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ABTSRACT 

Almost of invasive cancers as well as pathogenic microbes are developing resistances to many 

potent drug analogues. This fact has geared the trend to develop more and more novel or 

newer synthetic drug candidates in pursuit to timely substitute the traditional ineffective drugs 

analogues. To contribute in the same, the present work was directed to synthesize newer N-

Heterocyclic carbene (NHC) compounds for the evaluation of their preliminary bioactivities 

to consequently present the finding for further biological studies in overcoming their 

respective avenues of drug resistance. NHC class of compounds was selected in view of their 

potential to inhibit microbial DNA and oncogenic proteins. The synthesis was made by N-

alkylation of imidazole and benzimidazole to produce imidazolium and benzimidazolium 

salts respectively which were further reacted using In-Situ technique for metallation. The 

synthesis was confirmed by X-ray crystallography, FT-IR, 1H-NMR and 13C-NMR. For this 

purpose, N-Heterocyclic compounds of three categorical groups were synthesized which 

include: (Group-I) silver-N-Heterocyclic carbene (Ag-NHC) complexes and their respective 

azolium salts, (Group-II) ytterbium-N-Heterocyclic carbene (Yb-NHC) complexes along 

with their precursor compounds and (Group-III) Se-N-Heterocyclic carbene (Se-NHC) 

adducts and their respective azolium salts. Azolium salts include imidazolium salts and 

benzimidazolium salts only. Besides Yb-NHC complexes, all synthetic analogues were 

subjected to suitable preliminary bioactivities which include anti-cancer, anti-bacterial and 

anti-fungal studies. Group-I and Group-III were studied were studied in terms of their In-

vitro anticancer activities through Nuclear Chromatin Condensation by fluorescence 

microscopy and antiproliferative activity by MTT assay. Anticancer activities of Group-I 

compounds were assessed in terms of human colorectal cancer (HCT-116), breast cancer 

(MCF-7) and erythromyeloblastoid leukemia (K-562). And for Group-III compounds both 

anticancer and antimicrobial studies were directed. For anticancer studies, the binding 

potential of the test compounds to target proteins in various cancer cell lines was assessed by 

molecular docking studies of computational analysis. In this way, four cancer cell-lines 

including murine melanoma cancer cell line (B16F10), rat retinal ganglion cancer cell line 

(1-8RGC5), cervical cancer cell line (HeLa) and breast cancer cell line (MCF7-1). For 

antimicrobial studies, durable applications of test compounds on the surface of cotton fabric 

were accomplished. Firstly, antibacterial activities of the test compounds against Bacillus 

subtilis (gram-positive) and Escherichia coli (gram-negative) were explored. Then screened 

analogues of significant antibacterial activities were subjected to antifungal studies while 

using sAspergillus niger. 



The study explored that the followed synthetic methodologies for N-alkylation and salt 

formation, In-situ reaction for metallation were found effective in getting high product yields 

of studied classes of N-Heterocyclic derivatives. But the adopted transmetallation technique 

for the synthesis of Yb-N-Heterocyclic Carbene Complexes could not considered successful. 

For Group-III compounds, molecular docking analysis of bisbenzimidazolium based 

selenium adducts showed that compound 37 for VEGFA protein; compound 36 and 37 for 

EGF protein; again 37 for Hif prote in offered highest drug-protein interaction. In context to 

In-vitro anticancer studies of the same test compounds with lowest inhibitory concentrations 

were as: 34 (IC50 = 7.17µM) and 37 (IC50 = 4.56µM) for B16F10; BH-C (IC50 = 8.28µM) and 

BDM-C (IC50 = 9.27µM) for 1-8RGC5; BPE-C (IC50 = 10.36µM) and 37 (IC50 = 16.17µM) 

for HeLa; and 24 (IC50 = 3.54µM) and 34 (IC50 = 6.14µM) for MCF7-1 cancer cell-line. In 

antimicrobial study, test compounds, 34 showed promising antimicrobial efficiency on the 

test fabrics which was 65% against Bacillus subtilis, 73% against Escherichia coli and 45% 

against Aspergillus niger. On the cytotoxicity assessments Group-I compounds in terms of 

human colorectal cancer (HCT-116), breast cancer (MCF-7) and erythromyeloblastoid 

leukemia (K-562) cell lines without molecular docking analysis and their cytotoxicities of 

silver compounds and their respective bisbenzimidazolium salts showed that all silver-

complexes have been found to exhibit potent anti-cancer activities, while the 

benzimidazolium salts displayed weaker activity than their corresponding complexes. In 

particular, symmetrically substituted complex 46 of this group inhibited proliferation of HCT 

116 cells in culture at lowest concentrations with the IC50 value of 0.31 µM, which is being 

ten-fold greater than the inhibitory concentration of 5-flourouracil used. It is speculated from 

the available data that the increased antiproliferative effects of silver-complexes is associated 

with cellular apoptosis and cell cycle arrest, as analogous carbene-complexes likely to exert 

similar activity. 
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Chapter 1 

INTRODUCTION 

In this age, progressively geared trend to explore the newer and newer classes of both synthetic 

and natural analogues with special emphasis to address the contemporary pathological concerns 

has targeted the research focus of many research communities with the full spectrum of their 

efforts (Jafari et al., 2014; Haque et al., 2018). The trend has largely been geared and been 

intensified on account of drug resistance. As a drug analogue is capable to offer its functional 

role until the target cells (cancer cells, unicellular and multi-cellular pathogenic microbe) 

develop resistance against it when resistance is developed, it offers low or no functional role  and 

consequently becomes inconsequential (Davies and Davies, 2010).  

In context to controlling the growth of pathogenic microbes, resistance has been emerged 

as a growing menace worldwide, mushrooming into a grave global concern in addressing 

hygienic quality for health security and safety issues. In the same way, cancer cells are also 

offering resistance to various types of chemotherapeutics which is also emerging as a similar 

monster in treating cancer pathology (Wang et al., 2013). In view of these threats, synthesis of 

newer and novel N-Heterocyclic compounds has gained momentum because of their widely 

reported activities not only against microbial infections but also against major types of cancers 

and the sysnthesis of these newer and newer analogues is the need of the hour to overcome drug 

resistance (Lokina and Narayanan, 2013). 

The resistance has lost the activity of many important anti-infective agents like quinoline 

and aminoglycosides based antimicrobial agents are losing the their effectiveness due to 

alteration in membrane permeability, some macrolides based analogues are not active due to 

development of efflux pumps in various pathogenic microbes wherein drug is pumped out of 

microbial cell, some sulfonamide based analogues are not active due to the overproduction of 

target enzymes, some trimethoprims are not active thanks to thymidylate production through 

alternative pathways. This phenomenon may either be developed due to plasmid mediated 

resistance through conjugation or thanks to transposon-mediated resistance (Liu et al., 2016). 

Such phenomenon can cause various types of physiological changes. For instance, the former 

(plasmid mediated resistance) usually induce inactivation of drugs by secreting particular 

enzymes like beta-lactmases are secreted by bacteria to inactivate penicillin. Other resistance 

induced physiological changes include alteration of membrane permeability, development of 

efflux pumps, alteration in target sites in intracellular organelles, variability of enzymes, 

overproduction of target enzyme, development of autophs which help in using alternative 
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metabolite in response to absence of target metabolite as shown in Figure 1.1(Nathan and Cars, 

2014). 

 

Figure 1.1 General mechanisms of drug resistance among microbes  

 

In context to infection control more and more anti-infective agents are, undoubtedly, 

developed to curb the internal infections in living beings but less attention has been paid to 

control the growth of pathogenic microbes on various types of surfaces  (Gupta et al., 2017; 

Marcus et al., 2017). Like textile surface are very instrumental in harboring the growth of 

microbes in less hygienic areas especially in hospitals, public toilets and others. Because textile 

materials are often treated with various types of finishing agents which add to the susceptibilities 

of textile material to microbial attack thereby causing microbial degradation and deterioration 

(Marcus et al., 2017).  

In this way, the textile materials are believed to be the vector for many infectious 

diseases. These infectious diseases are majorly caused by pathogenic fungi and bacteria. The 

textile materials which remained in skin contact cause transmission of microbes to human and 

animals inducing various types of rashes, obnoxious smell and deterioration of epidermal tissues. 

Among fungal rashes, blastomycosis, coccidiomycosis and histoplasmosis are often reported and 

in case of bacterial rashes, Streptococcus strains are more prominent (Li et al., 2006; Bockmühl, 

2017). 

The role of textile materials as vector of many infectious diseases is a driving force to 

promote the anti-infective treatments to maintain hygiene. For this purpose, one of the most 

viable treatments is sanitization which involves the applications of antimicrobial agents. The 
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antimicrobial agents are either applied on textile material by durable or non-durable treatments 

(Sun and Sun, 2002).  

Both durable and non-durable treatments offer their special importance individually. 

Non-durable treatments are applied on dressing, surgical sutures and in other medical textile 

product wherein the treated articles are not reusable. The durable treatments are applied on 

hospital bedding, clothing of hospital workers, curtains of hospital doors and windows, surgical 

towels, hats, gloves, footwears, masks and other reusable textile accessories (Purwar and Joshi, 

2004).    

For durable antimicrobial treatments, antimicrobial agents either build chemical linkage 

with textile material or they are entrapped by a cross-linking agent. For non-durable treatments, 

antimicrobial agent is added in colloidal solution and then applied on textile materials just for 

surface applications so that they could make capable to migrate  from textile to living to improve 

the wound hygiene (Xing et al., 2007; Rajendran, 2009).  

Due to the versatile use of textile accessories, selection of antimicrobial agent for anti-

microbial treatment on textile substrates is matter of intense debate. Some antimicrobial agents 

show better activity on particular substrates as triclosan based analogue like Microban R(RM) best 

suits for various synthetic fibers, semi-synthetic fibers like cellulose acetate is usually treated 

with chlorinated phenoxyl derivatives like Microban AM(R) of Hoechst Celanese is commonly 

used in this context, for general anti-infungal use triazole derivatives are recommended like 

Ruco-Bac CID of Ruodolf Chemi and for general anti-microbial use Rupatex 20(RM) of Arch 

Chemical which contains polyhexamethylene biguanide (PHMB) as major active ingredient are 

common in textile processing sector (Simoncic and Tomsic, 2010).  

The development of safety profile before getting antimicrobial or biodcidal attributes 

among textile substrates using newer synthetic analogues in pursuit of imparting antimicrobial 

or biodcidal attributes to textile substrates using newer synthetic analogue is also essential in 

exploring their adverse affects on their exposure to living tissues. Like internal bodily infections 

are often noticed due to the least scope of drug-drug and drug-disease interactions (Kramer et 

al., 2006). Among high activity anti-infective agents, metal based anti-microbial analogues are 

most common. However, non-metallic analogues are also very important industrially as 

discussed in the beginning of this chapter. Among metal based anti-microbial agents: zinc (Zn), 

copper (Cu) and silver (Ag) are most common which are usually coordinated with the ligands 

containing nitrogen atoms (Wang et al., 2004). They may be in form of amino or amido or 

nitrogen in heterocyclic systems. Like in metal-chitosan complexes, coordinating metal usually 

reacts with amino group of glucosamine unit and in case of metal pyridine, metal-imidazole or 



 

 

4 

metal-pyrrole the same react with heterocyclic nitrogen atom. The present project was directed 

in synthesizing N-Heterocyclic carbene complexes and adducts in pursuit of exploring their 

applications in medical sector.  

Recently, N-Heterocyclic carbene compounds have gained growing importance for their 

antimicrobial and anti-cancer activities, in view of the fact both of these medical attributes will 

be explored for their bidirectional studies. The anti-microbial attributes were explored after their 

applications on medical textile accessories and their In-vitro anti-cancer studies were subjected 

against important human cancer cell lines (Iqbal et al., 2013; Iqbal et al., 2013; Syed et al., 2015).  

And they have employed in variety of research areas as shown in Figure. 1.2. 

 

Figure 1.2 Popular areas for the applications of N-Heterocyclic carbene compounds 

 

Cancer is a class of diseases which replenishes unwanted clones of cells, the clones are 

produced due to various sorts of signaling dysfunctions and these clones are rapidly reproduced 

by their continuous mitotic divisions. Their growth is often characterized by uncontrolled 

proliferation and dedifferentiation of cells, sometimes due to poor differentiation and sometimes 

by invasiveness. Dedifferentiation or poor differentiation of cells is a disease which is also 

termed as anaplasia wherein the cells retain higher potential to proliferate and divide for mitotic 

division. Several etiological factors which are common in most types of cancers include: viral 

attack by some special types of viruses like EBV or HBV virus; environmental factors, 

imbalance or toxicated diet, genetic factors or due to some immunosuppressant drugs.  

Two basic mechanisms are involved in the emergence of cancer. It may due to the 

activation of proto-oncogene in which cancer inducing genes that are present in almost all types 

of cells, are activated to emerge cancer. In second type of cancer tumor suppressor genes 

especially p53 are inactivated due to some sorts of the said reasons because tumor-suppressor-

genes are actually present in cells to overcome the effect of tumor-inducing-genes. 
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To categorize several types of cancers, there is general classification system which 

divides the many types of cancer into two basic types on the basis of their nature to affect the 

body. They may either be benigns or may be malignants. The benigns are slow growing, 

localized, not much harmful and resembles to normal cells. However, in the malignants the 

cancer cells are fast growing cells, have invasive nature too much harmful if they are left 

uncontrolled, different to normal cells and often involved with metastasis. 

 

 

Figure 1.3 Structures of most frequently used anticancer drugs 

 The growth of cancer cells is inhibited by chemotherapeutics which include anti-cancer 

drugs. As anticancer drugs induce chemical changes to demonstrate their action on account of 

their chemical nature so they are called chemotherapeutics. The anti-cancer drugs have been 

divided into two major types on the basis of their interaction. They may be direct acting drugs 

which act directly act on cancer cells and are called cytotoxic drugs. They may have an indirect 

action through interaction with hormones which are called hormonal mileu.    

