSTRACT 

In the present study, a series of acridine-based imidazolium ligands were synthesized by 

the Menshutkin reaction and used for the preparation of the silver complexes. The 

structures were established using NMR and IR spectroscopy as well as high-resolution 

mass spectrometry. The purity of the ligands was confirmed by CHN elemental analysis, 

while energy-dispersive X-ray spectroscopy (EDX) was applied for the silver complexes. 

In view of the luminescent behaviour of acridine, UV-Vis and fluorescence spectra were 

recorded for ligands and complexes. However, low water solubility constrains potential 

application as analytical probe. Preliminary in vitro cytotoxicity screenings were 

performed using an MTT assay against three cancer and two non-tumorigenic cell lines. 

All compounds showed low toxicity on normal cell lines, while the anticancer activity 

varied with the cancer cell lines. The complexes exhibited higher activities than the 

ligands. Incorporation of aromatic structures at the imidazolium substituent typically 

enhances the activity. All compounds were evaluated for antioxidant activity by using 

DPPH and FRAP assays. However, practically the FRAP results indicated low activities 

compared to the reference compound (ascorbic acid). The antibacterial activity of 

benzimidazolium-based acridine salts and their complexes was screened against standard 

strains of Gram-positive and Gram-negative bacteria using the disc diffusion method as 

well as minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) assays. Most compounds were effective against the tested bacteria, 

while the complexes exhibited higher activities than the ligands. 

Keyword: 9-aminoacridine derivatives, Menshutkin reaction, N-heterocyclic carbene 

complex, anticancer, antibacterial 
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 SYNTHESIS DAN AKTIVITI BIOLOGI AKRIDINA IMIDAZOLIUM DAN 

KOMPLEKS PERAKNYA 

                                                      ABSTRAK 

Di dalam kajian ini, suatu siri sebatian imidazolium berdasarkan akridina telah 

disintesiskan melalui tindakbalas Menshutkin dan digunakan untuk penyediaan kompleks 

perak. Strukturnya telah dikenalpasti menggunakan spektroskopi NMR dan IR serta 

spektroskopi jisim resolusi tinggi. Ketulenan ligan telah dipastikan melalui analisis unsur 

CHN, sementara itu spektroskopi sinaran-X sebaran tenaga telah digunakan untuk 

kompleks perak. Spektra UV-Vis dan fluoresen telah direkodkan untuk sebatian ligans 

dan kompleks Namun, keterlarutan di dalam air yang rendah menghadkan aplikasi 

sebagai prob analitikal. Penyaringan sitotoksisiti in vitro telah dilakukan menggunakan 

ujian MTT terhadap tiga titisan sel kanser dan dua titisan sel bukan-tumorigenik. Semua 

sebatian menunjukkan ketoksikan yang rendah terhadap titisan sel kanser yang normal, 

sementara itu, kepelbagaian aktiviti antikanser dengan titisan sel kanser. Kompleks itu 

menunjukkan aktiviti yang tinggi berbanding ligans. Penggabungan struktur-struktur 

aromatik pada penukar ganti imidazolium biasaannya meningkat akan aktiviti tersebut. 

Semua sebatian dinilai untuk aktiviti antioksidan melalui ujian-ujian DPPH dan FRAP. 

Namun, secara praktikalnya keputusan ujian FRAP menunjukkan aktiviti yang rendah 

berbanding sebatian rujukan (asid askorbik). Aktiviti antibakteria untuk garam akridina 

berdasarkan benzimidazolium dan kompleks tersebut mereka telah disaring terhadap 

strain bakteria piawai Gram-positif dan Gram-negatif menggunakan kaedah peresapan 

cakera serta kepekatan perencatan minimum (MIC) dan ujian kepekatan bakterisidal 

minimal (MBC). Kebanyakan sebatian adalah efektif terhadap ujian bakteria, sementara 

komplek-komplek menunjukkan aktiviti yang tinggi berbanding ligan. 

Katakunci: 9-aminoakridina, tindakbalas Menshutkin, komplek karbena N-heterosiklik, 

antikanser, antibakteria 
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CHAPTER 1: INTRODUCTION 

1.1 Background  

Medicinal compounds have become more important in primary health care especially 

in developing countries (Mutee et al., 2010). Several pharmacognostic and 

pharmacological investigations were carried out to develop new drugs or discover new 

chemical structures for the development of novel therapeutic agents for the treatment of 

human diseases, such as infectious diseases and cancer (Garcia et al., 2010; Newman et 

al., 2003). Noteworthy, N-heterocyclic compounds represent a very important class of 

compounds, which have received considerable attention as core structures and widely 

used in scientific materials and medicinal chemistry (Zhou et al., 2016b; Gao et al.,  

2015), leading to an interest in the development of sustainable, convenient, efficient and 

environmentally benign synthetic methods for the construction of nitrogen-containing 

heterocycles (Zhou et al.,  2016b). 

Acridine (a polycyclic compound), is alkaloid that has been found in natural products, 

and it is one of the abundant compounds that exhibits a biological activity and used for 

chemotherapy and treatment of many diseases (Benoit et al., 2014; Nowak, 2017; Pereira 

et al.,  2017; Perez et al.,  2017). In fact, acridines are used as biological fluorescent probes 

and anti-bacterial drugs (Afzal et al., 2016; Bongarzone & Bolognesi, 2011; Charmantray 

& Martelli, 2001; Galdino-Pitta et al.,  2013; Kumar et al.,  2013b). Since the therapeutic 

potential is strongly related to its specific interactions with proteins (Demeunynck, 2004), 

the medicinal effect of acridine compounds has been associated with π-stacking 

interactions with nucleic acids (Baruah et al.,  2002; Liu et al.,  2006), leading to concerns 

of long-term carcinogenic effects of acridine drugs (Byvaltsev et al.,  2019). In addition, 

recent investigations suggest the contribution of interactions with proteins for the 

therapeutic potential of acridines (Demeunynck, 2004). For such reasons, the synthesis 

of acridines and their analogues have attracted a great deal of attention to both medicinal 
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and organic chemists. Moreover, the modification of acridine by metalation is an 

interesting field for researchers in their quest to discover new potent anticancer and 

antibacterial agents (Perez et al., 2017). The complexes of silver cations 

(Ag(I)-complexes) have gained interest due to their anticancer activity (Gandin et al.,  

2013; Haque et al., 2015b; Hussaini et al., 2019; Ray et al., 2007; Dogan et al., 2011; 

Subramanya Prasad et al.,  2017) and antimicrobial activities (Gok et al., 2014; Hindi et 

al., 2008; Streciwilk et al.,  2014). Ag(I)-complexes with effective in vivo and in vitro 

anticancer activity have been established in many literature (Ozdemir et al., 2010; Salman 

et al., 2013a; Sarı et al., 2017; Wang et al., 2014). The antimicrobial activity of the Ag(I)-

N-heterocyclic carbenes (Shahini et al., 2017) is attributed to the effect of Ag+ against a 

wide range of microorganisms (Garrison & Youngs, 2005; Shahini et al., 2018). Unlike 

the complexes based on phosphine-ligands, N-heterocyclic carbenes (NHCs) are strong 

σ-donors and weak π-acceptors. Therefore, they enable the preparation of complexes 

comprising a strong M–C bond with transition metal ions. This transfer to high chemical 

stability in terms of oxygen and water tolerance, comparable to complexes based on 

phosphine ligands. However, unlike the phosphine analogues, NHC compounds exhibited 

low toxicity at the same time (Ozdemir et al., 2010).  

In addition, Ag(I)-NHCs have received significant attention due to their high stability 

and slow release of silver ions to the diseased area from Ag(I)-NHC complexes. In fact, 

combining silver salts with organic ligands may result in complexes with a broad 

spectrum of antimicrobial activity (Feio et al., 2014; Kora & Rastogi, 2013; Medici et al., 

2015; Morones-Ramirez et al., 2013; Nunez et al., 2014). Similarly, imidazolium ligands 

are heterocyclic compounds with good activity against pathogenic microorganisms. Their 

activity is increased in the presence of Ag ions (Kalinowska-Lis et al., 2015), leading to 

the current investigation in which acridine was combined with imidazolium-based 

heterocyclic carbene complexes. The expansion of the heterocyclic ring hosting the 

Univ
ers

ity
 of

 M
ala

ya



3 

carbene provides the opportunities for modified biochemical interactions to increase 

medicinal activity or selectivity for these compounds. Besides simple imidazolium-based 

NHCs, the benzimidazolium analogues have also gained medicinal interest (Dogan et al., 

2011; Subramanya Prasad et al., 2017).  

In this study, a series of imidazolium and benzimidazolium-based acridines were 

synthesized and converted into Ag(I) complexes. The identity of ligands and complexes 

was confirmed by infrared spectroscopy (IR), nuclear magnetic resonance (NMR) and 

high-resolution mass spectrometry (HRMS), while analysis of compound purity by 

elemental analyses and energy dispersive X-ray (EDX) spectrum. In addition, 

investigations of optical properties (UV-Vis absorption and fluorescence), as well as 

antioxidant and biological activities addressing bacteria and cancer, round up the 

investigation.  

1.2 Objectives of the thesis 

            The scope of this research covers synthesis, characterization, as well as the study 

of the optical properties and biological activities. The objectives are: 

 

i. To synthesize and characterize imidazolium derivatives of acridine. 

ii. To prepare Ag(I)- carbene complexes with the ligands. 

iii. To evaluate the antioxidant, antibacterial and cytotoxicity of the synthesized 

ligands and complexes. Univ
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1.3 Thesis outline 

This thesis is divided into five chapters. Chapter one gives a brief introduction to the 

research background including the objectives of the study. Chapter two presents a review 

of related literature and covers the basic theory and experimental background of the 

biological activity of 9-chloroacridine and its derivatives with imidazolium ligands and 

metal complexes. Chapter three discusses the experimental methods for the synthesis as 

depicted in Figure 1.1 and the characterization applied in this study. This chapter also 

covers the protocols for biological property studies, such as antioxidant, anticancer and 

antibacterial activities. Chapter four is subdivided into two sections; the first part 

emphasizes the synthesis of ligands and their silver complexes, while the second part 

addresses the biological activity of the compounds. Lastly, the conclusion and 

recommendations for future work related to this research are provided in chapter five. 

The experimental data and selected spectra are located in the appendices. 
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Figure 1.1: Synthetic pathways (a) and optional application of acridine (b) 

(a) 

(b) 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Biological background 

 Antioxidant 

Oxidants are reactive molecules that are produced both inside the body and the 

environment that can react with other cellular molecules in your body such as protein, 

DNA and lipids. Free radicals such as reactive oxygen species (ROS) are chemically 

active due to own unpaired electron such as hydroxyl radicals (OH-), hydrogen peroxide 

(H2O2) and superoxide radicals (O2-) (Ahmad et al., 2013). Figure 2.1 shows how the free 

radicals grabbing the electrons from rich electronic molecules in order to reach stability 

(Alfadda & Sallam, 2012; Lobo et al., 2010). These free radicals is produced from 

extracellular environmental sources such as pollutants, tobacco, smoke, drugs, 

xenobiotics, and radiation (Valacchi et al., 2012). Excessive production of ROS is 

associated with pathological situations including glucose homeostasis, inflammation, 

cellular lifespan, multiple aging-related diseases and cancer. As a result of the previously 

mentioned reasons, the importance of antioxidant is increasing day by day. 

 

Figure 2.1: Propose structure for free radical as unstable atoms (Lobo et al.,   
2010) 
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Antioxidants are natural or synthetic substances that may prevent or delay these 

damages to cell membranes and other cellular structures. Therefore, antioxidants can be 

used as food preservatives to protect it from deleterious effects of oxidation reactions. 

Antioxidants are compounds that can inhibit oxidation reaction producing free radicals 

(unstable molecules) that may affect the living cells by causing damages in the DNA and 

as well as oxidizing polyunsaturated fatty acids, amino acids, and the co-factors of some 

enzymes. Due to their high chemical reactivity, Free radical damage may lead to cancer 

(Nguyen, 2015; Rippe, 2013). Therefore, antioxidants neutralized the liberated free 

radicals during the oxidation reactions (Kryston et al., 2011).  

For determination of the antioxidant potential of synthetic compounds, many 

analytical methods have been developed. A variety of analytical methods can be applied 

to assess the antioxidant activity of compounds (Gupta et al.,  2009; Wang et al.,  2004; 

Yehye et al.,  2015). The most suitable methods should be selected according to their 

targeting information, costs and sensitivities. The antioxidant capacity and activity can be 

measured by ability assay that determine the antioxidants to protect a fluorescent 

molecules from damage by free radicals (Apak et al.,  2007; Turrens, 2003). Common 

free radical scavenging assays are: ORAC (Oxygen Radical Absorption Capacity) 

(Dudonne et al.,  2009; Ou et al.,  2001), ABTS [2,2'-Azino-bis(3-ethylbenzthiazoline-6-

sulphonic acid)] (Apak et al.,  2016; Cano et al.,  2002), Ferric Reducing Antioxidant 

Power assay (FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH•) radical scavenging 

assay (Carocho & Ferreira, 2013; Forman et al.,  2010; Huang et al.,  2005; Sharma & 

Bhat, 2009; Thaipong et al.,  2006). Antioxidant activity is a complex feature, reflecting 

different mechanistic pathways. These cannot be evaluated using a single test; typically, 

two commonly applied assays with differing in their working principles are, hence, 

applied. (Zugic et al., 2016). One of them determines the antioxidant activity by 

neutralization of coloured DPPH radicals via the transfer of hydrogen radicals, leading to 
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a discolouration that can be measured photometrically (Zugic et al., 2014). The radical-

focus of the assay reflects cellular damage processes caused by singlet and triplet oxygen, 

as well as decomposition of peroxides (Haque et al., 2013b; Sorrenti et al.,  2006). 

In this study, the compounds were tested on their in vitro antioxidant activities using 

DPPH and FRAP assays. The FRAP assay is a simple, versatile and low-cost test, used 

to measure the reducing capacity of the ferric tripyridyltriazine complex to ferrous 

tripyridyltriazine by the transfer of a single electron from an antioxidant compound, 

according to equation (2.1): 

                                 (2.1) 

The reaction of antioxidant with the probe can be monitored by the intense blue colour 

of Fe(TPTZ)2]3+ with an absorption maximum at 593 nm. Data are  reported in terms of 

FRAP value (Yehye et al., 2015). It is utilized as an indicator to track the endpoint of 

reactions i.e. the reducing capacity. However, the radical scavenging capability of a 

compound is not directly reflected (Forman et al., 2010; Huang et al., 2005). 

The DPPH radical scavenging assay is the most common approach to determine 

antioxidant activity. DPPH is a stable nitrogen-containing organic free radical capable of 

accepting an electron or hydrogen radical to become a stable anion or molecule, 

respectively. However, DPPH molecule is relatively stable due to the delocalization of 

the unpaired electrons over the entire structure, as shown in Figure 2.2 (Baydar et al.,  

2007; Rice-Evans et al.,  1996; Valko et al.,  2006).  When an antioxidant neutralizes the 

DPPH radical, the colour of the solution changes from  deep purple to  light yellow at 

maximum absorption (λmax) of 515 nm, which is reflected in the purple colour of the 

solution. The molecular absorbance λmax shift to shorter wavelength upon radical 
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scavenging resulted in a colour change from deep purple to yellow (Carocho & Ferreira, 

2013; Sharma & Bhat, 2009).  

 

Figure 2.2: The antioxidant (ArXH) with DPPH reactions 

 

Ascorbic acid, or vitamin C, is a hydrophilic antioxidant used as reference compounds. 

It can effectively reduce the DPPH radical via the transfer of an electron. Donation of an 

additional electron leads to the formation dehydroascorbate, which is not stable and 

breaks down to threonic and oxalic acids. (Diplock, 1994; Du et al.,  2012). 
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 Antibacterial activity 

More than 100 years ago, Christian Gram (1884) has classified all bacteria into two 

large groups, i.e. Gram-negative and Gram-positive. Gram-negative bacteria have a thin 

cell wall peptidoglycan layer and an outer lipid membrane, whereas Gram-positive 

bacteria have a thick cell wall peptidoglycan layer and no outer lipid membrane. 

Typically, Gram-negative are more dangerous bacteria, because their outer membrane is 

often hidden by a capsule or slime layer, which hides the antigens of the cell (Gram, 1884; 

Tang et al., 2019). Some examples of common Gram-negative bacteria include 

Escherichia coli and Salmonella typhi, while Staphylococcus aureus, Staphylococcus 

epidermidis and Pseudomonas aeruginosa are common Gram-positive bacteria. 

Escherichia coli (E. coli) normally lives in intestines of human and in the gut of some 

animals. Most types of E. coli are harmless and even help keep the digestive tract healthy. 

E. coli can cause very common infection in dividing urinary tract infection, diarrhoea, 

pneumonia, etc. Salmonella typhi (S. typhi) can cuase typhi fever, gastroenteritis, etc. 

Staphylococcus aureus (S. aureus) is the most dangerous type of staphylococcal bacteria 

that can cause skin, bone, bloodstream and  heart valve infections. Staphylococcus 

epidermidis (S. epidermidis) cuases opportunistic infections and nosocomial sepsis (Tang 

et al., 2019). 

Antibacterial agents affect the bacteria in four ways: (1) The inhibition or regulation 

of transglycosylase enzymes that participate in the cell wall biosynthesis: most bacteria 

produce a cell wall that is partly composed of a macromolecule called peptidoglycan, 

while human cells contain peptidoglycan. The cell wall functions are to provide structure 

support and protection for the cell. (2) Affection of the metabolism and repair of nucleic 

acid: antibiotics can target an enzyme called DNA gyrase in the bacteria. The DNA gyrase 

relaxes tightly wound chromosomal DNA, thereby allowing DNA replication to proceed. 

The DNA gyrases also presence humans and differ from the bacterial analogue and are 
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not affected by the antibiotic. (3) Interference of protein synthesis: the antibiotic inhibits 

bacterial growth by stopping protein biosynthesis. However, both bacteria and humans 

carry out protein synthesis on structures called ribosomes. It can cross the membranes of 

bacteria and accumulate in high concentrations in the cytoplasm. Then it binds to a single 

site on the ribosome and blocks a key RNA interaction. In human cells, it does not 

accumulate in sufficient concentrations to stop protein synthesis. (4) Ruination of 

membrane structure: disrupting the plasma membrane causes rapid depolarization 

(Chopra et al., 2001; Kohanski et al., 2010). 

Many antibacterial agents have been developed and are available in the market, but 

their effectiveness has deteriorated over the years and failed to solve the problem of 

multidrug-resistant bacteria (Delhaes et al.,  2002; Nicolaou et al.,  2009; Youngs et al.,  

2012). In the light of above, organometallic compounds provide an attractive approach to 

curb the drug resistance problem and as can add antibacterial activity on top of the 

interaction of the purely organic parent drugs (Bandow & Metzler‐Nolte, 2009; Youngs 

et al.,  2012). Therefore, research on the metal compound as antibacterial is very 

interesting (Gasser et al.,  2011; Peacock & Sadler, 2008).  

The recognition of acridines as antimicrobial agents was firstly proposed by Ehrlich 

and Benda in 1912 (Browning et al., 1922; Wainwright, 2001) and their first clinical use of 

these agents was started in 1917 (Bongarzone & Bolognesi, 2011; Hamblin & Hasan, 

2004; Wainwright, 2001). Microbial resistance to antibiotics has become a worldwide 

concern. As the number of resistant microbial strains is constantly increasing, the search 

for new antibacterial compounds becomes an urgent issue in medicinal chemistry 

(Kalinowska-Lis et al., 2015). Owing to the potential antimicrobial features of silver 

compounds, this study focuses on the preparation of silver complexes, resulting from the 

complexation Ag with organic ligands that exhibit antimicrobial properties. This may 
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result in obtaining complexes with broad spectra of activity (Feio et al.,  2014; Kora & 

Rastogi, 2013; Medici et al.,  2015; Morones-Ramirez et al., 2013; Nunez et al., 2014). 

 Anticancer activity 

Cancer is a disorder that can affect any part of the body (Edwards et al.,  2005). Cancer 

is one of the major causes of morbidity and mortality affecting the worldwide population, 

with about 14 million new cases of cancer-related deaths in 2012 (McGuire, 2016). 

Uncontrolled cell proliferation may lead to tumour progression. Thus, cancer 

chemotherapy has become an important focus area of research (Han et al.,  2017; Matsuda 

et al.,  2018). Development of cancer is poorly understood and diagnosed late. Cancer can 

lead to death, however, early detection of it may improve the disorder outcome (Bray et 

al.,  2018; Kumar et al.,  2017; Ribeiro et al.,  2019). The transformation of healthy cells 

into cancerous cells through the biological process has become one of the vital research 

endeavours in the biomedical sciences (Kerru et al.,  2017). The cancer therapy has grown 

over the years and new antitumoral drugs are developed to relieve patients from further 

suffering (Hanahan & Weinberg, 2011). The investigation on how the normal cells are 

transformed into malignant cells has become one of the vital research attempts in the 

biomedical sciences.  

Chemotherapy is one of the most common treatment for cancer. It is used to kill cancer 

cells or stop them from growing and spreading to other parts of the body. Anticancer 

drugs work by targeting and killing rapidly dividing cells. The uncontrolled cell deviation 

is a key feature for all cancer types.  However, chemotherapy will also affect healthy cells 

during natural mitosis. Therefore, cells that divide frequently, like hair, is typically 

affected by chemotherapy. DNA, which is the carrier of genetic information, is a major 

target for anticancer drugs; anticancer drugs can interfere with transcription and DNA 

replication, which is a major step in cell division. There are different ways of anticancer 
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drug binding. The first targets control of transcription factors and polymerases. The 

second applies small aromatic ligand molecules that bind to DNA double-helical 

structures. Intercalation can be defined as the process by which compounds containing 

planar aromatic or heteroaromatic ring systems are inserted between adjacent base pairs 

perpendicularly to the axis of the helix and without disturbing the overall stacking pattern 

due to Watson-Crick hydrogen bonding (Goftar et al., 2014). Many biological 

experiments have suggested that DNA is one of the primary cellular targets for many 

anticancer agents. Particularly, in cancer cells, DNA can be preferentially damaged, due 

to the interactions with anticancer agents, therefore inhibition/blockage of cell division 

causes cell death (Rakesh et al., 2019). 

There are various types of common cancer such as breast, prostate and ovarian cancer. 

Breast cancer is the most common cancer in women worldwide and represents 

approximately 25% of all cancers in women and leading cause of death in the next few 

years (Deen et al.,  2016; Farghadani et al.,  2017; Ferlay et al.,  2015; Siegel et al.,  2015). 

Besides, ovarian cancer is responsible for 4% of women deaths from cancer. It has three 

broad subgroups such as stromal, epithelial and germ cell tumours. Each subgroup has 

different aetiologies and clinical behaviour. Treatment of malignancies includes a 

combination of surgery and chemotherapy (Alfarouk et al.,  2015), but the relapse of 

cancer within 2 years of initial treatment remains the big problem.  

Prostate cancer is the commonly cancer in men (Alfarouk et al.,  2015), and can often 

be treated successfully. Recently, it was hypothesized that low levels of vitamin D may 

increase the risk of clinical prostate cancer. Although, some prostate cancers relatively 

grow slowly; some are quick-growing (Bray et al.,  2010; Klotz, 2012).    
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2.2 Acridine and its derivatives   

 Biological applications of acridine and its derivatives                  

Acridine was firstly isolated in 1870 by Carl Grabe and Heinrich Caro and their 

antimicrobial property were discovered in 1917 by Ehrlich and Benda. The first use of 

acridine as therapeutic agent for tumours was during the 1970s. Acridine and its 

derivatives have good potential as pharmaceutical agents due to their remarkable 

biological activities (Chen et al.,  2005; Guo et al.,  2009; Kumar et al.,  2013b; Rastogi 

et al.,  2002). One of its applications addressed antioxidant behaviour. Makhaeva et al. 

studied the antioxidant activities of four groups of acridine derivatives, as illustrated in 

Figure 2.3, that demonstrated high radical-scavenging activities (Makhaeva et al.,  2017). 

Dickens et al. reported particularly a strong antioxidant activity of 9-amino-acridine-

propranolol 9-AAP (Dickens et al., 2002). Recently, 9-(2-(1-arylethylidene)-hydrazinyl)-

acridines were identified as potent antioxidant showing about 50% of the activity of 

vitamin E (Haider et al., 2019). 

 

 

 

Figure 2.3: Chemical structures of the acridine derivatives as antioxidants  
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Acridine has been clinically used in the treatment of acute non-lymphocytic, 

lymphocytic and acute myeloid leukemias as a single agent or in combination with other 

antineoplastic drugs (Guo et al.,  2009; Kumar et al.,  2013a). The first developed of 

acridine based therapeutic agent for cancer treatment was specifically designed during the 

1970s. Structural modifications on the acridine as depicted in Figure 2.4, have given rise 

to a wider therapeutic window for their anticancer and antibacterial properties, for 

example, the use of mepacrine (also called as quinacrine) as an alternative to quinine for 

treating malaria (Dickens et al.,  2002; Gamage et al.,  1997; Nadaraj et al.,  2009). 

 
 

Figure 2.4: Chemical structures of acridine derivatives used as a therapeutic and 

antibacterial agent 
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Quinacrine and acranil were tested in clinical trials for different diseases and found to 

be highly efficient chemotherapeutic agents. They are very well tolerated by children, for 

whom no toxic effect at all was recorded (Cholewinski et al.,  2011).  

Among the acridine derivatives, 9-aminoacridines, as shown in Figure 2.5, exhibit a 

good anticancer activity with high selectivity towards tumourous cells. For example, 9-

aminoacridine derivatives from testosterone have been designed and used as drugs against 

various cancers (L.Zhang et al.,  2014). Also, pyrazoloacridine (PZA) demonstrated its 

capability to intercalate into DNA base pairs (Demeunynck, 2004) and it was applied to 

inhibit DNA topoisomerase II and the treatment of leukaemia disease (Antonini et al.,  

2001). Furthermore, the methoxy substitution of acridine ring helps to increase the 

reactivity of the compound towards the human breast carcinoma cell line; both 9-nitro 

and 9-hydroxyl substituents also exhibited significant tumour selectivity (Adjei, 1999).   

  

Figure 2.5: Chemical structures of 9-aminoacridine derivatives 

 

In 1990, Cholody’s group developed triazoleacridone as antitumor toward a wide 

range of tumours in vitro and in vivo. Applications included both mice and human colon 

carcinomas (Cholody et al.,  1990). The 9-hydroxy substitution of triazoleacridone was 

identified as an important feature, effecting both activity and tumour selectivity (Philippe 

et al.,  2007; Wesierska-Gadek et al.,  2004). Nitracrine was used as clinical anticancer 

agent.  Structure-activity relationship (SAR) analysis indicated that the nitro group on the 
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acridine at position 1 is critical for its anticancer activity (Belmont et al., 2007; 

Gniazdowski & Szmigiero, 1995).  

Amsacrine (m-AMSA) as depicted in Figure 2.6, is a well-known antiproliferative 

agent, which is used to treat certain cancers including acute adult leukaemia (Chilin et al.,  

2009). The preliminary evaluation indicated a drastic reduction of the anticancer activity 

upon replacement of the acridine with an analogous quinoline system. Bagueley et al. 

(1984) modified the structure of m-AMSA to give asulacrine which improved efficacy 

against leukaemia and solid tumours in phase I/II clinical studies (Baguley et al.,  1984; 

B.Zhang et al.,  2014).   