Cytotoxic drugs are usually involved in limiting nucleic acid synthesis or in limiting the 

precursors of nucleic acids. They are very efficacious in this context but they are marked with a 

serious problem for their lack of target cell specificities and consequently also affect the rapidly 

dividing normal cell in various parts of body especially in hair follicles and others. Drugs relating 

to hormonal mileu usually suppress or promote the hormonal release from various hormone 

releasing glands. On the basis of their chemical nature or chemical actions cytotoxic drugs are 

further classified. For example, they may be alkylating agents which various nucleophilic 

moieties in DNA and RNA either to incorporate alkyl group or they cause cross-linking of DNA 

strands. Moreover, they may antimetabolites to either handicap the metabolites or by competing 

with important cellular metabolites like purine, pyrimidine, folates and others and their 

categories are also mainly assigned on the basis of their action as purine antagonists, pyrimidine 

antagonists, folate antagonists etc,. Another important class of cytotoxic drugs is nitogen 



 

 

6 

mustards which are very important in treating CNS tumors, islet cell tumors and sometimes in 

treating breast cancer. This category is also sub-divided into three major division which include: 

triazines, nitosoureas and ethylimine. 

It is also necessary to mention that categories of cytotoxic drugs are of multiple types. 

Other than their three aforementioned classes, there are more classes of active analogues like 

anticancer antibiotics, alkaloids, taxanes, enzymes, monoclonial antibodies and miscellaneous 

others chemotherapeutics which have not been covered under the given categories. It also shows 

that antibiotics not only capable to curb microbial infections but also effective to some type of 

cancers like testicular carcinoma and wilms tumor are more likely to be overcome by bleomycin 

and actinimycin antibiotics respectively owing to their potential to intercalate with the specific 

base pairs in DNA to infer with template functions. Furthermore, alkaloids are also very 

important, for instance, vinca alkaloids which include vincristine and vinblastine are very 

important for kaposis sarcoma, ALL and HL type cancers.  

Taxanes are also an emerging class of cytotoxic anticancer agents, a well-known 

analogue of this class paclitaxel that is widely employed to control ovarian and breast 

carcinomas. Some enzymes are also inevitable to cure cancer for example, in ALL (Acute 

lymphoblastic leukemia) which is a type of leukemia emerged in childhood characterized with 

the production of immature lymphocytes in bone-marrow is significantly curable by L-

asparaginase. Moreover, monoclonial antibodies are also an important tool to treat colorectal 

carcinoma, chronic lamphocytic leukemia (CLL) and even for breast cancer using some well-

known versions of the antibodies: rituximab, cetuximab and trastuzumab respectively. There are 

also some other miscellaneous cytotoxic drugs are hydroxyureas, cisplatin, procarbazine, 

thalidomide and angiogenesis inhibitors. 

Other than cytotoxic chemotherapeutics, drugs acting on hormonal mileu include: 

glucocorticoids, estrogens, antiandrogens, 5-alpha-reductase inhibitor, GnRH and others. 

Glucocorticoids are usually employed to suppress the release of cytokine which induces cell 

death and promote the arresting of cell cycle for this purpose prednisolone is widely known 

chemotherapeutic drug. Anti-estrogens which suppress the release of estrogen, they are divided 

in two types: selective estrogen receptor modulator and selective estrogen down regulators. 

Tamoxifene and fulvestrant are major anti-estrogens for breast and prostate cancer.    

Inspite of the above-mentioned comprehensive anti-cancer classification system, there 

are also another system of classification that is designed on the basis of their phase-specificity 

in their action during cell-cycle. They may be M-phase specific if they are capable to act during 

the mitosis phase or they may be S-phase specific if they are likely to act during in S-phase or 
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G-2 phase during interphase times of the cell cycle. In this way, vincristine, vinblastine, 

paclitaxel and likewise have been categorized in M-phase specific class and hydroxyureas, 

methotrexate, mercaptopurine, etc. are assigned with S-phase specific category. There are some 

chemotherapeutic drugs which don’t come under the cover of this classification system like 

cisplatin, dacarbazine, procarbazine, anti-tumor antibodies are have assigned with Phase Non-

specific class.   

Cancer cell lines are taken as biological model to assess the anti-cancer efficiencies of 

anti-cancer drugs. Because direct In-vivo studies are somewhat considered inappropriate in this 

context. Cell-lines are often considered representative of actual tumor environment, accessible 

and easily available set of models to regulate drug resistance for chemotherapeutics in their initial 

screening because drug resistance is most hefty obstacle in the way to chemotherapy. In some 

respect they offer unparalleled advantages for instance their higher reproducibility of results and 

more options for auto-replicative sources. To some aspects, they are disadvantageous as they 

show higher genomic instability, loss of heterogeneity and different environment of tumor (Ross 

et al., 2000; Suzen and Buyukbingol, 2000).  

Inspite of the paramount importance of these cell-lines, it is a debatable issue to many 

scientific communities whether they are representative of original tumors or not. However, some 

experts of cancer studies agree to consider the cell-lines as representative of original tumor for 

initial screening but some of the scientists reported that these cell lines retain gene expression 

but during and after their culturing they become genetically more complex as compare to their 

original tumor cells and they consolidate their justification on the basis of In-vitro Darwin 

evolution. Keeping in view their higher oncogenic mutation and chromosomal aberration, most 

of the experts agree that they don’t have perfect genomic similarity but they have higher genomic 

similarity so they are capable for a reasonable In-vitro study (Ghadimi et al., 2000; Douglas et 

al., 2004). 

For In-vitro cancer assessments, cancer cell lines of three types of morphology are 

usually studied including: epithelial, lymphoblast and fibroblast. Among cell-lines of epithelial 

morphology include: HeLa which are grown in cervix adenocarcinoma, MCF-7 which proliferate 

in breast adenocarcinoma, A375 which are present in malignant melanoma, HT-29 which grow 

in colon adenocarcinoma (Bryan et al., 1997), HEP-G2 found in hepatocellular adenocarcinoma 

and PC3 which are rapidly dividing cells in prostate adenocarcinoma (Finn et al., 2015). The 

cell-line of fibroblast morphology includes COS7 present in SV40-transformed kidney of 

monkey. And the cell-line having lymphoblast cellular morphology is K-562 which are grown 

in chronic myeloid leukemia. Almost of cell-lines are obtained from Homo sapien except a few 
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but among these exception COS7 is commonly used biological model which is taken from 

Cercopithecus aethiops having common name African monkey, grivet and savannah monkey 

(Pende et al., 2001; Sainaghi et al., 2005; Finn et al., 2015).  

Resuming the description of N-Heterocyclic Carbenes, NHCs are a class of compounds 

and are usually obtained as a deprotonation product of imidazolium or benzimidazolium salts. 

These salts are produced by N-alkylation of imidazole and benzimidazole, after alkylating both 

of nitrogen in these said compounds, they become cationic moieties having counter ion to retain 

their ionic character (Orlandi et al., 2003). As shown in Figure. 1.4 

 

Figure. 1.4 Most adopted method for the synthesis of imidazolium salts 

N-Heterocyclic carbenes are capable to react with a variety of metal atoms for consequent 

production of their corresponding complexes. As they are capable to produce a variety of 

complexes due to the versatility of N-Heterocyclic carbene (NHCs) in coordination, they have 

created their room in reaction catalysis, enzyme catalysis, pathological control, infection control 

and in various other avenues for the welfare of mankind. The versatility of NHCs is largely 

attributed to the stability of carbene due to delocalized electronic density in cyclic system which 

owe to its resonance structures (Hopkinson et al., 2014). 

 

Figure 1.5 Resonance contributing structures of N-Heterocyclic carbene 

They are so versatile in their coordinating curiosities that two NHCs also remain prone 

to dimerization (Hahn et al., 2000) thereby producing enetetramines as shown in Figure 1.6. 

 

Figure 1.6 Dimerization of N-Heterocyclic carbene 

Hence meticulous care is required to be taken in carrying out their complexation with 

metals so as to curb their dimerizaton and promoting metal complexation. For this purpose, the 

metallation is carried out using in-situ synthetic technique which implies that deprotonation of 
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the salt and complexation of resultant carbene occurs so consecutively that it is almost 

simultaneously. But various studies have revealed that production and isolation of free carbene 

and then their consequent complexation with respective metals. Another approach for 

metallation is also proposed by some studies termed as transmetallation wherein initially that 

metal is attached to ligand which produces a less stable or moderately stable complex and then 

pre-existing metal is substituted with the metal atom having potential to produce a more stable 

complex(Chianese et al., 2003).   

 

Figure 1.7 Coordination of silver through transmetallation 

In this research work, the designing of test compounds was made because the available 

literature shows that a little attention has been paid in exploring the biological activities of N-

Heterocyclic carbene compounds. However, the demand for more and more anti-infective agents 

is on rise in face growing resistance among the pathogens. Moreover, there is very low literature 

available relating to the anticancer properties of dinuclear N-Heterocyclic carbene compounds. 

So there is a call of literature to explore the anti-infective attributes of azolium salts (imidazolium, 

benzimidazolium, triazolium etc) as well as their corresponding complexes and adducts. In the 

present work, ytterbium compounds were also synthesized using their respective mercury 

analogues and their synthesis was followed by their structural elucidation using X-ray 

crystallography and NMR techniques. Ytterbium is a f-block element which is a very versatile 

in its applications as it is increasingly used in tunable lasers, catalysis of many stubborn chemical 

reactions, manufacturing high strength steel alloys, source of radiation in place of X-rays, Yb-

doped phosphorous for semiconducting applications, in ceramic capacitors and in many others.  
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Chaper 2 

REVIEW OF LITERATURE 
 

In this chapter, a brief overview of various synthetic and natural analogues which have been 

characterized either to explore their antimicrobial or anti-cancer potential or both. For this 

purpose, a special emphasis on textile applications to discuss the antimicrobial potential and on 

anticancer application to explore their potential in treating major types of cancers have been 

briefly narrated.  

2.1 Nature and major categories of antimicrobial agents 

Antimicrobial agents are the class of compounds that are capable to kill or inhibit the growth of 

microorganism (Brown, 2018). They are often divided into two major categories with respect to 

their mechanisms of action (NG and Shalaby, 2017). They may be either biocide, if they are 

capable to kill microorganisms or they may be biostat if they inhibit the growth of 

microorganism. On the basis of target pathogens, they are further sub-divided into many 

categories. For instance, they will be termed as fungicides if they directly kill the fungi or they 

may be bactericide if they function in same way for bacteria (Korogi et al., 2018). Moreover, if 

they are capable to inhibit the growth of fungi or bacteria then they will be called fungistat or 

bacteristat respectively. Furthermore, they may be viricide if they are capable to kill the viruses 

(Mir et al., 2018).  

 The biocides usually cause destruction of microbial cells usually by inducing a sort of 

punching holes in membrane or disrupting in likewise mode for the killing of microbes. But 

mechanism experienced by biostat is somewhat complex generally as they control the growth of 

microorganisms while inducing several types of dysfunctions like damaging cell wall or 

destroying the permeability of cell membrane hindering reproduction, inhibiting enzymes, 

denaturing proteins or any other dysfunction adding to impossibility in the survival of microbial 

cell. Among biostat antimicrobial, polycationic compounds are most common and their 

mechanism of action is often divided into four complementary steps: attachement on microbial 

cell surface; penetration through cell wall; adsorption of cytoplasmic membrane; dysfunction in 

cytoplasm and death of host cell (Ristić et al., 2011; NG and Shalaby, 2017; Bennet and 

Hoffmann, 2018). But comparatively biocides offer more promising efficiencies as shown in 

Figure 2.1. 
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Figure 2.1 Comparative activity of biocidal and biostatis drugs 

2.1.1 Textile Applications of Antimicrobial Agents: An Emerging Need 

One of the easiest ways to apply antimicrobial agents to make use their antimicrobial potential 

is to employ them on textile materials because textile materials harbor and transmit the microbes 

to the surrounding environment so they are often considered vector for many infectious diseases 

(Purwar and Joshi, 2004). So their use in surgical and other appendages of healthcare sectors is 

highly risk provoking practice (Sifri et al., 2016). In view of this fact, they are needed to be 

employed with antimicrobial finishes to make use textile biocide for said applications. Although 

there is an easy way to implant them for this application yet there is a demand for broad-spectrum 

anti-microbial agents which should not pose any cytotoxicity to keratinocytes or other skin 

tissues in dermal or epidermal layer. The most of biocides which can conveniently be employed 

on textile materials have been discussed in further text. The most common biocide analogues 

being used for textile applications are quaternary ammonium compounds, metal complexes of 

silver, copper & zinc, nanoparticles of silver compounds, polyhexamethyl biguanide (PHMB), 

polypeptides, natural dyes etc., (Gray et al., 2018; Pugazhendhi et al., 2018).  

Textile materials of any type i.e., woven, knitwear or nonwoven or agglomeration of 

these entities can be imparted with various types of functionalizations (Weng et al., 2018). 

Functionalization is usually carried in finishing step of textile processing, for this purpose, 

finishing recipes are designed on the basis of scientific grounds. Among various constituents of 

finishing recipes for the functionalization of textile, antimicrobial agent is the most important 

even the choice of its type, estimation of amount and its appropriateness to kind of finishing 

treatment are also very important the major antimicrobial agents for textile applications are given 

in Figure 2.2(Ibrahim et al., 2015). Because their inappropriate administration may lead to 
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inconsequential application which will restore their inherent property to harbor the growth of 

microorganisms consequently posing a probable risk in the maintenance of environmental 

hygiene particularly in health care institution, homes and in some sorts work-places. 

 

Figure 2.2 Some widely used antimicrobial agents 

Some textile materials are extremely active in promoting the growth of microorganism 

like cotton, viscose, protein and collagen fiber (McQueen and Ehnes, 2018). However, some of 

them intrinsically resist the microbial growth like polyester and others but the applications of 

different types of finishing agents like softeners, adhesives and cross linkers suppress their 

intrinsic microbial resistance and they foster microbial growth somewhat similar to growth 

harboring cotton, wool and others (Nejadnik et al., 2008; Danso et al., 2018). 

 The use of textile materials in poor hygienic environment without applications 

antimicrobial agents is highly prone to infections and cross-infections. In this context, protective 

clothings for hospital workers in surgical environment or in any other hygienically poor 

appendages workplaces are the foremost necessity in face of rapidly propagating resistant 

microbes. Furthermore, other textile materials that are used to withstand the curative 

environment in poor hygienic environments like hospital bedding, curtains and others are not 

beyond the scope of this implication (Desai, 2013; Andrews et al., 2018). Moreover, hygienic 

measures for implantable medical textiles which often have textile materials as major or minor 

complementary portions including surgical sutures, vascular grafts and extracarporeal devices 
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like hollow fiber dialyzer, catheter and others. Even the dressings to promote healings of wounds 

after surgical operations need antimicrobial treatment to maintain hygiene of nearby wound 

environs (Darouiche, 2004).  

Although a number of commonly applied antimicrobial agents are marked with 

significant drawbacks for their ineffectiveness to multi-resistant pathogens like Methicillin 

Resistant Staphylococcus aureus (MRSA) and Vancomycin Resistant Enterococcus (VER), yet 

their applications are often considered inevitable in view to control or inhibit the growth of non-

resistant pathogens (Menon et al., 2018; Perencevich et al., 2018). But it implies the increased 

developments in medical textile technologies producing newer and newer antimicrobial 

analogues so as to maintain the hygiene through hygienic textiles products. 

For antimicrobial functions, the major classes of chemical compounds include heterocyclic 

derivatives, phenolics, thiophenolics, nitro-compounds, amines, urea derivatives, iodine 

releasing compounds (iodophors), organometallics, nanoparticles and many others (Perelshtein 

et al., 2008; Zille et al., 2014; Shah and Halacheva, 2016). The ideal antimicrobial agent should 

necessarily meet some requirements before its applications to substrate textile materials which 

assure its viability to consider as an alternative to take preference against pre-existing 

antimicrobial analogues which are as: 

• The antimicrobial agent should capable to kill or inhibit the growth of multiple types of 

pathogenic microbes.  

• It should not pose any type of toxicity to environment wherein it is retained by consumer 

or manufacturer. 

• It should have durability till the life of textile product. 

• It should have compatibility to other finishing agents and resident skin microbiota. 

• It should not induce any sort of irritation and not initiate allergic reaction.  

(Ristić et al., 2011) 

Furthermore, antimicrobial agents are applied either by a durable finish or non-durable finish, 

the functions of the former and the latter have been described as below respectively (Li et al., 

2018; Zhang et al., 2018): 

• They may either kill the microbe by contact killing wherein they are retained on textile 

surface permanently through durable finishing treatments and they can inhibit the growth 

on finding opportunity and are called bound antimicrobials.  

• Or they may kill the pathogenic microbe by their slow release or control release on to the 

surface of textile material and they are called leaching antimicrobial.  
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The former class of compounds (bound antimicrobials) are actually offer a barrier against the 

microorganisms thereby preventing their growth on the fabric surface while latter (leaching 

antimicrobials) perform antimicrobial function by control release of antimicrobials onto fabric 

surface from their reservoir in fibrous skeleton (Shi et al., 2018).  

The option of bound antimicrobial is usually opted for their attributive durability and 

their lower probability of resistance acquisition by pathogenic microbe due to the use of high 

activity antimicrobial agents but they function only on textile surface (McQueen and Ehnes, 

2018). But the applications where antimicrobial activity is also required in surrounding 

environment besides the surface of treated textile material like in case wound healing by 

bandages. So in wound dressings leaching antimicrobial treatments are required wherein the 

control of microbial growth on healing site is far more important as compare to bandage surface 

(Shi et al., 2018).  

2.1.2 Method of Antimicrobial Functionalization for Textile 

Multiple types of finishing treatments for textile material have been developed. Each one offer 

its limited scope of applications that is largely linked with fiber type and nature of active 

agent(Periolatto et al., 2017). One of the most common methods implies the addition of active 

agent in finishing recipes that used for the durable and non-durable antimicrobial treatment of 

fabrics. Another implies the addition of antimicrobial agent into polymer matrix before its gel 

point before its fiber production then the yarn that is produced intrinsically retains antimicrobial 

activity (Gao et al., 2014). The latter is most suitable for synthetic fibers like polyamide, 

polyester, polylactic acid wherein embedding of active agent in polymer matrix is accomplished 

by simple mixing techniques and then polymer matrix is extruded for fiber production 

(Adomavičiūtė et al., 2018). But the former is widely used for natural fibers including wool, 

cotton, silk and others which is accomplished by various types of finishing techniques like spray 

technique, batch exhaust method, coating and foam finishing have been reported for both durable 

(bound) antimicrobial finishing and non-durable (leaching) antimicrobial finishing but point of 

difference is that durable antimicrobial function is usually achieved by cross-linking agents to 

entrap the active agent. The detail of various viable antimicrobial agents has been discussed in 

further text after a general discussion on anticancer agents because anticancer activity was also 

the part of present work. 

2.1.3 Evaluation of Antimicrobial finished Textiles 

The quality assurance after the functionalization of textile materials both qualitative and 

quantitative testing approaches for anti-bacterial and anti-fungal activity testing are available 

which are often developed by standard organizations like International Standard Organization 
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(ISO), American Society for Testing and Materials (ASTM), Swiss Norms (SN), American 

Association of Textile Chemist and Colorists (AATCC), Japanese Industrial Standards (JIS)and 

others (Dolez and Vu-Khanh, 2009).  

Qualitative methods are very simple, easy-to-use and cheaper but they often become 

ambiguous in analyzing the comparative effectiveness. The quantitative methods exhibit 

effectiveness producing the comparative ratings but they are mostly expensive and time-

consuming. Among all testing methodologies, parallel streak method is more preferably used 

that is available in various color by different standard organizations like AATCC-TM147 testing 

method of American Association of Textile Chemist and Colorists (AATCC) and ISO-20645 

design of International Standard Organization (ISO) guide the said method in same way. But 

there are some points due to which one method takes preference to another (Joiner, 2001). As 

AATCC methods often considered preferable in evaluating antibacterial activity and for this 

purpose AATCC-147 and AATCC-100 are mostly employed, the former is qualitative and the 

latter is quantitative. The former is, however, inexpensive, quick and well-defined but insensitive 

and non-reproducible so it is usually considered non-realistic approach. The latter is considered 

realistic method for its sensitive and quantitative nature wherein growth inhibition or growth 

reduction of bacteria by the test samples is estimated in comparison to that of control. But it is 

marked with a drawback as that of other antimicrobial testing methods for its time-consuming 

nature. AATCC-147 is unrealistic because it correlates the activity with zone of inhibition which 

does not invariably apparent in case of those antimicrobial testing wherein anti-microbial agent 

is covalently bonded or attached to the textile substrate by any chemical linkage because any sort 

of binding attachment prevents its release or diffusion into the agar solution (Teufel and Redl, 

2006). Moreover, zone of inhibition does not provide any indication whether the microbes have 

been killed or their growths have been retarded.   

In introducing quality assurance methods, the role of American Society for Testing and 

Material (ASTM) is also much considerable. For instance, in the testing of immobilized 

antimicrobial agents, ASTM-E2149 is most common method. Although, it is a quantitative 

method yet it is very easy and consistent approach wherein a test and control samples require 

vigorously shaking flasks separately. And after the inoculation of microbial culture in flask of 

test sample it needs only one hour for shaking and then microbial reduction in broth is estimated 

by spectrophotometry (Gray et al., 2018; Mölders et al., 2018). 

International Standard Organization (ISO) is also a one of the most active organization 

in producing standard methods. In context to evaluating textile materials treated with biocidal 

treatments, its methods are very instrumental in evaluating their anti-bacterial activity. The most 
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common for this purpose are ISO-20645 as a qualitative approach and ISO-20743 for that of 

quantitative. The former is much similar to AATCC-147 but the latter has been considered more 

efficient than AATCC-100 for its more reproducibility and sensitivity due to its methodology 

using the specified concentrations of microbial suspension to obtain log reduction in three 

replicates. But it is also marked with two drawbacks: its time-consuming and expensive nature 

(Ristić et al., 2011). 

2.2 Cancer Pathology and Option of Chemotherapeutics for its Prevention 

Cancer is a group of diseases which is emerged due to the dysfunctions in cell proliferation or 

cell signaling (Conacci-Sorrell et al., 2002). These dysfunctions may be linked with errors in the 

mitochondrial DNA depletion, genomic expression, glycolysis, alteration in respiratory chains 

(Luo et al., 2005). Since last few decades, a pronounced growth in cancer pathology has been 

reported by various studies. Meanwhile, more and more side-effects of radiotherapy are being 

explored continuously. In intervening time, multidrug resistance among cancer cells has been 

emerged as another menace to wage a constant effort in synthetic chemistry for its accretion in 

chemotherapeutics (Deeley et al., 2006; Lourda et al., 2007).  

For redressal of this pathological segment, scientific communities are engaged in 

introducing more and more new as well as novel chemotherapeutic analogues while studying 

their pharmacological aspects in multilateral and multifaceted perspectives. For this purpose, 

both natural and synthetic alternatives are being explored. In wake of multi-drug resistance 

offered by cancer cells, cancer experts have explored the role silver ions in modulating the 

resistance provoking efflux pumps especially for the xenobiotic drugs (Tan et al., 2010). But 

after a short period, genotoxicity of silver was reported on the basis of the fact that it offers a 

potential to break the double-stranded DNA. In light of these facts, silver seems inevitable in 

treating multi-drug resistant cancer cells but its genotoxicity hampers its potential application by 

all means (Suliman et al., 2015). Afterwards, its applications in form of its nanoparticles were 

recommended so as to moderate its genotoxicity. However, the said risk still stands but in lesser 

degree as compare to earlier. In this way, the recently launched sustainable development goals 

in addressing pathological issues are not likely to be overcome by contemporary developmental 

research streams because every solution is breeding new to new problems or leaving some flaws 

to be maintained by forthcoming research efforts. In light of the fact, there is a need to devise, 

design, synthesize more and more drug analogues in perspective of the contemporary challenges 

(van Wezel et al., 2018). 

Anticancer pursuits and initiatives through chemotherapy approaches can be divided into 

three major categories: chemotherapeutics targeted to stress-induced cell death (SICD), necrosis 



 

 

17 

inducing and apoptosis causing drugs (Kim et al., 2006). But the reported conclusion regarding 

the selection of a chemotherapeutic out of their three categories, portray conflicting forecasts. 

For example, many studies justify the demerits of ‘necrosis inducing chemotherapeutics’ because 

of consequent release of cellular debris in neighboring envions (Lehmann et al., 1987). It implies 

the use of ‘apoptosis inducing drug candidates’ to treat the cancer cells in more convenient way. 

But most of scholars agree that apoptosis, however, induce safer and programmed cell death but 

it is not supportive in overcoming the immune-suppression during the times of chemotherapy. 

As the immune-suppression is a graver dysfunction as compare to release of poison or hypoxia 

in body tissues. So the efforts for the development of sustainable and viable alternatives to 

address the both of said issues have been launched and more of such initiatives are needed to be 

directed to treat the cancer concerns (Figure 2.3).  

 

Figure 2.3 Sorption of anticancer drug (nanoparticles) and its interaction with DNA to proliferate cancer cells 

But a new concept of cancer treatment in light of recent breakthrough ideas to overcome 

cancer pathology has been adopted in which research efforts are harnessed to identify and 

explore the neoantigens involved in shaping anti-tumor immunity which are nurturing an 

overwhelming menace in the treatment of cancer pathology. This treatment approach has paved 

the way to genomic underpinning while utilizing various bioinformatics tools which were 

previously remained untouched for such welfare initiatives. This approach may be able to destroy 

tumor by producing patients’ own T-lamphocyte cells using personalized tumor vaccines. But 

this solution is marked with several bioinformatic complications. Because interpretation and 

assessment of huge data produced after sequencing of only 2018 patients require one quintillion 

bytes. However, genomic data of more than 10000 patients is already under The Cancer Genome 

Atlas (TCGA) which is stored for further comprehension(Weinstein et al., 2013). Anticancer 

and antimicrobial activities of major synthetic as well as some natural analogues being used in 

contemporary age which have been discussed briefly in this section as:  
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2.3.1 Triclosan 

Triclosan is most widely used antimicrobial agent that is used for its excellence in controlling 

the growth of microorganisms. It actually crosses the membrane barriers and inhibits the activity 

of enzymes involved in lipid biosynthesis and poses some other dysfunctions interacting with 

amino acid residues within membrane proteins (Richie et al, 2018). 

 Their commercial applications on almost all types of textile products including towel, 

industrial and automobile filters, socks, house hold textile have been reported. For cotton 

applications 4-6 % owf (percent of the weight of the fabric) exhibit excellent antimicrobial 

functions against both gram-positive and gram-negative bacteria as well as against yeast and 

mold fungi. But their durability to retain in fabric at-least 70 percent till or after the 50 laundering 

cycles is a requisite. For this purpose, treatment of minor chemical auxiliaries has been reported 

for example treatment of triclosan on fabric has been carried with beta-cylodextrins wherein 

betadextrin provide a hydrophobic cavity to form an occlusion complex to inhibit its release 

during washing operations (Bhaskara-Amrit et al., 2011).  

Moreover, triclosan loading in microsphere of poly (L, L- Lactide) is also common to 

impart the same for non-woven and viscose textile. But the overwhelming problem of microbial 

resistance against triclosan and its poor light fastness go against its merit for its increased 

applications. Another grave demerit to mention is that, it forms of toxic polychlorinated dioxin 

as result of its degradation in presence of sunlight (Kalwar et al., 2018). 