                        

 

Figure 2.6: Structures of m-AMSA and asulacrine 

 

Besides, 9-amino acridine derivatives partially hydrogenated analogues have been 

investigated as well. Tetrahydroacridine derivatives with 4-fluorobenzoamide- and 6-

hydrazinonicotinamide substituents (Figure 2.7) enhanced the biological potency of 

acridine and reduce its side effects (Sondhi et al.,  2013). The 4-fluorobenzoic acid 

derivatives were much more effective and exhibited good activities against human lung 

adenocarcinoma (A549) (IC50= 9.6 - 31.3 µM) (Olszewska et al.,  2014). 
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Figure 2.7: Structures of tetrahydro-9-aminoacridine derivatives  
 

Figure 2.8 shows the chemical structure of the carbothioamide-acridine derivatives 

2.15, acridine derivatives-benzimidazole 2.16 and 9-benzylaminoacridine derivatives 

2.17 as antiproliferative activity. Compounds 2.15 and 2.16 showed good antiproliferative 

activity with IC50 around 8.74 -41.1 µM  (De Almeida et al.,  2015; Gao et al.,  2015; 

Liang et al.,  2019), as well as good topoisomerase I inhibition activity (Zhang et al.,  

2016). While compound 2.17 displayed strong topoisomerase II inhibitory activity with 

low IC50 values against HCT-116 cells. The linkers between R-CH2 groups and acridine 

maybe affected the bioactivity and the present of chloro and methoxy groups substituted 

at C-2 and C-6 of acridine ring was evaluated with good in vitro antiproliferative activity 

(Zhang et al.,  2016). Another acridine derivatives with 4-carboxamide 2.18 which played 

interesting in medicinal chemists and appeared in many biologically active. The result 

indicated that substitution at 4-position may increase the anticancer activity against both 

the cell lines lung cancer (A-549), IC50 (325- 370 μg/ml) and cervical cancer (HeLa), IC50 

(130-700 μg/ml) (Kumar et al.,  2013a; Kumar et al.,  2017). 
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Figure 2.8: Chemical structures of antiproliferative acridine derivatives 

  

Figure 2.9 shows the structural modification of the acridine core. Acridone derivative 

2.19 showed good antiproliferative activity against CCRF-CEM cells with IC50 at 0.39 

µM (Wang et al., 2013). Another acridone derivative, 2.20, has shown moderate 

antimicrobial activity against E.coil, S. aureus and P. aeruginosa (Kudryavtseva et al.,  

2017). 

       

                   Figure 2.9: Chemical structures of acridone derivatives  
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In order to enhance the water solubility of acridine derivatives incorporating 

imidazolium substituents, as shown in Figure 2.10, have been reported (Prasad et al.,  

2016). The nitrogen donor sites at the imidazoliums and acridine played an important role 

to enhance the hydrogen bonding interaction capability with biomolecules. The 

compound 2.22 carrying carboxylates in the side arms exhibited particular good activity 

to reduce TDP-43-YFP aggregations on yeast model.  

      

Figure 2.10: Chemical structure of acridine-imidazolium derivatives  

 

In order to increase the anticancer activity of acridine-based drugs, incorporation of 

metal ions have been reported (Hadjikakou et al.,  2008; Movahedi & Rezvani, 2018). 

The development of metal-containing anticancer compounds has shown a lot of 

advancement. However, very little awareness has been shown for the development of 

organometallic antibacterial drugs. Many derivatives of acridine-based complexes 

(Figure 2.11) have been studied on their biological activities. For example, acridine 

containing platinum-complex 2.23 showed non-crosslinking interaction with DNA (Barry 

et al.,  2003; Baruah et al.,  2005). Two other complexes, 2.24 & 2.25, showed promising 

active against cancer cell lines (Graham et al.,  2012; Ismail et al.,  2019).    
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             Figure 2.11: Chemical structures of platinum-acridine derivatives  

 

Besides, platinum, ruthenium and palladium complexes, as shown in Figure 2.12, have 

been investigated as well. The Ru(II) complex 2.26 was reported as effective human 

topoisomerase II inhibitor (Beckford et al.,  2011), while palladium(II) complex 2.27 

exhibited cytotoxic activity against human lung cancer cell line A549 (Ramachandran et 

al.,  2012). 2.27 showed higher cytotoxic activity (IC50=7-18 µM) than the cisplatin 

(IC50=25 µM). Moreover, it was also found to be a strong antioxidant against DPPH 

radicals (IC50=8.56-11.25µM).  
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Figure 2.12: Chemical structures of acridine-based ruthenium and palladium 

complexes 

 

The selection of proper ligands is a key factor for the formation of complexes. 

According to Bu et al. (2004), acridine-based ligands provide potential advantages over 

than other N-heterocyclic ligands because of the larger conjugated π-systems, leading to 

π…π stacking interactions which may play important roles in the formations of 

complexes. Also, the steric hindrance of H atoms of the adjacent benzene rings probably 

affects the coordination abilities of the acridine (Bu et al.,  2004; Guo et al.,  2015). Until 

recently, it has been believed that the N donor of the acridine ring should have difficulty 

taking part in coordination because of the reasons mentioned above, especially for Ag(I) 

coordination complexes with different acridine-based ligands (Liu et al.,  2006). 
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 Synthesis of acridine and its derivatives 

                   

Figure 2.13: Chemical structures of acridine and its derivatives 
 

Acridine (Figure 2.13) is an alkaloid with anthracene as the core structure widely used 

as dyes (Cholewinski et al.,  2011), owing to its exhibit good fluorescent properties 

(Medeiros et al.,  1993) that results from the dense -conjugated system. It is crystallized 

in light yellow needles and by the blue fluorescence showed by solutions of its salts. The 

noteworthy medicinal potential of acridines has prompted the development of new 

acridine derivatives to improve biological activities, particularly in anticancer activity, 

through chemical syntheses (Belmont & Dorange, 2008; Galdino-Pitta et al.,  2013; Gao 

et al.,  2015; Philippe et al.,  2007; B.Zhang et al.,  2014).  

The introduction of substituents onto the acridine can be done during or after the 

formation of the aromatic ring structure. However, the latter involves the electrophilic 

substitution on the aromatic ring that can result in structural isomers (Kumar et al.,  2012). 

Therefore, the former approach is more preferred and the two most commonly used 

reactions for preparing the acridine skeleton are discussed below.  

The Ullmann synthesis was introduced in 1902 to prepare acridine derivatives by 

treating aromatic aldehyde or benzoic acid with a primary amine in the presence of strong 

mineral acids (H2SO4 or HCl), followed by dehydrogenation and reduction (Kumar et al.,  

2012; Ullmann, 1903; Ullmann et al.,  1902).  The sequence is visualised in Figure 2.14.  
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Figure 2.14: Proposed mechanism for formation of acridine compound by Ullmann 
 

The Bernthsen synthesis, reacts diphenylamine with a carboxylic acid in the presence 

of zinc(II) chloride to form 9-substituted acridines (Bernthsen, 1884; Patrick, 2013), as 

presented in Figure 2.15.  

 

Figure 2.15: Bernthsen synthesis 
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2.3 Imidazolium-based silver carbenes complexes 

 Biological applications of N-heterocyclic carbenes and their complexes  

N-Heterocyclic carbenes (NHCs) are heterocyclic compounds containing at least one 

nitrogen atom and carbene carbon within the ring structure (Hopkinson et al., 2014). 

Typical NHCs are diaminocarbenes, i.e. the carbene is linked two ring nitrogen atoms. 

They are also called Arduengo carbenes (De Fremont et al., 2009). Wanzlick et al. 

investigated the reactivity and stability of N-heterocyclic carbenes during the 1960s 

(Hopkinson et al., 2014; Wanzlick & Schonherr, 1968; Zhong et al., 2017). NHCs 

compounds are presented with various NHC systems ranging from five to seven-

membered rings, including imidazolium. NHCs are a strong σ-donors and weak 

π-acceptors. Therefore, they can form a strong M–C bond with transition metal ions. 

NHCs compounds based on the imidazole ring system are excellent ligands for a variety 

of transition metals (Arduengo et al.,  1999; Arduengo III et al.,  1991; Weskamp et al.,  

2000) and main group elements (McGuinness et al.,  1998). NHCs are more comparable 

to typically P-, N- or O-donating ligands than to classical Fischer- or Schrock-type 

carbenes (Arduengo et al.,  1999). They are stable singlet carbenes, due to electronic and 

steric stabilization, that can act as excellent donor ligands towards 52 elements in the 

periodic table. Exceptions cover Cd, Tc and Sc (Patil et al.,  2011). The electron-donating 

power of imidazolium-based NHCs, as shown in Figure 2.16, increases from 

benzimidazole over imidazole to imidazoline (Janssen-Muller et al.,  2017). 
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Figure 2.16: (a) Sort order of electron-donating ability (b) position of the carbene 

carbon 

 

The biological activity of NHCs can be improved by introducing additional bioactive 

structural elements at the nitrogen (Asekunowo et al.,  2017; John & Ghosh, 2010). 

Particularly benzimidazole, benzodiazepine, imidazole, indazole and triazole are 

important NHCs for pharmacological and industrial applications. The bioactive groups 

can be connection to the NHCs via an alkyl linker (Chifotides & Dunbar, 2005). Examples 

are compounds 2.28 & 2.29 in Figure 2.17, for which antibacterial properties have been 

reported (Achar et al.,  2017a & b), as well as compounds 2.30 and 2.31, which exhibited 

remarkable antitumor activities (Al-Mohammed et al.,  2015a; Coban et al.,  2009; Li et 

al.,  2018; Zhou et al.,  2016a; Huang et al.,  2019). 
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Figure 2.17: Imidazolium-based NHCs with additional bioactive groups 

 

NHCs serve as strong ligands for a variety of cytotoxic metals such as Cu, Au, Ni, Pt, 

Pd, Ag and Au. Ag appears the most suitable candidate (Hartinger & Dyson, 2009; Mercs 

& Albrecht, 2010) because of its compatibility with the biological system since it has 

been used for controlling infections and suppressing fungal, bacterial activities (Fatima 

et al.,  2016; Gautier & Cisnetti, 2012; Haque et al.,  2014; Tan et al.,  2010). Ag(I)-NHC 

complexes have a safe history to be used in maintaining human health (Graham, 2005; 

Teyssot et al.,  2009). They have been proven as anticancer and antimicrobial agents in 

both in vitro and in vivo studies (Gandin et al.,  2013; Oehninger et al.,  2013; Shahini et 

al.,  2018; L.Zhang et al.,  2014). This is due to the antimicrobial activity of Ag+ ion.  
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Ag(I)-benzimidazolium complexes have been tested as potential antibacterial agents 

against Gram-positive and Gram-negative bacteria. The complexes were showed good 

activity against Salmonella Typhimurium, Micrococcus luteus, Listeria monocytogenes, 

Escherichia coli and Staphylococcus aureus (Achar et al.,  2019; Haque et al.,  2018; 

Mottais et al.,  2019; Slimani et al.,  2019). Figure 2.18 shows imidazolium-based Ag-

NHCs complexes with remarkable antibacterial activity (Gimeno et al.,  2012; Gok et al.,  

2014; He et al.,  2015; Liu & Gust, 2013). 

 

 

 

Figure 2.18: Antibacterial of imidazolium-based Ag(I)-NHCs complexes  
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Ag(I)-mono and di-nuclear complexes, as shown in Figure 2.19, have shown good 

antitumour activity against different cell lines (Baron et al.,  2014; Fichtner et al.,  2012; 

Hackenberg & Tacke, 2014; Haque et al.,  2013d; Potgieter et al.,  2017; Sahin-Bolukbasi 

& Sahin, 2019; Tacke, 2015).  

         

Figure 2.19: Ag(I)-NHC complexes with anticancer activity 
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 Synthesis of imidazolium salts and silver carbenes complexes  

Many papers have been published on imidazole and related ligands and their 

complexing properties. The NHCs ligands are stronger σ-donors than common phosphine 

ligands. They give rise to a strong metal-carbene bond and even their ligands can be 

modified through the introduction of electronic directing substituents (Hadei et al.,  2005).  

NHC precursors can be prepared by nucleophilic substitution of the alkyl or aryl halide 

by the N-deprotonated imidazole, followed by alkylation of the other ring nitrogen, as 

illustrated in Figure 2.20. Unsymmetrical substituted imidazolium salts can be prepared 

by using different alkylation reagents for two stages.   

  

                

 Figure 2.20: Synthesis of imidazolium salts by nucleophilic substitution 
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Another synthetic approach for symmetric di substituted imidazolium salts involves a 

multi-component one-step reaction, using glyoxal, primary amine and formaldehyde to 

yield the imidazolium salt. The reaction proceeds with the formation of Schiff base from 

a coupling reaction between the amine and the glyoxal, followed by condensation reaction 

with the formaldehyde, as presented in Figure 2.21 (Singh & Chowdhury, 2012).  

 

           

 
Figure 2.21: One-pot reaction synthesis of imidazolium salts  

 

The synthetic procedure for Ag(I)-NHC complexes has been developed by Ofele and 

Wanzlick (Ofele, 1968; Weskamp et al.,  2000). It applies deprotonation of an 

imidazolium salt by a basic metal precursor to form the imidazolin-2-ylidene complexes. 

The complexation is usually done through: the reaction of free NHC with appropriate 

silver source at ambient temperature (Chianese et al.,  2003; Guerret et al.,  1997; Haque 

et al.,  2012; Mercs & Albrecht, 2010); the reaction between the silver bases and azolium 

salts at ambient temperature or the reaction of Ag(I) salts with azolium salts under basic 

phase transfer condition (Lin & Vasam, 2007), as depicted in Figure 2.22. 
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Figure 2.22: Three methods to prepare Ag(I)–NHCs 
 

There is an increased interest in Ag(I)-NHCs complexes due to easy preparation, 

structural diversity, stability and usefulness in several applications (Li et al.,  2011; 

Salman et al.,  2013a; Wang et al.,  2014). Acridine-containing Ag(I)-NHC complexes, 

which are the target compounds of this study, can be synthesized from the acridine 

imidazolium salts by treatment with Ag2O. The reaction requires an anion exchange prior 

to the Ag treatment. The process is shown in Figure 2.23 (Gimeno et al.,  2012; Wang & 

Lin, 1998).  
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Figure 2.23: Synthesis route of Ag(I)-[benz]imidazolium acridine complexes 
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CHAPTER 3: METHODOLOGY 

 

3.1 Chemicals and General Techniques 

All the reagents and solvents (AR grade) were used as purchased from several 

commercial sources without prior purification. All chemicals were purchased from 

commercial sources. Reactions were monitored by thin-layer chromatography (TLC) 

under UV-light as a visualizing agent, which was performed using pre-coated Silica gel 

60 F254 aluminium sheets. N-substituted imidazole compounds were detected by treating 

the developed TLCs with basic KMnO4 solution and subsequent heating instead.  

3.2 Instrumentation  

IR spectra were recorded on a Perkin Elmer using the ATR-FTIR technique 400 

spectrometer using at a resolution of 4 cm-1 and 8 scans, covering the range from 4000 

cm-1 to 450 cm-1, while NMR spectra for compounds were recorded on 400 MHz 

spectrometers, a Bruker Avance III and a JEOL ECX-400. The melting point of solid 

compounds was determined in an open thin glass capillary tube on a Mel-Temp II 

(Laboratory Devices, USA) instrument. The compounds were purified by extraction and 

crystallization. Products were evaporated using Rotavapor (Heidolph HB Digital). 

Product purities were confirmed by elemental analysis (CHN). Mass spectra were 

recorded for ESI on Triple-Quadrupole systems from Agilent Technologies model A6490 

and High-Resolution Electrospray Ionization Mass Spectroscopy (HRESIMS, ESI-TOF) 

from Shimadzu were obtained on Agilent 6550 Q-TOF mass spectrometer. Fluorescence 

spectra were recorded on an Agilent Cary Eclipse spectrometer, while UV-vis spectra 

were obtained on a Shimadzu UV-2600 spectrophotometer. Powder X-ray diffraction 

studies PXRD were carried out on a PAN Analytical EMPYREAN using Cu-Kα radiation 

in the 2θ range of 5° to 50°.  
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 Fourier Transform-Infrared, IR spectroscopy 

IR spectroscopy is a technique used to identify the functional groups of the 

compounds. IR spectroscopy with a diamond ATR accessory was used to collect the 

Infrared spectra by Perkin Elmer Spectrum 400 FTIR/FT-FIR spectrometer (Waltham, 

MA, USA), using absorption mode with 8 scans at a resolution ±4 cm-1 and a wavenumber 

range of 4000 to 450 cm-1. For this research, IR was applied to prove the presence of CH2 

aromatic and aliphatic groups in the functionalized imidazolium salts which appeared as 

a peak at 3100-2800 cm-1 and C=N group present a strong peak at 1650 cm-1 at room 

temperature, as shown in Figure 3.1.  

 

Figure 3.1: IR spectrum 
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 Nuclear Magnetic Resonance NMR spectroscopy 

Nuclear magnetic resonance NMR is a technique for identifying and characterizing the 

structure of organic molecules structure. 1H NMR spectra provide information about the 

number of protons atoms, chemical environment and configuration of the investigated 

nuclei, which can be obtained based on the data analysis of signal integration, chemical 

shift, coupling pattern and coupling constants. Various nuclei can be studied by NMR 

spectroscopy, but 1H, 13C, 19F and 31P NMR are the most typical nuclei. All compounds 

were analysed to determine the presence of the proton and carbon through 1D (1H and13C) 

experiments. All experiments were carried out at the Chemistry Department, Faculty of 

Science, University of Malaya. The compounds were dissolved with deuterated dimethyl 

sulfoxide (DMSO-d6), chloroform (CDCl3) and acetonitrile-d3 and transferred to the 

NMR tube, then placed in the NMR spectrometer for further processing over the scan 

range 0 to 16 δ ppm and 0 to 250 δ ppm for 1H and 13C NMR studies, respectively. The 

solvent signals at 7.22 ppm and 77.0 ppm were used as an internal calibration standard 

for 1H and 13C NMR in CDCl3, respectively, 2.5, 3.11 ppm and 39-40 ppm for 1H and 13C 

NMR in DMSO and 1.94 ppm and 1.39 & 118 for 1H and 13C NMR in acetonitrile, as 

shown in Figure 3.2.  
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Figure 3.2: 1H NMR spectrum 
 

However, there were some cases such as the aromatic region, where the 1H NMR 

signals were found not well resolved or overlapped with other signals, causing difficulties 

in the determination of the coupling constants. A 2D NMR 1H-1H correlation 

spectroscopy (COSY), as shown in Figure 3.3, was employed to indicate which 1H atoms 

are coupling with each other. 13C NMR spectrum showed all the carbon atoms in the 

compounds, but it does not differentiate between quaternary carbon (C), methine (CH), 

methylene (CH2) and methyl (CH3) signals. Therefore, the APT-NMR (Attached Proton 

Test) experiment was applied instead, in which both CH and CH3 will appear as positive 

signals, while quaternary C and CH2 are the negative signals in the spectrum, as illustrated 

in Figure 3.4.  The assignments of carbon signals were based on 2D NMR heteronuclear 

single quantum coherence spectroscopy (HSQC), which provides a correlation of carbons 

and their attached protons, as shown in Figure 3.5. Heteronuclear multiple bond 

correlation (HMBC) spectrum, which enables the correlation between carbons and 

protons that are separated by two to three bonds, as shown in Figure 3.6.  
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Figure 3.3: COSY NMR spectrum 
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Figure 3.4: 13C NMR (A), APT-C NMR (B) spectra 
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Figure 3.5: HSQC NMR spectra 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: HMBC NMR spectra 
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 High Resolution Mass Spectroscopy (HRMS) 

Mass spectroscopy analysis can determine the molecular weight of the obtained 

compounds, as shown in Figure 3.7. Mass spectra were recorded for ESI on Triple-

Quadrupole systems from Agilent Technologies model A6490 and HRESIMS (High-

Resolution Electrospray Ionization Mass Spectroscopy) (ESI-TOF) from Shimadzu were 

obtained on Agilent 6550 Q-TOF mass spectrometer. The final compounds were 

dissolved in 1 mL of HPLC grade acetonitrile (pre-filtered CH3CN). Mass spectra were 

recorded in the positive mode. The analysis was performed at the Chemistry Department 

and Centre Lab INFRA Analysis Laboratory, University of Malaya.  

 

 

 

 

 

 

Figure 3.7: HRMS spectrum 
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 Powder X-ray diffraction (PXRD) 

X-ray powder diffraction (XRD) is an important analytical technique used to identify 

and characterize unknown crystalline materials because a crystal lattice diffracts a beam 

of X-rays into specific directions. Monochromatic X-rays are used within the crystal 

materials to determine the atomic spacings. Powder X-ray diffraction (PXRD) studies 

were carried out on a PAN analytical EMPYREAN with monochromator Cu-Kα radiation 

(λ=15.41874 Å) in the 2θ range of 5° to 50° with a slit size = 0.4785. X-ray single using 

High Score Plus software. Samples are studied in random orientations as powders with 

grind to ensure that all crystallographic directions are “sampled” by the beam.  

 Elemental Analysis 

The elemental analysis of carbon, hydrogen and nitrogen elements for all synthesized 

compounds were done using a Perkin Elmer 2400 II (CHNS/O) elemental analyser. 

Acetanilide was used as an internal standard for all analyses. All measurements were 

taken under a constant flow of pure O2 gas. The weight of the sample used for analysis 

was⁓ 1.5-2.0 mg. The experimental data for CHN analyses was found to be in good 

agreement with the calculated values of the proposed formulae as shown in Equation 3.1.  

% 𝐸𝑙𝑒𝑚𝑒𝑛𝑡(𝑐𝑎𝑙𝑐𝑢𝑙𝑡𝑒𝑑) =
𝑀𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑

𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑛𝑡𝑖𝑟𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑
 𝑋 100 %         (3.1) 
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 Energy Dispersive X-ray Analysis (EDX) 

Field emission scanning electron microscopy (FESEM) is a technique that produces 

largely magnified images by using electrons instead of light. In a typical SEM, a source 

of electrons is focused on a beam, that penetrates the surface of the specimen. This 

interaction results in the emission of electrons and photons from the sample, which 

generate the SEM image. A few milligrams of the dried sample were added into a FESEM 

cell and subsequently scanned by the electronic microscope. This microscopic 

investigation was conducted at various magnifications for the samples. FESEM images 

were obtained on a JEOL JSM-7600F field emission scanning electron microscope. 

Energy of each X-ray photon is characteristic of the element which produced it. The EDX 

microanalysis system collects the X-rays, sorts and plots them by energy and 

automatically identifies and labels the elements responsible for the peaks in this energy 

distribution. This technique was already used for the analysis of the chemical composition 

of the material. Selected different areas to determine the distribution of elemental 

composition.  

 UV-Vis Spectroscopy  

The ultraviolet UV-vis spectra were measured using Shimadzu UV-2600 spectrometer 

in the range between 300 to 600 nm at a slow scan rate measurement. Each compound 

was dissolved in acetonitrile and water (v: v,1:1) and its absorption was recorded into UV 

spectroscopy using a detector at room temperature. All results are presented in terms of 

absorbance (A) versus wavelength (λ, nm) units. 
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  Fluorescence Spectroscopy 

Fluorescence spectroscopy was recorded on Agilent Cary Eclipse spectrometer in 1cm 

quartz cuvettes at room temperature. Fluorescence spectroscopy measures the light 

emission of molecules after excitation by a suitable wavelength. The emission spectrum 

is specific for the chemical compound, while the emission intensity can serve for 

quantitative analysis.  The excitation wavelength was chosen based on the absorption 

maximum in UV-Vis spectra. Luminescence investigations were performed in 

acetonitrile/water solution (1:1, v: v) after pre-treatment of the 9-chloroacridine with 

imidazolium salt. 9-chloroacridine and derivatives-based imidazolium salt were 

compared with identical optical density for the excitation wavelength.  

 X-ray Single Crystal 

X-ray single-crystal for compounds was collected at 293 K on oxford supernova dual 

wavelength diffractometer (Oxford, England) (graphite-monochromated Mo-Kα 

radiation, λ = 0.71073 Å). The structure was solved using the direct method by SHELXL-

2014/7 and refined by the full-matrix least-squares method on F2 with SHELXL-2014/7. 

But all data not good because the shape of the crystal is a needle and brittle crystal. XRD 

could not further support the structures of Ag(I)-NHC complexes as all attempts to get 

single crystals remained unsuccessful. However, 1H and 13C NMR provided evidence of 

their successful synthesis. Besides, the sizes of the ligands are also affected by the 

formation of complexes between metals and ligands. The steric hindrance promotes 

cyclometallation when the bulky acridine molecule reacts with silver.  

 

 

Univ
ers

ity
 of

 M
ala

ya



45 

3.3 Synthetic methods 

 General synthetic of ligands 

 Synthesis of 9-chloroacridine and its derivatives from 2-phenylamino benzoic acid 

(2PABA) and its derivatives. 

  N-phenylamino benzoic acids     

A mixture of aniline 1 (49 mmol), 2-chlorobenzoic acid 2 (38 mol), potassium iodide 

(41 mg, 0.25 mmol) and copper powder (2 mmol) in 40 mL dimethylformamide DMF 

was slowly treated with dry potassium carbonate (K2CO3) (6.0 g, 43 mmol), and the 

reaction was refluxed for 6 to 12 hours. After cooling to room temperature, the reaction 

mixture was poured into 30 mL of water and decolorized with charcoal. The mixture was 

filtered through celite and the filtrate was acidified with concentrated hydrochloric acid 

(HCl, 1 M) (pH was adjusted to 1-2). The precipitate product was filtered and 

subsequently dissolved in 100 mL of 5% aqueous sodium carbonate solution (stirring 20 

min). The solution was filtered through celite and the purified product was obtained by 

precipitation with acid as described above. 2-phenylamino benzoic acid and its 

derivatives 2PABA were obtained as off-white solids (3a-3c), as shown in Figure 3.8.   

 

  9-chloroacridine and derivatives  

2PABA or its derivative (19 mmol) and phosphorus oxychloride (POCl3) (40 ml) were 

added into a dried round-bottom flask and heated slowly in a water bath at 85-90 ºC for 

15 min. The reaction was monitored carefully; if it turned too violent, the reaction was 

temporary placed in a cold-water bath until the boiling subsides. After the initial 

exothermic reaction had seized, the flask was immersed into an oil bath. The temperature 

was raised to 135-140 ºC and the reaction was kept under reflux for 3 h. Excess of 

phosphorus oxychloride was subsequently removed by distillation at 140-150 ºC under 
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vacuum. The cooled reaction mixture was poured into a stirred mixture of 20 ml 

concentrated aqueous ammonia and 13g of crushed ice. The 9-chloroacridines 

precipitated within 30 min. They were filtered, washed with saturated sodium carbonate 

and with water, dried and recrystallized from ethanol to form needle-shaped crystals of 

9-chloroacridine or derivatives 4a-4c. 

 

 

           Figure 3.8: Synthesis of 9-chloroacridine and its derivatives 

 

 

Univ
ers

ity
 of

 M
ala

ya



47 

 N-substituted imidazole’s  

 

Figure 3.9: Synthesis of N-imidazole derivatives (Aryl and Alkyl) 
 

 

To a solution of imidazole (15.86 mmol) in tetrahydrofuran (THF) 60 mL was added 

sodium hydroxide NaOH pellets (18.25 mmol) and the reaction was stirred at room 

temperature for about 2-4 h or reflux 2 h at 60 °C. Alkyl/aryl bromide (14.31 mmol) were 

added to the mixture and stirring was continued for another 12 h. The reaction mixture 

was filtered and extracted twice with CH2Cl2/H2O. The organic phase was dried over 

magnesium sulphate anhydrous MgSO4 and the solvent was removed on a rotary 

evaporator. The pure N-substituted imidazoles 5(a-g) was obtained as yellow liquids 

 

 General method for synthesis N-substituted imidazolium-acridine salts  

1- General procedure A (X=Cl):  

A suspension of 4(a-c) (1.6 mmol) in toluene (20 mL) was treated with N-substituted 

[benz]imidazole 5(a-g) (1.8 mmol), as illustrated in Figure 3.17, and subsequently heated 

to reflux overnight. A greenish precipitate developed from the initial solution. After 

cooling, the solid was collected by filtration, washed with hexane (20 mL) and dried under 

vacuum to provide the [benz]imidazolium-acridine salt as greenish solid. 
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Figure 3.10: Synthesis of [benz]imidazolium-acridine salts 
 

 

          2- General procedure B (X=Br) 

A solution of 6 (a-c) (0.25 mmol) and alkyl or aryl bromide (0.75 mmol) in acetonitrile 

or acetone (25 mL) was refluxed for 12–48 h, as shown in Figure 3.18. The 

[benz]imidazolium salt gradually precipitated. The precipitate was filtered after cooling, 

washed with acetone or acetonitrile (2х15 mL) and dried to give a yellow solid in a yield 

of 80-95%. 

 

 

Figure 3.11: Synthesis of [benz]imidazolium-acridine derivatives bromide salts 
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 General method for synthesis Ag(I)-complexes  

 Synthesis [benz]imidazolium-acridine PF6  

The halide precursor (1.0 mmol) was dissolved in methanol and mixed with a solution 

of KPF6 (220 mg, 1.2 mmol). The mixture was stirred for 4h and left to stand at room 

temperature overnight. The yellow solid was filtered and washed several times with 

water. Drying at vacuum provided [benz]imidazolium-acridine hexafluorophosphate. 19F 

NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 

MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). 

 

 Synthesis Ag(I)-complexes 

Silver complexes, as shown in Figure 3.19, were prepared by the treatment of the 

[benz]imidazolium-acridine PF6 (1.0 mmol) with silver oxide Ag2O (280 mg, 1.2 mmol) 

in acetonitrile (10 mL) at 60 ºC for 24-48 h with exclusion of light by covering using 

aluminium foil. The black Ag2O gradually vanished. The reaction was filtered through 

celite to remove remaining Ag2O. The filtrate was concentrated in vacuum to 1 ml and 

diethyl ether was added to precipitation the complexes as yellow solid. Complexes were 

purified by repeated precipitation in acetonitrile by the addition of diethyl ether.  
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Figure 3.12: Synthesis of Ag(I)-complexes 

 

3.4 Biological Activity 

 Chemical and instrument  

MTT, ascorbic acid and butylated hydroxytoluene BHT were obtained from Sigma 

Aldrich, fetal bovine serum albumin FBS, dimethyl sulfoxide DMSO, DPPH 

(1,1-diphenyl-1-picrylhydrazyl), ampicillin, and gentamicin (positive controls for 

antibacterial assay) were obtained from Merck, while phosphate buffered saline PBS, 

penicillin-streptomycin and RPMI 1640 media were purchased from Nacalai Tesque 

(Kyoto, Japan), sterilized paper discs (Thermo Fisher, 6mm diameter). Nutrient agar and 
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nutrient broth (DIFCO, Becton Dickinson, USA). Cell viability was evaluated using 

ELISA microplate reader (Infinite M200PRO). Centrifugation was done using Hettich 

Zentrifugen Universal 32, 32R (Germany). Morphological of cells were observed under 

a fluorescent microscope (Leica attached with Q-Floro software and Olympus BX60, 

Japan). 5% CO2 incubator (Thermo Fisher Scientific, USA). 

 Antioxidant  

 DPPH Radical Scavenging Activity 

The DPPH (1,1-diphenyl-2-picryl-hydrazyl) assay was performed in a 96-well 

microtiter plate according to the modified method by Orhan et al. (2007), Brem et al. 

(2004), Brand-Williams et al. (1995) and Salazar-Aranda et al. (2011). A solution of 30 

µL DPPH in DMSO (1.5 mg/mL) was treated with 70 µL of tested samples dissolved in 

DMSO at different concentrations, ranging from 15.6 to 1000 µg/mL. Ascorbic acid 

(vitamin C) and butylated hydroxytoluene (BHT) were used as the positive control, while 

the last row of the plate only contained blank samples of DPPH in DMSO as reference. 

The plate was incubated for 30 min in the dark and the decrease in absorbance at 517 nm 

was determined using Tecan microplate reader (Infinite M200PRO) (Brand-Williams et 

al.,  1995; Brem et al.,  2004; Orhan et al.,  2007; Salazar-Aranda et al.,  2011).  

The radical scavenging activity was calculated using the following Equation 3.2: 

    𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝐴0 − 𝐴1

𝐴0
𝑋 100%                                                                  (3.2) 

Where A0 is the absorbance of the DPPH radical in the blank sample and A1 is the 

corresponding absorbance in the presence of the sample. The correlation between each 

concentration and its scavenging was plotted on a graph, and the IC50 was determined 

from the graph as the concentration required to reduce the DPPH absorption by 50% 

(Kareem et al.,  2015).  
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 Ferric Reducing Antioxidant Power Assay (FRAP) 

The FRAP assay measured the antioxidant activity of compounds as a reductant to 

reduce oxidant present in the reagent through a redox-linked colorimetric assay. The 

determination of the total antioxidant activity followed a modified method of Benzie and 

Strain (1999) (Benzie & Strain, 1999). The ferric reducing antioxidant power (FRAP) 

was determined by using freshly prepared reagent based on mixing 300 mM acetate 

buffer, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) and a solution combining 20 mM 

iron(III) chloride (FeCl3. 6H2O) and 40 mM HCl in a ratio of 10: 1: 1, (v/v), respectively. 

For measurement, 10 μL of tested samples (1 mg/mL) and 300 μL FRAP reagent were 

mixed in wells of 96-well plates and readings of the coloured product (ferrous 

tripyridyltriazine complex) were taken at 593 nm. Ferrous sulphate and ascorbic acid were 

used as a standard and control, respectively. The FRAP activity was calculated as ferrous 

equivalents (FE) at a single concentration of 1 mg/mL and the FE was calculated from 

the standard curve of FeSO4 (Mohammadzadeh et al.,  2007). A linear calibration curve 

covering the range of 100 and 1000 mM FeSO4 was used to convert the absorption 

readings to FE. The results were expressed as mM Fe(II)/g dry weight of the compound.  

 

 Antibacterial  

The bacterial stock culture was preserved on nutrient agar, which was stored at 4°C 

(Ahmad & Aqil, 2007). For the purpose of the antibacterial evaluation, a set of five 

microorganisms was investigated, covering two Gram-positive bacteria, namely 

Staphylococcus aureus (ATCC 25923) and a clinical isolate of Staphylococcus 

epidermidis, as well as three Gram-negative strains, namely Pseudomonas aeruginosa 

(ATCC27853) and clinical isolates of Escherichia coli and Salmonella typhi, as shown in 

Table. 3.1. The clinically isolated bacteria were obtained from the University of Malaya 
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Medical Centre (UMMC), Kuala Lumpur. The antibacterial assay was performed using 

the disk diffusion method for benzimidazolium-acridine salts and their Ag(I) complexes 

(Hindi et al.,  2009; Wiegand et al.,  2008), as shown in Figure 3.20. After an incubation 

period of 24 h at 37 °C the diameter (in mm) of the inhibition zone was determined, 

reflecting the antibacterial activity. All activity studies of the inhibition zone were 

performed in triplicates.  

           Table 3.1: Type of Gram-positive and Gram-negative bacteria.  

 

 

Minimal inhibitory concentrations (MIC) were determined in multiwell plates using a 

twofold broth microdilution approach (Ndi et al.,  2007; Ozdemir et al.,  2010; Wayne, 

2002) starting with compound concentration of (1000–7.81 μg/mL). Ampicillin (10 

μg/mL) and gentamicin (1 μg/mL) were used as positive control, while pure DMSO 

served as a negative control. Samples were incubated for 24 h at 37°C and visually 

inspected on bacterial growth. The MIC was confirmed by colourization with MTT (20 

μL): an aqueous solution (5 mg/mL) of 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl 

Strain code Strain name Strain type source 

 clinical isolated 
 

Staphylococcus epidermidis 

Gram-positive 

University of Malaya 
Medical Center 

(UMMC) 

American type of 
culture 

collection (ATCC) 

ATCC 25923 Staphylococcus aureus 

clinical isolated Escherichia coli 

Gram-negative 

University of Malaya 
Medical Center 

(UMMC) 

 

ATCC27853 Pseudomonas aeruginosa 

American type of 
culture 

collection (ATCC) 

 

clinical isolated Salmonella typhi University of Malaya 
Medical Center 

(UMMC) 
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tetrazolium bromide was added and the samples were subsequently incubated for 1 h at 

37°C. A pink colour indicates bacterial growth. Therefore, the MIC value reflected the 

lowest compound concentration providing a colourless sample (Al-Madhagi et al.,  2019; 

Moulari et al.,  2006). The determination of the minimal bactericidal concentration MBC 

applied all wells near the MIC. 100 µL aliquot were cultured on nutrition agar and 

incubated at 37 ℃ for 24h. The presence or absence of bacterial growth was determined 

by visual inspection. The MBC was considered as the lowest compound concentration at 

which no bacterial growth was observed (Ndi et al.,  2007). 

 

Figure 3.13: A schematic representation of the determination of MIC and MBC 
(Paiva et al.,  2013) 
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The MIC is the lowest concentration of the active ingredient at which the solution in 

the well appears as a clear solution. Subsequently, the active ingredient with the 

concentration range starting from the MIC is tested on cultured on agar and incubated 

again. The agar plate that shows no bacterial growth (clear zone) is reflected as the MBC 

of the active ingredient. 

 Anticancer  

 Cell culture 

Five cell lines were used and sub-cultured in the laboratory of the Pharmacy 

Department, the University of Malaya to perform the preliminary cytotoxicity screening. 

CAOV-3, MCF-7, MCF-10a, PC-3 and T1074 cell lines were originally obtained from 

the American Type Culture Collection (ATCC; Manassas, VA), as shown in Table 3.2. 

The cells were cultured in RPMI-1640 medium, supplemented with 10% fetal bovine 

serum (FBS) and 1% antibiotics (penicillin-streptomycin), and incubated at 37 ᵒC in a 

humidified atmosphere containing 5% CO2. The medium was changed twice a week until 

confluent cell monolayer was formed and observed under an inverted microscope 

(Favarin et al.,  2019; Jayash et al.,  2016). 

 

Table 3.2: Type of cancerous and non-tumorigenic cell lines. 
 

Cell lines                 Classification Company 

MCF-7     Breast cancer cells 

American Type 

Culture Collection 

(ATCC) 

MCF-10     Non-tumorigenic breast cells 

CAOV-3     Ovarian cancer cells 

T1074     Non-tumorigenic ovarian cells 

PC-3     Prostate adenocarcinoma cells 
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  Cellular viability assay (MTT) 

The inhibitory effect of compounds was determined by an MTT assay, in which 5×103 

of different types of cancer cells per well were seeded in 96-well plates in triplicate and 

kept for 24 h at 37 °C with 5 % CO2 saturation to attach. After this incubation, a serial 

dilution of different concentrations of compounds were prepared and transferred to the 

96-well plates containing the seeded cells. The plates were incubated for 24 h and %CO2 

under the culturing conditions prior to addition of the tested compounds in a serial dilution 

of different concentrations. Subsequently, 20 µL of MTT (3- [4, 5-dimethylthiazol-2-yl]-

2, 5-diphenyltetrazolium bromide, 5 mg/mL) was added to the treated cells in a dark place 

and the plates were incubated for another 4 h under strict light protection by covering 

with aluminium foil. All media was discharged and a total of 100 µL volume of dimethyl 

sulfoxide (DMSO) was poured into each well to dissolve the purple formazan crystals. A 

microplate reader was used to measure the plate at absorbance 570 nm. The experiment 

was conducted to evaluate the IC50 in triplicate. The percentage of cytotoxicity was 

determined using the following Equation 3.3: 

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 % = (
𝑋

𝑋𝑐
) × 100%                                                                          (3.3) 

where X is the absorbance of treated cells and Xc is the absorbance of the control group 

(untreated cells). Based on the reference, cytotoxicity responses were qualitatively rated 

as severe, moderate, slight and non-cytotoxic reflecting cytotoxicity values of < 30%, 

30%–59%, 60%–90% and > 90%, respectively (Jayash et al.,  2017). 
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Selectivity index (SI). The degree of selectivity of the composite to the cancer cell line 

is explored as SI ratio as per previous reports (Badisa et al.,  2009; Musa et al.,  2010). In 

order to evaluate the selectivity of the potential cancer drugs the selectivity index (SI) was 

determined according to equation according to the following Equation 3.4: 

       𝑆𝐼 =
 𝐼𝐶50 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑜𝑛 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐𝑒𝑙𝑙 𝑙𝑖𝑛𝑒

𝐼𝐶50 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑜𝑛 𝑐𝑎𝑛𝑐𝑒𝑟 𝑐𝑒𝑙𝑙 𝑙𝑖𝑛𝑒
                                                           (3.4) 

where IC50 is the concentration of a sample required to kill 50% of the cell population. 

 

3.5 Statistical Analysis 

Each test was performed in triplicate and the values were reported as mean ± standard 

error deviation (SD). Liner regaration was performed in Microsoft Excel 2016 without 

error analysis and propagation of error for individual measurements. Stock solutions of 

samples (10 mg/ 2 ml DMSO) and subsequent dilutions were papered once and used for 

all experiments. The Ferrous Equivalents (FE) was calculated from the standard curve of 

FeSO4(from the line graphs). 

 

3.6 Molecular Modelling 

All computational calculations were carried out in the framework of the Gaussian 09 

package. The structure was fully optimized at the ground state using B3LYP correlation 

functional method with 6-31G + (d, p) basis set for non-metals (C, H, N and O atoms), 

while LANL2DZ basis set was used for silver atom within density functional theory 

(DFT) (Bayach et al.,  2016; Ramle et al.,  2019; Salman et al.,  2013b). 
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CHAPTER 4: RESULT AND DISCUSSION  

4.1 Synthesis 

 Synthesis of [benz]imidazolium acridine ligands 

The synthesis of imidazolium salts is following the menshutkin reaction (Menschutkin, 

1890a, 1890b), as shown in Figure 4.1. Two different procedures were used to synthesize 

the N-substituted imidazolium-acridine salts 7-30. The first approach applied reaction of 

N-substituted imidazole with 9-chloroacridine to furnish the target compound 7-30 

directly. The Menshutkin reaction works well with alkylated imidazoles and 

benzimidazoles but not with [benz]imidazoles containing aromatic substituents. For these 

compounds, a reversed approach was used. Here, 9-chloroacridine derivatives 4 was 

reacted with imidazole and benzimidazole, respectively, to furnish 9-(1-imidazolyl) 

acridine 6a-6b and 9-(1-benzimidazolyl) acridine 6c. The intermates 6a, 6b and 6c, 

respectively, with subsequently alkylated using benzyl or phenacyl bromide. The reason 

for different approach was low yields and purification problems for compounds 17-26. 

Table 4.1 summarises the synthesis of [benz]imidazolium-acridine ligands. The target 

compounds were obtained as a yellow solid by crystallization from methanol. The 

structures of the compounds were confirmed by 1H and 13C NMR. 
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Figure 4.1: Synthesis of imidazolium-acridine salts derivatives 

 

The Menshutkin reaction converts an amine with an alkyl halide into a fully substituted 

ammonium salt. The synthesis of [benz]imidazolium acridine ligands follows a 

nucleophilic aromatic substitution, comprising the addition of nucleophile at the aromatic 

ring with subsequent elimination of the leaving groups, as shown in Figure 4.2.  

 

       

Figure 4.2: Mechanism of reaction between acridine and imidazole 
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                Table 4.1: Structures of the [benz]imidazolium salts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Bn= benzyl, P= para, o= ortho, Me= methyl, Bz=phenacyl 
 

 

[benz]imidazolium–based acridine salts 

Compd. Precursor R1 R2 R3 X Yield 

6a IM H H - - 81% 

6b IM Cl OMe - - 79% 

6c BIM H H - - 80% 

7 IM H H C6H13 Cl 75% 

8 IM H H HC≡CCH2 Br 95% 

9 IM H OMe Me Cl 74% 

10 IM H OMe C4H9 Cl 77% 

11 IM H OMe Bn Cl 77% 

12 IM Cl OMe Me Cl 85% 

13 IM Cl OMe C2H5 Cl 81% 

14 IM Cl OMe C4H9 Cl 80% 

15 IM Cl OMe C8H17 Cl 75% 

16 IM H H р Me-Bn Cl 85% 

17 IM H H р Br-Bn Br 90% 

18 IM H H oBr-Bn Br 91% 

19 IM H H р NO2-Bn Br 91% 

20 IM H H BzCH2 Br 91% 

21 IM H H pBr-BzCH2 Br 95% 

22 IM Cl OMe Bn Cl 80% 

23 IM Cl OMe BzCH2 Br 90% 

24 IM Cl OMe pBr-BzCH2 Br 85% 

25 IM H H pOCH3-Bz Br 90% 

26 IM H H C6H5COCHCH3 Br 85% 

27 BIM H H Me Cl 85% 

28 BIM H H C2H5 Br 85% 

29 BIM H H Bn Br 80% 

30 BIM Cl OMe Me Cl 80% 
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Attempts to react 9-chloroacridine with N-substituted imidazoles containing long alkyl 

chain failed to produce the target compounds, as shown in Figure 4.3 path (i).  The failure 

might be due to the size of long chain, which upon entropic coiling blocks access to the 

N atom at the imidazole ring. Because of the failure, another route towards the product 

has been attempted. Acridine imidazole 6 was subjected to Menshutken reaction using 

corresponding long chain alkyl bromides according to Figure 4.3 path (ii). However, no 

reaction was observed. This may be associated with low reactivity of the alkyl halide.  

  

 

 

Figure 4.3: Synthesis of N-long chain alkyl imidazolium-acridine salts  
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 Synthesis of Ag(I)-NHC complexes 

The metalation reaction of the ligands with an excess of silver oxide (Ag2O) failed. 

Different solvent, i.e. dichloromethane, methanol and acetonitrile, and temperatures 

(room temperature to 80 ºC) have been investigated over reaction time between one and 

two days. This failure was attributed to limited solubility of the ligands in the reaction 

medium (Chen, 2011; Gimeno et al.,  2012). Also, the halide counter ions are problematic 

due to the formation of silver halide bridge complexes affording Ag(I)-complexes (Chen, 

2011; Gimeno et al.,  2012), as shown in Figure 4.4. 

 

 

 

Figure 4.4: Synthesis of Ag(I)-imidazolium Cl/Br complexes 
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Because of the failure route mentioned above, an alternative approach towards the 

complexes has been used. Treatment of the imidazolium salts with potassium 

hexafluorophosphate furnished the corresponding PF6 ligands in 75-80 % yield. The latter 

were reacted with Ag2O under light protection to provide the expected carbene complexes 

31-45, as yellow solids. The sequence is illustrated in Figure 4.5, while compounds 

details can be found in Table 4.2. The ion exchange was confirmed by 31P &19F NMR. 

The Ag(I)-NHC complexes were established based on 1H and 13C NMR spectra. They 

were soluble in acetonitrile and dimethyl sulfoxide (DMSO) but insoluble in non-polar 

solvents, and remained stable in the presence of air and moisture at room temperature 

without evidence of decomposition based on 1H NMR spectra. Moreover, the stability of 

complex 42 in solution was studied over a period of 7 days by 1H NMR. The investigation, 

illustrated in Figure 4.5, indicated no signs of degradation. The mass spectra indicated a 

molar ratio of 2:1 for ligands and metal. Besides, isotopic patterns, reflecting the silver 

atom, were found. 
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                                  Figure 4.5: Synthesis of Ag(I)-complexes 

 

                            

                                      Figure 4.6: Stability of Ag(I)-complexes 
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Table 4.2: Structures of the Ag(I)-imidazolium complexes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ag(I)[benz]imidazolium-acridine complexes 

Compd. precursor R1 R2 R3 Yield 

31 IM-7 H H C6H13 54% 

32 IM-9 H OMe Me 59% 

33 IM-10 H OMe C4H9 65% 

34 IM-12 Cl OMe Me 70% 

35 IM-13 Cl OMe C2H5 70% 

36 IM-14 Cl OMe C4H9 70% 

37 IM-16 H H р Me-Bn 76% 

38 IM-17 H H р Br-Bn 75% 

39 IM-18 H H oBr-Bn 80% 

40 IM-19 H H р NO2-Bn 65% 

41 IM-22 Cl OMe Bn 80% 

42 BIM-27 Cl OMe Me 70% 

43 BIM-28 H H C2H5 70% 

44 BIM-29 H H Bn 65% 

45 BIM-30 H H Me 70% 
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Ligands containing phenacyl substituents could not be converted into complexes, as 

shown in Figure 4.7. Various conditions in terms of solvent and temperature have been 

applied for the reaction. However, the NMR spectra indicated complex mixtures. The 

failure may reflect disrupting interaction between carbonyl oxygen with silver leading to 

a diversity of structures.  

 

 

Figure 4.7: Synthesis of Ag(I) complexes with phenyl group 
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4.2 Spectroscopic analysis 

Ligands and complexes were characterized by IR (ATR) spectroscopy in the range of 

4000-400 cm-1. The spectra, examples shown in Figures 4.8-4.9, were consistent with the 

proposed structures. The ligands and their Ag(I)-complexes do not have many functional 

groups. However, there are minor differences between the ligands and complexes which 

may be used as primary indicators of a successful synthesis (Iqbal et al.,  2013a; Iqbal et 

al.,  2013b).  

In the spectra, the peaks at 3065-2850 cm−1 are assigned to the vibration of aliphatic 

and aromatic C-H. The bands observed at range 1650-1630 cm−1 are ascribed to the 

imidazole ring C=N stretching vibrations; this observation is in accordance with the 

previous studies (Budagumpi & Revankar, 2010; Haque et al.,  2012; Srivastava, 2011; 

Tellez et al., 2008). Finally, the bands at around 1566-1422, 1238-1220 cm−1 of all 

compounds are assigned for the other modes of vibrations of C=C, C-N and C-O modules, 

respectively. This observation is in accordance with the literature (Budagumpi & 

Revankar, 2010; Haque et al.,  2015b; Srivastava, 2011; Wylie et al.,  2010). The metal 

complexes almost reflect the ligand spectra, except for some slight variations in the shifts 

and significantly reduced intensities due to the dominant metal absorption at about 

800 cm-1.  
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Figure 4.8: IR spectrum of ligand 12 

    

Figure 4.9: IR spectrum of complex 41 
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NMR spectra of the compounds were analysed in dimethyl sulfoxide (DMSO-d6), 

chloroform (CDCl3) and acetonitrile-d3 deuterium over the scan range 0 to 16 ppm for 1H 

NMR and 0 to 250 δ ppm for 13C NMR studies. In 1H NMR spectra of the ligands, 

examples are given in Figures 4.10-4.12, the most deshielded signal at δ 9 –11 ppm was 

observed for acidic imidazolium proton (NCHN), which appeared as sharp singlet peak.  

Its presence indicates the successful formation of the imidazolium salts, while its 

disappearance upon metal treatment reflects the formation of the carbene complex. The 

alkyl protons of compounds were seen between 0 – 6 ppm in 1H NMR. The characteristic 

peaks for methylene protons attached to the imidazole nitrogen appeared at δ 4 - 6 ppm, 

a triplet peak at δ 0.8-1.00 ppm indicated the terminal methyl group of alkyl chain. The 

aromatic protons of compounds were found at δ 6.50-8.50 ppm in the 1H NMR spectrum.  

 

 

Figure 4.10: 1H NMR of compound 7 

 

Compound 7 
1
H-NMR 
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                                    Figure 4.11: 1H NMR of compound 32 
   

 

 

 

 

 

  

 

Figure 4.12: 1H NMR of compound 28 
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Figures 4.13-4.15 show examples for ligands and a complex. The chemical shift of 

the carbene carbon belonging to Ag(I)-complexes was observed between 170-200 ppm in 

the 13C NMR spectra, which is in agreement with reported data for similar Ag(I)-

complexes (Haque et al.,  2013c; Ozdemir et al.,  2010). The corresponding carbon peak 

for the ligands were observed in the range of 133-145 ppm, matching previously reported 

data for related [benz]imidazolium ligands (Achar et al.,  2017b; Haque et al.,  2015a). 

Carbon in position 2 at acridine with Methoxy group resonated at 159-160 ppm for the 

compounds. The signals caused by Aryl/alkyl group, which connects with 

[benz]imidazolium units, displayed sharp singlets in the range 40–60 ppm. Also, the alkyl 

chain carbon resonances were observed in the chemical shift regions δ10–30 ppm.  

A comparison between the 13C NMR-spectra of the ligands and Ag(I)-complexes, as 

shown in Figures 4.13-4.15, suggested a successful synthesis as indicated by appearance 

peak at 170-200 ppm after complexation. To differentiate between quaternary C and 

methine CH in aromatic regain of the compounds an APT NMR spectrum was recorded, 

as shown in Figure 4.16.  
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Figure 4.13: 13C NMR of compound 7 

 

  
 

 

 

 

 

 

 

 

 

Figure 4.14: 13C NMR of compound 32 
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Figure 4.15: 13C NMR of compound 28 

 

      

Figure 4.16: APT NMR of compound 14 
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The elemental analysis data of ligands and their Ag(I) complexes were found to be in 

good agreement with proposed formulae as the values are approximately similar to each 

other as shown in synthetic methods. The elemental composition of the compounds was 

determined using energy dispersive X-ray analysis (EDX) spectroscopy. The appearance 

of a strong peak around 3 KeV designates the position of elemental silver (Ahmad et al.,  

2015). In the ligands, it is clearly observed several peaks for C, N, O and Br or Cl in the 

EDX spectrum of ligands 12 and 29 confirming its successful formation. Meanwhile, 

EDX spectrum of Ag(I)-complex 36 showed peaks for component elements (Ag, C, N, F, 

P and Cl); evidence that Ag(I)-complexes were successfully synthesized, a new peak is 

observed which recognized as Ag atoms, as depicted in Figure 4.17, but did not show the 

characteristic signal of Ag+ in ligand spectrum. Furthermore, the presence of P and F, 

which are confirmed in the ion exchange with Cl or Br. The results of EDX spectra 

showed that no Br−or Cl− ions could be detected in the complexes, which further confirm 

the successful anion change. The obtained complexes confirmed the presence of Ag metal 

in each complex (refer to appendix C).  
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Figure 4.17: Representative EDX spectra 
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4.3 Optical application 

The absorption spectra of the compounds were recorded in aqueous acetonitrile (1:1, 

v/v) at concentration of 1.2x10-6 mol L-1. The maximum wavelength was used to indicate 

the fluorescence application. Figure 4.18 illustrates the absorption of the compound 12 

and their complex 34 at a concentration of 1.2x10-6 mol L-1. The maximum intensity band 

at between 300-450 nm for compounds can be ascribed to n-π* transition. The intensity 

peaks of the complex increased more than the intensity peak of the ligand, which its also 

due to the interactions between the imidazolium ligand and silver metal.  

 

 

Figure 4.18: UV-Vis of imidazolium-acridine   
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Acridine and its derivatives show high fluorescent activity. This property may 

enable monitoring of compounds inside a cell to visualise the distribution of drugs. All 

[benz]imidazolium ligands and their Ag(I) complexes exhibited notable fluorescence 

upon excitation at 390 nm. The recording of fluorescence spectra followed the 

conditions use for absorption spectra. The excitation wavelength was chosen to match 

the maximum for the absorption. The fluorescence spectra of ligands and complexes, 

as shown in Figure 4.19, were almost identical. The comparable fluorescence intensity 

of ligands and complexes indicates reduced luminescence efficiency for the complexes 

considering the 1:2 ratio of metal and ligand. Since the complexes contain two of the 

ligands its fluorescence it is less efficient compared to ligands. Two different shapes, 

denoted as A & B, were found for the fluorescence spectra. Details are given in Tables 

4.3-4.4.   