Along with the promising antimicrobial activities of triclosans, they also have showed 

fascinating cytotoxicity to human prostate cancer cell lines (against both malignant and 

nonmalignant cancer cells). In view of this study, it has been found a promising drug candidate 

for the treatment of this cancer ailment but its permitted use needs clinical trials.   And it has 

been found by structure activity relationship that phenolic moieties in triclosan is responsible for 

its cytotoxicity functions and it has also been known that triclosan usually interact with fatty acid 

synthases gene (FASB). And it has been reported that triclosan interact with fatty acid synthases 

gene using MCF-7 and SRBR-3 cancer cell lines of both goose and human to show its cytotoxic 

effects but slow binding inhibitory tendencies were explored. Although the outcome was not so 

much promising as the inhibitory concentration values (IC-50) were in range of 10-50 mmol yet 

it provokes to extend such studies for improvement(Lee et al., 2018).  

2.3.2 Quaternary Ammonium Compounds (QACs)  

This class of compounds has been employed for the antimicrobial functions in textile because 

QACs have long been tested and utilized as antiseptics for various areas of applications. In 

antiseptic properties, those QACs have been reported which contain alkyl chains between 1 to 
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14 carbons and also have more than one quaternary ammonium groups. It has also been inferred 

that microbial cell membrane contains negative charge and antimicrobial effect is demonstrated 

as result of attractive interaction between quaternary ammonium group and the negatively 

charged membrane that result interruption in cell membrane functions (Zhang et al., 2018). 

However, their interruption in DNA multiplication has also been reported.  

 

Figure 2.4 Chemical Structure of Quaternary Ammonium Derivatives 

For cotton fabric treatments, the applications of QACs are more appropriate in view of 

their affinity to negatively charged membrane surface. The negative charge is usually retained 

by surface hydroxyl groups but if it is dyed with anionic dyes like reactive or direct dyes then 

the fabric surface will also contain negatively charged sulphonic groups. However, their 

applications even using cross-linker are usually reported with low durability inspite of their own 

electrostatic interactions. But a few developments have been made commercially by some 

reputed firms producing some analogues of this class which are capable to form covalent bond 

with the textile substrates thereby demonstrating high durability. For instance, 3-trihydroxy silyl 

propyl dimehtyl actadecyl ammonium chloride marketed under the trade name AEG-5700 by 

AEGIS Environment Company (Mason and Neigel, 2018). Anyhow, various pathogenic 

microbes have offered resistance to QACs. 

In context to anticancer study of quaternary ammonium compounds (QACs), nitrogen 

mustard of malphalan and chlorambucil conjugates as QAC analogues have been tested in 

treating cartilaginous tumors. Promising cytotoxicities to the target cells have been found. 

Furthermore, a series of amido-quaternary ammonium salts which were produced by aliphatic 

N-alkylation have also been evaluated against six cancer cell lines including HCT-15, PC-3, 

NUGC-3, NCI-H23, ACHN and MDA-MB-231 wherein ‘Ras homolog gene family member B’ 

(RHOB) was targeted to study drug DNA interaction. The significant interaction was explored 

as result of consequent antiproliferative acitivity. In the said study, one of the active analogue-- 

N,N-dimethyl-N-(2-(N-methyltetradecanemide) prop-2-en-1-aminium bromide was also tested 

against HeLa cancer cell line which showed promising apoptotic potential. The potent nature of 

the test compound was explained in Rhob mediated pathway(Bachowska et al., 2012).  
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In context to anti-cancer studies of QACs, effect of diamine group on their cytotoxicity 

to cancer cell was directed while synthesizing 25 newer quaternary ammonium compounds 

which showed that diamine group adds to cytotoxicity of most QACs also by Rhob mediated 

pathway.        

2.3.3 Ployhexamethyl biguanide (PHMB) 

In the area of antimicrobial treatment, PHMB is widely used as disinfectant for hospital floors, 

swimming pools and even in food sector. Its antimicrobial applications in cotton textiles have 

been widely reported wherein its durability is largely attributed to hydrogen bonding between 

polar groups on cellulosic cotton surface and its biguanide moieties. Biguanide contained wound 

dressing are available in the markets (Li et al., 2018). 

 

Figure 2.5 General formula for hexamethyl biguanide 

 

2.3.4 N-Halamine derivatives 

Chemically N-halamines are thoseN-heterocyclic derivatives containing nitrogen halogen 

covalent bond. It actually releases chlorine cations (Cl+) which undergo microbial bonding 

thereby inducing enzymatic inhibition and consequently causing their destruction so their 

electrophilic substitution reaction is responsible for their functional role. The use of N-halamines 

offer an attributive advantage for having their regeneration trait after their deactivation in 

laundering or bleaching treatments(Zhang et al., 2018).  

 

Figure 2.6 Examples of N-Halamine analogues 

Promising anti-cancer activities of N-halamines against their respective amines and also 

against cyanuric acid, urea-epichlorohydrin copolymers and other analogues have been reported. 

Various other studies in pursuit to investigate the both anti-cancer and antioxidant potential of 

N-halamines have been directed. For anti-cancer study, Ehrlich Ascites Carcinoma (EAC) cells 

were studied and it has been found that N-halamine compounds show excellent potential for their 

cytotoxicity to the tested cancer cell-line(Khoshnevisan et al., 2018).      
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2.3.5 Silver Derivatives 

Of all the metal based antimicrobial agents including copper, zinc silver and others, the silver 

usually offer unparalleled activity. Although other metal complexes of copper or zinc have also 

shown promising antimicrobial potential which are preferably employed because of their more 

biocompatibility as the release of silver has geared some health safety issues, yet the applications 

of silver analogues to cure the burns, abrasions and sterilize the surgical tools is still on rise. In 

view of their high activity, they got their room for biocidal application in various textile products 

(Zhang et al., 2018).  

For the mechanism of their action it has been reported that they interact with thiol 

residues to ultimately inactivating enzymes. And it has also been reported that metallic silver 

(Ago)  has no activity but in presence of moist environment it is converted into silver ions (Ag+) 

that is capable to cross membrane barriers thereby interacting with thiol residues of enzymes 

consequently interrupting cellular metabolism. 

For antimicrobial finishing of fabrics, various finishing methods have been developed. If 

fabric has to be treated with silver nanoparticles then nanoparticles are either produced before 

the treatment or even they can be produced during the finishing process.  Among most common 

method of their production, treatment of silver nitrate with hydrochloric acid or with L-ascorbic 

acid or by using many available green approaches are common methods of their production. 

According to recent development very low particle size approximately 3-8nm can be achieved 

using green approaches especially by fungi-based methods. But they often need a cross-linking 

agent for their durable treatments.  

In face of growing resistance among infectious microbes, various pathogens have become 

resistant to silver compounds and this problem has been addressed by mixing another metallic 

analogue, this approach is based on mixed ion concept. For instance, surgical applications of 

silver are made by mixing with titanium dioxide. Despite the outstanding effectiveness of silver, 

several studies have reported the toxicity of silver to animal cells which can be assessed by In-

vitro model using spermatogeminal cells of mouse (Awazu et al., 2008).  

As the anticancer potential of silver derivatives to multi-drug resistant cancer cells have 

been explained in the general introduction of cancer in this chapter. So it is also necessary to 

mention some effective anticancer drug candidates reported in the literature. It is evident in a 

study wherein N-substituted bezimidazolium salt and their respective complexes were 

synthesized and their both anti-cancer and antimicrobial potential were explored. It was found 

that complex-4 among studied analogues showed excellent anti-cancer activity against two lung 

cancer cell lines (H1975 and A549) showing inhibitory concentration (IC50) values below 10µM 
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but they did not show any fascinating activity against skin fibroblast cell line (Hs68). However, 

they also showed excellent anti-bacterial activities against Escherichia coli, Staphylococcus 

aureus and Pseudomonas aeruginosa were found in range 2-4µg/mL. And it was concluded that 

N-susbtituted benzimidazolium salt were not proved effective in context to the said bioactivities 

as compare to their corresponding complexes. This phenomenon can be correlated to the utility 

of silver ions in case of complexes. In view of genotoxicity of silver compounds, their derivatives 

for antimicrobial or anticancer activity are designed in such way that they should be utilized for 

said pharmodynamic response in as low quantity as possible. To get this pursuit, silver 

nanoparticles are employed because they can meet this aim rather viably for their larger surface 

area, ultra-small particle-size and high surface energy.  

These attributes make the silver nanoparticle somewhat reactive and abrupt in their 

interactive actions. But this solution is also marked with a drawback because of non-specific 

interactions of silver with various biological sites which are likely to pose some sorts of 

dysfunctions. To address this problem, microencapsulation technique is often provided a remedy 

to assure the control release of nanoparticles at the target sites. Microencapsulation of silver 

nanoparticles in curcumin has been reported. Curcumin offers successful release of the said 

particles for its poor solubility in water which modulate the high solubility silver ions after 

encapsulation. In this way hemolytic toxicity of encapsulated silver is suppressed. Moreover, 

encapsulation also improves the cytotoxicity of nanoparticle to target cancer cells(Song et al., 

2019).  

Silver nanoparticles can also be encapsulated in biodegradable polymers. In a study, the 

said nanoparticles in form of N-Heterocyclic carbene complexes were encapsulated in 

biodegradable polymer to study their anti-cancer activity against panc cancer cells. And it was 

found that polymeric encapsulation is much viable with respect to drug efficiency on the basis 

of drug loading and its control release action (Zhang et al., 2018).  

Now-a-days various research groups are harnessed to synthesize silver nanoparticles using 

various types of plant extracts, extracting the phytochemicals by multiple types of techniques. 

Like Rose indica extract from rose petal has been used to synthesize silver nanoparticles which 

have been successfully employed in treating human colon adenocarcinoma cancer cell line 

(HCT15) for In-vitro study. In same way silver nanoparticles synthesized (AgNPs) using Nostoc 

linckia extract has created fascinating activity in terms of cytotoxicity against human breast 

cancer carcinoma cell line (MCF-7). Moreover, AgNPs synthesized using guava and clove 

extracts have been treated against so many cancer cell lines among those cell-lines against which 

AgNPs showed cytotoxicity include: human cervix, kidney, bone-marrow, chronic melogenous, 
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colorectal adenocarcinoma and some other types of cancers. Furthermore, AgNPs synthesized 

using Taraxacum officinale and Commeline nudiflora have showed promising cytotoxicities 

against human liver cells (HEPG2) and colon cancer cell line (HCT-116) respectively(Abdel-

Fattah and Ali, 2018).  

2.4. Option of Biochemicals as an Answer to Cancer and Microbial Infection 

In wake of eco-friendly approach, various natural bioactives having antimicrobial potential are 

increasingly being explored. In this context, promising activity of polysaccharide derivatives 

have been reported wherein alginates, carboxymethyl cellulose, dextran, heparina, hyaluronic 

acid and chitsan are major active agents. Each one offers its distinct role in controlling specific 

set of infections. For example, healing in wet conditions is reinforced by hyaloronic acid, 

aliginates are employed in wound dressing in view of their high-water absorption capacity; 

heparin coats on artificial veins are common for their exceptionally high antithrombic and 

biocompatible nature. Here is the significance of biochemical analogues offering anti-microbial 

and anti-cancer is discussed briefly (Mir et al., 2018).  

2.4.1 Amino-Polysacchrides         

Moreover, amino-polysacchrides which are derived from chitin have gained much attention in 

this context. They are mostly present as exoskeleton of various insects, algae, fungi and in many 

others in form chitin which is then converted into chitosan. As chitosan more effective in 

controlling the growth of various microbial species even it is active against many viruses. Its 

antimicrobial potential is attributed to its polycationic nature offered by its amino groups which 

are protonated in acidic environment as the acidic medium is often induced by microbial 

degradation. It inhibits microbial growth by dismantling microbial metabolism or through 

binding to microbial DNA. The ratio between protonated and unprotonated amino acids is an 

important parameter in influencing antimicrobial activity. Moreover, its molecular weight and 

degree of deacetylation also offer pronounced influence in this context. 

 

Figure 2.7 Structural unit Chitin 

The applications of chitosan for textile finishing have been divided into two broad 

categories. Either chitosan mixed chitin is used or chitosan alone is employed in substrate fiber. 

It can either be used in finishing of textile materials and it is also can be blended with feedstock 

for fiber production as it is mixed with collagen for the production of collagen fiber. Chitosan 
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mixed collagen fiber is used to make surgical sutures which offer high blood compatibility. On 

the other hand, it is coated on polypropylene based non-woven surgical covers which show no 

or very low cytotoxicity.  

Besides the antimicrobial potential of chitosan,it is also an important agent for a good 

wound care management as it reinforces the tissue repair and endows quick and adequate fitting 

tissues thereby creating less densser scars and rapid healing of wounds. Furthermore, 

applications of water soluble chitosan which is usually used in form of carboxy methyl chitosan 

on textile materials has also recommended by many studies(Zhou et al., 2019). 

2.4.2 Honey 

Honey is an excellent antimicrobial agent for its broad-spectrum activity against most of 

pathogenic microbes that is attributed to its peroxide forming actions. Moreover, origin and type 

of honey also influence the activity like manuka honey offers highest activity in its general 

antimicrobial use. But chestnut honey is best option especially for healing of wounds. In this 

context, alginates with premixed chestnut honey coats on wound dressings have widely been 

commercialized to inhibit probable infections during healing periods even methicillin resistant 

Staphylococcus areaus (MRSA) and vancomycin resistant Escherichia coli (VRE) have been 

reported to be overcome (Simões et al., 2018). 

Inspite of its antimicrobial attributes, it also offers significant effectiveness in treating various 

types of cancer. According to a study, it offers promising cytotoxicity to human colon 

adenocarcinoma cells for its caspases and ‘poly (ADP-ribose) polymerase’ (PARP)cleavage 

induction properties. Caspases are actually protein digesting enzymes which target cysteine 

residues converting them to their respective aspartates. And PARP is type of protein that is 

involved in the signaling of enzymatic machinery in various types of cellular processes. Both 

caspases and PARP at permissible levels cause programmed cell death.  