 

 

Figure 4.19: Fluorescence spectra shapes 
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Table 4.3: Fluorescence behaviour for [benz]imidazolium-acridinex .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                                 x  c =12 μ mol L-1 (acetonitrile/water 1 : 1 v/v) 

 

 

Compd. 
λmax abs λexc 

[nm] Spectem λmax em     [nm] Intem [AU] 

3c 405 A 451 732 

6a 389 B 416, 440 493, 462 

6b 400 A 455 774 

6c 387 A 437 350 

7 410 A 458 856 

8 400 A 465 714 

9 401 B 415, 436 553, 488 

10 407 A 450 761 

11 411 A 471 456 

12 410 A 464 640 

13 403 A 464 720 

14 392 B 420, 435 319, 323 

15 387 B 421, 438 571, 582 

16 387 A 461 191 

17 386 B 416, 448 427, 409 

18 384 B 414, 438 608, 540 

19 385 B 416, 440 436, 396 

20 408 A 465 756 

21 409 A 450 798 

22 408 A 443 947 

23 386 A 450 600 

24 384 A 445 610 

25 385 A 442 600 

26 387 A 440 558 

27 389 B 413, 438 315, 330 

28 388 A 438 319 

29 387 B 415, 436 534, 528 

30 389 A 468 529 
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Table 4.4: Fluorescence behaviour of Ag(I) complexesx. 

 

 

 

 

 

 

 

 

 

                                                                  x  c =12 μ mol L-1 (acetonitrile/water 1 : 1 v/v) 
 
 
 

For excitation, all compounds required low energy UV-light. The blue fluorescence of 

the sample can easily be visualized using the long wavelength of a standard laboratory 

UV lamp, as depicted in Figure 4.20. The substitutions of acridine with an 

[benz]imidazole changed the emission spectrum (Raju et al.,  2016). This change matched 

previous reports on documented π*→π and π*→n transitions (Elangovan et al.,  2004; 

Gimeno et al.,  2012; He et al.,  2015; Lang et al.,  2013; Sandeep & Bisht, 2006). 

[benz]imidazolium-acridine cations containing substituted acridine exhibited double peak 

fluorescence spectra according to type B, while other compounds showed only a broad 

single peak emission reflection spectrum type A, as shown in Figure 4.19.  Unlike for N-

arylated imidazolium cations (Boydston et al., 2008), no significant differences were 

observed between substituents with and without conjugated systems at the imidazole. 

Compd. 
λmax abs λexc 

[nm] Spectem λmax em [nm] Intem [AU] 

31 389 A 460 600 

32 400 A 456 700 

33 401 A 458 660 

34 411 A 460 700 

35 405 A 464 610 

36 407 A 465 373 

37 386 B 416, 433 237, 239 

38 387 A 431 262 

39 384 B 413, 435 800 

40 387 B 416, 434 224, 213 

41 408 A 465 843 

42 411 A 465 645 

43 398 A 464 271 

44 391 A 440 712 

45 411 A 462 638 
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This can be related to the breaking of conjugation due to the methylene linkage. In terms 

of fluorescence intensity, only a moderate variation was found between the systems. An 

exception to this, however, is found at compound 18, which exhibited significantly lower 

fluorescence intensity. A rational for this unusual behaviour could not be found, unless 

the effect is related to the non-symmetric aromatic at the imidazole (o-substitution). 

Compounds 9, 14, 15, 17, 18 and 19 displayed a blue emission with two emission peaks 

at λmax = 413 and 438 nm,  these may be assigned to the π-π* transitions of the delocalized 

π electrons in the imidazole ring and acridine and the n-π*transitions of the n-electrons 

of the nitrogen atoms of imidazole and acridine (Cheng et al., 2014). Besides that, 

compound 6a showed a broad emission band at λmax= 440 nm, whereas 6c showed a broad 

emission band at λmax= 455 nm. N-alkyl imidazolium-acridine derivatives and N-aryl-

imidazolium-acridine exhibited stronger blue emission band at 464 nm upon the 

excitation values. As stated previously, the emission properties of N-substituted-

imidazolium-acridine salts are strongly influenced by the nature of its N-substituents. The 

longest wavelength λmax was obtained when N-aryl substituents were placed on the 

imidazole ring (Boydston et al., 2008).   

 

Figure 4.20: Images of samples for 29 (left) and 44 (right) under UV (a) and daylight 

(b) 
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4.4 DFT calculations 

Attempts to grow single crystals using different methods and solvent have failed. Some 

compounds led to needle-shaped crystals, which diffraction patterns could not be solve 

based to the big error in Rint~100.  A computation study was applied to confirm the 

structures based on powder XRD patterns with reported analogue crystal structures. 

Ag(I)-benzimidazolium complex 42 was compared to the imidazolium analogue 47, for 

which two crystal structures complexes reported (Gimeno et al.,  2012; He et al.,  2015). 

DFT calculations indicated practically identical core structures for benzimidazolium 27 

and imidazolium analogue 46. Upon complexation, the ligands remained unchanged in 

geometry. The [benz]imidazole ring is perpendicularly aligned to the acridine ring with 

dihedral angles of 90°, as shown in Figures 4.21. This geometry is in agreement with a 

reported crystal structure (Gimeno et al.,  2012).  

       

Figure 4.21: Optimized ligand geometry of [benz]imidazolium-acridine-ligands 
at the B3LYP/GENECP level with 6–31G(d) basis set for non-metals  
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The DFT result for the Ag(I)-benzimidazolium 42 and imidazolium 47 share the same 

geometry, as shown in Figure 4.22. The simulated structure of 47 matched the crystal 

structure reported by Gimeno et al. Another crystal structure (He et al. 2015) differed in 

the dihedral angle between the aromatic rings (84°). More pronounced than the difference 

in the dihedral angle was the alignment of the two imidazolium ligands around the silver. 

While the DFT result confirmed a parallel arrangement as energetically favoured 

confirmation the perpendicular alignment was reported by He et al.   

 

 

Figure 4.22: Structural analogy of complex 42 and literature reported 47 
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The XRD pattern of the experimental and crystal structure generated complexes 

mismatched, as shown in Figure 4.23. This may be partially due to the needle shape of 

the crystals. More importantly, additional peaks in the experimental XRD indicate the 

presence of other morphologies besides the reported species (Gimeno et al.,  2012; He et 

al.,  2015). Because of this constrain, the attempted crystal structure confirmation was 

abended. Besides, the experimental XRD of 47 and 42 did not show the expected 

similarity, as can be seen in Figure 4.23.  

       

      

 

Figure 4.23: Comparison of experimental XRD pattern for 47, 42 with reported 

crystal structures; A (Gimeno et al.,  2012), B (He et al.,  2015) 
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4.5 Biological Activity 

A very important aspect in the development of biological-metal complexes is their 

stability under physiological conditions, which allows a better delivery and transport to 

tumour cells. Recently, Ag-complexes systematic discovery and development have 

provided a large number of promising antioxidants, anticancer and antibacterial agents 

(Scheme 1) (Liang et al.,  2018).   

 

Scheme 1: Application of Ag-NHCs 
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 Antioxidant Activity 

Biological effects of the imidazolium compounds have been correlated with 

antioxidant behaviour (Cai et al.,  2010; Radosevic et al.,  2013). This led to an 

investigation of antioxidant activity of the imidazolium-acridines. For this, a DPPH- and 

FRAP-assays were applied. Table 4.5 illustrates the IC50 values of the ligands and Ag(I)-

complexes in comparison to 3,5-bis-tert. butyl-4-hydroxytoluene (BHT) and ascorbic 

acid (AA) as standard antioxidants. The results revealed differing activities in the two 

assays.  

The non-substituted-acridine imidazolium 7 indicate reasonable, good radical 

quenching activity, comparable with the standard compound AA. Compound 7 exceeded 

the radical scavenging ability than the non-ionic precursor 6a. Good free radical 

scavenging activities was found for compounds 7, 8, 12, 13, 14, 21 and 22. The increased 

electron density in the compounds is commonly associated with increasing radical 

stability. Nevertheless, the addition of a methoxy substituent on acridine in compounds 9 

and 10 significantly reduced the antioxidant activity, whereas the subsequent addition of 

chloride tends to compensate with this influence in compounds 12 (46±4 µg/mL), 13 

(47±4µg/mL) and 14 (57±7µg/mL). Compounds 16–24 have an additional methylene-

linked π-electron system at the imidazole increase the conjugation system of radical 

species, if the hydrogen transfer affects the methylene linker. However, IC50 values are 

comparable high, indicated that the hydrogen transfer happens at a different site. All 

complexes exhibited lower antioxidants activity compared to the respective ligands.  
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Most of the compounds showed lower reducing activity of Fe3+ to Fe2+ compared with 

standard compounds (AA& BHT). Compounds, 16, 19, 20, 24 and 31 exhibited good 

reducing activity with IC50 ranged 145-211 μg/mL compared with standard references, as 

shown in Table 4.5. 

 

   Table 4.5: Antioxidant activity of [benz]imidazolium-acridines and Ag(I)-

complexesa. 

 

a Data represent mean of 3 measurements; FE =ferric equivalent. 
BHT: Butylated hydroxytoluene, AA: ascorbic acid. 

 

 

Antioxidant activity 

Compd. 
DPPH 

(IC50, μg/mL) 
FRAP 

(Mean ± SD) 

 
Compd. 

DPPH 
(IC50, μg/mL) 

FRAP 

(Mean ± SD) 

6a 164 ± 3 ˂100  23 69±5 <100 

6b 144±27 ˂100  24 228±12 170 

7 49±1 108  25 97±2 <100 

8 47±1 145  26 102±8 <100 

9 196 ±16 ˂100 

C
om

pl
ex

es
 

31 70±2 145 

10 133±53 ˂100 32 144±27 <100 

11 90±5 ˂100 33 150±2 105 

12 46±4 ˂100 34 147±3 <100 

13 47±4 ˂100 35 195±9 <100 

14 57±1 ˂100 36 133±5 <100 

15 216±3 <100 37 98±5 <100 

16 367±30 211 38 86±4 <100 

17 103±42 <100 39 87±4 <100 

18 98±6 <100 40 107±7 <100 

19 216±41 201 41 230±2 <100 

20 367±30 211  A.A 41±2 337 

21 50±2 <100  
BHT 287±8 860±10 

22 43±4 <100  
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 Antibacterial activity 

The antibacterial effects of benzimidazolium-based acridine ligands and their 

Ag(I)-complexes were screened along with the positive control drugs (ampicillin and 

gentamicin) and negative control (dimethyl sulfoxide). Previous studies on 

N-benzimidazolium derivatives without acridine (Gok et al.,  2013; Gok et al.,  2016; 

Ozkay et al.,  2010) showed effective actions against various strains of bacteria. The 

preliminary investigation applied a zone inhibition test. No inhibition zone was found for 

the control DMSO in line with previous investigations (Patil et al.,  2011; Shahini et al.,  

2017). All compounds exhibited potent antibacterial activity against the bacteria tested in 

this study. It is apparent from the data in Table 4.6 that the antibacterial activity of 

Ag(I)-complexes 42-45 was higher than for corresponding ligands 27-30. This finding is 

in agreement with previous reports on Ag(I)-complexes by Loh et al.  and Ozdemir et al. 

(Loh et al.,  2019; Ozdemir et al.,  2010). Ligands 29 and 30 exhibited the highest activity, 

which may be attributed to the presence of the additional aromatic ring and the methoxy 

group, respectively.  
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Table 4.6: Inhibition zone of the antibacterial activity of the ligands and the 

Ag(I) complexes. 

 
 
Noted: The antibacterial activity was determined using well diffusion method, each compound (1mg/mL) was dissolved in DMSO, 
and the mean of inhibition zones was recorded from triplicate tests. E. coli= Escherichia coli; S. t = Salmonella typhi; S. a = 
Staphylococcus aureus; P. a = Pseudomonas aeruginosa; S. e = Staphylococcus epidermidis.  NA, no activity, Inhibition zones 
including the diameter of the well (6 mm). 42-45 = Ag complexes.  

 

The highest antibacterial activity was found for the Ag(I)-complex 44 against S. typhi. 

However, other complexes 42, 43 and 45 exhibited higher activity against P. aeruginosa 

and S. epidermidis. Structural activity relationship (SAR) analysis has shown higher 

activities for compounds containing electron-withdrawing groups compared to those 

possessing electron-donating groups (Krishnanjaneyulu et al.,  2014). The corresponding 

SAR for benzimidazolium compounds is shown in Figure.4.24.  

 

 

                Inhibition zones (mm)) 

Compd.       Gram-negative   Gram-positive 

E. coli   S. typhi 
  S. 

aureus  
P. 

aeruginosa 

S.  

epidermidis 

6c 8±1 NA  9±0.5  NA 6±1 

27 8±1 NA  10±1  NA 8±1 

28 8±1 7±1   9±1  NA 6±0.5 

29 10±1 8±1   8±1  7±1 9±1 

30 9±1 NA  10±1  NA 8±1 

42 13±1 14±1  13±1  16±1 13±1 

43  12±0.4 14±1  12±1  16±1 15±0.5 

44 12±1 15±1  11±1  14±1 13±1 

45 12±1 14±1  13±1  16±1 15±1 

Ampicillin 16±2 18±0.6  21±1  NA NA 

Gentamicin 29±1 24±0.6  28 ±1  29±0.5 26±2 

   DMSO NA NA   NA  NA NA 
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Figure 4.24: Structural activity relationship (SAR) analysis for compounds 

 
 
 
The minimum inhibitory concentration MIC and minimum bactericidal concentration 

MBC were used to determine the minimum concentration for synthesized compounds 

that could inhibit the visible growth or kill the tested bacteria. The MIC (the lowest 

concentrations of compounds that completely inhibited bacterial growth) of the ligands 

and Ag(I)-complexes against the five bacteria are summarized in Table 4.7.  Smaller MIC 

values correspond to higher antibacterial activity. Most of benzimidazolium-acridine 

ligands and Ag(I) complexes were effective against the five tested bacteria. All complexes 

exhibited higher activities than the corresponding ligands (Ozdemir et al.,  2010; Sarı et 

al.,  2016). Ag(I)-complexes showed antibacterial activity with MIC and MBC values 

ranging from 250 to 1000 µg/mL. The highest antibacterial activity was recorded from 

Ag(I)-complexes 42-45 with MIC value 250 µg/mL against all tested bacteria and MBC 

values of 250-500 µg/mL, this observation is in agreement with the previous report (Gok 

et al.,  2014; Gok et al.,  2016; Haziz et al.,  2019; He et al.,  2015; Sarı et al.,  2016). The 

highest antibacterial activity was observed for complex 45 against P. aeruginosa, S. typhi 

and S. epidermidis (250 µg/mL). The activity may be associated to the methoxy-

substituted at the acridine ring. The antibacterial activities of complex 44, which 

contained the aryl group, exhibited good antibacterial activities against P. aeruginosa 
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with MIC and MBC values of 250 and 500 µg/mL, respectively, well comparable to 

previously reported MICs between 50 and 250 µg/mL for a variety of non-benzanellated 

analogues (He et al.,  2015). It indicates a low impact of the benzanellation on the 

antibacterial activity. This may be explained by assuming an interaction at the acridine 

site rather than the imidazolium. 
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Table 4.7: The MIC and MBC values of ligands and Ag(I) complexes tested against bacteria. 

 

      
 

 

 

 

 

                 

 

 

 

 

 

E. coli, Escherichia coli; S. typhi, Salmonella typhi; S. aureus, Staphylococcus aureus; P. aeruginosa, Pseudomonas aeruginosa; S. epidermidis, Staphylococcus epidermidis. 
                ND – no determined.                            

Samples 

 

E. coli S.  aureus S.  epidermidis P.  aeruginosa S. typhi 

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 
(µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) 

6c 1000    >1000    >1000 ND >1000 ND   >1000 ND    >1000 ND 

27 500 1000 500 500 500 500   >1000 ND    >1000 ND 

28 500 1000 500 1,000     >1000 ND   >1000 ND 500 500 

29 1000 1000 500 500 500 500 500 500    >1000 ND 

30 500 1000 250 250 1000 1000   >1000 ND 1000 500 

42 250 500 250 500 250 500 250 500 250 500 

43 250 500 250 500 250 500 250 500 250 500 

44 250 250 250 250 250 500 250 500 250 500 

45 250 500 250 250 250 500 250 500 250 500 

Gentamicin 15.6 31 15.6 31  7.8 32   15.6 31  15.6  31 

Ampicillin 125 250 125 250 125 250 250 500 250 500 

DMSO >1000 ND    >1000 ND      >1000 ND   >1000 ND    >1000 ND 
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 Anticancer studies 

The potential cytotoxicity of imidazolium-based acridine derivatives and their Ag(I) 

complexes were tested in vitro against ovarian cancer cells (CAOV-3), prostate 

adenocarcinoma cells (PC-3), Michigan cancer foundation-7 (breast cancer cells, 

MCF-7), normal immortalized human ovarian surface epithelial cell line (T1074) and 

normal epithelial breast cell line (MCF-10a). The investigation applied paclitaxel and 

tamoxifen as positive control for comparison purpose. Table 4.8 showed the result. The 

ligands and Ag(I)-complexes are not toxic for the normal cell lines, as IC50 values were 

about 50 μg/mL or higher. The cytotoxicity results showed that [benz]imidazolium-based 

acridine and their Ag(I)-complexes potential might be used of cancer therapy. 

Ligand 9 revealed higher cytotoxicity activity against CAOV-3 cell with IC50 (2.5±0.4 

µg/mL) compared to tamoxifen and paclitaxel with IC50 (2±1 µg/mL) and (4.8±0.5 µg/ 

mL), respectively. This is due to the methoxy group in position 2 on acridine. 

Nevertheless, it was practically inactive against PC-3 and MCF-7 cells with IC50 ≥ 40 

µg/mL according to Jayash et al. (Jayash et al.,  2017).  Similarly, compounds 11, 14, 17, 

21 and 23 displayed good activity against CAOV-3 cell with IC50 (7±1 µg mL-1), (6±1 µg 

mL-1), (4.5± 0.7 µg mL-1), (12±2 µg mL-1) and (5±2 µg mL-1), respectively. The structures 

of these active compounds showed no difference in their main structure, but differ in the 

substitution on the imidazole and acridine core.  

 Compounds 7-15 showed moderate cytotoxic against CAOV-3 cells with IC50 ~ 2.5-24 

µg/mL, due to a medium chain for the imidazole alkylation and single methoxy-

substitution of the acridine. Most of the N-alkyl imidazolium-2-methoxyacridine 

derivatives exhibited more cytotoxic activity. The cytotoxicity of compounds 16–26 

indicate that the incorporation of aromatic structures at the imidazolium substituent can 

improve their activity, this matches previous report finding on different systems (Ranke 
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et al.,  2007; Xu et al.,  2015; Liu et al.,  2015). In addition, the activity of these compounds 

is sensitive towards any minor change in the substitution at the aromatic ring. The overall 

activity of these compounds against CAOV-3 cell probably exhibits considerable 

influence for a medium-sized substituent at the imidazole.  

The non-ionic imidazolium-precursor 6a was the most active against prostate cancer 

(PC-3) cells with IC50= 6±1 µg, while the ligands 11, 16, 18, 19 and 24 showed lower but 

still reasonable activities with IC50= (12±2 µg mL-1), (9±0.2 µg mL-1), (12±6 µg mL-1), 

(12±2 µg mL-1) and (24±8 µg mL-1), respectively. However, the other compounds 

exhibited very weak cytotoxic effect against PC-3 cell.   

Compounds 22 exhibited good cytotoxic effect against MCF-7 with IC50=5±0.6 µg 

mL-1, which was more active than any of the positive controls, tamoxifen (IC50= 11±1 µg 

mL-1) and paclitaxel (IC50= 6±1 µg mL-1). Also, compound 7 showed a good activity with 

IC50= 9±1 µg mL-1. To evaluate the selectivity of the potential cancer drugs, the SI was 

calculated. The data indicate that imidazolium ligands displayed a high degree of 

cytotoxic selectivity towards specific cancer cell lines with SI higher than 1, as shown in 

Table. 4.8. 
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Table 4.8: The IC50 of the ligands 6-26 in in vitro cell toxicity after 24 ha incubation. 

                                    a Data represent the mean of three independent determinations. 
                        IC50   values (μg/mL) were obtained from the MTT assay. 
 
 
 
 
 
 
 
 
 

Compd. 

IC50 values (μg/mL) 

Cancer cell lines 
 non-tumorigenic cell 

lines 

CAOV-3 SI PC-3 SI MCF-7 SI  T1074 MCF-10a 

6a 12± 1 3.3 6 ± 1 6.7 28 ± 2 1.8  40 ± 7 49 ±9 

6b 68± 5 1.1 77 ±13 0.9 21 ± 1 3.1  73 ±16 66 ±9 

7 80± 2 1.1 71 ± 7 1.3 9 ± 1 7.4  90 ±8 67 ±3 

8 50+1 1.6 69 ± 6 1.2 20 ± 3 2.5  81 ±15 >100 

9 2.5 ± 0.4 34.8 68 ± 4 1.3 41 ± 4 1.7  87± 12 70 ±11 

10 12 ±2 7.2 62 ± 5 1.4 49 ± 3 1.0  86 ±8 50 ± 1 

11 7± 1 7.1 12 ±2 4.2 17± 2 2.9  >100 >100 

12 77 ± 5 0.9 76±18 0.9 53 ± 5 1.5  66 ±15 82 ±5 

13 60 ± 1 1.3 92 ±13 0.8 23 ± 2 4.3  78 ±10 98 ±5 

14 6 ± 1 14.3 75 ±10 1.1 38 ± 5 1.3  86 ± 6 >100 

15 24± 12 2.3 28 ±7 1.9 36 ± 7 1.4  54 ±9 >100 

16 22± 1 3.8 9 ± 0.2 9.3 17± 2 5.7  84 ±5 97 ± 2 

17 4.5 ± 0.7 14.2  29 ± 1 2.2 24 ± 8 2.1  64 ± 9 >100 

18 >100 0.9 12 ± 6 3.8 42 ± 2 2.2  46 ± 5 94 ±2 

19 86± 10 1.0 12 ± 2 7.2 56 ±12 1.3  86 ±5 71 ± 14 

20 63± 6 1.2 93 ± 7 0.8 43 ±7 1.2  75 ±16 >100 

21 12 ± 2 7.3 87± 5 1.0 22 ± 5 2.3  88 ±6 50 ±2 

22 27± 2 3.1 99 ± 7 0.8 5 ± 0.6 17  83 ±11  83 ± 20 

23 5 ± 2 15 79 ± 9 0.9 22 ± 4 3.9  75 ±17 85±10 

24 23± 5 3.7 24 ± 8 3.5 20 ± 2 4.4  84 ± 5 87 ± 2 

25 25± 1 2 28±1 1.8 28±2 1.8  >100 >100 

26 25±0.6 2 31±2 1.6 27±1 2.9  >100 77±2 

Tamoxifen 2 ± 1 39 2 ± 1 39 11 ± 1 7.7  78 ± 7 85 ±6 

Paclitaxel 4.8±0.5 10.4 5±1 10  6 ± 1 12.5  >100 75± 2 Univ
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The Ag(I)-complexes 31-41 are nontoxic with IC50 values above 50 µg/mL against non-

tumorigenic cell lines MCF-10a and T1047. Figures 4.25 & 4.26 compare the toxicities 

of the ligands and complexes against non-tumorigenic. The complexes showed 

considerable improvement of the anticancer activity towards the ligands against 

CAOV-3, PC-3 and MCF-7 cells with IC50 effects of 5-14, 10-26 and 8-15 μg/mL, 

respectively. This is possible as a result of bonding of Ag cations to biologically 

compatible ligands that enhance the bioactivity and ultimately the activity of Ag cations. 

This finding was in agreement with previous studies reports (Asif et al.,  2016; Ghdhayeb 

et al.,  2017; Haque et al.,  2013; Johnson et al.,  2017; Youngs et al.,  2012). The 

mechanism of Ag cations action is not yet clear; however, it has been shown that Ag 

cations bind to the cell surfaces and interact with the proteins and nucleic acids that are 

important for cell. The data for complexes are given in Table 4.9. Compounds 32 and 38 

showed higher cytotoxicity against CAOV-3 cell with IC50 = 5±1 μg/mL and 7±1 μg/mL, 

respectively. The variation in the alkylation of the imidazole structure can affect the 

potency of these complexes as the substituent that produces variation in the lipophilicity 

of the drugs (Haque et al.,  2013c). The selectivity index (SI) of the complexes in the 

range of 2-10 confirm the potential to be used as a drug.  
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            Figure 4.25: The IC50 of ligands and Ag(I)-complexes against T1074 cell 

 

 

           Figure 4.26: The IC50 values of ligands and Ag(I)-complexes against  
      MCF-10a cell 
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Table 4.9: The IC50 values of Ag(I)-complexes in in vitro cell toxicity after 24 ha 

incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            IC50   values (μg/mL) were obtained from MTT assay. 
                                           a Data represent the mean of three independent determinations. 

 
 
 
 

The imidazolium-acridine ligands displayed low activity against MCF-7. In the 

attempt to enhance the activity benzimidazolium analogues ligands 27-30 were 

synthesised. The ligands and respective Ag(I)-complexes 42-45 were tested against 

MCF-7. The result in Table 4.10, indicated that benzimidazolium-acridine did not 

improve the cytotoxicity activity against MCF-7 with IC50=40 µg mL-1 and above. In 

contrast, the complexes 42-45 showed a slightly similar cytotoxicity activity compared 

to the imidazolium complexes. 

 

 

Compd. 
IC50 values (μg/mL), Cancer cell-lines 

CAOV-3 SI PC-3 SI MCF-7 SI 

31 22±1 2.5 25±1 2.2 8±1 7.1 

32 5±1 10.8 18±1 3 20±1 2.7 

33 18±1 3.2 18±2 3.2 22±1 2.5 

34 17±1 3.5 21±1 2.9 18±1 4.4 

35 20±1 3.1 18±1 3.4 22±1 3.2 

36 9±1 7.2 20±1 3.3 14±1 4 

37 9±1 7.8 10±1 7 18±1 3.4 

38 7±1 10.7 15±1 5 20±1 3.6 

39 20±1 3.3 18±1 3.6 15±1 5.1 

40 20±1 3 26±1 2.3 21±1 3.4 

41 14±1 4.1 32±3 1.8  8±0.4 9.1 

Tamoxifen 2 ± 1 39 2 ± 1 39 11 ± 1 7.7 

Paclitaxel 4.8±0.5 10.4 5±1 10  6 ± 1 12.5 
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 Table 4.10: The IC50 values of the benzimidazolium ligands and Ag(I)-

complexes in in vitro cell toxicity after 24 ha incubation. 

 

 

 

 

 

 

 

 

                                                    a Data represent mean of 3 measurements. Selectivity index (SI). 

Compd. 
(IC50 ± SEM μg/mL), SI 

MCF-10a  MCF-7 SI 

6c  87±3  60 ±2 1.4 

27 

lig
an

ds
 

74 ± 2 67 ±5 1.1 

28 88± 4 51 ±2 1.7 

29 67±2 65± 4 1.03 

30 75± 2 44± 3 1.7 

42 
co

m
pl

ex
es

 
69±3 20± 3 3.5 

43 74±3 24± 2 3.1 

44 80±3 22± 3 3.6 

45 78±4 23± 2 3.4 

Tamoxifen  85± 6 11± 1 7.7 

Paclitaxel  75± 2 6 ±1 12.5 
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CHAPTER 5: CONCLUSION 

5.1 Conclusion 

In this thesis, a series of imidazolium- and benzimidazolium-based acridine ligands 

and their respective Ag(I)-complexes have been synthesised. Changing the halides in the 

ligands to hexafluorophosphate enhanced their ability to form complexes. All prepared 

compounds were characterized by IR, 1H and 13C NMR, elemental analysis and HRMS. 

Owing to their highly conjugated π-electron system, the fluorescence behaviour of the 

acridine-based ligand was evaluated for possible application as a fluorescent probe. 

However, the low water solubility of the compounds has prevented their applicability for 

fluorescent probing.  

The ligands and their Ag(I)-complexes were tested in vitro for their biological 

properties as antioxidant, anticancer and antibacterial agents. All compounds exhibited 

lower antioxidant activity compared to the standards, i.e. ascorbic acid and BHT. The 

compounds did not show toxic effects on the normal cell lines, MFC-10a and T1047, with 

IC50 values of 50 μg mL-1 and above. The imidazolium ligands showed reasonable 

cytotoxicity activity against CAOV-3, PC-3 and MFC-7 cells. Complexation with silver 

increased the cytotoxicity against cancer cells. The benzimidazolium ligands did not act 

as anticancer agents against MCF-7, while their complexes showed better activity towards 

tested cell.  

The benzimidazolium ligands and their Ag(I)-complexes were tested for antibacterial 

activity. The ligands exhibited moderate activity against a variety of the bacteria, while 

the complexes showed good activities. The increased activity of complexes is due to the 

biological effect of silver ion. 
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5.2 Future outlook 

The research has given us preliminary insight into the structural properties of the 

synthesized Ag(I) complexes. However, there is a lot of advancement work that can be 

carried out. For plans, it is suggested to synthesise metal complexes using Pd and Pt with 

emphasis on lipophilic/ hydrophilic balance to develop metallodrugs and grow crystal for 

complex structure confirmation. Besides, some synthetic compounds have shown good 

results for biological applications and these warrants for a further depth study. In addition,  

5.3 Limitations of the study 

The chemicals, solvents and consumables for biological studies assay are quite costly. 

For this reason, we have just selected some cells and bacterial to test the compounds. 

Also, number of compounds is 46 that made the biological study is limited.  
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CHAPTER 6: EXPERIMENTAL DETAILS  

6.1 Experimental Data  

6, 9-Dichloro-2-methoxyacridine (4a) 

 

Compound 4a was prepared according to previous reports (Csuk et al.,  2004; Lang et 

al.,  2013; Li et al.,  2014; Mironovich et al.,  2016). A mixture of 4-chloro-2-(4-

methoxyphenylamino)-benzoic acid 3a (5.21 g, 19 mmol) and POCl3 (40 mL) was heated 

slowly in oil bath to 85-90 ºC for 15 min. The temperature was subsequently increased to 

135-140 ºC, and the reaction was kept at reflux for 3 h. After the completion of the 

reaction, excess phosphorous oxychloride was removed by vacuum distillation. The 

reaction mixture was cooled to room temperature and poured into a stirred mixture of 25 

ml concentrated ammonia and crushed ice. Crude 4a precipitated within 30 min. The 

precipitate was filtered by suction, washed three times with saturated NaHCO3 and 

subsequently with water. It was dried over phosphorus pentoxide and recrystallized from 

ethanol to furnished 4a as a yellow powder. Yield: 92%; mp 160-165 ºC. 1H NMR (400 

MHz, CHCl3): δ 8.23 (d, 1H, H-8), 8.13 (s, 1H, H-5), 8.03 (d, 1H, H-4), 7.50-7.45 (2d~t, 

2H, H-3, H-7), 7.39 (s, 1H, H-1), 4.01 (s, 3H, OMe); 3J7,8=9.0, 3J3,4=9.0 Hz; 13C NMR 

(100 MHz, CHCl3): δ 158.34 (C-2), 146.80 (C-5a), 146.45 (C-4a), 138.38 (C-9), 135.41 

(C-6), 131.25 (C-4), 128.14 (C-5), 128.01 (C-7), 126.47 (C-3), 125.54 (C-8), 125.15 (C-

1a), 122.69 (C-8a), 99.74 (C-1), 55.69 (O-CH3). 
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9-Chloroacridine(4b) 

 

Compounds 4b was prepared according to previous reports (Csuk et al.,  2004; Lang 

et al.,  2013; Li et al.,  2014; Mironovich et al.,  2016) following the same method that 

was applied for compound 4a. A mixture of 2-phenylamino-benzoic acid 3b (4.0 g, 19 

mmol) and POCl3 (40 mL) was heated slowly in an oil bath to 85-90 ºC for 15 min. The 

temperature was subsequently increased to 135-140 ºC, and the reaction was kept at reflux 

for 3 hr. After the completion of the reaction, excess phosphorous oxychloride was 

removed by vacuum distillation. The reaction mixture was cooled to room temperature 

and poured into a stirred mixture of 25 ml concentrated ammonia and crushed ice. The 

crude 9-chloroacridine precipitated within 30 min. The precipitate was filtered by suction, 

washed three times with saturated NaHCO3 and subsequently with water. The precipitate 

was dried and recrystallized from ethanol to furnished 4b as pale brown crystals. Yield: 

90 %; mp 115-120 ºC. FTIR (ν cm-1): 3057, 2995 (C-H), 1554, 1467 (C=C), 757 (C-Cl). 

1H NMR (CDCl3) δ 8.4 (d, 2H, J=8 Hz), 8.26 (d, 2H, J=8 Hz), 7.85–7.81 (m, 2H), 

7.68-7.64 (m, 2H). 13C NMR (CDCl3) δ 148.9(CAcri-4a, CAcri-5a), 141.5 (CAcri-9), 130.8 

(CAcri-4, CAcri-5), 129.8(CAcri-3, CAcri-6), 127.1 (CAcri-2, CAcri-7), 124.8(CAcri-1, 

CAcri-8),124.4 (CAcri-1a, CAcri-8a). 
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9-Chloro-2-methoxyacridine (4c) 

 

Compound 4c was prepared according to previous reports (Csuk et al.,  2004; Lang et 

al.,  2013; Li et al.,  2014) following the same method that was applied for compound 4b. 

A mixture of 2-(4-methoxyphenylamino)-benzoic acid 3c (4.57 g, 19 mmol) and POCl3 

(40 mL) was heated slowly in oil bath to 85-90 ºC for 15 min. The temperature was 

subsequently increased to 135-140 ºC, and the reaction was kept at reflux for 3 h. After 

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

distillation. The reaction mixture was cooled to room temperature and poured into a 

stirred mixture of 25 ml concentrated ammonia and crushed ice. Crude 4c precipitated 

within 30 min. The precipitate was filtered by suction, washed three times with saturated 

NaHCO3 and subsequently with water. The precipitate was dried over phosphorus 

pentoxide and recrystallized from ethanol to furnished 4c as brown crystals. Yield: 95%; 

mp 160-165 ºC. 1H NMR (CDCl3) δ 8.40 (d, 1H, J=8 Hz), 8.32 (d, 1H, J=12 Hz), 8.14 

(d, 1H, J=8 Hz), 7.79-7.75 (m, 1H), 7.67-7.63 (m, 1H), 7.54–7.49 (m, 2H), 4.05 (s, 3H, 

OCH3). 13CNMR (CDCl3) δ 158.2(C-2), 147.3(C-5a), 146.2(C-4a), 138.2(C-9), 131.5 

(C-4), 129.8(C-6), 129.4(C-5), 127.1(C-7), 126.0 (C-8), 125.3(C-8a), 124.5(C-3), 124.2 

(C-9a), 99.9(C-1), 55.7(O-CH3). 
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  Synthesis of 1-ethyl imidazole (5a) 

 

                 

Compound 5a was prepared according to general procedure 3.3.1.3 (Al-Mohammed 

et al.,  2015b; Rohini et al.,  2013; Salman et al.,  2015), using 1-bromoethane (1.56 g, 

14.31 mmol) to provide 5a as a yellow liquid. 1H NMR (400 MHz, CDCl3) δ (ppm): 7.47 

(s, 1H, NCHN, H-2), 7.06 (s, 1H, CH, H-4), 6.91 (s, 1H, CH, H-5), 3.93 (m, 2H,  N-CH2), 

1.40 (t, 3H, CH3). 13C NMR (100 MHz, CDCl3) δ (ppm): 137.06 (C-2), 129.33 (C-5), 

118.77 (C-4), 45.05 (N-CH2), 16.38 (-CH3).  

 

  Synthesis of 1-butyl imidazole (5b) 

 

 

         

 Compound 5b was prepared according to general procedure 3.3.1.3 using 

1-bromobutane (1.96 g, 14.31 mmol) to provide 5b as a yellow liquid. 1H NMR (400 

MHz, CDCl3) δ (ppm): 7.44 (s, 1H, CH, H-2), 7.00 (s, 1H, CH, H-4), 6.88 (s, 1H, CH, 

H-5), 3.94 (q, 2H, N-CH2), 1.75-1.73 (m, 2H, CH2), 1.34-1.28 (m, 2H, CH2), 0.92 (t, 3H, 

CH3).  13C NMR (100 MHz, CDCl3) δ (ppm): 137.04 (C-2), 129.08 (C-5), 118.92(C-4), 

46.93 (N-CH2), 33.13 (-CH2), 19.80 (-CH2), 13.58 (-CH3). 
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Synthesis of 1-hexyl imidazole (5c) 

 

                       
Compound 5c was prepared according to general procedure 3.3.1.3 using 1-bromo 

hexane (2.36 g, 14.31 mmol) to provide 5c as a yellow liquid. 1H NMR (400 MHz, CDCl3) 

δ (ppm): 7.47 (s, 1H, CH, H-2), 7.06 (s, 1H, CH, H-4), 6.91 (s, 1H, CH, H-5), 3.91 (m, 

2H, N-CH2), 1.74-1.80 (m, 2H, CH2), 1.26-1.28 (m, 6H, CH2), 0.87 (t, 3H, CH3). 13C 

NMR (100 MHz, CDCl3) δ (ppm): 137.06 (C-2), 129.33 (C-5), 118.77 (C-4), 46.05 

(N-CH2), 33.13 (CH2), 30.10 (-CH2), 26.13 (CH2), 19.80 (CH2), 14.38 (CH3). 

 

 Synthesis of 1-octyl imidazole (5d) 

 

                     
Compound 5d was prepared according to general procedure 3.3.1.3 using 

1-bromooctane (2.76 g, 14.31 mmol) to provide 5d as a yellow liquid. 1H NMR (400 

MHz, CDCl3) δ (ppm):7.47 (s, 1H, CH, H-2), 7.06 (s, 1H, CH, H-4), 6.91 (s, 1H, CH, 

H-5), 3.93 (m, 2H, NCH2), 1.72-1.79 (m, 2H, CH2), 1.26-1.27 (m, 10H, CH2), 0.87 (t, 3H, 

CH3). 13C NMR (100 MHz, CDCl3) δ (ppm): 137.06 (C-2), 129.33 (C-5), 118.77 (C-4), 

46.05 (N-CH2), 33.13 (CH2), 30.10 (CH2), 29.58 (-CH2), 29.51(-CH2), 29.42 (-CH2), 

26.13 (-CH2), 14.38 (CH3). 
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        Synthesis of 1-decyl imidazole (5e) 

 

 

 

Compound 5e was prepared according to general procedure 3.3.1.3 using 

1-bromodecane (3.16 g, 14.31 mmol) to provide 5e. 1H NMR (400 MHz, CDCl3) δ (ppm): 

7.46 (s, 1H, CH, H-2), 7.05 (s, 1H, CH, H-4), 6.90 (s, 1H, CH, H-5), 3.92 (m, 2H, CH2), 

1.79-1.75 (m, 2H, CH2), 1.29-1.25 (m, 14H, CH2), 0.87 (t, 3H, CH3). 13C NMR (100 

MHz, CDCl3) δ (ppm): 137.06 (C-2), 129.33 (C-5), 118.76 (C-4), 47.05 (N-CH2), 31.86 

(-CH2), 31.07 (-CH2), 29.58 (-CH2), 29.51(-CH2), 29.42 (-CH2), 29.06 (-CH2), 26.55 

(-CH2), 22.67 (-CH2), 14.10 (-CH3). 

 

Synthesis of 1-dodecyl imidazole (5f)  

 

 

 

Compound 5f was prepared according to general procedure 3.3.1.3 using 

1-bromododecane (3.56 g, 14.31 mmol) to provide 5f. 1H NMR (400 MHz, CDCl3) δ 

(ppm): 7.45 (s, 1H, CH, H-2), 7.05 (s, 1H, CH, H-4), 6.90 (s, 1H, CH, H-5), 3.92 (m, 2H, 

N-CH2), 1.78-1.75 (m, 2H, CH2), 1.30-1.25 (m, 18H, CH2), 0.88 (t, 3H, CH3). 13C NMR 

(100 MHz, CDCl3) δ (ppm): 137.05 (C-2), 129.32 (C-5), 118.76 (C-4), 47.04 (N-CH2), 

31.89 (-CH2), 31.08 (-CH2), 29.58 (-CH2), 29.51(-CH2), 29.42 (-CH2), 29.32 (-CH2), 

29.06 (-CH2), 26.55 (-CH2), 22.67 (-CH2), 14.10 (-CH3). 
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                        Synthesis of 1-octadecyl imidazole (5g) 

 

 

 

Compound 5g was prepared according to general procedure 3.3.1.3 using 

1-bromooctadecane (4.77 g, 14.31 mmol) to provide 5g as a white solid. 1H NMR (400 

MHz, CDCl3) δ (ppm): 7.46 (s, 1H, CH, H-2), 7.05 (s, 1H, CH, H-4), 6.90 (s, 1H, CH, 

H-5), 3.92 (m, 2H, N-CH2), 1.72-1.79 (m, 2H, CH2), 1.30-1.26 (m, 30H, CH2), 0.88 (t, 

3H, CH3). 13C NMR (100 MHz, CDCl3) δ (ppm): 137.05 (C-2), 129.33 (C-5), 118.75 

(C-4), 47.04 (N-CH2), 31.92 (CH2), 31.08 (CH2), 29.69 (CH2), 29.66 (CH2), 29.63 (CH2), 

29.60 (CH2), 29.52 (CH2), 29.42 (CH2), 29.36 (CH2), 29.06 (CH2), 26.55 (CH2), 22.68 

(CH2), 14.11 (CH3).   

            9-(1-Imidazolyl) acridine (6a) 

                                 

The synthesis followed a modified approach of a previous report (Staderini et al.,  

2015). A solution of 4a (1.0 g, 4.7 mmol) in toluene (60 mL) was treated with imidazole 

(369 mg, 5.4 mmol) and the reaction mixture was heated to reflux for 2 d, when TLC 

indicated complete conversion. After cooling, the yellow solid was collected by filtration, 

washed with hexane (3×20 mL) and dried under vacuum to provide 6a (930 mg, 81 %) 

as yellow powder. mp 210-220 ºC. FTIR:  (ATR, cm-1) 3090 (C–H), 1629 (C=N), 1555, 
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1478, 1421 (C=C). 1H NMR (400 MHz, CDCl3): δ 8.35 (t, 1H, J=1 Hz, H-1), 8.32 (t, 1H, 

J=1 Hz, H-8), 7.88-7.84 (m, 3H, H-4, H-5, Himid-5`), 7.60-7.59 (m, 4H, H-2, H-7, H-3, 

H-6), 7.49 (t, 1H, J=1 Hz, Himid-4`), 7.36 (t, 1H, J=1 Hz, H-2`). 13C NMR (100 MHz, 

CDCl3): 149.2 (CAcri-4a, CAcri-5a), 139.0 (CAcri-9), 138.3 (Cimid-2`), 130.7 (CAcri-4, CAcri-

5), 130.1 (CAcri-3, CAcri-6), 129.8 (CAcri-2, CAcri-7), 127.6 (CAcri-1, CAcri-8), 122.9 (Cimid-

5`), 122.5 (CAcri-1a, CAcri-8a), 122.3(Cimid-4`). Anal. calcd. for C16H11N3: C 78.35, H 4.52, 

N 17.13 %, found: C 78.31, H 4.54, N 17.15%. 

 

6-Chloro-9-(1-imidazolyl)-2-methoxyacridine (6b) 

 

The synthesis followed a modified approach of a previous report (Staderini et al.,  

2015). A suspension of 4c (439 mg, 1.6 mmol) in toluene (20 mL) was treated with 

imidazole (123 mg, 1.8 mmol) and the reaction mixture was heated to reflux for 48 h, 

when TLC indicated complete conversion. After cooling, the greenish yellow solid was 

collected by filtration, washed with hexane (20 mL) and then dried under vacuum to 

provide 6c (389 mg, 79 %) as yellow powder.mp 211-215 ºC. FTIR:  (ATR, cm-1) 3095 

(C–H), 1633 (C=N), 1560, 1475, 1421 (C=C). 1H NMR (400 MHz, CDCl3): δ 8.33 (d, 

1H, J= 1 Hz), 8.22 (d, 1H, J=8 Hz), 8.04 (s, 1H), 7.59-7.51 (m, 3H), 7.43 (s, 1H), 7.41 (s, 

1H), 6.57 (d, 1H, J=4 Hz), 3.84 (s, 3H, OCH3). 13C NMR (100 MHz, CDCl3): δ 159.2 

(C2-O), 147.3 (CAcri-4a), 147.2 (CAcri-5a), 136.2 (CAcri-9), 135.8 (CAcri-6, Cimid-2`), 131.5 

(CAcri-4, CAcri-5), 130.1 (CAcri-7), 129.3 (CAcri-8), 128.3 (Cimid-4`), 127.1 (Cimid-5`), 124.3 
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(CAcri-3), 123.4 (CAcri-8a), 121.7 (CAcri-1a), 97.2(CAcri-1), 55.8(O-CH3). Anal. calcd. for 

C17H12ClN3O: C 65.92, H 3.90, N 13.57 %; found: C 65.90, H 3.91, N 13.59 %. 

 9-(1-benzoimidazolyl) acridine (6c) 

 

A suspension of 9-chloroacridine 4a (337 mg, 1.58 mmol) and benzimidazole (213 

mg, 1.80 mmol) in toluene (25 mL) was stirred under reflux for 48 h at 140 ºC (monitoring 

by TLC). The solid was collected and subsequently washed with hexane (20 mL). 

Recrystallisation from methanol provided off-white solid (420 mg, 90%). 

mp=300-310 ºC. UV-vis λmax= 387 nm. 1H NMR (400 MHz, DMSO-d6): δ 8.76 (s, 1H, 

NCHN, Cbim-2`), 8.37 (d, 2H, Acr-1/8, Jd= 8.0 Hz), 7.97 (dd~t, 3H, Jt= 8.0 Hz), 7.64 (t, 

2H, Jt= 8.0 Hz), 7.38 (dd~t, 3H, Jt= 8.0 Hz, 8.0 Hz), 7.23 (t, 1H, Jt= 8.0 Hz), 6.93 (d, 1H, 

Jd= 8.0 Hz). 13C NMR (100 MHz, CDCl3) δ (ppm) 149.61(CAcri-4a, CAcri-5a), 143.87 

(CAcri-9, CAcri-3a), 136.98 (Cimid-2`), 130.88 (Cimid-1a), 130.11 (CAcri-4, CAcri-5), 127.87 

(CAcri-3, CAcri-6), 124.33(CAcri-2, CAcri-7), 123.33 (CAcri-1, CAcri-8), 122.71 (Cimid-5`, 

Cimid-6`), 120.82(Cimid-4`), 110.72 (CAcri-1a, CAcri-8a, Cimid-7`). Anal. calcd. for C20H13N3: 

C 81.34, H 4.44, N 14.23 %; found: C 81.36, H 4.41, N 14.26 %.  
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1-(Acridin-9-yl)-3-hexylimidazolium chloride (7) 

 

Compound 7 prepared according to general method A. 1-Hexylimidazole 5c (274 mg, 

1.8 mmol) and 4a (337 mg, 1.6 mmol) were reacted to give compound 7 (430 mg, 75 %) 

as off-white solid. mp 225-230 ºC. FTIR: ν (ATR, cm-1) 3087, 2954, 2858 (C–H), 1628 

(C=N), 1542, 1446, 1410 (C=C), 1267, 1135 (C-O), 766 (C-Cl). 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 9.99 (s, 1H, NCHN, Himid-2`), 8.40 (d, 2H J= 8 Hz, H-1, H-8), 8.37 

(s, 2H, H-4, H-5), 8.04 (dt≈bt, 2H, J= 8 Hz, H-3, H-6), 7.80 (dt ≈ bt, 2H, J= 9 Hz, H-2, 

H-7), 7.67 (dd≈bd, 2H, J= 9 Hz, Himid-4`, Himid-5`), 4.42 (t, 2H, N-CH2) 2.01 (mc, 2H, 

CH2), 1.41-1.31 (m, 6H, CH2), 0.89 (t, 3H, CH3). 13C NMR (100 MHz, DMSO-d6): δ 

(ppm) 149.10 (CAcri-4a, CAcri-5a), 139.21 (CAcri-9), 132.10 (Cimid-2`), 130.03 (CAcri-4, 

CAcri-5), 129.55 (CAcri-3, CAcri-6), 125.94 (CAcri-2, CAcri-7), 124.38 (CAcri-1, CAcri-8), 

122.55 (Cimid-5`), 122.14 (CAcri-1a, CAcri-8a), 118.79 (Cimid-4`), 50.35(N-CH2), 31.12 

(CH2-), 29.37(CH2), 25.83(CH2), 22.45(CH2), 14.37(CH3). Anal. calcd. for C22H24ClN3: 

C 72.22, H 6.61, N 11.84%; found: C 72.19, H 6.59, N 11.80%. HRMS (ESI+) m/z calcd. 

for C22H24N3 [M-Cl]+: 330.1970 (100%), 331.2004 (24%); found: 330.1999 (100%), 

331.2013 (38%).   
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1-acridinyl-3-(2-propynyl)-imidazolium chloride salt (8) 

 

Compound 8 prepared according to general method B. A mixture of compound 6a (61 

mg, 0.25 mmol) and propargyl bromide (89 mg, 0.75 mmol) were reacted to give 

compound 8 (58 mg, 95 %) as off-white solid. mp: 265-270 ºC. FTIR ν (ATR, cm-1): 3124 

(C–H)Ar, 2120 (C≡C), 1628 (C=N), 1315 (C-N), 765 (C-Cl). 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 9.99 (s, 1H, NCHN, Himid-2`), 8.40-8.35 (m, 4H, H-1, H-8, H-4, H-5), 

8.03-8.07 (s, 2H, H-3, H-6), 7.82 (dt≈dd, 2H, J=9 Hz, H-2, H-7), 7.72 (s, 1H, Himid-4`), 

7.70 (s, 1H, Himid-5`), 5.43 (t, 2H, N-CH2), 3.99 (s, H, CH). 13C NMR (100 MHz, DMSO-

d6): δ (ppm) 149.07 (CAcri-4a), 141.46 (CAcri-5a), 139.46 (CAcri-9), 136.07 (CAcri-2`), 

133.93 (CAcri-4), 132.05 (CAcri-5), 129.96 (CAcri-3), 129.49 (CAcri-6), 126.49 (CAcri-2), 

126.17 (CAcri-7), 124.16 (CAcri-1), 122.66 (CAcri-8), 122.19 (CAcr-1a), 121.50 (CAcri-8a), 

120.96 (Cimid-5`), 117.91 (Cimid-4`), 80.53 (N-CH2CbCH), 76.02 (NCH2C-CHc), 40.02 

(N-CH2CCH). Anal. calcd. for C19H14ClN3: C 71.36, H 4.41, N 13.14%. Found: C 71.32, 

H 4.39, N 13.12%. HRMS (ESI+) m/z calcd. for C19H14N3 [M−Cl]+: 284.1188 (100%), 

285.1221 (20%), 286.1255 (2%); found: 284.1188 (100%), 285.1220 (30%), 286.1243 

(5%). 
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1-(2-Methoxyacridin-9-yl)-3-methylimidazolium chloride (9) 

 

1-Methylimidazole (441 mg, 5.4 mmol) and 9-chloro-2-methylacridine 4b (1.16 g, 4.8 

mmol) were reacted according to general method A to give compound 9 (1.15 g, 74 %) 

as greenish solid. mp 210-215 ºC. FTIR: ν (ATR, cm-1) 3076, 2961 (C–H), 1631 (C=N), 

1561, 1477, 1431 (C=C), 1226, 1136, 1023 (C-O), 758 (C-Cl). 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 9.82 (s, 1H, NCHN, Himid-2`), 8.31 (d, 1H, J=8 Hz, H-8), 8.29-8.26 

(m, 3H, H-4, H-5, H-6), 7.95 (dt, 1H, Jt= 9 Hz, Jd= 1 Hz, H-3), 7.75 (dt, 1H, Jt =9 Hz, Jd 

=1 Hz, H-7), 7.70 (dd, 1H, Jt =9 Hz, Jd =3 Hz, H-4`), 7.62 (d, 1H, J= 8 Hz, Himid-5`), 6.80 

(d, 1H, J= 3 Hz, H-1), 4.12 (s, 3H, N-CH3), 3.90 (m, 3H, OCH3). 13C NMR (100 MHz, 

DMSO-d6): δ (ppm) 159.44 (CAcri-2), 147.10 (CAcri-4a), 146.50 (CAcri-5a), 139.79 (CAcri-

9), 133.66 (Cimid-2`), 132.01(CAcri-4), 130.71 (CAcri-6), 129.97 (CAcri-5), 129.50 (CAcri-7), 

126.93 (CAcri-8), 125.67 (CAcri-8a), 125.18 (Cimid-5`),  123.47 (CAcri-3), 122.57 (CAcri-1a), 

122.09 (Cimid-4`), 98.15(CAcri-1), 56.60(O-CH3), 37.21 (CH3). Anal. calcd. for 

C18H16ClN3O: C 66.36, H 4.59, N 12.90 %; found: C 66.31, H 4.55, N 12.92%. HRMS 

(ESI+) m/z calcd. for C18H16N3O [M-Cl]+: 290.1293 (100%), 291.1327 (20%); found: 

290.1302 (100%), 291.1325 (28%).    
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1-(2-Methoxyacridin-9-yl)-3-butylimidazolium chloride (10) 

 

1-Butylimidazole 5b (448 mg, 3.6 mmol) and compound 4b (770 mg, 3.2 mmol) were 

reacted according to general method A to give compound 10 (890 mg, 77 %) as greenish 

solid. mp 212-220 ºC. FTIR: ν (ATR, cm-1) 3080, 2965, 2953, 2875 (C–H), 1632 (C=N), 

1563, 1478, 1435(C=C), 1227, 1136, 1022 (C-O), 759 (C-Cl). 1H NMR (400 MHz, 

DMSO-d6) δ (ppm) 9.92 (s, 1H, NCHN, Himid-2`), 8.37 (t, 1H, Jt = 1 Hz, H-8), 8.34-8.30 

(m, 2H, H-4, H-5), 8.30 (d, 1H, Jd = 9 Hz, H-6), 7.95 (ddd, 1H, J= 8/7/1 Hz, H-3), 7.78 

(ddd, 1H, J= 9/8/1 Hz, H-7), 7.74 (dd, 1H, J=9/3 Hz, Himid-4`), 7.59 (bd, 1H, J=9 Hz, 

Himid-5`), 6.70 (d, 1H, Jd =3 Hz, H-1), 4.40 (t, 2H, N-CH2), 3.84 (s, 3H, O-CH3), 1.98 (m, 

2H, CH2), 1.37 (m, 2H, CH2), 0.95 (t, 3H, CH3). 13C NMR (100 MHz, DMSO-d6): δ 

(ppm) 159.47 (CAcri-2), 147.13 (CAcri-4a), 146.49 (CAcri-5a), 139.23 (CAcri-9), 132.10 

(Cimid-2`), 130.77 (CAcri-4), 130.05 (CAcri-6), 129.65 (CAcri-5), 126.99 (CAcri-7), 125.62 

(CAcri-8), 124.54 (CAcri-8a), 123.39 (Cimid-5`), 122.45 (CAcri-3), 121.94 (CAcri-1a), 121.95 

(Cimid-4`), 97.79 (CAcri-1), 56.40 (N-CH2), 50.05 (OCH3), 31.39 (CH2), 19.49 (CH2), 

13.93 (CH3). Anal. calcd. for C21H22ClN3O: C 68.56, H 6.03, N 11.42 %; found: C 68.62, 

H 6.08, N 11.32%. HRMS (ESI+) m/z calcd. for C21H22N3O[M-Cl]+: 332.1763 (100%), 

333.1796 (23%); found: 332.1790 (100%), 333.1803 (37%). 
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1-(2-Methoxyacridin-9-yl)-3-benzylimidazolium chloride (11) 

 

1-Benzylimidazole (570 mg, 3.6 mmol) and compound 4b (770 mg, 3.2 mmol) were 

reacted according to general method A to give compound 11 (990 mg, 77 %) as greenish 

solid. mp 230-240 ºC. FTIR: ν (ATR, cm-1) 3071, 2951 (C–H), 1630 (C=N), 1560, 1475, 

1430 (C=C), 1226, 1136, 1023 (C-O), 759 (C-Cl). 1H NMR (400 MHz, DMSO-d6): δ 

(ppm) 10.16 (s, 1H, NCHN, H-2`), 8.44 (t, 1H, J= 1.9 Hz, H-8), 8.38-8.37 (t, 1H, J= 2 

Hz, H-5), 8.33(d, 1H, J= 9 Hz, H-4), 8.28 (d, 1H, J= 9 Hz, H-6), 7.97 (dt, 1H, Jt =5 Hz, 

Jd =1.5 Hz, H-7), 7.79 (dd, 1H, Jd =7 Hz, H-4` ), 7.70 (dd, 1H, Jd =7 Hz, H-5`), 7.65 (dd, 

2H,  Jd =9 Hz, H-11, H-11`), 7.59 (d, 1H, J= 8 Hz, H-3), 7.53-7.46 (m, 3H, H-12, H-13, 

H-12`), 6.60 (d, 1H, J= 3 Hz, H-1), 5.75 (s, 2H, N-CH2), 3.83 (s, 3H, OCH3). 13C NMR 

(100 MHz, DMSO-d6): δ (ppm) 159.46 (CAcri-2), 147.12 (CAcri-4a), 146.45 (CAcri-5a), 

139.64 (CAcri-9), 135.17 (Cph-10), 133.53 (Cimid-2`), 132.08 (CAcri-4), 130.73 (CAcri-6), 

130.05 (CAcri-5), 129.68 (Cph-11, Cph-11`), 129.63(Cph-12, Cph-12`), 129.50 (Cph-13), 

129.08 (CAcri-8), 126.90 (CAcri-7), 125.90 (CAcri-8a), 124.69 (Cimid-4`), 123.33 (CAcri-3), 

122.31 (CAcri-1a), 121.90 (Cimid-5`), 97.57 (CAcri-1), 56.32 (N-CH2), 53.30 (OCH3). Anal. 

calcd. for C24H20ClN3O: C 71.73, H 5.02, N 10.46 %; found: C 71.71, H 5.15, N 10.52%. 