Anti-cancer attributes of honey are often linked to its phenolic contents and its high 

tryptophan levels. It causes apoptosis which is often induced through the expression of 

proapoptotic and antiapoptotic proteins producing reactive oxygen species (ROS). ROS are 

produced as result of p53 activation. P53 is actually cellular tumor antigen which modulates the 

expression of apoptosis regulators mainly to Bax and Bcl-2. Actually, Bax and Bcl-2 indirectly 

induce caspase-9 production to boost apoptosis. Moreover, honey has also been reported as a 

potent antiproliferating agent for tumor cells. As nuclear protein Ki-67 act as marker to maintain 

cell proliferation.  
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Figure 2.8 Mechanistic representation to show anticancer activity of honey 

Honey has also been reported as an effective remedy decreasing the expression of Ki-67-

LI in tumor cell which hampers many metabolic pathways while lowering of tyrosine 

cyclooxygenase, kinase and ornithine decarboxylase levels. Regarding to its suppression of 

cyclooxygenase-2 (COX-2)it has shown pronounced activity. COX-2 is an inflammation 

promoting enzyme that converts arachidonic acid to various carcinogenic products. Moreover, 

honey offer immunomodulatory potential due to its nigeooligoscchrides (NOS) because 

fermentable sugars produce short chain fatty acids (SCFA) which actually offer 

immunomodulatory potential (Neamatallaha et al., 2018). 

 

 Figure 2.9 Intrinsic and extrinsic enzyme inhibition in anticancer potential of honey 
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2.4.3 Bioactive Peptides 

Peptides are oligoproteins having more than five and less than 100 amino acids in their structural 

skeleton. Many bioactive peptides are capable to act as antimicrobial peptides (AMPs) on the 

basis of their categorical functions as antibacterial, antiviral and antifungal peptides. Owing to 

their structural multiplicity, they offer multifarious applications for the welfare of mankind. They 

mostly exist in four structural forms: α-helix extended peptides, β-sheet and loop peptides. But 

α-helix and β-sheet often and majorily found in most of bioactive peptides as most of 

antimicrobial peptides retain α-helix shape(Yuan et al., 2018). In this form of peptides, two 

bonded amino acids usually retain an angle of 100 degree from top. And distance between two 

bonded amino acids is 0.15nm. 

Common antimicrobial peptides (AMPs) of α-helix class include: indolicin, protegrin 

and magainin. β-sheets are second most important class of the AMPs contain two disulfide 

bonds. Generally, antimicrobial peptides exist in one of the commonly found structural forms 

but there are also many exceptions inwhich one antimicrobial peptide (AMP) may exist in more 

than one form peptide form. For instance, indolicin retain wedged-shape in hydrophobic 

condition due to lipid bilayer environment in cells but it undergoes an amphiphilic conformation 

and globular shape in aqueous environments. Moreover, conformational changes of AMPs 

during their DNA interactions have also been reported which have justified on the basis of 

fluorescence spectroscopic analysis(Jiang et al., 2018). 

Most of AMPs show their antimicrobial action while targeting cell membrane due to their 

interaction with lipopolysaccharide layers of plasma membranes. Lipopolysacchride is a 

constituent part of plasma membrane in prokaryotic cells and not in that of eukaryotic cells. In 

view of the fact, AMPs cannot target the plasma membranes of eukaryotic cells so they are safe 

to use for human and other animal beings. 

The synergistic effect of AMPs employing them with traditional antibiotics has been 

reported. For instance, nisin with amplicillin showed 155 times more efficiency as compare to 

the efficiency of ampicillin alone. Moreover, penicillin along with pedocin showed synergism, 

demonstrating the value of minimum inhibitory concentration (MIC) value 13 times lower than 

penicillin alone. In contemporary age the production of antimicrobial peptides has gained an 

emerging trend. They are being synthesized either by various recombinant expression systems 

(RERs) or by synthetic means.  

According to recent studies, the major challenge in the development of AMPs is to impart 

stability against the proteases. Many effective AMPs are susceptible to cellular proteases which 

are readily hydrolyzed by consequent degradation before the commencement of their 
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antimicrobial action. Other demerits of AMPs include: reduced activity in durable surface 

coating like durable antimicrobial finishing of textiles, their cost intensive nature, lack of 

selectivity in their antimicrobial actions and others(Ikonomova et al., 2018; Liu et al., 2018). 

In context to anti-fungal pursuits, AMPs also show promising activity. Because some 

AMPs are capable for chitin binding thereby disrupting the integrity of fungal membrane either 

by creating pores on membrane or by increasing membrane permeability. Most anti-fungal 

peptides have neutral or polar amino acids in their peptide skeleton. But this factor cannot be 

assumed as touchstone in correlating the structure activity relationship between polarity of AMP 

and that of its target cells(Yeaman et al., 2018).  

2.4.4 Essential oils 

Essential oils are aroma bearing complex aggregates of chemical constituents containing 20-60 

bioactive components and many of these offer culinary properties. But most of essential oils 

contain terpenes or terpenoids as common compounds. Terpenes are synthesized in plants 

through mevalonic acid pathway. The composition of terpenes is considered in terms of isoprene 

units. On the basis of isoprene, they are categorized as monoterpenes, diterpenes, triterpenes and 

so on. On type of essential oil (EO) may contain more than one type of terpenes(Prakash et al., 

2018). But in most of EOs, 90 percent of constituents are monoterpenes. Examples of 

monterpenes include: α-terpenene, p-cymene, α-pynene, thymol, camphor, cembrene, nerol, 

cuminal, geronic acid, euginol, bornyl acetate, formarin etc.  

Antimicrobial studies of EOs have widely been accomplished to explore their potential 

activities against different pathogenic microbes especially against Escherichia coli, Bacillus 

cereus, Salmonella typhimurium and also against many others. In most of studies, it has 

concluded that essential oils containing cinnamaldehyde, cinnamic acid, carvacrol, 

perillaldehyde, eugenol, thymol and a few other constituents show MIC value in range 0.05-

5µL/mL. In context to mechanism of their action, they change the permeability of cellular 

membranes due to the hydrophobicity of essential oils which ulyimately induce lipid partitioning 

to disrupt the structure of plasma membrane. In this way, they cause leakage of cellular mass to 

offer their antimicrobial effect(Khalil et al., 2018).  
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Figure 2.10 Common bioactives phytochemicals in major essential oils 

As EOs have been widely studied in treating various inflammatory and oxidative diseases 

so their anticancer potential is also needed to be explored because inflammation and cancer are 

inter-related to some extent. As prolonged inflammation caused by oxygen reactive species often 

lead to cancer. And it has found that essential oils extracted from Pituranthos tortuosus is so 

cytotoxic against breast cancer cell line (MCF-7) that it show inhibitory concentration (IC) value 

3.38µg/ mL. Moreover, extracted carbazole showed 2.12µg/ mL against the same cancer cell 

line. In the study of brain cancer using SF-295 cancer cell line extracting ascaridol compounds 

from the members of Euphorbiaceae family show IC-value from 8-4µg/ mL. There are series of 

plants which offer cytotoxicity against more than one type of cancer cell lines.  

2.4.5 Natural Dyes as antimicrobial agents 

In wake of eco-friendly approach, an emerging trend to impart multipurpose functionalization 

using single or lesser no applications on various types of surfaces like textile, paper, leather and 

others using ‘pigment containing plant extracts’ which are called natural dyes if they offer 

affinities to the substrates. For this purpose, pigmented plant extracts from single plant and also 

the binary mixture of various extracts are being studied to impart for their multipurpose 

functionalization to various substrate surfaces. For example, extract of Curcuma longa rhizome, 

Acacia nilotica&Eucalyptus globules bark, Punica granatum &Allium cepa peels, Lawsonia 

inermis leaves and Tagetes erecta flowers offer anti-microbial activity, UV-protection, mosquito 

repellency and many other attributes along with their good dyeability attributes on their 

applications on cotton fabric(Sarwar et al., 2018). In context to antimicrobial activity 

evaluations, their potentials against both gram negative and positive bacteria as well as against 

major pathogenic fungi have been reported and the functional activities in such studies are 

correlated with their constituents. For instance, antimicrobial potential of turmeric (Curcuma 

longa) is attributed to its curcumin contents; of myrobalan (Terminalia arjuna) to its arjunic 

acid; of pomegranate (Punica granatum) to its flavogallol; of henna (Lawsonia inermis) to its 
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lawsone; kikar (Acacia catechu) for its catechins; and of Aleppo oak (Quercus infectoria), 

Himalayan rhubarb (Rheum emodi) &Rubia tinctorum to their anthraquinones. Moreover, in 

recent studies for the deodorizing natural fibers like cotton, wool and silk using natural dyes, 

pomegranate rind, gallnut and coffee extracts have been found excellent for deodorization 

finishing of the said fibers (Shahid et al., 2018).  

2.5 Need and the Significance of Computational Analysis of Chemical Compounds 

With the dawn of digital breakthroughs in most of scientific and technological avenues, the 

computational chemistry has been emerged as one of the digital technology products. The 

progress in this area was actually pioneered with the outbreak of computational methods of 

quantum chemistry and density functional theory in 1998 by two noble prize winners, W. Kohn 

and J. Pople who might got help in their working by fusing on the innovative work of Arieh 

Warshel wherein the principles of classical Newtonian Physics and that of quantum physics were 

combined. And they might also have extended the working of another group of noble winners 

Paul Crutzen and his colleagues who explained the thermodynamics and chemical aspects of 

various decomposition reactions. But computational chemistry now-a-days has become a 

blessing for chemists in designing the manufacturing routes for chemical reactions in more 

rational, productive and efficient way and it is also a boon for extracting the knowledge relating 

to characterization of a new compound (Haldar et al., 2018).For this purpose, a large database 

of theoretical knowledge can be utilized more easily with help of statistics and mathematical 

aglorithms in view of experimental observations.  

Using comprehensive computer simulation patterns, a chemist has become able to study 

thermodynamics and kinetics of different kinds of reactions on the variable amounts of reactants; 

it has also make him able to find most probable estimations relating to phase changes, energy 

storage, even to estimate the superconductivity and likewise complex material characters. It is 

even helpful to explore the target-sites on target proteins on the basis of drug binding assessments 

of a new drug analogue(Luque, 2018).  

The progress in the computational chemistry is reinforced by a scientific collaboration 

empowered by three tier contributions of theoretical scientist (chemist or physicist), computer 

scientist and experimental chemist. In their sequential working, firstly theoretical scientists 

provide the algorithmic design and routes to study the compounds; secondly computer scientist 

validate software and hardware functions; and thirdly chemist accomplish laboratory work and 

also make use computer simulations to reach justifiable assessments. In this way, the role that is 

described at third step is increasingly being offered by many scientists to better understand and 

report the structure activity relationships of their synthesized compounds(Jensen, 2017).  
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Chapter 3 

MATERIALS AND METHODS 

The research work for this study was mainly performed in Organometallic and Coordination 

Chemistry laboratory in PARS Campus, University of Agriculture, Faisalabad-Pakistan. The 

characterization of synthesized compounds in terms of their structural elucidation was performed 

in Hi-Tech Laboratories, Universiti Sains Malaysia, Penang-Malaysia. Anti-cancer studies of 

synthesized compounds were also performed in School of Pharmaceutical Sciences, EMAN 

Testing and Research Laboratories, Penang-Malaysia. Some other instrumental facilities were 

also availed from Department of Pharmacy, Government College University, Faisalabad and 

Industrial Biotechnology laboratory in the department of Biochemistry, University of 

Agriculture, Faisalabad-Pakistan. For medical textile applications of test compounds, bleaching, 

dyeing, antimicrobial finishing of cotton fabric were performed in Noor Fatima Textile Mills 

Ltd, Jarranwala Road, Khurrianwala, Faisalabad-Pakistan.  

 3.1 Materials 

3.1.1 Materials for Synthesis 

Some of key material entities include: selenium powder (Sigma-Aldrich, 99.95%), α,αʹ-dibromo-

o-xylene (Sigma-Aldrich, 97.0%), Potassium hexfluorophosphate (Across Organics,99.0%), 

Potassium hydroxide pallets (R & Mchemicals,85%), Benzimidazole (Merck, 99.0%), imidazole 

(Merck, 99.0%), 1-Bromooctane (Sigma-Aldrich, 98.0%), 1-Bromopropane (Sigma-Aldrich, 

99.0%), 1-Bromobutane (Sigma-Aldrich, 99.0%), 1-Bromopentane (Sigma-Aldrich, 99.0%), 1-

Bromohexane (Sigma-Aldrich, 99.5%), 1-Bromoheptane (Sigma-Aldrich, 98.0%), 2,2-diphenyl 

methyl-Bromide (Sigma-Aldrich, 99.0%), 2-ethyl phenyl bromide (Sigma-Aldrich,98.0%), 1-

Bromodecane (Sigma-Aldrich, 98.0%), Celite
®

545 (Merck, Size 0.02-0.1mm), Acetonitrile 

(Sigma-Aldrich,98.0%), Dimethylsulfoxide (Sigma-Aldrich, 98.0%), Methanol (Sigma-Aldrich, 

99%), acetone (commercial grade for washing of glassware) for washing were obtained from 

commercial sources and were used as received without further purification. 