HRMS (ESI+) m/z calcd. for C24H20N3O [M-Cl]+: 366.1601 (100%), 367.1635 (26.0%), 

368.1668 (3.2%); found: 366.1602 (100%), 367.1622 (26.0%), 368.1651 (3.2%). 

 

Univ
ers

ity
 of

 M
ala

ya



115 

1-(6-Chloro-2-methoxyacridin-9-yl)-3-methylimidazolium chloride (12) 

 

1-Methylimidazole (441 mg, 5.4 mmol) and 6,9-dichloro-2-methoxyacridine 4c (1.31 

g, 4.7 mmol) were reacted according to general procedure A to give compound 12 (1.44 

g, 85 %) as greenish solid. mp 240-245 ºC. FTIR: ν (ATR, cm-1) 3053 (C-H), 1631 (C=N), 

1564, 1476, 1423 (C=C), 1216 (C-O), 832 (C-Cl). 1H NMR (400 MHz, DMSO-d6): δ 

(ppm) 9.77 (bs, 1H, NCHN, Himid-2`), 8.35 (dd ≈ bd, 2H, J = 5 Hz, H-8, H-5), 8.27 (bs, 

1H, H-4), 8.22 (d, 1H, Jd = 9 Hz, H-7), 7.75(dd, 1 H, J =9/3 Hz, H-4`), 7.71-7.67 (m, 2H, 

Himid-5`, H-3), 6.80 (d, 1H, Jd=3 Hz, H-1), 4.07(s, 3H, N-CH3), 3.86 (s, 3H, OCH3). 13C 

NMR (100 MHz, DMSO-d6): δ(ppm) 159.67(CAcri-2), 147.30 (CAcri-4a), 146.93 

(CAcri-5a), 139.38 (Cimid-2`), 135.93 (CAcri-6), 135.43 (CAcri-9), 134.17 (CAcri-4), 131.89 

(CAcri-5), 129.98 (CAcri-7), 128.14 (CAcri-8), 127.66 (Cimid-5`), 125.47 (Cimid-4`), 124.59 

(CAcri-3), 123.67 (CAcri-8a), 121.24 (CAcri-1a), 98.35 (CAcri-1), 56.69 (OCH3), 37.24 

(N-CH3). Anal. calcd. for C18H15Cl2N3O: C 60.01, H 4.20, N 11.66 %; found: C 59.98, 

H 4.35, N 11.61%. HRMS (ESI+) m/z calcd. for C18H15ClN3O [M-Cl]+: 324.0904 (100%), 

325.0937 (20%), 326.0875 (34%), 327.0908 (7%); found: 324.0898 (100%), 325.0938 

(35%), 326.0886 (52%), 327.0906 (10%).  
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1-(6-Chloro-2-methoxyacridin-9-yl)-3-ethylimidazolium chloride (13) 

 

1-Ethylimidazole 5a (519 mg, 5.4 mmol) was reacted with compound 4c (1.3 g, 4.7 

mmol) according to general method A to give compound 13 (1.41 g, 81 %) as greenish 

solid. mp 214-216 ºC. FTIR: ν (ATR, cm-1) 3053, 2988 (C–H), 1629 (C=N), 1547, 1432, 

1408(C=C), 1268, 1140 (C-O), 758 (C-Cl). 1H NMR (400 MHz, DMSO-d6): δ (ppm) 9.88 

(s, 1H, NCHN, Himid-2`), 8.35 (d, 2H, Jd =2 Hz, H-8, H-5), 8.30 (bs, 1H, H-4), 8.27 (d, 

1H, Jd =10 Hz, H-7), 7.78-7.66 (m, 3H, Himid-4`, Himid-5`, H-3), 6.73 (d, 1H, Jd =2 Hz, 

H-1), 4.42 (t, 2H, N-CH2), 3.86 (s, 3H, OCH3), 1.60 (t, 3H, CH3). 13C NMR (100 MHz, 

DMSO-d6): δ (ppm) 159.69 (CAcri-2), 147.32 (CAcri-4a), 146.98 (CAcri-5a), 138.98 (Cimid-

2`), 135.46 (CAcri -6), 134.72 (CAcri -9), 131.94 (CAcri-4), 130.07 (CAcri-5), 128.18 (CAcri-

7), 127.66 (CAcri-8), 125.40 (Cimid-5`), 124.66 (Cimid-4`), 124.33 (CAcri-3), 123.63 (CAcri-

8a), 121.19 (CAcri-1a), 98.36 (CAcri-1), 56.62 (OCH3), 45.80 (N-CH2), 15.02(CH3). Anal. 

calcd. for C19H17Cl2N3O: C 60.97, H 4.58, N 11.23 %; found: C 60.93, H 4.55, N 11.30%. 

HRMS (ESI+) m/z calcd. for C19H17ClN3O[M-Cl]+: 338.1060 (100%), 339.1094 (21%), 

340.1031 (34%), 341.1065 (7%); found: 338.1064 (100%), 339.1095 (44%), 340.1045 

(56%), 341.1062 (10%). 
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1-(6-Chloro-2-methoxyacridin-9-yl)-3-butylimidazolium chloride (14) 

 

1-Butylimidazole 5b (672 mg, 5.4 mmol) and compound 4c (1.3 g, 4.7 mmol) were 

reacted according to general method A to give compound 14 (1.52 g, 80 %) as greenish 

solid. mp 220-225 ºC. FTIR: ν (ATR, cm-1) 3079, 2956 (C–H), 1631 (C=N), 1542, 1480, 

1426 (C=C), 1238, 1127 (C-O), 830 (C-Cl). 1H NMR (400 MHz, DMSO-d6): δ (ppm) 

10.00 (s, 1H, NCHN, Himid-2`), 8.42 (bs, 1H, H-8), 8.38 (d, 1H, Jd=2 Hz, H-5), 8.33 (d, 

1H, Jd=1 Hz, H-4), 8.25 (d, 1 H, Jd =9 Hz, H-7), 7.80 (dd, 1H, J=10/2 Hz, H-4`), 7.75 (dd, 

1H, J=10/3 Hz, H-5`), 7.68 (d, 1H, Jd =9 Hz, H-3), 6.69 (d, 1H, Jd =3 Hz, H-1), 4.46 (t, 

2H, N-CH2), 3.89 (s, 3H, OCH3), 2.02 (m, 2H, CH2), 1.42 (m, 2H, CH2), 0.99 (t, 3H, 

CH3). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 159.47 (CAcri-2), 147.30 (CAcri-4a), 

146.99 (CAcri-5a), 139.23 (Cimid-2`), 135.49 (CAcri-6), 134.10 (CAcri-9), 131.99 (CAcri-4), 

130.15 (CAcri-5), 128.23 (CAcri-7), 127.71 (CAcri-8), 125.59 (Cimid-5`), 124.59 (Cimid-4`), 

124.49 (CAcri-3), 123.60 (CAcri-8a), 121.13 (CAcri-1a), 98.00 (CAcri-1), 56.48 (OCH3), 

50.10 (N-CH2, d), 31.36 (CH2, c), 19.50 (CH2, b), 13.92(CH3, a). Anal. calcd. for 

C21H21Cl2N3O: C 62.69, H 5.26, N 10.44 %; found: C 62.51, H 5.25, N 10.31%. HRMS 

(ESI+) m/z calcd. for C21H21ClN3O[M-Cl]+: 366.1373 (100%), 367.1407 (23%), 

368.1344 (35%), 369.1378 (8%); found: 366.1418 (100%), 367.1409 (53%), 368.1361 

(66%), 369.1374 (19%). 
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1-(6-Chloro-2-methoxyacridin-9-yl)-3-octylimidazolium chloride (15) 

 

1-Octylimidazole 5d (324 mg, 1.8 mmol) and compound 4c (439 mg, 1.6 mmol) were 

reacted according to general method A to give compound 15 (545 mg, 75 %) as yellow 

solid. mp 320-330 ºC. FTIR: ν (ATR, cm-1) 3069, 2954, 2924, 2854 (C–H), 1631 (C=N), 

1595, 1561, 1476 (C=C), 1281(C-N), 1233, 1154, 1030 (C-O), 818, 747 (C-Cl). 1H NMR 

(400 MHz, DMSO-d6): δ (ppm) 9.86 (s, 1H, NCHN, Himid-2`), 8.33 (bs, 1H, H-8), 8.31 

(s, 1H, H-5), 8.28 (d, 1H, Jd=10 Hz, H-4), 7.95 (dt, 1H, Jt= 7 Hz, Jd= 2 Hz, H-7), 7.77 (dt, 

1H, Jt=7 Hz, Jd = 1 Hz, Himid-4`), 7.71 (dd, 1H, J= 9/3 Hz, Himid-5`), 7.56 (d, 1H, Jd =9 

Hz, H-3), 6.69 (d, 1H, Jd = 3 Hz, H-1), 4.42 (t, 2H, N-CH2), 3.87 (s, 3H, OCH3), 2.00 (m, 

2H, CH2), 1.36- 1.26 (m, 10H, CH2), 0.85 (t, 3H, CH3). 13C NMR (100 MHz, DMSO-d6): 

δ (ppm) 159.47 (CAcri-2), 147.14 (CAcri-4a), 146.50 (CAcri-5a), 139.22 (Cimid-2`), 133.58 

(CAcri-6), 132.11 (CAcri-9), 130.76 (CAcri-4), 130.08 (CAcri-5), 129.61 (CAcri-7), 126.96 

(CAcri-8), 125.62 (Cimid-5`), 124.53 (Cimid-4`), 123.40 (CAcri-3), 122.47 (CAcri-8a), 121.91 

(CAcri-1a), 97.86 (CAcri-1), 56.39 (OCH3), 50.32 (N-CH2), 31.70 (CH2), 29.39 (CH2), 

29.07 (CH2), 28.91(CH2), 26.15 (CH2), 22.62 (CH2), 14.49 (CH3). Anal. calcd. For 

C25H29Cl2N3O: C 65.50, H 6.38, N 9.17%; found: C 65.52, H 6.35, N 9.19%. HRMS 

(ESI+) m/z calcd. for C25H29ClN3O[M-Cl]+: 422.1999 (100%), 423.2033 (28%), 424.1970 

(34%), 425.2004 (10%); found: 422.1992 (100%), 423.2543 (%), 424.1968 (46%). 
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          1-(Acridin-9-yl)-3-(4-methylbenzyl)-imidazolium chloride (16) 

 

 

Compound 4a (337 mg, 1.6 mmol) and 1-(4-Methylbenzyl)-imidazole (310 mg, 1.8 

mmol) were reacted according to general method A to give compound 16 (520 mg, 85 %) 

as white solid. mp 205-210 ºC. FTIR: ν (ATR, cm-1) 3020, 2946 (C–H), 1626 (C=N), 

1536, 1520, 1439 (C=C), 1259 (C-N), 1132 (C-C), 770 (C–Cl). 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 9.95 (s, 1H, NCHN, Himid-2`), 8.34-8.28 (m, 4H, H-1, H-8, H-4, H-5), 

7.99 (bt, 2H, J= 8 Hz, H-3, H-6), 7.77 (dt, 2H, Jt= 6 Hz, Jd=1 Hz, H-2, H-7), 7.60 (d, 2H, 

Jd= 9 Hz, Himid-4`, Himid-5`), 7.48 (d, 2H, Jd= 8 Hz, H-12, H-12`), 7.27 (d, 2H, Jd= 8 Hz, 

H-11, H-11`), 5.59 (s, 2H, N-CH2), 2.30 (s, 3H, Ar-CH3). 13C NMR (100 MHz, DMSO-

d6): δ (ppm) 149.06 (CAcri-4a, CAcri-5a), 139.46 (CAcri-9), 139.04 (Cph-13), 136.02 

(Cimid-2`), 132.05 (Cph-10), 131.65 (CAcri-3, CAcri-6), 130.25 (CAcri-4, CAcri-5), 130.01 

(Cph-11, Cph-11`), 129.57 (Cph-12, Cph-12`), 129.39 (CAcri-2, CAcri-7), 126.18 (CAcri-1, 

CAcri-8), 124.39 (Cimid-4`), 122.51 (CAcri-1a, CAcri-8a), 122.08 (Cimid-5`), 53.26 (N-CH2), 

21.32 (Ar-CH3). Anal. calcd. For C24H20ClN3: C 74.70, H 5.22, N 10.89 %; found: C 

74.80, H 5.20, N 10.90 %. HRMS (ESI+) m/z calcd. for C24H20N3[M-Cl]+: 350.1657 

(100%), 351.1691 (27%); found: 350.1650 (100%), 351.1682 (74%). 
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         1-(Acridin-9-yl)-3-(4-bromobenzyl)-imidazolium bromide (17) 

                                              

 

    4-Bromobenzyl bromide (748 mg, 3.0 mmol) and compound 6a (244 mg, 1.0 mmol) 

were reacted according to general method B to give compound 17 (445 mg, 90 %) as 

yellow solid. mp 280-290 ºC. FTIR: ν (ATR, cm-1) 3010, 2950 (C–H), 1633 (C=N), 1534, 

1425 (C=C), 1137, 1030 (C-O), 750 (C-Br). 1H NMR (400 MHz, DMSO-d6): δ (ppm) 

9.93 (s, 1H, NCHN, Himid-2`), 8.39-8.33 (m, 4H, H-1, H-8, H-4, H-5), 8.03 (dt, 2H, Jt=7 

Hz, Jd=1 Hz, H-3, H-6), 7.81 (dt, 2H, Jt= 6 Hz, Jd=1 Hz, H-12, H-12`), 7.72 (d, 2H, Jd =8 

Hz, H-2, H-7), 7.68 (d, 2H, Jd =8 Hz, Himid-4`, Himid-5`), 7.60 (d, 2H, Jd =8 Hz, H-11, H-

11`), 5.67 (s, 2H, N-CH2). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 149.05 (CAcri-4a, 

CAcri-5a), 139.59 (CAcri-9), 135.98 (Cph-10), 133.88 (Cimid-2`), 132.62 (Cph-11, Cph-11`), 

132.07 (Cph-12, Cph-12`), 131.77 (CAcri-3, CAcri-6), 129.98(CAcri-4, CAcri-5), 129.57 (CAcri-

2, CAcri-7), 126.23 (CAcri-1, CAcri-8), 124.47 (Cimid-4`), 123.01 (Cph-13), 122.60 (CAcri-1a, 

CAcri-8a), 122.06 (Cimid-5`), 52.76 (N-CH2). Anal. calcd. for C23H17Br2N3: C 55.78, H 

3.46, N 8.49 %; found: C 55.77, H 3.47, N 8.51%. HRMS (ESI+) m/z calcd. for 

C23H17BrN3 [M-Br]+: 414.0606 (100%), 415.0639 (26%), 416.0605 (97%), 417.0638 

(26%); found: 414.0626 (100%), 415.0641 (35%), 416.0608 (99%), 417.0621 (35%). 
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          1-(Acridin-9-yl-3-(2-bromobenzyl)-imidazolium bromide (18) 

                                                        

 

   Compound 6a (244 mg, 1.0 mmol) and 2-Bromobenzyl bromide (748 mg, 3.0 mmol) 

were reacted according to general method B to give compound 18 (449 mg, 91 %) as 

yellow solid. mp 276-278 ºC. FTIR: ν (ATR, cm-1) 3023, 2960 (C–H), 1632 (C=N), 1518, 

1423 (C=C), 1269, 1135 (C-O), 750, 806 (C-Br). 1H NMR (400 MHz, DMSO-d6): δ 

(ppm) 9.93 (s, 1H, NCHN, Himid-2`), 8.43 (t, 1H, Jt =2 Hz, H-1), 8.38 (bd, 2H, J =10Hz, 

H-8, H-4), 8.32 (t, 1H, Jt =2 Hz, H-5), 8.04 (dt, 2H, Jt = 6 Hz, Jd= 1 Hz, H-3, H-6), 

7.84-7.80 (m, 3H, H-2, H-7, H-12), 7.70 (dd ≈ bd, 1H, J= 8 Hz, H-14), 7.67 (bd, 2H, J=8 

Hz, H-4`, H-5`), 7.57 (dt, 1H, Jt =7 Hz, Jd = 2 Hz, H-13), 7.45 (dt, 1H, Jt= 7 Hz, Jd= 2 

Hz, H-15), 5.77 (s, 2H, N-CH2). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 149.08 

(CAcri-4a, CAcri-5a), 140.18 (CAcri-9), 135.93 (Cph-10), 133.93 (Cimid-2`), 133.30 (Cph-12), 

132.40 (Cph-15), 132.08 (CAcri-3, CAcri-6), 130.05 (CAcri-4, CAcri-5), 129.60 (Cph-13), 

129.25 (Cph-14), 126.35 (CAcri-2, CAcri-7), 124.69 (CAcri-1, CAcri-8), 124.14 (Cph-11), 

122.45 (Cimid-4`), 122.15 (CAcri-1a, CAcri-8a), 100.00 (Cimid-5`), 53.97 (N-CH2). Anal. 

calcd. for C23H17Br2N3: C 55.78, H 3.46, N 8.49 %; found: C 55.79, H 3.49, N 8.52 %. 

HRMS (ESI+) m/z calcd. for C23H17BrN3[M-Br]+: 414.0606 (100%), 415.0639 (26%), 

416.0605 (97%), 417.0638 (26%); found: 414.0621 (100%), 415.0642 (32%), 416.0603 

(98%), 417.0622 (32%). 
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          1-(Acridin-9-yl)-3-(4-nitrobenzyl)-imidazolium bromide (19) 

                                             

 

    According to general method B, 4-Nitrobenzyl bromide (486 mg, 2.3 mmol) and 6a 

(183 mg, 0.75 mmol) were reacted to give compound 19 (315 mg, 91 %) as yellow solid. 

mp 220-230 ºC. FTIR: ν (ATR, cm-1) 3064, 2928 (C–H), 1605 (C=N), 1542, 1513, 1428, 

1349 (C=C), 1271, 1140 (C-O), 757 (C-Br). 1H NMR (400 MHz, DMSO-d6): δ (ppm) 

9.97 (s, 1H, NCHN, Himid-2`), 8.44-8.35 (m, 6H, H-1, H-8, H-4, H-5, H-12, H-12`), 8.04 

(bt, 2H, Jt =8 Hz, H-3, H-6), 7.89 (d, 2H, Jd =8 Hz, H-2, H-7), 7.82 (t, 2H, Jt =8 Hz, H-11, 

H-11`), 7.72 (d, 2H, Jd=8 Hz, Himid-4`, Himid-5`), 5.85 (s, 2H, N-CH2). 13C NMR (100 

MHz, DMSO-d6): δ (ppm) 149.08 (CAcri-4a, CAcri-5a), 148.33(Cph-13, C-NO2), 141.87 

(CAcri-9), 140.00 (Cph-10), 135.95 (Cimid-2`), 132.08 (CAcri-3, CAcri-6), 130.64 (CAcri-4, 

CAcri-5), 130.01 (Cph-11, Cph-11`), 129.58 (CAcri-2, CAcri-7), 126.39 (CAcri-1, CAcri-8), 

124.70 (Cph-12, Cph-12`), 122.67 (Cimid-4`, Cimid-5`), 122.05 (CAcri-8a, CAcri-1a), 52.59 

(N-CH2). Anal. calcd. for C23H17BrN4O2: C 59.88, H 3.71, N 12.15; found: C 59.90, H 

3.79, N 12.20%. HRMS (ESI+) m/z calcd. for C23H17N4O2[M-Br]+: 381.1352 (100%), 

382.1385 (25%); found 381.1383 (100%), 382.139 (40%). 
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1-(Acridin-9-yl)-3-(phenacyl)-imidazolium bromide (20) 

                                                

 

    2-Bromo-acetophenone (596 mg, 3.0 mmol) and compound 6a (244 mg, 1.0 mmol) 

were reacted according to general method B to give compound 20 (401 mg, 91 %) as 

yellow solid. mp 190-200 ºC. FTIR: ν (ATR, cm-1) 3064, 2928 (C–H), 1689 (C=O), 1633 

(C=N), 1540, 1426, 1424, 1347 (C=C), 1224, 1146 (C-O), 752 (C-Br). 1H NMR 

(DMSO-d6): δ (ppm) 9.82 (s, 1H, NCHN, Himid-2`), 8.44 (dd≈bs, 1H, H-1), 8.41 (d, 2H, 

Jd= 8 Hz, H-8, H-4), 8.25 (t, 1H, Jt = 3 Hz, H-5), 8.16 (d, 2H, Jd= 8 Hz, H-3, H-6), 8.06 

(dt, 2H, Jt = 9 Hz, Jd=1 Hz, H-2, H-7), 7.88 (bd, 2H, Jd = 9 Hz, Himid-4`, Himid-5`), 7.82 

(t, 1H, Jt = 7 Hz, H-14), 7.71-7.67 (m, 4H, H-12, H-12`, H-13, H-13`), 6.32 (s, 2H, N-

CH2). 13C NMR (DMSO-d6): δ (ppm) 191.73 (C-10, C=O), 149.06 (CAcri-4a, CAcri-5a), 

140.96 (Cph-11), 135.98 (Cimid-2`), 135.22 (CAcri-9), 134.09 (Cph-14), 132.04 (CAcri-3, 

CAcri-6), 130.07 (CAcri-4, CAcri-5), 129.68 (Cph-12, Cph-12`), 129.64 (Cph-13, Cph-13`), 

128.83 (CAcri-2, CAcri-7), 125.81 (CAcri-1, CAcri-8), 125.52 (Cimid-4`), 122.17 (CAcri-1a, 

CAcri-8a), 122.14 (Cimid-5`), 56.65 (N-CH2). Anal. calcd. for C24H18BrN3 O: C 64.88, H 

4.08, N 9.46 %; found: C 64.86, H 4.05, N 9.51%. HRMS (ESI+) m/z calcd. for C24H18N3O 

[M- Br]+: 364.1450 (100%), 365.1483 (27%); found: 364.1433 (100%), 265.1463 (36%). 
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1-(Acridin-9-yl)-3-(4-bromophenacyl)-imidazolium bromide (21) 

 

2,4`-Dibromo-acetophenone (624 mg, 2.2 mmol) and compound 6a (183 mg, 0.75 

mmol) were reacted according to general method B to give compound 21 (372 mg, 95 %) 

as yellow solid.mp 220-230 ºC. FTIR: ν (ATR, cm-1) 3081, 2966 (C–H), 1698 (C=N), 

1585, 1423, 1393 (C=C), 1269, 1135 (C-O), 987, 749 (C-Br). 1H NMR (DMSO-d6): δ 

(ppm) 9.81 (t≈, 1H, NCHN, Himid-2`), 8.44 (d, 1H, J= 2 Hz, H-1), 8.41 (bd, 2H, J= 8 Hz, 

H-5, H-8), 8.24 (t, 1H, Jt= 2 Hz, H-4), 8.09 (d, 2H, Jd= 8 Hz, H-3, H-6), 8.08-8.06 (m, 

2H, H-12, H-12`), 7.92 (d, 2H, Jd = 8 Hz, H-2, H-7), 7.91-7.86 (m, 2H, Himid-4`, Himid-5`), 

7.68 (d, 2H, Jd = 8 Hz, H-13, H-13`), 6.29 (s, 2H, N-CH2). 13C NMR (DMSO-d6): δ (ppm) 

191.22 (C-10, C=O), 149.12 (CAcri-4a, CAcri-5a), 140.99 (Cph-11), 136.05 (Cimid-2`), 

133.23 (CAcri-9, C-N), 132.84 (Cph-13, Cph-13`), 132.10 (CAcri-3, CAcri-6), 130.84 (Cph-12, 

Cph-12`), 130.13 (CAcri-4, CAcri-5), 129.68 (CAcri-2, CAcri-7, Cbz-14), 129.40 (CAcri-1, 

CAcri-8), 125.85 (Cimid-4`), 125.60 (Cimid-5`), 122.22 (CAcri-8a, CAcri-1a), 56.65 (N-CH2). 

Anal. calcd. for C24H17Br2N3 O: C 55.09, H 3.27, N 8.03; found: C 55.07, H 3.30, N 

8.05%. HRMS (ESI+) m/z calcd. for C24H17BrN3O[M-Br]+: 442.0555 (100%), 443.0589 

(27%), 444.0535 (98%), 445.0569 (26%); found 442.1206 (100%), 443.1237 (27%), 

444.1186 (31%), 445.1207 (10%). 
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1-(6-Chloro-2-methoxyacridin-9-yl)-3-benzylimidazolium chloride (22) 

 

     1-Benzylimidazole (570 mg, 3.6 mmol) and compound 4c (878 mg, 3.2 mmol) were 

reacted according to general method A to give compound 22 (1.1 g, 80 %) as greenish 

solid. mp 245-250 ºC. FTIR: ν (ATR, cm-1) 2960 (C–H), 1627 (C=N), 1556, 1440, 1409 

(C=C), 1141, 1030 (C-O), 763 (C-Br). 1H NMR (DMSO-d6): δ (ppm) 9.92 (s, 1H, NCHN, 

Himid-2`), 8.43 (d, 1H, Jd=2 Hz, H-8), 8.35 (d, 2H, Jd=1 Hz, H-5, H-4), 8.27 (d, 1H, Jd=10 

Hz, H-7), 7.82 (dd, 1H, J=10/2 Hz, Himid-4`), 7.74 (dd, 1H, J=10/3 Hz, Himid-5`), 7.68 (d, 

1H, Jd=10 Hz, H-3), 7.60 (d, 2H, Jd=7 Hz, H-11, H-11`), 7.53-7.46 (m, 3H, H-12, H-12`, 

H-13), 6.58 (d, 1H, Jd=3 Hz, H-1), 5.72-5.63 (AB-syst., 2H, N-CH2), 3.83 (s, 3H, OCH3). 