3.1.2 Materials for Characterization and Applications 

Some of major chemical materials for synthesis include: acetonitrile-d3 (Sigma-Aldrich, 99.8 

atom %D), Dimethylsulfoxide-d6 (Sigma-Aldrich, 99.9atom% D), Methanol-d4 (Sigma-Aldrich, 

99.8 atom %D) were procured by University of Sains Malaysian authorities from their 

indigenous sources which were used as received with out further purification. 
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3.2Methods 

N-Heterocyclic Carbene compounds were synthesized by N-alkylation of either imidazole or 

benzimidazole then consequently converting to imidazolium and benzimidazolium salts either 

by alkyl bromides or aryl bromides. After that some amount of salt was isolated and the 

remaining amount was subjected to In-situ reaction for the chemical attachments of ligand with 

metal (silver or mercury) or with metalloid (selenium). If the isolated salt had a problem of 

stability then was reacted with potassium hexafluorophosphate prior to its storage for further 

analysis.A brief view is given in the reaction scheme as further: 
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Figure-3.1 (Scheme-I) Complete Overview of Synthesized N-Heterocyclic Analogues 
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3.2.1 Synthesis of N-alkylbenzimidazoles (1-11) 

Although numerous methods for N-alkylation of benzimidazole have been reported but in order 

to get high yields for the designed analogues, method developed by Starikova and co-workers 

(Starikova et al., 2003) was selected and was applied with minor modifications wherein a base 

catalysis was made by adding 1.5 equivalent potassium hydroxide in the presence of (20mL) 

aprotic solvent, dimethyl sulfoxide (DMSO) for three hours at room temperature. In all of (1-

11) compounds, benzimidazole (1g, 8.46 mmol) and KOH (0.71g, 12.40 mmol) were employed 

in each of their reaction mixtures but nature and amount of alkyl halide was changed in every 

time which were as: n-ethyl bromide (0.65 mL, 8.46 mmol) for compound 1; n-propyl bromide 

(0.78 mL, 8.46 mmol) for compound 2; n-hexyl bromide (1.19 mL, 8.46 mmol) for compound 

3; 2-ethyl hexyl bromide (1.5 mL, 8.46 mmol) for compound 4; (2-bromoethyl)benzene (1.16 

mL, 8.46 mmol) for compound 5; n-octyl bromide (1.5 mL, 8.46 mmol) for compound 6; 

(bromomethylene)dibenzene (2.0g, 8.46 mmol) for compound 7; 1-(bromomethyl)-4-

methylbenzene (1.7g, 8.46 mmol) for compound 8; 1-bromo-4-(trifluoromethyl)benzene (1.9g, 

8.46 mmol) for compound 9; (4-bromophenyl)methanol (1.57g, 8.46 mmol) for compound 10; 

and n-decyl bromide (1.85 mL, 8.46 mmol) for compound 11. The reactions were monitored 

using Thin Layer Chromatography (TLC) for maximum 3 hours because after that time amounts 

of reactants seemed to be almost negligible. Then reaction product was subjected to solvent 

extraction using water-chloroform system. For this purpose, a general method for the extraction 

of all products was followed wherein firstly reaction mixture was poured in 200-300mL of 

water then it was added in flask containing 25mL of chloroform in which both immiscible 

solvents were combined and shaken. After a definite-time water layer in bottom was drained 

and chloroform layer was taken in beaker. Each chloroform layer contained minor amount 

of water contents which were removed through five plies of Whatman filter papers in order 

to dry the product. The process of filtration was repeated several times until the turbidity was 

removed and crystal-clear solution was obtained. Finally, solvents from obtained solution were 

evaporated by rotary evaporator that outcomed a thick solution. 

After the evaporation of solvent, the compounds which were appeared as thick oily and 

transparent fluids which were subjected to confirmation by their structural elucidation using 

either by FT-IR or 1H-NMR and 13C-NMR technique. The compounds whose crystals were 

successfully grown, were subjected to X-ray diffraction analysis. 

 Compound 1 (1-ethyl-1H-benzo[d]imidazole) showed yield 91%, boiling point in 1mm 
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tube: 190–195oC. FT-IR (liquid, ѵmax, cm-1): 3409 (Caliph-Nbenzimi); 3084 (C-Harom); 2981, 2929 

(C-Haliph); 1037 (Carom-Nbenzimi). 1H NMR (300 MHz, Acetonitrile-d3) δ ppm: 1.34 (t, J = 7.2 Hz, 

3H, CH3), 4.19 (q, 2H, CH2), 7.18 (qnt, 2H, Ar-H), 7.47 (d, J = 9.9 Hz, 1H, Ar-H), 7.65 (d, J = 

9.9 Hz, 1H, Ar-H), 8.24 (s, 1H, NCHN); 13C {1H}NMR (75.5 MHz, DMSO-d6): δ ppm: 14.5 

(CH3), 38.7 (NCH2-R), 109.5, 119.1, 120.9, 121.8, 134.5, 142.7 (Ar-C), 143.6 (NCHN). Anal. 

Calcd: C, 73.94; H, 6.89; N, 19.16%. Found: C, 72.3; H, 7.8; N, 7.4%. 

Compound 2 (1-propyl-1H-benzo[d]imidazole) was appeared in form of colorless liquid 

offering 87% yield with boiling point 240 – 242oC. It was confirmed as: FT-IR (liquid, ѵmax, 

cm-1): 3402 (Caliph-Nbenzimi); 3084, 3055 (C-Harom); 2966, 2929, 2878 (C-Haliph); 1030, 1211 

(Carom-Nbenzimi). 
1H NMR (400 MHz, Acetonitrile-d3) δ ppm: 0.85 (t, J = 7.3 Hz, 3H, CH3), 1.82 

(sext, 2H, alkyl chain-CH2), 4.10 (t, 2H, J = 7.0 Hz, N-CH2-R), 7.25 (m, 2H, Ar-H), 7.43 (d, J 

= 7.2 Hz, 1H, Ar-H), 7.68 (d, J = 7.2 Hz, 1H, Ar-H), 7.94 (s, 1H, NCHN); 13C{1H} NMR 

(100.10 MHz, Acetonitrile-d3) δ ppm: 11.0 (CH3), 23.3 (CH2), 46.7 (N-CH2-R), 110.4, 120.2, 

122.0, 122.9 and 134.5 (Ar-C), 143.8 (NCHN), 144.2 (Ar-C). Anal. Calcd: C,  74.97; H, 7.55; 

N, 17.48%. Found: C, 73.43; H, 7.1; N, 16.9%. 

In same way, thick yellowish fluid of compound 3 (1-hexyl-1H-benzo[d]imidazole) was 

appeared after the evaporation of its excess solvent, yield was 94.4%. Its FT-IR data (liquid, 

ѵmax, cm-1): 3397 (Caliph-Nbenzimi); 3105, 3095 (C-Harom); 2898, 2987, 2877 (C-Haliph); 1630 

(Carom-Carom); 1505, 1488, 1310, 1350 (Carom-Nbenzimi). 
1H NMR (500 MHz, DMSO-d6) δ ppm: 

0.80 (t, J = 7.8 Hz, 3H, CH3), 1.11 (br.m, 6H, 3 × CH2), 1.8 (qnt, 2H, CH2), 3.95 (t, J = 7.2 Hz, 

2H, CH2-N,), 6.98 (m, 2H, Ar 2 × CH), 7.27 (d, J = 7.3 Hz, 2H, Ar 1 × CH), 7.55 (d, J = 7.8 

Hz, 1H, Ar 1 × CH), 8.2 (s, 1H, NCHN); 13C{1H} NMR (125.5 MHz, DMSO-d6) δ ppm: 13.25 

(CH3), 20.9, 26, 28.9, 29.5 (4 × CH2), 43.0 (R-CH2-N) 108.5, 120, 122.0, 120.9, 134 (Ar-C) 

145 (NCHN). Anal. Calcd: C, 77.18; H, 8.97; N, 13.85%. Found: C, 75.82; H, 8.21; N, 13.49%. 

The concentrated fluid of compound 4 (1-(2-ethylhexyl)-1H-benzo[d]imidazole) also 

appeared in yellowish liquid but had low to lesser viscosity with 75.1% yield, having. b.p (1 

mm tube): 256–260 oC. FT-IR (liquid, ѵmax, cm-1): 3390 (Caliph-Nbenzimi); 3106 (C-Harom); 2924, 

2942, 2900 (C-Haliph); 1102, 1185 (Carom-Nbenzimi). Compound 5 (1-phenethyl-1H-

benzo[d]imidazole) appeared in with 81% yield, having FT-IR data (KBr, ѵmax, cm-1): 3385 

(Caliph-Nbenzimi); 3105; 3066 (C-Harom); 2910 (C-Haliph); 1055, 1170 (Carom-Nbenzimi).  

Compound 6 (1-octyl-1H-benzo[d]imidazole) was appeared as a thick yellowish fluid 

with yield 93.4%. FT-IR (liquid, ѵmax, cm-1): 3393 (Caliph-Nbenzimi); 3105 (CHarom); 2987, 2931, 
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2890 (C-Haliph); 1595 (Carom-Carom); 1510, 1485, 1302, 1350 (Carom-Nbenzimi). 
1H NMR (500 

MHz, DMSO-d6) δ ppm: 0.94 (t, J = 7.0 Hz, 3H, CH3), 1.27 (br.m, 10H, 5 × CH2), 1.68 (qnt, 

2H, CH2), 4.38 (t, J = 7.0 Hz, 2H, CH2-N), 7.35 (m, 2H, Ar 2 × CH), 6.92 (d, J = 8.0 Hz, 2H, 

Ar 1 × CH), 7.15 (d, J = 7.7 Hz, 1H, Ar1 × CH), 8.5 (s, 1H, NCHN); 13C{1H} NMR (128.5 

MHz, DMSO-d6) δ ppm: 12.6 (CH3), 22.0, 25.50, 27.8 (CH2), 29, 28.7 (2 × CH2), 28.9, 30.7 

(CH2), 43.3 (R-CH2-N), 110, 120.1, 121.0, 122, 134.1 (Ar-C) 142.9 (NCHN). Anal. Calcd: C, 

78.21; H, 9.63; N, 12.16%. Found: C, 76.83; H, 9.24; N, 11.69%. 

Compound 7 (1-benzhydryl-1H-benzo[d]imidazole) showed 82% yield and FT-IR (KBr, 

ѵmax, cm-1): 3387 (Caliph-Nbenzimi); 3055; 3033 (C-Harom); 2934 (C-Haliph); 1043, 1164 (Carom-

Nbenzimi). Compound 8 (1-(4-methylbenzyl)-1H-benzo[d]imidazole) was obtained with 78% 

yield. FT-IR (KBr, ѵmax, cm-1): 3407 (Caliph-Nbenzimi); 3115; 3055 (C-Harom); 2957 (C-Haliph); 

1043, 1195 (Carom-Nbenzimi). Compound 9 (1-(4-(trifluoromethyl)benzyl)-1H-

benzo[d]imidazole)showed 87% yield and FT-IR (KBr, ѵmax, cm-1): 1310 (Caliph-F); 3411 (Caliph-

Nbenzimi); 3122; 3143 (C-Harom); 2917 (C-Haliph); 1078, 1194 (Carom-Nbenzimi). Compound 10 (4-

((1H-benzo[d]imidazol-1-yl)methyl)phenyl)methanol) showed 71% yield and FT-IR (KBr, ѵmax, 

cm-1): 1160 (Carom-O); 3345 (O-H); 3311 (Caliph-Nbenzimi); 3066; 3110 (C-Harom); 2987 (C-Haliph); 

1015, 1134 (Carom-Nbenzimi).  

Compound 11 (1-decyl-1H-benzo[d]imidazole) was obtained as a thick yellowish fluid 

with 92.3% yield. FT-IR (liquid, ѵmax, cm-1): 3428 (Caliph-Nbenzimi); 3017 (C-Harom); 2957, 2837 

(C-Haliph); 1595 (Carom-Carom); 1503, 1467, 1302, 1373 (Carom-Nbenzimi). 
1H NMR (500 MHz, 

DMSO-d6) δ ppm: 0.91 (t, J = 7.0 Hz, 3H, CH3), 1.21 (br.m, 16H, 8 × CH2), 1.83 (qnt, 2H, 

CH2), 4.24 (t, J = 7.0 Hz, 2H, CH2-N), 7.18 (m, 2H, Ar 2 ×CH), 7.48 (d, J = 8.0 Hz, 2H, Ar 1 

× CH), 7.58 (d, J = 8.3 Hz, 1H, Ar 1 × CH), 7.95 (s, 1H, NCHN); 13C{1H} NMR (123.7 MHz, 

DMSO-d6) δ ppm: 13.9 (CH3), 22, 25.8, 27.9 (CH2), 29.2, 28 (2 × CH2), 28.8, 28.4 (2 × CH2), 

28.9 (CH2), 44.0 (RCH2-N), 111.0, 118.2, 121.9, 122, 134 (Ar-C) 144.1 (NCHN). Anal. Calcd: 

C, 79.02; H, 10.14; N, 10.84 %. Found: C, 78.83; H, 9.24; N, 10.79%.  

3.2.2 Synthesis of N-alkylimidazoles (12-15) 

The synthesis of compounds 12-15 was also accomplished using the same procedure as that of 

1-11 but the points of difference were the use of imidazole instead of benzimidazole due to the 

lower molecular weight of imidazole, amount of alkyl bromides for N-alkylation was also 

varied. The extent and status of reaction were monitored in same way using TLC which showed 

that N-alkylations on imidazole require longer time than that of benzimidazole. Applications of 

solvent extraction technique and the utility of rotary evaporator were employed in same way. 
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In their synthesis, there was imidazole (1g, 14.7 mmol) in place of benzimidazole. The 

quantity of KOH was (0.71g, 12.40 mmol) same for all four imidazole based analogues. The 

nature and amount of alkyl bromides were as: n-hexyl bromide (2.1 mL) for compound 12, n-

octyl bromide (2.55 mL) for compound 13, (2-bromoethyl)benzene (2 mL) for compound 14 

and (bromomethylene)dibenzene flakes (3.6 g) for compound 15.  

Compound 12 (1-hexyl-1H-imidazole) was obtained as a liquid with yellowish ting 

having product yield: 82%. FT-IR (liquid, ѵmax, cm-1): 3487 (Caliph-Nbenzimi); 3122 (C-Harom); 

2903, 2925 (C-Haliph); 1105 (Carom-Nbenzimi). Compound 13 (1-octyl-1H-imidazole)was 

appeared a slight yellow liquid with yield 77.2%. FT-IR (liquid, ѵmax, cm-1): 3518 (Caliph-

Nbenzimi); 3116 (CHarom); 2928, 2885 (C-Haliph); 1721 (Carom-Carom); 1509, 1470, 1293, 1373 

(Carom-Nbenzimi). Compound 14 (1-phenethyl-1H-imidazole) was also appeared also as a liquid 

having a yellowish tune with 72% yield. FT-IR (liquid, ѵmax, cm-1): 3419 (Caliph-Nbenzimi); 3096 

(CHarom); 2976, 2868 (C-Haliph); 1686 (Carom-Carom); 1478, 1433, 1247, 1340 (Carom-Nbenzimi). 

Compound 15 (1-benzhydryl-4,5-dihydro-1H-imidazole)was obtained in form of thick 

yellowish liquid, after its evaporation. It had product yield 72%. FT-IR (liquid, ѵmax, cm-1): 

3475 (Caliph-Nbenzimi); 3115 (CHarom); 2947, 2872 (C-Haliph); 1701 (Carom-Carom); 1490, 1443, 

1263, 1354 (Carom-Nbenzimi). 

3.2.3 Synthesis of mononuclear azolium salts  

For the synthesis of mononuclear azolium salts, N-substituted benzimidazolium salts were 

synthesized. For this purpose, Compound-2 (N-propyl benzimidazole) was subjected to further 

N-alkylation on its second heterocyclic nitrogen. For this purpose, three alkyl halides benzyl, 

propyl and heptyl bromide were reacted with 2.  The detailed synthesis of the each of the 

compound is given as below: 

Compound 16 (1,3-bis(propyl)benzimidazolium bromide) was synthesized while 

reacting1-propyl benzimidazole (1.6 g, 10 mmol) again with n-propyl bromide (1.23 g, 10 mmol) 

in dioxane (50 mL) was stirred for 24 h under reflux, and a pale yellow oily product was obtained 

by decantation of the solvent as mentioned in Scheme. 1. The oily product was washed with 

fresh dioxane (3 x 5 mL) and diethyl ether (2 x 5 mL) and stored in vacuum desiccator. Yield: 

73.1%. M.P.: 246 oC, 1H NMR (500 MHz, DMSO-d6): δ 0.90 (t, 6H, 2 × CH3, J = 7.5 Hz), 1.95 

(sext, 4H, 2 × CH2), 4.55 (t, 4H, 2 × N-CH2-R, J = 7.5 Hz), 7.66 (sext, 2H, Ar-H), 8.16 (sext, 

2H, Ar-H), 10.21 (s, 1H, NCHN). 13C NMR (125.7 MHz, DMSO-d6): δ 10.6 (CH3), 22.0 (CH2), 

48.1 (N-CH2-R), 113.7, 126.4, 131.0 (Ar-C), 142.1 (NCN). Anal. Calcd: C, 55.13; H, 6.76; N, 

9.89%. Found: C, 53.8; H, 6.22; N, 9.67%.  
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 Synthesis of Compound 17 (1-propyl-3-benzylbenzimidazolium bromide) was made in a 

manner analogous to that for 16, only with benzyl bromide (1.72 g, 10 mmol) instead of propyl 

bromideused as alkyl halide. The product obtained as pale yellow solid, filtered and washed with 

fresh dioxane (3 x 5 mL) and diethyl ether (2 x 5 mL) and stored in a vacuum desiccator. Yield: 

83.4%, M.P.: 202.3 oC. 1H NMR (500 MHz, DMSO-d6): δ 0.87 (t, 2H, 1 × CH3, J = 7.5 Hz), 

1.71 (quartet, 3H, 1 × CH2), 4.55 (t, 2H, 1 × N-CH2-R, J = 7.5 Hz), 5.97 (s, 2H, N-CH2-Ar), 7.28 

(t, 3H, Ar-H, J = 3.5 Hz), 7.53 – 7.59 (m, 2H, Ar-H), 7.66 (d, 2H, Ar-H, J = 7.5 Hz), 8.06 (d, 

1H, Ar-H, J = 1.5 Hz), 8.13 (d, 1H, Ar-H, J = 1.5 Hz),  10.85 (s, 1H, NCHN). 13C NMR (125.7 

MHz, DMSO- d6): δ 10.5 (CH3), 21.9 (CH2), 48.1 (N-CH2-R), 49.7 (N-CH2-Ar), 113.7, 126.4, 

128.3, 128.4, 128.7, 130.6, 131.1, 134.2 (Ar-C), 142.6 (NCN). FT-IR (KBr disc) in cm-1: 3405 

(Caliph-Nbenzimi), 3144, 3032 (C-Harom), 2960, ~2965 (C-Haliph), 1040, ~1200 cm-1 (Carom-Nbenzimi). 

Anal. Calcd: C, 61.64; H, 5.78; N, 8.46 %. Found: C, 58.47; H, 5.19; N, 7.92%.    

Compound 18 (1-propyl-3-butylbenzimidazolium bromide) FT-IR (KBr disc) in cm-1: 

3390 (Caliph-Nbenzimi), 3129, 3017 (C-Harom), 2945, ~2950 (C-Haliph), 1035, ~1200 cm-1 (Carom-

Nbenzimi). 
1H NMR (500 MHz, DMSO-d6): δ 0.99 (t, 6H, 2 × CH3, J = 7.5 Hz), 2.02 (sext, 2H, 1 

× CH2), 4.6 (t, 2H, 1 × N-CH2-R, J = 7.5 Hz), 6.77 (s, 2H, N-CH2-Ar), 7.31 (t, 3H, Ar-H, J = 3.5 

Hz), 7.33 – 7.63 (m, 2H, Ar-H), 7.66 (d, 2H, Ar-H, J = 7.5 Hz). 13C NMR (125.7 MHz, DMSO- 

d6): δ 11.15 (CH3), 21.81 (CH2), 51.6 (N-CH2-R), 53.12 (N-CH2-Ar), 114.34, 127.55, 127.58, 

128.62, 128.94, 130.24, 134.27, 135.06 (Ar-C), 170.16 (NCN). Anal. Calcd:  C, 56.57; H, 7.12; 

N, 9.42%. Found: C, 55.12; H, 6.71; N, 8.91%.  

Compound 19 (1-propyl-3-heptylbenzimidazolium bromide) was prepared in same as of 

16 and 17 but heptyl bromide (1.79 g, 10 mmol) as alkyl halide was added. The reaction product 

was appeared as an off-white solid, filtered and washed with fresh dioxane (3 x 5 mL) and diethyl 

ether (2 x 5 mL) and stored in a vacuum desiccator. The colorless crystals of bromide salt 5 were 

obtained by recrystallization from methanol/diethyl ether. Yield: 91.1%, M.P.: 233 oC. 1H NMR 

(500 MHz, DMSO-d6): δ 0.72 (t, 3H, 1 × CH3, J = 7.5 Hz), 0.87 (t, 3H, 1 × CH3, J = 7.5 Hz), 

1.14 (br.m, 4H, 2 × CH2), 1.25 (br.m, 4H, 2 × CH2), 1.90 (sept, 4H, N-CH2-R) 7.57 (sext, 2H, 

Ar-H), 7.87 (sext, 2H, Ar-H), 9.58 (s, 1H, NCHN). 13C NMR (125.7 MHz, DMSO- d6): δ 10.9, 

11.2 (2 × CH3), 14.1 (2 × CH2), 17.9 (2 × CH2), 20.3 (2 × CH2), 20.7 (2 × CH2), 23.2 (2 × CH2), 

24.4 (2 × CH2), 40.4, 58.5 (2 × N-CH2-R), 105.1, 123.4 (Ar-C), 133.5 (NCHN). FT-IR (KBr 

disc) in cm-1: 3435 (Caliph-Nbenzimi), 3162, 3044 (C-Harom), 2960, 2935, 2873 (C-Haliph), 1050, 

~1200 cm-1 (Carom-Nbenzimi). Anal. Calcd: C, 60.2; H, 8.0; N, 8.3%. Found: C, 58.8; H, 8.2; N, 

7.9%.  
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3.2.4 Synthesis of binuclear azolium salts  

Two types of xylyl linked azolium salts: bisimidazolium and bisbenzimidazolium salts were 

synthesized by reacting respective N-alkylated-azoles with 0.5 equivalent dibromides (either 

ortho-xylene dibromide or meta-xylene dibromide) in aprotic polar solvent (1,4-dioxane) under 

reflux for 20-30 hours. Reaction time was varied depending upon the completion of their 

reactions which was monitored by the appearance of sticky fluid or of precipitate which were 

subjected todecantation. In case of precipitates, product mass was washed with fresh solvents to 

then were subjected to drying for 24-48 h. 

A part of the product was converted to a hexaflourophosphate counter part by stirring for 

4h as permetathesis reaction using KPF6 (2-equivalents) in 50mLof water or methanol system 

that which usually produced white precipitates. The precipitates were collected,  washed with 

distilled water and then dried.  In the case, when product appeared as solid (precipitates) in there 

action medium. The remaining portion of bisbenzimidazolium product was reserved either for 

metalation to their respective N-Heterocyclic carbene complexes or to formation of their adducts 

using selenium. 

For this purpose, compound 20 was synthesized while reacting N-decylbenzimidazole 

with (2.05 g, 7.8 mmol) meta-xylene dibromide; in same way for compound 21 (1-ethyl-3-(2-

((3-ethyl-1H-benzo[d]imidazol-3-ium-1-yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium 

bromide), N-ethylbenzimidazole with (2.03 g, 7.6 mmol) ortho-xylene dibromide; for 22, N-

hexylbenzimidazole with (2.2 g, 7.9 mmol) ortho-xylene dibromide; for 23, 2-ethyl- N-

hexylbenzimidazole with (1.6 g, 6.34 mmol) ortho-xylene dibromide; for 24, N-

octylbenzimidazole with (2.08 g, 7.9 mmol) ortho-xylene dibromide; for 25, N-ethyl-2-

phenylbenzimidazole with (1.8 g, 6.8 mmol) ortho-xylene dibromide; for 26, N-

methylenediphenylbenzimidazole with (1.82 g, 6.9 mmol) ortho-xylene dibromide, for 27, 4-

methyl-N-benzylbenzimidazole with (1.70 g, 6.5 mmol) ortho-xylene dibromide, for 28, 1,1,1-

triflouromethyl-N-benzylbenzimidazole with (1.73 g, 7.36 mmol) ortho-xylene dibromide, for 

29, 4-methoxy-N-phenylbenzimidazole with (1.58 g, 6 mmol) ortho-xylene dibromide, for 30, 

N-methylenediphenylimidazole with (1.6 g, 6.9 mmol) ortho-xylene dibromide, for 31, N-

hexylimidazole (1.82 g, 6.93 mmol) ortho-xylene dibromide, for 32, N-octylimidazole  with 

(1.71 g, 6.53 mmol) ortho-xylene dibromide , for 33, N-ethyl-2-phenylimidazole with (1.6 g, 

6.09 mmol) ortho-xylene dibromide were reacted. 

In the synthesis of meta-xylyl bisbenzimidazolium analogue only Compound 20 (1,1'-

(1,3-phenylenebis(methylene))bis(3-decyl-1H-benzo[d]imidazol-3-ium) bromide) was carried 

out by NMR and FT-IR analysis. The product was appeared as white powder having 70.8% yield 
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with melting point 148-150oC. FT-IR with (KBr, ѵmax, cm-1): υ-(cm-1); 3395 (Caliph-Nbenzimi); 

3124, 3025 (C-Harom); 2923, 2853 (C-Haliph); 1204, 1429, 1457, 1481 (Carom-Nbenzimi).
1H-NMR 

(500 MHz, DMSO-d6) δ ppm: 0.83 (t, J = 7.2 Hz, 6H, 2 × CH3), 1.22 – 1.34 (br.m, 28H, 14 × 

CH2), 1.90 (qnt, J = 7.5 Hz, 4H, 2 × CH2), 4.51 (t, J = 7.5 Hz, 4H, 2 × CH2-N), 6.16 (s, 4H, 2 

×Ar-CH2-N), 7.21 (q, 2H, Ar 2 × CH), 7.40 (q, 2H, Ar 2 × CH), 7.64 (t, J = 7.0 Hz, 2H, Ar 2 × 

CH), 7.69 (t, J = 7.7 Hz, 2H, Ar 2 × CH), 8.03 (d, J = 8.5 Hz, 2H, Ar 2 × CH), 8.16 (d, J = 8.0 

Hz, 2H, Ar 2 × CH), 10.09 (s, 2H, 2 × NCHN); 13C {1H} NMR (125.5 MHz, DMSO-d6) δ ppm: 

13.8 (CH3), 22.0, 25.7, (CH2), 28.5 (t, JC4,5 = 30 Hz, JC5,6 = 50 Hz, 3 × CH2), 28.8 (d, JC7,8 

= 10 Hz, 2 × CH2), 39.2 (CH2), 46.8 (R-CH2-N), 47.6 (Ar-CH2-N), 114.0, 114.3, 126.2, 126.7, 

128.6, 129.2, 131.2, 132.0 (Ar-C) and 142.5 (NCHN). Anal. Calcd:  C42H62Br2N4: C, 64.6; H, 

7.75; N, 7.18%. Found: C, 60.95; H, 7.51; N, 6.81%.  