13C NMR (DMSO-d6): δ(ppm) 159.70 (CAcri-2), 147.26 (CAcri-4a), 146.98 (CAcri-5a), 

139.61 (Cimid-2`), 135.48 (CAcri-6), 134.98 (CAcri-9), 134.09 (Cph-10), 131.99 (CAcri-4), 

130.15 (CAcri-5), 129.70 (CAcri-7), 129.53 (Cph-11, Cph-11`), 129.10 (Cph-12, Cph-12`), 

128.22 (Cph-13), 127.69 (CAcri-8), 125.90 (Cimid-5`), 124.75 (Cimid-4`), 124.46 (CAcri-3), 

123.56 (CAcri-8a), 121.02 (CAcri-1a), 97.76 (CAcri-1), 56.38 (OCH3), 53.41 (N-CH2). Anal. 

calcd. for C24H19Cl2N3O: C 66.06. H 4.39, N 9.63 %; found: C 66.09, H 4.41, N 9.60%. 

HRMS (ESI+) m/z calcd. for C24H19ClN3O[M-Cl]+: 400.1217 (100%), 401.1250 (27%), 

402.1188 (35%), 403.1221 (8%); found: 400.1214 (100%), 401.1241 (27%), 402.1189 

(33%), 403.1215 (8%). 
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1-(6-Chloro-2-methoxyacridin-9-yl)-3-(phenacyl) imidazolium bromide (23) 

 

2-Bromoacetophenone (298 mg, 1.5 mmol) and compound 6b (154 mg, 0.50 mmol) 

were reacted according to general method B to give compound 23 (227 mg, 90 %) as 

yellow solid. mp 250-260 ºC. FTIR: ν (ATR, cm-1) 3064, 2996 (C–H), 1683 (C=O), 1633 

(C=N), 1562, 1477, 1424 (C=C), 1234, 1074 (C-O), 757 (C-Br). 1H NMR (DMSO-d6): δ 

(ppm) 9.81 (s, 1H, NCHN, Himid-2`), 8.43 (dd≈bd, 1H, J= 2 Hz, H-8), 8.39 (t, 1H, Jt =1 

Hz, H-5), 8.28 (d, 1, Jd= 10 Hz, H-4), 8.25 (t, 1H, Jt = 3 Hz, H-7), 8.16 (dd, 2H, J= 8/1 

Hz, H-12, H-12`), 7.87 (dd, 1H, J= 9/2 Hz, H-14), 7.82 (t, 1H, Jt= 8/1 Hz, H-3), 7.76 (dd, 

1H, J= 8/3 Hz, Himid-4`), 7.73 (d, 1H, Jd =10 Hz, Himid-5`), 7.69 (t, 2H, Jt =8 Hz, H-13, H-

13`), 6.78 (d, 1H, Jd=2 Hz, H-1), 6.41-6.26 (AB-syst., 2H, N-CH2), 3.98 (s, 3H, OCH3). 

13C NMR (DMSO-d6): δ (ppm) 191.97 (C=O, Cbz-10), 159.91 (CAcri-2), 147.29 (CAcri-

4a), 147.0 (CAcri-5a), 141.23 (CAcri-6), 135.51 (CAcri-9), 135.32 (Cimid-2`), 134.09 (Cph-

11), 132.02 (Cben-14), 130.23 (CAcri-4), 129.75 (CAcri-5), 128.90 (Cph-12, Cph-12`), 128.29 

(Cph-13, Cph-13`), 127.78 (CAcri-7), 126.03 (CAcri-8), 125.21 (Cimid-4`), 124.21 (CAcri-8a), 

123.86 (CAcri-3), 121.10 (CAcri-1a), 100.01 (Cimid-5`), 97.56 (CAcri-1), 56.76 (N-CH2), 

56.54 (OCH3). Anal. calcd. For C25H19BrClN3O2: C 59.02, H 3.76, N 8.26%; found: C 

59.21, H 3.78, N 8.31%. HRMS (ESI+) m/z calcd. for C25H19ClN3O2 [M-Br]+: 428.1166 

(100%), 429.1199 (28%), 430.1137 (34%), 431.1170 (10%); found: 428.1194 (100%), 

429.1207 (39%), 430.1157 (45%), 431.1178 (13%). 
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1-(6-Chloro-2-methoxyacridin-9-yl)-3-(4-bromophenacyl)-imidazolium bromide 

(24) 

 

2,4’-Dibromoacetophenone (624 mg, 2.2 mmol) and compound 6b (231 mg, 0.83 

mmol) were reacted according to general method B to give compound 24 (414 mg, 85 %) 

as yellow solid. mp 260-270 ºC. FTIR: ν (ATR, cm-1) 3072, 2983 (C-H), 1693 (C=N), 

1634, 1584, 1477 (C=C), 1425, 1235, 1067 (C-O), 812 (C-Br). 1H NMR (DMSO-d6): δ 

(ppm) 9.78 (s, 1H, NCHN, Himid-2`), 8.44 (d, 1H, Jd = 2 Hz, H-8), 8.39 (t, 1H, J= 1 Hz, 

H-5), 8.29 (d, 1H,  Jd= 10 Hz, H-4), 8.23 (t, 1H, Jt= 2 Hz, H-7), 8.08 (d, 2H, Jd= 8 Hz, H-

12, H-12`), 7.92 (d, 2H,  Jd= 8 Hz, H-13, H-13`), 7.86 (dd, 1H, J= 10/2 Hz, H-3), 7.76 

(dd, 1H, J= 8/2 Hz, Himid-4`), 7.73 (d, 1H, Jd= 8 Hz, Himid-5`), 6.76 (d, 1H, Jd= 3 Hz, H-

1), 6.36-6.22 (AB-syst, 2H, N-CH2), 3.97 (s, 3H, CH3). 13C NMR (DMSO-d6): δ (ppm) 

191.38 (C=O, C-10), 159.89(CAcri-2), 147.30(CAcri-4a), 147.01(CAcri-5a), 141.20(CAcri-6), 

135.50 (CAcri-9), 134.16 (Cimid-2`), 133.18 (Cph-11), 132.84 (Cph-13, Cph-13`), 132.03 

(CAcri-4), 130.84 (Cph-12, Cph-12`), 130.84 (CAcri-5), 129.45 (CAcri-7), 128.29 (CAcri-8), 

127.76 (Cph-14), 126.01 (Cimid-4`), 125.23 (CAcri-8a), 124.22 (CAcri-3), 123.87 (CAcri-1a), 

121.11 (Cimid-5`), 97.56(CAcri-1), 56.70(OCH3), 56.53(N-CH2). Anal. calcd. for 

C25H18Br2ClN3O2: C 51.09, H 3.09, N 7.15%; found: C 51.11, H 3.05, N 7.31%. HRMS 

(ESI+) m/z calcd. for C25H18BrClN3O2[M-Br]+: 506.0271 (75%), 507.0304 (21%), 

508.0270 (100%), 509.0294 (27%), 510.0232 (27%), 511.0265 (8%); found: 506.0282 
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(85%), 507.0306 (28%), 508.0267 (100%), 509.0285 (33%), 510.0238 (31%), 511.0261 

(7%). 

1-acridinyl-3-(4-methoxyphenacyl)-imidazolium bromide (25) 

 

4-Methoxybenzyl bromide (151 mg, 0.75mmol) and compound 6a (61 mg, 0.25mmol) 

were reacted according to general method B to give compound 25 (0.305g, 90 %) as a 

yellow solid. mp: 220-230 ºC. FTIR:  (ATR, cm-1) 3072 (C–H)Ar, 2983(C–H)Aliph, 

1693(C=O), 1634(C=N), 1584, 1478 (C=C)Ar, 1425, 1235(C-O), 812 (C-Br).1H NMR 

(400 MHz, DMSO-d6): δ (ppm) 9.79 (s, 1H, NCHN, Himid-2`), 8.39-8.35 (m, 3H, H-1, 

H-8, H-2), 8.22 (s, 1H, H-7), 8.10 (d, 2H, Jd= 8 Hz, H-3, H-6), 8.04-8.01 (m, 2H, H-12, 

H-12`), 7.85-7.81 (m, 2H, H-4, H-5), 7.65 (d, 2H, Jd= 8 Hz, Himid-4`, Himid-5`), 7.16 (d, 

2H, Jd= 8 Hz, H-13, H-13`), 6.23 (s, 2H, N-CH2), 3.87 (s, 3H, Ar-OCH3). 13C NMR (100 

MHz, DMSO-d6): δ (ppm) 190.20 (C=O, C-10), 146.63 (Cph-14-OCH3), 141.41 

(CAcri-4a, CAcri-5a), 137.24 (CAcri-9), 134.0 (Cimid-2`), 131.10 (CAcri-3, CAcri-6), 127.06 

(Cph-12, Cph-12`), 126.52 (Cph-11), 124.52 (CAcri-4, CAcri-5), 122.20 (CAcri-2, CAcri-7), 

121.55 (CAcri-1, CAcri-8), 119.91 (Cimid-4`), 117.85 (CAcri-8a, CAcri-1a), 114.89 (Cph-13, 

Cph-13`), 114.89 (Cimid-5`), 56.34 (N-CH2), 55.26 (Ar-OCH3). Anal. calcd. for 

C25H20BrN3O2: C 63.30, H 4.25, N 8.86; Found:  C 63.40, H 4.20, N 8.80%. HRMS (ESI+) 

m/z calcd for C25H20N3O2[M−Br]+: 394.1551 (100%), 395.1584 (27%), 396.1618 (4%); 

found: 394.1541 (90%), 395.1574 (29%), 396.1618 (3%). 
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1-(acridinyl)-3-(1-oxo-1-phenylpropanyl)-imidazolium bromide (26) 

 

2-Bromopropiophenone (160 mg, 0.75mmol) and compound 6a (61 mg, 0.25mmol) 

were reacted according to method B to give Compound 26 (52 mg, 85 %) as a yellow 

solid. mp: 240-245 ºC. FTIR:  (ATR, cm-1) 3075 (C–H)Ar, 2985(C–H)Aliph, 1683(C=N), 

1635, 1580, 1470(C=C)Ar, 1425, 1230(C-O), 815 (C-Br). 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 10.09(s,1H, NCHN, Himid-2`), 8.42-8.35 (m, 4H, H-1, H-8, H-4, 

H-5), 8.17-8.15 (d, 2H, H-3, H-6), 8.06-8.01 (m, 2H, H-4`, H-5`), 7.88-7.76 (m, 3H, H-14, 

H-12, H-12`), 7.70-7.64 (m, 4H, H-2, H-7, H-13, H-13`), 6.83-6.85 (m, 1H, N-CH), 

1.93-1.91 (m, 3H, CH3). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 195.20 (C=O, C-10), 

149.05 (CAcri-4a, CAcri-5a), 140.18(CAcri-9), 136.06 (Cimid-2`), 135.28 (Cph-14), 134.00 

(Cph-11), 133.36 (CAcri-3, CAcri-6), 132.21 (CAcri-4, CAcri-5), 130.08 (CAcri-12), 129.82 

(Cph-12`), 129.72 (Cph-13), 129.64(Cph-13`), 125.38(CAcri-2, CAcri-7), 124.72 (CAcri-1, 

CAcri-8), 122.63 (Cimid-4`), 122.10 (CAcri-8a, CAcri-1a), 117.85 (Cimid-5`), 61.63 (N-CH), 

18.55 (CH3). Anal. calcd for C25H20BrN3O: C 65.51, H 4.40, N 9.17 %; found: C 65.55, 

H 4.44, N 9.20%. HRMS (ESI+) m/z calcd for C25H20N3O [M−Br]+ 378.1606 (100 %), 

379.1640 (27 %), 380.1673 (3 %); found: 378.1606 (100 %), 379.1637 (27 %), 380.1668 

(4 %).  
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1-(acridin-9-yl)-3-methyl-benzo[d]imidazolium chloride (27) 

 

A suspension of 9-chloroacridine 4a (337 mg, 1.58 mmol) and 1-methylbenzimidazole 

(238 mg, 1.80 mmol) were reacted according to method A to give Compound 27 (435 

mg, 80%) as a yellow powder. mp = 280-290 ºC. FTIR:  (ATR, cm-1) 3023 (C–H)Ar, 

2891 (C-H)Aliph, 1645 (C=N), 1550, 1491, 1466 (C=C), 1261(C-N). 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 10.33 (s, 1H, NCHN, Hbim-2`), 8.43 (d, 2H, Jd = 8.0 Hz, H-1, H-8), 

8.33 (d, 1H, Jd = 8.0 Hz, Hbim-4`), 8.06-8.02 (m, 2H, H-4, H-5), 7.84 (t, 1H, Jt = 8.0 Hz, 

Hbim-5`), 7.73-7.71 (m, 4H, H-2, H-7, H-3, H-6), 7.59 (t, 1H, Jt = 8.0 Hz, Hbim-6`), 7.30 

(d, 1H, Jd = 8.0 Hz, Hbim-7`), 4.32 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 

149.42 (CAcri-4a, CAcri-5a), 145.25 (Cbim-2`), 133.81 (CAcri-9), 133.20 (Cbim-3a), 132.68 

(CAcri-3, CAcri-6), 132.06 (Cbim-1a), 130.25 (CAcri-4, CAcri-5), 129.44 (CAcri-2, CAcri-7), 

128.28 (CAcri-1, CAcri-8), 127.84 (Cbim-5`), 122.92 (Cbim-6`), 122.74 (CAcri-1a, CAcri-8a), 

114.89 (Cbim-7`), 113.82 (Cbim-4`), 34.79 (N-CH3). Anal. calcd. for C21H16ClN3: C 72.93, 

H 4.66, N 12.15 %; found: C 72.81, H 4.61, N 12.31%. HRMS (ESI+) m/z calcd for 

C21H16N3[M−Cl]⁺: 310.1344 (100%), 311.1378 (23%), 312.1411 (3%), found: 310.1340 

(100%), 311.1370 (21%), 312.1397 (3%). 
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1-(acridin-9-yl)-3-ethyl-benzo[d]imidazolium bromide (28) 

 

A solution of 9-(1-benzoimidazolyl) acridine 6c (740 mg, 0.25 mmol) and 

bromoethane (820 mg, 0.6 mL, 0.75 mmol) were reacted according to method B to give 

compound 28 (710 mg, 72%) as a yellow solid. mp = 290-300 ºC. FTIR:  (ATR, cm-1) 

3109 (C–H)Ar, 2948 (C-H)Aliph, 1628 (C=N), 1552, 1471, 1346 (C=C), 1240 (C-N). 1H 

NMR (400 MHz, DMSO-d6): δ (ppm) 10.44 (s, 1H, NCHN, Hbim-2`), 8.44 (d, 2H, Jd = 

8.0 Hz, H-1, H-8), 8.39 (d, 1H, Jd = 8.0 Hz, Hbim-4`), 8.06-8.02 (m, 2H, H-4, H-5), 7.84 

(t, 1H, Jt = 8.0 Hz, Hbim-5`), 7.74-7.73 (m, 4H, H-2, H-7, H-3, H-6), 7.60 (t, 1H, Jt = 8.0 

Hz, Hbim-6`), 7.33 (d, 1H, Jd = 8.0 Hz, Hbim-7`), 4.77-4.72 (m, 2H, N-CH2), 1.76 (t, 3H, 

CH3). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 149.42 (CAcri-4a, CAcri-5a), 144.20 

(Cbim-2`), 133.88 (CAcri-9), 133.49 (Cbim-3a), 131.97(CAcri-3, CAcri-6), 131.92 (Cbim-1a), 

130.15 (CAcri-4, CAcri-5), 129.38 (CAcri-2, CAcri-7), 128.32 (CAcri-1, CAcri-8), 127.78 

(Cbim-5`), 121.88 (Cbim-6`), 121.69 (CAcri-1a, CAcri-8a), 114.93 (Cbim-7`), 113.88 (Cbim-4`), 

43.76 (N-CH2), 14.03 (NCH2CH3). Anal. calcd. for C22H18BrN3: C 65.36, H 4.49, N 

10.39 %; found: C 65.46, H 4.54, N 10.45 %. HRMS (ESI+) m/z calcd. for 

C22H18N3[M−Br]⁺: 324.1496 (100%), 325.1529 (24%), 326.1563 (3%), found: 324.1492 

(100%), 325.1520 (28%), 326.1547 (2%).  
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                1-(acridin-9-yl)-3-benzyl-benzo[d]imidazolium bromide (29) 

 

 A solution of 6c (740 mg, 0.25 mmol) and benzyl bromide (0.9 mL, 1.3 g, 0.75 mmol) 

were reacted according to method B to give compound 29 (930 mg, 80 %) as a yellow 

solid. mp = 230-240 ºC. FTIR:  (ATR, cm-1) 3138 (C–H)Ar, 2989 (C-H)Aliph, 1630 (C=N), 

1538, 1471, 1386 (C=C), 1268 (C-N). UV-vis λmax=389 nm. 1H NMR (400 MHz, 

DMSO-d6): δ (ppm) 10.45 (s, 1H, NCHN, Hbim-2`), 8.43(d, 2H, Jd = 8.0 Hz, H-1, H-8), 

8.25 (d, 1H, Jd = 8.0 Hz, Hbim-4`), 8.06-8.02 (m, 2H, H-4, H-5), 7.81 (t, 1H, Jt = 8.0 Hz, 

Hbim-5`), 7.77-7.72 (m, 4H, H-2, H-7, H-3, H-6), 7.67 (d, 2H, Jd = 8.0 Hz, Hph-11, 

Hph-11`), 7.61(t, 1H, Jt = 8.0 Hz, Hbim-6`), 7.52 (m, 3H, Hph-12, Hph-12`, Hph-13), 7.36 (d, 

1H, Jd = 8.0 Hz, Hbim-7`), 6.00 (s, 2H, N-CH2). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 

149.39 (CAcri-4a, CAcri-5a), 145.02 (Cbim-2`), 133.76 (CAcri-9), 133.68(Cph-10), 133.60 

(Cbim-3a), 132.05 (CAcri-3, CAcri-6), 131.84 (Cph-11, Cph-11`), 130.28 (CAcri-4, CAcri-5), 

129.74 (Cph-12, Cph-12`), 129.59 (Cbim-1a), 129.41 (CAcri-2, CAcri-7), 128.68 (CAcri-1, 

CAcri-8), 128.20 (Cbim-5`, Cbim-6`), 122.73 (Cph-13), 122.64 (CAcri-1a, CAcri-8a), 115.19 

(Cbim-7`), 114.25 (Cbim-4`), 51.65 (N-CH2). Anal. calcd. for C27H20BrN3: C 69.53, H 4.32, 

N 9.01 %; found: C 69.49, H 4.35, N 9.11%. HRMS (ESI⁺) m/z calcd. for 

C27H20N3[M−Br]⁺: 386.1652 (100%), 387.1686 (29%), 388.1719 (4%), found: 386.1638 

(100%), 387.1668 (31%), 388.1405 (6%).  
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         1-(6-chloro-2-methoxyacridinyl)-3-methylbenzoimidazolum chloride (30) 

 

A suspension of 6,9-dichloro-2-methoxyacridine 4c (439 mg, 1.6 mmol) and 1-methyl 

benzimidazole (238 mg, 1.80 mmol) were reacted according to method A to give 

compound 30 (520 mg, 80%) as a yellow powder. mp = 280-285 ºC. FTIR:  (ATR, cm-1) 

3025(C–H)Ar, 2892 (C-H)Aliph, 1645 (C=N), 1550, 1491, 1466(C=C), 1261 (C-N). 1H 

NMR (400 MHz, DMSO-d6): δ (ppm) 10.32 (s, 1H, NCHN, Hbim-2`), 8.45 (d, 1H, Jd = 

4.0 Hz, H-8 ), 8.36-8.30 (m, 2H, H-5, Hbim-4`), 7.85 (t, 1H, Jt = 8.0 Hz, H-4), 7.76-7.61 

(m, 4H, H-3, Hbim-5`, Hbim-6`, Hbim-7`), 7.35 (d, 1H, Jd = 8.0 Hz, H-7), 6.82 (d, 1H, Jd = 

1.0 Hz, H-1), 4.33 (s, 3H, N-CH3), 3.74 (s, 3H, OCH3). 13C NMR (100 MHz, DMSO-d6): 

δ (ppm) 159.80 (CAcri-2), 147.53 (CAcri-4a), 147.23 (CAcri-5a), 145.12 (Cbim-2`), 135.36 

(CAcri-9), 132.76(CAcri-6), 132.68 (Cbim-3a), 132.14 (CAcri-4), 131.75 (CAcri-5), 129.91 

(CAcri-7), 128.38 (Cbim-1a), 128.18 (Cbim-5`), 127.80 (Cbim-6`), 127.51 (CAcri-8), 124.68 

(Cbim-8a), 124.22 (CAcri-3), 121.64 (Cbim-1a), 114.88 (Cbim-7`), 113.90 (Cbim-4`), 

98.73(CAcri-1), 56.75 (OCH3), 34.84 (N-CH3). Anal. calcd. for C22H17Cl2N3O: C 64.40, 

H 4.18, N 10.24 %; found: C 64.33, H 4.21, N 10.29%. HRMS (ESI⁺) m/z calcd. for 

C22H17ClN3O[M−Cl]⁺: 374.1055 (100%), 375.1089 (24%), 376.1026 (32%); found: 

374.1044 (100%), 375.1070 (20%), 376.1020 (29%).  
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                 Ag [1-acridinyl-3-hexylimidazolydiene]2(PF6) (31) 

 

Compound 31 was prepared according to general method 3.3.4. A suspension of 

compound 7 (C22H24N3PF6, 457 mg, 1 mmol) and Ag2O (280 mg, 1.2 mmol) was reacted 

to give compound 31 (575 mg, 64%) as a yellow solid. mp: 305-310 ºC. FTIR:  (ATR, 

cm-1) 3060 (C–H)Ar, 2936 (C-H)Aliph, 1615 (C=N), 1568, 1479, 1440 (C=C), 1283(C-N). 

1H NMR (400 MHz, Acetonitrile-d3): δ (ppm) 8.17 (d, 4H, Jd= 9 Hz), 7.83-7.79 (m, 4H), 

7.54-7.50 (m, 6H), 7.44 (d, 2H, Jd= 2 Hz), 7.37 (d, 4H, Jd= 9.5 Hz), 3.92 (s, 4H, N-CH2), 

1.67-1.69 (m, 4H, CH2), 1.23-1.07 (m, 12H, CH2), 0.86 (t, 6H, CH3). 13C NMR (100 

MHz, Acetonitrile-d3): δ (ppm) 183.05 (C2`-Ag), 148.93 (CAcri-4a, CAcri-5a), 140.51 

(CAcri-9, C-N), 131.26 (CAcri-4, CAcri-5), 129.61 (CAcri-3, CAcri-6), 128.10 (CAcri-2, CAcri-7), 

124.85 (CAcri-1, CAcri-8), 122.52 (Cimid-5`), 122.34 (CAcri-8a, CAcri-1a), 121.60 (Cimid-4`), 

52.7 (N-CH2), 32.0(CH2), 31.65 (CH2), 26.71 (CH2), 23.28 (CH2), 14.37(-CH3). 19F 

NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, 

Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). HRMS (ESI+) m/z calcd. for 

C44H46AgN6 [M-PF6]⁺ m/z: 765.2835 (100%), 766.2868 (47%), 767.2832 (92%), 

768.2865 (44%), 769.2899 (10%); found: 765.2834 (92%), 766.2863 (47%), 767.2838 

(100%), 768.2865 (44%), 769.2899 (10%).  
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             Ag[1-(2-methoxyacridinyl)-3-methylimidazolydiene]2(PF6) (32) 

 

Compound 32 was obtained according to the general procedure 3.3.4 described using 

compound 9 (C18H16ON3PF6, 435 mg, 1 mmol) to furnish compound 32 (555 mg, 67%) 

as a yellow powder. mp: 190-200 ºC. FTIR: (ATR, cm-1) 3080 (C–H)Ar, 2948 (C-H)Aliph, 

1632 (C=N), 1566, 1479, 1430 (C=C), 1280 (C-N), 1232 (C-O). 1H NMR (400 MHz, 

Acetonitrile-d3): δ (ppm) 7.99 (d, 2H, Jd= 8 Hz, CHCH), 7.90 (d, 2H, Jd = 8 Hz), 7.70-7.66 

(dt, 2H, Jt = 9 Hz, Jd =1 Hz, CHCH), 7.61-7.60 (d, 2H, Jd = 8 Hz), 7.50 (t, 2H, Jt =9 Hz, 

Jd =1 Hz, Acri-H), 7.42 (d, 2H, Jd= 1.2 Hz, Acri-H), 7.37-7.33 (m, 4H, Acri-H), 6.50 (d, 

2H, Jd= 3 Hz, Acri-H), 3.98 (s, 6H, OCH3), 3.77 (s, 6H, N-CH3). 13C NMR (100 MHz, 

Acetonitrile-d3): δ (ppm) 184.22 (C2`-Ag), 158.61 (CAcri-2), 147.53 (CAcri-4a), 146.77 

(CAcri-5a), 139.15 (CAcri-9),  132.13 (CAcri-4), 130.84 (CAcri-6), 130.32 (CAcri-5), 128.98 

(CAcri-7), 127.07 (CAcri-8), 125.31 (CAcri-8a), 124.88 (Cimid-5`), 124.74 (CAcri-3), 123.94 

(CAcri-1a), 122.77(Cimid-4`), 98.56 (CAcri-1), 56.69 (OCH3), 39.45 (N-CH3).  
19F NMR 

(376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, 

Acetonitrile-d3): δ(ppm)-144.02 (septet,1JP,F = 705 Hz). HRMS (ESI+) m/z calcd. for 

C36H30AgN6O2[M-PF6]+:685.1481 (100%), 686.1515 (38%), 687.1478 (92%), 688.1511 

(36%), 689.1545 (7%); found 685.1496 (95%), 686.1525 (37%), 687.1499 (100%), 

688.1524 (36%), 689.1551 (6%). 

 

Univ
ers

ity
 of

 M
ala

ya



136 

           Ag [1-(2-methoxyacridinyl)-3-butylimidazolydiene]2(PF6) (33) 

 

Compound 33 was obtained according to the general procedure 3.3.4 described using 

compound 10 (C21H22ON3PF6, 477 mg, 1 mmol) to provide compound 33 (580 mg, 64 %) 

as a yellow powder. mp: 225-230 ºC. FTIR:  (ATR, cm-1) 3083 (C–H)Ar, 2962 (C-H)Aliph, 

1631 (C=N), 1562, 1478, 1428 (C=C), 1235(C-N), 1216(C-O). 1H NMR (400 MHz, 

Acetonitrile-d3) δ (ppm) 7.99 (d, 2H, Jd= 8 Hz), 7.86 (d, 2H, Jd= 8 Hz), 7.68 (t, 2H, Jt= 8 

Hz), 7.52-7.46 (m, 4H), 7.38 (s, 2H), 7.32-7.25 (m, 4H), 6.29 (s, 2H), 3.98 (s, 4H, 

N-CH2), 3.60 (s, 6H, O-CH3), 1.65 (s, 4H, CH2), 1.06-1.02 (s, 4H, CH2), 0.79 (t, 3H, 

CH3). 13C NMR (100 MHz, Acetonitrile-d3): δ (ppm) 187.42 (C2`-Ag), 159.55 (CAcri-2), 

147.41 (CAcri-4a), 147.19 (CAcri-5a), 138.54 (CAcri-6), 135.69 (CAcri-9), 131.93 (CAcri-4), 

129.41 (CAcri-5), 128.59 (CAcri-7), 127.27 (CAcri-8), 125.28 (Cimid-5`), 124.39 (Cimid-4`), 

124.26 (CAcri-3), 123.46 (CAcri-8a), 121.87 (CAcri-9a), 97.74 (CAcri-1), 56.38 (O-CH3), 

52.38 (N-CH2), 33.58 (CH2CH2CH2), 20.18 (CH2CH2CH3), 13.80 (CH2CH3). 19F NMR 

(376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, 

Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). HRMS(ESI+) m/z calcd. for 

C42H42AgN6O2 [MPF6]+: 769.2420 (100%), 770.2454 (45%), 771.2417 (92%), 772.2450 

(42%), 773.2484 (9%), 774.2517 (1%); found: 769.2425 (92%), 770.2454 (50%), 

771.2430 (100%), 772.2452 (45%), 773.2483 (9%), 774.2506 (1%). 
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       Ag[1-(6-chloro-2-methoxyacridinyl)-3-methylimidazolydiene]2(PF6) (34) 

 

Compound 34 was obtained according to the general procedure 3.3.4 described using 

compound 12 (C18H15ON3ClPF6, 470 mg, 1 mmol) to provide compound 34 (580 mg, 

64%) as a yellow powder. mp: 290-300 ºC. FTIR: (ATR, cm-1) 3163(C–H)Ar, 2953 

(C-H)Aliph, 1630 (C=N), 1566, 1476, 1422 (C=C), 1278 (C-N), 1238 (C-O). 1H NMR (400 

MHz, Acetonitrile-d3): δ (ppm) 7.57 (d, 4H, Jd= 4 Hz, CHCH), 7.49 (d, 2H, Jd= 8 Hz, 

NCHN), 7.32 (s, 2H, Himid), 7.24 (d, 2H, Jd = 8 Hz), 7.15-7.10 (m, 4HAcri), 6.26 (s, 2H), 

4.05 (s, 6H, OCH3), 3.67 (m, 6H, CH3). 13C NMR (100 MHz, Acetonitrile-d3): δ (ppm) 

184.81 (C2`-Ag), 159.88 (CAcri-2), 147.23 (CAcri-4a), 147.04 (CAcri-5a), 139.54 (CAcri-6), 

136.26 (CAcri-9), 131.86 (CAcri-4), 129.63 (CAcri-5), 128.41 (CAcri-7), 127.88 (CAcri-8), 

126.76 (Cimid-5`), 125.20 (Cimid-4`), 125.01 (CAcri-3), 124.82 (CAcri-8a), 122.48 (CAcri-1a), 

98.63 (CAcri-1), 56.74 (O-CH3), 39.63(N-CH3).  19F NMR (376 MHz, Acetonitrile-d3): δ 

(ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, Acetonitrile-d3): δ (ppm) -144.02 

(septet,1JP,F =705 Hz). HRMS (ESI+) m/z calcd. for C36H28AgCl2N6O2[M-PF6]+: 753.0697 

(100%), 754.0730 (38%), 755.0693 (92.%), 756.0701 (24%), 757.0664 (59%), 758.0697 

(23%), 759.0634 (10%), 760.0668 (4%); found:753.0678 (92%), 754.0709 (38%), 

755.0670 (100%), 756.0698 (25%), 757.0657 (59%), 758.0679 (23%), 759.0652 (10%). 

760.0633 (4%). 
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            Ag[1-(6-chloro-2-methoxyacridinyl)-3-ethylimidazolydiene]2(PF6) (35) 

 

Compound 35 was obtained according to the general procedure 3.3.4 described using 

compound 13 (C19H17ClN3OPF6, 484 mg, 1 mmol) to provide compound 35 (600 mg, 65 

%) as a yellow powder. mp: 230-240 ºC. FTIR: (ATR, cm-1) 3160(C–H)Ar, 2963 

(C-H)Aliph, 1633 (C=N), 1560, 1478, 1422 (C=C), 1280 (C-N), 1235 (C-O). 1H NMR (400 

MHz, DMSO-d6): δ (ppm) 8.23 (s, 2H, H-8), 8.11 (d, 2H, Jd= 8 Hz, H-5), 7.91 (s, 2H, 

H-4), 7.82 (s, 2H), 7.58-7.55 (m, 4H, Acri-H), 7.28 (d, 2H,  Jd= 12 Hz ), 6.34 (s, 2H, H-1), 

3.95 (s, 4H, N-CH2), 3.67 (s, 6H, O-CH3), 1.2(s, 6H, CH3). 13C NMR (100 MHz, 

DMSO-d6): δ (ppm) 184.22 (C2`-Ag), 158.85 (CAcri-2), 148.29 (CAcri-4a), 147.0 

(CAcri-5a), 146.81 (CAcri-6), 138.68 (CAcri-9), 135.01 (CAcri-4), 131.79 (CAcri-5), 129.23 

(CAcri-7), 128.09 (CAcri-8), 126.96 (Cimid-5`), 125.27 (Cimid-4`), 124.49 (CAcri-3), 123.08 

(CAcri-8a), 121.41 (CAcri-1a), 98.02 (CAcri-1), 56.07 (O-CH3), 46.76 (N-CH2), 17.14 

(CH3).  19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR 

(162 MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). HRMS (ESI+) m/z 

calcd. for C38H32AgCl2N6O2[M-PF6]+: 781.1015 (100%), 782.1048 (41%), 783.1011 

(92%), 784.1019 (26%), 785.0982 (59%), 786.1015 (24%), 787.0952 (9%), 788.0986 

(4%); found: 781.1015 (92%), 782.1043 (38%), 783.1010 (100%), 784.1033 (41%), 

785.0994 (59%), 786.1015 (24%), 787.0993 (9%), 788.0986 (4%). 
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         Ag[1-(6-chloro-2-methoxyacridinyl)-3-butylimidazolydiene]2(PF6) (36) 

 

Compound 36 was obtained according to the general procedure 3.3.4 described using 

compound 14 (C21H21ClN3OPF6, 512 mg, 1 mmol) to furnish compound 36 (610 mg, 62 

%) as a yellow powder. mp: 235-245 ºC. FTIR:  (ATR, cm-1) 3141, 3094 (C–H)Ar, 2945 

(C-H)Aliph, 1632 (C=N), 1562, 1474, 1422(C=C), 1280(C-N), 1234(C-O). 1H NMR (400 

MHz, Acetonitrle-d3): δ (ppm) 7.88 (sb, 2H), 7.76 (d, 2H, Jd= 8 Hz), 7.49 (s, 2H), 7.49-

7.27 (m, 6H), 7.13 (sb, 2H), 6.12 (s, 2H), 3.97 (sb, 4H, N-CH2), 3.55 (s, 6H, O-CH3), 

1.64 (s, 4H, CH2), 1.05-102 (m, 4H, CH2), 0.81 (t, 6H, CH3). 13C NMR (100 MHz, 

Acetonitrle-d3): δ (ppm) 159.75 (CAcri-2), 147.61 (CAcri-4a), 147.40 (CAcri-5a), 138.74 

(CAcri-6), 135.89 (CAcri-9), 132.13(CAcri-4), 129.6  (CAcri-5), 128.79 (CAcri-7), 127.47 

(CAcri-8), 125.48 (Cimid-5`), 124.59 (Cimid-4`), 124.46 (CAcri-3), 123.67 (CAcri-8a), 122.07 

(CAcri-1a), 97.94 (CAcri-1), 56.41 (O-CH3), 52.58 (N-CH2CH2), 33.78 (CH2CH2 CH2), 

20.38 (CH2CH2CH3), 14.00 (CH2CH3). 19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -

72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, Acetonitrile-d3): δ(ppm) -144.02 

(septet,1JP,F = 705 Hz). HRMS (ESI+) m/z calcd for C42H40AgCl2N6O2[M-PF6]+: 837.1641 

(100%), 838.1674 (45%), 839.1637 (92%), 840.1659 (42%), 841.1623 (59%), 842.1642 

(27%), 843.1624 (6%), 844.1626 (4.3%); found: 837.1640 (92 %), 838.1670 (35%), 

839.1636 (100%), 840.1671 (42%), 841.1608 (59%), 842.1641 (27%), 843.1675 (6%), 

844.1612 (4%). 
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              Ag[1-acridinyl-3-(4-methylbenzylimidazolydiene)]2(PF6) (37) 

 

Compound 37 was obtained according to the general procedure 3.3.4 described using 

compound 16 (C24H20N3PF6, 495 mg, 1 mmol) to provide compound 37 (595 mg, 64%) 

as a yellow powder. mp: 220-230 ºC. FTIR:  (ATR, cm-1) 3055(C–H)Ar, 2948 (C-H)aliph, 

1632 (C=N), 1566, 1488, 1439 (C=C), 1282 (C-O). 1H NMR (400 MHz, Acetonitrile-d3): 

δ (ppm) 8.01 (d, 4H, Jd= 8 Hz), 7.72 (t, 4H, Jt=8 Hz ), 7.49-7.39 (m, 8H, CHCH), 7.28 

(d, 4H, Jd= 8 Hz, Ar-H), 7.12 (d, 4H, Jd= 8 Hz), 7.0 (m, 4H), 5.04 (s, 4H, N-CH2), 2.3 (s, 

6H, CH3). 13C NMR (100 MHz, Acetonitrile-d3): δ (ppm) 149.34 (CAcri-4a, CAcri-5a), 

140.76 (CAcri-9), 139.03 (Cph-13), 133.86 (Cph-10), 131.71 (CAcri-3, CAcri-6), 130.27 (Cph-

11, Cph-11`), 130.15 (Cph-12, Cph-12`), 128.67 (CAcri-1, CAcri-8), 128.19 (CAcri-2, CAcri-7), 

125.76 (CAcri-8a, CAcri-1a), 123.43 (CAcri-4, CAcri-5), 123.06 (Cimid-4`), 122.72 (Cimid-5`), 

55.38 (-NCH2), 20.86 (Ar-CH3). 19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 

(d, 1JP,F = 705 Hz). 31P NMR (162 MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 

705 Hz). HRMS (ESI+) m/z calcd. for C48H38AgN6[M-PF6]+: 805.2209 (100%), 806.2242 

(51%), 807.2206 (92%), 808.2239 (48.2%), 809.2273 (12.3%); found: 805.2206 (100%), 

806.2235 (60%), 807.2212 (95%), 808.2235 (60 %), 809.2261 (15%). 
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              Ag[1-acridinyl-3-(4-bromobenzylimidazolydiene)]2(PF6) (38) 

 

Compound 38 was obtained according to the general procedure 3.3.4 described using 

compound 17(C23H17BrN3PF6, 560 mg, 1 mmol) to provide compound 38 (660 mg, 75 

%) as a yellow powder. mp: 300-305 ºC. FTIR:  (ATR, cm-1) 3062 (C–H)Ar, 2938 

(C-H)Aliph, 1614 (C=N), 1566, 1479, 1440 (C=C), 1283 (C-N), 1215 (C-O). 1H NMR (400 

MHz, Acetonitrile-d3): δ (ppm) 8.12 (d, 4H, Jd= 8.5 Hz), 7.78 (t, 4H, Jt= 8 Hz), 7.47-7.41 

(m, 12H, Ar-H), 7.30 (d, 4H, Jd= 9.5 Hz), 6.98 (s, 4H), 4.99 (s, 4H, NCH2). 13C NMR 

(100 MHz, Acetonitrile-d3): δ (ppm) 148.96 (CAcri-4a, CAcri-5a), 139.93(CAcri-9), 135.54                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

(Cph-10), 132.05 (Cph-12, Cph-12`), 131.01 (Cph-11, Cph-11`), 129.69 (CAcri-3, CAcri-6), 

129.48 (CAcri-1, CAcri-8), 128.08 (CAcri-2, CAcri-7), 125.31 (Cph-13), 122.86 (CAcri-4, 

CAcri-5), 122.46 (Cimid-4`), 122.14 (CAcri-8a, CAcri-1a), 122.92 (Cimid-5`), 54.16 (NCH2). 

19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 

MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). HRMS (ESI+) m/z calcd. 

for C46H32AgBr2N6[M-PF6]+: 933.0106 (51%), 934.0140 (26%), 935.0086 (100%), 

936.0119 (49%), 937.0082 (92%), 938.0116 (46%), 939.0062 (45%), 940.0032 (22%); 

found: 933.0103 (40%), 934.0134 (26%), 935.0093 (100%), 936.0121 (49%), 937.0085 

(97%), 938.0108 (46%), 939.0083 (40%), 940.0100 (22%).  
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                    Ag [1-acridinyl-3-(2-bromobenzylimidazolydiene)]2(PF6) (39) 

 

Compound 39 was obtained according to the general procedure 3.3.4 described using 

compound 18 (C23H17BrN3PF6, 560 mg, 1 mmol) to provide compound 39 (670 mg, 62%) 

as a yellow powder. mp: 290-300 ºC. FTIR:  (ATR, cm-1) 3065(C–H)Ar, 2960 (C-H)Aliph, 

1630 (C=N), 1556, 1480, 1431(C=C), 1213(C-O). 1H NMR (400 MHz, DMSO-d6): δ 

(ppm) 8.26 (d, 4H, Jd= 8 Hz, CHCH), 7.95-7.85 (m, 8H, Ar-H), 7.68-7.58 (m, 6H), 

7.43-7.31 (m, 10H), 5.40 (s, 4H, N-CH2). 13C NMR (100 MHz, DMSO-d6): δ (ppm) 

148.60 (CAcri-4a, CAcri-5a), 139.91 (CAcri-9), 135.09 (Cph-10), 133.18 (Cph-12, Cph-12`), 

131.08 (CAcri-3, CAcri-6), 130.67 (Cph-13), 130.61 (CAcri-1, CAcri-8), 129.45 (Cph-14), 

128.50 (CAcri-2, CAcri-7), 128.17 (Cph-11), 125.50 (CAcri-4, CAcri-5), 123.32 (Cimid-4`),  

123.10 (CAcri-8a, CAcri-1a), 122.09 (Cimid-5`), 54.54 (N-CH2). 19F NMR (376 MHz, 

Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, Acetonitrile-d3): 

δ(ppm) -144.02 (septet, 1JP,F = 705 Hz). HRMS (ESI+) m/z calcd. for C46H32AgBr2N6 

[M-PF6]+:933.0106 (51%), 934.0140 (26%), 935.0086 (100%), 936.0119 (49%), 

937.0082 (92%), 938.0116 (46%), 939.0062 (45%), 940.0032 (22%); found: 933.0106 

(40%), 934.0135 (26%), 935.0093 (100%), 936.0123 (49%), 937.0085 (97%), 938.0109 

(46%), 939.0087 (40%), 940.0099 (22%).  
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                 Ag [1-acridinyl-3-(4-Nitrobenzylimidazolydiene)]2(PF6) (40) 

 

Compound 40 was obtained according to the general procedure 3.3.4 described using 

compound 19 (C23H17O2N4PF6, 562 mg, 1 mmol) to provide compound 40 (680 mg, 70%) 

as a yellow powder. mp: 240-250 ºC. FTIR:  (ATR, cm-1) 3048 (C–H)Ar, 2956 (C-H)Aliph, 

1605 (C=N), 1517, 1439 (C=C), 1343, 1283 (C-O). 1H NMR (400 MHz, Acetonitrile-d3): 

δ (ppm) 8.09 (d, 4H, Jd= 9 Hz), 8.00 (d, 4H, Jd= 8 Hz), 7.71 (t, 4H, Jt = 7 Hz), 7.50 (s, 

2H), 7.43 (t, 6H, Jt = 9 Hz, Ar-H), 7.30 (d, 4H, Jd= 8 Hz), 7.18 (s, 4H), 5.30 (s, 4H, 

N-CH2), 13C NMR (100 MHz, Acetonitrile-d3):δ (ppm) 149.91 (CAcri-4a, CAcri-5a), 

149.02 (CAcri-9), 144.59 (Cph-13, C-NO2), 141.12 (Cph-10), 132.34 (CAcri-3, CAcri-6), 

130.73 (Cph-11, Cph-11`), 129.37 (CAcri-1, CAcri-8), 129.25 (CAcri-2, CAcri-7), 126.75 

(Cph-12, Cph-12`), 125.22 (CAcri-4, CAcri-5), 124.35(Cimid-4`), 123.60 (CAcri-8a, CAcri-1a), 

123.33 (Cimid-5`),  55.14 (N-CH2). 19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 

(d, 1JP,F = 705 Hz). 31P NMR (162 MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 

705 Hz). HRMS (ESI+) m/z calcd. for C46H32AgN8O4[M-PF6]+: 867.1597 (100%), 

868.1631 (49%), 869.1594 (92%), 870.1628 (46%), 871.1661 (11%), 872.1695 (2%); 

found: 867.1590 (100%), 868.1620 (49%), 869.1595 (80%), 870.1620 (46%), 871.1679 

(11%), 872.1693 (2%). 
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            Ag[1-(6-chloro-2-methoxyacridinyl)-3-benzylimidazolydiene]2(PF6) (41) 

 

Compound 41 was obtained according to the general procedure 3.3.4 described using 

compound 22 (C24H19ON3ClPF6, 546 mg, 1 mmol) to provide compound 38 (650 mg, 62 

%) as a yellow powder. mp: 260-270 ºC. FTIR:  (ATR, cm-1) 3150(C–H)Ar, 2954 (C-

H)Aliph, 1631 (C=N), 1565, 1478, 1424(C=C), 1240 (C-O). 1H NMR (400 MHz, 

Acetonitrile-d3):δ (ppm) 7.79 (s, 2H), 7.67 (d, 2H, Jd= 8 Hz), 7.55 (s, 2H, CHCH), 

7.39-7.30 (m, 10H, Ar-H), 7.25-7.13 (m, 8H), 6.08 (sb, 2H), 5.31 (s, 4H, N-CH2), 3.51 

(s, 6H, OCH3), 13C NMR (100 MHz, Acetonitrile-d3): δ (ppm) 160.26 (CAcri-2), 147.80 

(CAcri-4a), 147.60 (CAcri-5a), 139.30 (CAcri-6), 138.28 (CAcri-9), 136.51 (Cph-10), 132.46 

(CAcri-4), 130.66 (CAcri-5), 130.22 (CAcri-7), 130.04 (Cph-11, Cph-11`), 129.13 (Cph-12, 

Cph-12`), 128.84 (Cph-13), 128.07 (CAcri-8), 126.37 (Cimid-5`), 125.08 (Cimid-4`), 124.93 

(CAcri-3), 124.77 (CAcri-8a), 122.49 (CAcri-1a), 98.40 (CAcri-1), 56.94 (O-CH3), 56.64 

(N-CH2). 19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P 

NMR (162 MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). HRMS (ESI+) 

m/z calcd. for C48H36AgCl2N6O2[M-PF6]+ :905.1328 (100%), 906.1361 (51%), 907.1324 

(92%), 908.1358 (48%), 909.1295 (59%), 910.1328 (30%); found: 905.1328 (93%), 

906.1361 (60%), 907.1324 (100%), 908.1358 (70%), 909.1295 (68%), 910.1328 (39%). 
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                      Ag (1-acridinyl-3-methylbenzimidazolydiene)2(PF6) (42) 

                             

Compound 42 was obtained according to the general procedure 3.3.4 described using 

compound 27 (C21H16N3PF6, 460 mg, 1 mmol) to provide compound 42 (560 mg, 63%) 

as a yellow powder. mp: 290-300 ºC. UV-vis λmax= 411 nm. FTIR:  (ATR, cm-1) 3065 

(C–H)Ar, 2957 (C-H)Aliph, 1627 (C=N), 1557, 1439, 1391 (C=C), 1214(C-N).  1H NMR 

(400 MHz, Acetonitrile-d3): δ (ppm) 8.10 (d, 4H, Jd=8.0 Hz), 7.84 (d, 2H, Jd =8.0 Hz), 

7.72 (dt, 4H, Jt =8.0 Hz, Jd = 4.0 Hz), 7.54 (t, 2H, Jt= 8.0 Hz), 7.38 (t, 4H, Jt= 8.0 Hz), 

7.30-7.25 (m, 6H), 6.77 (d, 2H, Jd= 8.0 Hz), 4.06 (s, 6H, CH3). 13C NMR (100 MHz, 

Acetonitrile-d3): δ (ppm) 192.43 (Cbim-2`-Ag), 149.95 (CAcri-4a, CAcri-5a), 139.48 

(CAcri-9), 136.67 (Cbim-3a), 135.17 (CAcri-3, CAcri-6), 132.36 (Cbim-1a), 130.70 (CAcri-4, 

CAcri-5), 129.10 (CAcri-2, CAcri-7), 126.16 (CAcri-1, CAcri-8), 124.09 (Cbim-4`, Cbim-5`), 

123.35 (CAcri-1a, CAcri-8a), 113.49 (Cbim-6`), 112.87 (Cbim-3`), 36.68 (N-CH3). 19F NMR 

(376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz 

Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). Anal. calcd. for C42H30AgF6N6P: 

C, 57.88; H, 3.47; N, 9.64; found: C, 57.92; H, 3.51; N, 9.71; %.  HRMS (ESI⁺) m/z calcd. 

for C42H30AgN6[M-PF6] ⁺: 725.1583 (100%), 726.1616 (45%), 727.1579 (93%), 728.1610 

(42%); found: 725.1581 (100%), 726.1609 (42%), 727.1584 (95%), 728.1609 (42%). 
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                    Ag [1-acridinyl-3-ethylbenzimidazolydiene]2(PF6) (43) 

 

Compound 43 was obtained according to the general procedure 3.3.4 described using 

compound 28 (C22H18N3PF6, 470 mg, 1 mmol) to provide compound 42 (555 mg, 62%) 

as a yellow powder. Mp = 300-305 ºC. FTIR:  (ATR, cm-1) 3109(C–H)Ar, 2948 

(C-H)Aliph, 1628 (C=N), 1552, 1471, 1346 (C=C), 1211 (C-N). UV-vis λmax= 398 nm. 1H 

NMR (400 MHz, Acetonitrile-d3): δ (ppm) 8.20 (d, 4H, Jd= 8.0 Hz), 7.85-7.77 (m, 6H), 

7.52 (t, 2H, Jt=8.0 Hz), 7.43 (t, 4H, Jt =8.0 Hz), 7.27 (t, 6H, Jt= 8.0 Hz), 6.81 (d, 2H, Jd= 

8.0 Hz), 4.27 (q, 4H, N-CH2), 1.33 (s, 6H, -CH3). 13C NMR (100 MHz, DMSO-d6): δ 

(ppm) 191.21 (Cbim-2`- Ag), 149.95 (CAcri-4a, CAcri-5a), 139.30 (CAcri-9), 136.6 (Cbim-3a), 

133.72 (CAcri-3, CAcri-6), 132.15 (Cbim-1a), 130.54 (CAcri-4, CAcri-5), 128.97 (CAcri-2, 

CAcri-7), 126.01 (CAcri-1, CAcri-8), 125.92 (Cbim-4`), 123.94 (Cbim-5`), 123.24 (CAcri-1a, 

CAcri-8a), 113.27 (Cbim-6`), 112.87 (Cbim-3`), 45.45 (N-CH2), 16.04 (NCH2CH3). 19F 

NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 31P NMR (162 MHz, 

Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 705 Hz). Anal. calcd. for C44H34AgF6N6P: 

C 58.74, H 3.81, N 9.34 %; found: C 58.79, H 3.89, N 9.38 %. HRMS (ESI+) m/z calcd. 

for C44H34AgN6 [M−PF6]⁺: 753.1896 (100%), 754.1929 (47%), 755.1893 (93%), 

756.1926 (44%); found 753.1896 (100%), 754.1923 (48%), 755.1898 (83%), 756.1923 

(17%). 
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                             Ag (1-acridinyl-3-benzylbenzimidazolydiene)2(PF6) (44) 

 

 

 

 

 

Compound 44 was obtained according to the general procedure 3.3.4 described using 

compound 29 (531 mg, 1.0 mmol) to furnish 44 (650 mg, 64%) as yellow solid. mp= 

255-260 ºC. FTIR:  (ATR, cm-1) 3094 (C–H)Ar, 2970 (C-H)Aliph, 1633 (C=N), 1492, 

1476, 1410 (C=C), 1262 (C-N). 1H NMR (400 MHz, Acetonitrile-d3): δ (ppm) 7.96 (d, 

4H, Jd= 8.0 Hz), 7.70-7.65 (m, 6H), 7.46-7.22 (m, 22H), 6.77 (d, 2H, Jd= 8.0 Hz), 5.60 

(s, 4H, N-CH2). 13C NMR (100 MHz, Acetonitrile-d3): δ (ppm) 191.86 (Cbim-2`-Ag), 

141.68 (CAcri-4a, CAcri-5a), 138.68 (CAcri-9), 136.04 (Cbim-3a), 135.47 (Cph-10), 133.30 

(CAcri-3, CAcri-6), 131.72 (Cbim-1a), 129.40 (Cbim-4`), 129.20 (CAcri-4, CAcri-5), 128.54 

(Cph-12, Cph-12`), 128.37 (Cbim-5`), 127.39 (CAcri-2, CAcri-7), 125.47 (CAcri-1, CAcri-8), 

125.39 (Cph-11, Cph-11`), 123.07 (Cph-13), 122.33 (CAcri-1a, CAcri-8a), 112.94 (Cbim-6`), 

112.20 (Cbim-3`), 53.03 (N-CH2). 19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 

(d, 1JP,F = 705 Hz). 31P NMR (162 MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F = 

705 Hz). Anal. calcd. for C54H38AgF6N6P: C 63.35, H 3.74, N 8.21 %; found: C 63.41, H 

3.89, N 8.27%. HRMS (ESI⁺) m/z calcd. for C54H38AgN6[M-PF6]⁺: 877.2209 (100%), 

878.2242 (58%), 879.2206 (93%), 880.2239(53%); found: 877.2240 (100%), 878.2257 

(80%), 879.2241 (90%), 880.2243 (28%). 
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   Ag(1-(6-chloro-2-methoxyacridinyl))-3-methylbenzimidazolydiene)2(PF6) (45) 

 

Compound 45 was obtained according to the general procedure 3.3.4 described using 

compound 30 (520 mg, 1.0 mmol) to furnish compound 45 (625 mg, 62%) as yellow solid. 

mp= 290-295 ºC. UV-vis λmax=411 nm. FTIR:  (ATR, cm-1) 3065 (C–H)Ar, 2957 

(C-H)Aliph, 1627 (C=N), 1557, 1439, 1391 (C=C), 1214(C-N). 1H NMR (400 MHz, 

Acetonitrile-d3): δ (ppm) 7.90 (d, 2H, J= 8.0 Hz), 7.86 (d, 2H, Jd= 8.0 Hz), 7.76 (s, 1H), 

7.74 (s, 1H), 7.58 (dt, 2H, Jd = 2.0 Hz, Jt= 8.0 Hz), 7.33-7.28 (m, 4H), 7.24-7.17 (m, 4H), 

6.87 (d, 2H, Jd= 8.0 Hz), 6.41 (d, 2H, Jd= 8.0 Hz), 4.31(s, 6H, -OCH3), 3.62 (s, 6H, 

N-CH3). 13C NMR (100 MHz, Acetonitrile-d3): δ (ppm) 192.04 (Cbim-2`-Ag), 159.07 

(CAcri-2-OCH3), 146.38 (CAcri-4a), 146.16 (CAcri-5a), 136.73 (CAcri-9), 135.4 (CAcri-6), 

135.32 (Cbim-3a), 134.45 (CAcri-4), 130.87 (CAcri-5), 128.82 (CAcri-7), 127.45 (Cbim-1a), 

126.88 (Cbim-4`), 125.12 (Cbim-5`), 125.03 (CAcri-8), 124.60 (CAcri-1a), 123.96 (CAcri-3), 

122.00 (CAcri-8a), 112.57 (Cbim-6`), 111.89 (Cbim-3`), 97.86 (CAcri-1), 55.87 (O-CH3), 

36.23 (N-CH3 ). 19F NMR (376 MHz, Acetonitrile-d3): δ (ppm) -72.68 (d, 1JP,F = 705 Hz). 

31P NMR (162 MHz, Acetonitrile-d3): δ(ppm) -144.02 (septet,1JP,F =705 Hz). Anal. calcd. 

For C44H32AgCl2F6N6O2P: C 52.82, H 3.22, N,8.40%; found: C 52.76, H 3.35, N 8.62%. 

HRMS (ESI+) m/z calcd. for C44H32AgCl2N6O2[M-PF6]⁺: 853.1015 (100%), 854.1048 

(48%), 855.1011 (93%), 856.1045 (44%), found: 853.1016 (90%), 854.1045 (45%), 

855.1010 (100%), 856.1035 (35%). 
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