In same way, the synthesis of ortho-xylyl based analogues (21-33) was confirmed by the 

same. Compound 21 (1-ethyl-3-(2-((3-ethyl-1H-benzo[d]imidazol-3-ium-1-yl)methyl)benzyl)-

1H-benzo[d]imidazol-3-ium bromide) was appeared with product yield 80 percent in form of 

grayish yellow lumps. It was showed 1H NMR (300 MHz, DMSO-d6) δ ppm: 1.55 (t, J = 7.34 

Hz, 6H, 2 × CH3), 4.51 (q, 4H, 2 × N-CH2-R), 6.16 (s, 4H, 2 × N-CH2-Ar), 7.3 – 7.7 (m, 8H, 8 

× Ar-CH), 8 (d, J = 8.55 Hz, 2H, Ar 2 × CH), 8.17 (d, J = 8 Hz, 2H, Ar 2 × CH), 9.91 (s, 2H, 

NCHN); 13C{1H} NMR (100.10 MHz, DMSO-d6) δ ppm: 15.01 (CH3), 44 (CH2), 49.1 (N-CH2-

Ar), 114.9, 115.1, 115.2 (Ar-C), 127, 128, 128.1, 129.5, 129.8, 130, 131, 132, 132.33 (Ar-C) 

142.8, 142.9 (NCN). Anal. Calcd: C26H28Br2N4; C, 56.13; H, 5.07; N, 10.07%. Found: C, 53.01; 

H, 5.88; N, 9.13%. FT-IR (KBr, ѵmax, cm-1): 3402 (Caliph177 Nbenzimi), 3133 (C-Harom), 2892, 2777 

(C-Haliph), 1603, 1573 (Carom-Carom), 1176, 1271 (Carom-Nbenzimi). Anal. Calcd: C, 56.13; H, 5.07; 

N, 10.07%. Found: C, 54.76; H, 4.87; N, 9.79%. 

 Compound 22 (1-hexyl-3-(2-((3-hexyl-1H-benzo[d]imidazol-3-ium-1-yl)methyl) 

benzyl)-1H-benzo[d]imidazol-3-ium bromide) was appeared in form of colorless crystals with 

75% yield having melting point 246 oC. FT-IR (KBr, ѵmax, cm-1): 3396, 3379 (Caliph-Nbenzimi), 

3062, 3044 (C-Harom), 2950, 2822, 2895, 2885 (C-Haliph), 1601, 1570, 1520 (Carom-Carom), 1211, 

1410, 1420, 1423 (Carom-Nbenzimi). 
1HNMR (500 MHz, d6-DMSO) δ ppm: 0.84 (t, J = 7.0 Hz, 6H, 

2 × CH3), 1.30 (br.m,12H, 6 × CH2), 1.87 (qnt, J = 7.5 Hz, 4H, 2 × CH2), 4.49 (t, J = 7.0 Hz, 4H, 

2 ×NCH2-R), 5.81 (s, 4H, 2 × N-CH2-Ar), 7.44 (s, 4H, Ar-H), 7.61 (sext, 4H, Ar-H), 7.99 (d, J 

= 8.5 Hz, 2H, Ar-H,), 7.97 (d, J = 8.0 Hz, 4H, Ar-H), 10.1 (s, 2H, 2 × NCHN);13C {1H} NMR 

(125.5 MHz, d6-DMSO) δ ppm: 13.7 (CH3), 22.38, 24.83, 28.8, 30.0, 38.5 (CH2), 46.3 (N-CH2-

R) 48.83 (N-CH2-Ar), 112.8, 113.4, 125.9, 128.2, 129.8, 
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131.5, 133.0 (Ar-C), 141.9 (NCHN). Anal. Calcd: C, 61.08; H, 6.63; N, 8.38%. Found: C, 60.93; 

H, 6.25; N, 8.26%. 

Compound 24 (1-octyl-3-(2-((3-octyl-1H-benzo[d]imidazol-3-ium-1-yl)methyl)benzyl)-

1H-benzo[d]imidazol-3-ium bromide) was prepared with 90 percent yield and was appeared in 

form of white crystalline powder having melting point 204 oC. FT-IR (KBr, ѵmax, cm-1): 3385, 

3333 (Caliph-Nbenzimi); 3052, 2975 (C-Harom); 2939, 2873, 2801 (C-Haliph); 1153, 1374, 1391, 1428 

(Carom-Nbenzimi). 
1H NMR (500 MHz, d6-DMSO) δ ppm: 0.82 (t, J = 7.0 Hz, 6H, 2 × CH3), 1.19 

– 1.34 (br.m, 20H, 10 × CH2), 1.89 (qnt, J = 7.5 Hz, 4H, 2 × CH2), 4.52 (t, J = 7.5 Hz, 4H, 2 × 

CH2-N), 6.20 (s, 4H, 2 ×Ar-CH2-N), 7.20 (q, 2H, Ar 2 × CH), 7.41 (q, 2H, Ar 2 × CH), 7.60 (t, 

J = 7.5 Hz, 2H, Ar 2 × CH), 7.66 (t, J = 7.7 Hz, 2H, Ar 2 × CH), 8.05 (d, J = 8.3 Hz, 2H, Ar 2 × 

CH), 8.16 (d, J = 8.5 Hz, 2H, Ar 2 × CH), 10.06 (s, 2H, 2 × NCHN); 13C {1H} NMR (125.5 

MHz, DMSO-d6) δ ppm: 14.41 (CH3), 28.28, 28.91, 28.98 (3 × CH2), 29.06 (t, JC5,6 = 40 Hz, 

JC6,7 = 25 Hz, 3 × CH2), 47.38 (R-CH2-N), 48.01 (Ar-CH2-N), 114.42, 114.46, 127.22, 127.32 

129.17, 129.84, 131.60, 131.75, 132.47 (Ar-C) and 143.05 (NCN). Anal. Calcd: C, 61.54; H, 

7.20; N, 7.55%. Found: C, 59.55; H, 6.91; N, 7.14%.   

 In case of compound 25 (1-phenethyl-3-(2-((3-phenethyl-1H-benzo[d]imidazol-3-ium-

1-yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium bromide), the product was precipitated at the 

end of reaction having reaction yield 72%. FT-IR analysis was employed for confirmation which 

showed as: (KBr, ѵmax, cm-1): 3382 (Caliph-Nbenzimi), 3074, 2993 (C-Harom), 2920, 2888, 2813 (C-

Haliph), 1156 (Carom-Nbenzimi).  

Compound 26 (1-benzhydryl-3-(2-((3-benzhydryl-1H-benzo[d]imidazol-3-ium-1-

yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium bromide) was outcome with 72% yield FT-IR: 

(KBr,ѵmax, cm-1): 3353 (Caliph-Nbenzimi); 3060, 2971 (C-Harom); 2903 (C-Haliph); 1003, 1122 (Carom-

Nbenzimi). 
1H NMR (500 MHz, d6-DMSO) δ ppm: 3.96 (t, J = 7.5 Hz, 2 ×C-R), 5.42, 5.88 (s, 4H, 

2 × N-CH2-Ar), 7.08 (s, 4H, Ar-H), 6.26 (sext, 4H, Ar-H), 7.03 (d, J = 8.0 Hz, 2H, Ar-H,), 8.04 

(d, J = 8.0 Hz, 4H, Ar-H), 8.16 (s, 2H, 2 × NCHN); 13C {1H} NMR (125.75 MHz, d6-DMSO) δ 

ppm: 54.4, 56.7 (CHaliph), 114.33, 115.04 (CHaliph), 128.2-136.43 (Ar-C), 138.15, 140.1 (N-CH-

N). Anal. Calcd: C, 69.24; H, 4.84; N, 6.73%. Found: C, 67.85; H, 4.51; N, 6.33%. 

Compound 27 (1-(4-methylbenzyl)-3-(2-((3-(4-methylbenzyl)-1H-benzo[d]imidazol-3-

ium-1-yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium bromide) was appeared in form of 

yellowish lumps offering yield 92% and with melting point 275oC. FT-IR (KBr, ѵmax, cm-1): 

3396 (Caliph-Nbenzimi), 3081, 3007 (C-Harom), 2934, 2902, 2837 (C-Haliph), 1167 (Carom-Nbenzimi). 

1H NMR (300 MHz, DMSO-d6) δ ppm: 2.94, 3.09 (s, 6H, 2 × CH3), 6.17 (s, 4H, 2 × CH2), 7.07– 
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7.84 (CHarom), 9.19 (s, 2H, 12 × NCHN); 13C {1H} NMR(100.10 MHz, d6-DMSO) δ ppm: 46.6, 

49.2 (CH2), 112.8, 113, 126.6, 125.5, 127.2, 127.5, 127.7, 128.2, 129.6, 130, 130.7, 132.5 (Ar-

C), 141.3 (NCN). Anal. Calcd: C, 63.54; H, 4.74; N, 8.23%. Found: C, 60.35; H, 4.57; N, 8.00%. 

Compound 28 (1-(4-(trifluoromethyl)benzyl)-3-(2-((3-(4-(trifluoromethyl)benzyl)-1H-

benzo[d]imidazol-3-ium-1-yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium bromide)showed 

78% yield and FT-IR (KBr, ѵmax, cm-1): 1343 (Caliph-F); 3456 (Caliph-Nbenzimi); 3132; 3154 (C-

Harom); 2946 (C-Haliph); 1093, 1171 (Carom-Nbenzimi). Compound 29 (1-(4-hydroxybenzyl)-3-(2-

((3-(4-hydroxybenzyl)-1H-benzo[d]imidazol-3-ium-1-yl)methyl)benzyl)-1H-

benzo[d]imidazol-3-ium bromide)showed 74% yield and FT-IR (KBr, ѵmax, cm-1): 1173 (Carom-

O); 3363 (O-H); 3337 (Caliph-Nbenzimi); 3081; 3129 (C-Harom); 2933 (C-Haliph); 1035, 1115 (Carom-

Nbenzimi).  

Compound 30 (1-benzhydryl-3-(2-((3-benzhydryl-1H-benzo[d]imidazol-3-ium-1-

yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium bromide) was appeared in form of brownish-

yellowish liquid offering yield 76%. FT-IR (KBr, ѵmax, cm-1): 3313 (Caliph-Nbenzimi), 3040, 3021 

(C-Harom), 2910, 2922, 2811 (C-Haliph), 1125 (Carom-Nbenzimi). Compound 31 (1-hexyl-3-(2-((3-

hexyl-1H-imidazol-3-ium-1-yl)methyl)benzyl)-1H-imidazol-3-ium bromide) was synthesized 

with 77% yield. FT-IR analysis showed as per data: (KBr, ѵmax, cm-1): 3417 (Caliph-Nbenzimi), 

3109, 3028 (C-Harom), 2955, 2903, 2858 (C-Haliph), 1188 (Carom-Nbenzimi).  

Compound 32(1-octyl-3-(2-((3-octyl-1H-imidazol-3-ium-1-yl)methyl)benzyl)-1H-

imidazol-3-ium bromide) was synthesized with 70% yield. FT-IR: (KBr, ѵmax, cm-1): 3425 

(Caliph-Nbenzimi), 3115, 3045 (C-Harom), 2913, 2914, 2878 (C-Haliph), 1142 (Carom-Nbenzimi).  

Compound 33 (1-phenethyl-3-(2-((3-phenethyl-1H-imidazol-3-ium-1-

yl)methyl)benzyl)-1H-imidazol-3-ium bromide) was appeared in form of light-yellowish lumps 

offering yield 76%. FT-IR (KBr, ѵmax, cm-1): 3290 (Caliph-Nbenzimi), 3021, 3003 (C-Harom), 2900, 

2934, 2804 (C-Haliph), 1117 (Carom-Nbenzimi).  

3.2.5 Synthesis of xylyl linked Se-N-Heterocyclic Carbene Compounds 

(Group-III Compounds) 

In this step, the synthesized benzimidazolium products were subjected to In-situ synthesis 

wherein they were firstly converted to N-Heterocyclic carbenes by the action of alkali carbonates 

and almost simultaneously they were coordinated with selenium (metalloid analogue) to form 

their corresponding adducts. For this purpose, 40 mL water as solvent for reaction media, 1.5 

equivalents finely ground powdered selenium metal was used for adduct formation, 1.5 

equivalents of potassium carbonate were used as an alkali and when these ingredients were added 

for 1-equivalent of bisbenzimidazolium analogue for each at 95oC for 4 hours. An oily layer 



 

 

42 

formed above the water surface and the unreacted selenium metal remained settled at the bottom 

of the flask. A portion of the sticky product remained attached to the magnetic bar was considered 

as product of interest in each case of adduct formation a small amount of unreacted selenium 

was also attached to the magnetic bar in each case. For the isolation of products (adducts), 

magnetic bar was put in small amount of methanol and filtered to get the required.  

Compound 34 (3,3'-(1,2-phenylenebis(methylene))bis(1-octyl-1H-benzo[d]imidazole-

2(3H)-selenone) was obtained with 78% yield in form of light yellowish sticky fluid. FT-IR 

(KBr, νmax, cm-1):3053, 3023 (C-Harom stretch), 2921, 2907 (C-Haliph stretch) 1703, 1609, 1591 

(C=Carom stretch), 1481, 1441, 1411, 1337 (CH2-bending). 1H NMR (500 MHz, DMSO-d6) δ 

ppm: 0.811, 0.825 (t, J = 7.5 Hz, 6H, 2 × CH3), 1.081-1.669 (28H, br.m, 10 × CH2), 1.922 (qnt, 

4H, 2 × CH2), 3.46 (t, J = 7.5 Hz, 4H, 2 ×N-CH2-R), 5.22, 5.28 (s, 4H, 2 × N-CH2-Ar), 7.008 (s, 

4H, Ar-H), 7.045 (sext, 4H, Ar-H), 7.063 (d, J = 8.0 Hz, 2H, Ar-H,), 8.046 (d, J = 8.0 Hz, 4H, 

Ar-H), 8.16 (s, 2H, 2 × NCHN); 13C {1H} NMR (125.75 MHz, DMSO-d6) δ ppm: 14.31 (CH3), 

22.53, 26.33 (CH2), 27.56, 27.93, 28.21 (JC4/5 = 13.9 Hz, JC5/6 = 2.5 Hz,), 31.66 (CH2), 42.49 

(N-CH2-R), 48.18 (N-CH2-Ar), 114.29 (d, J = 11.2 Hz, Ar-C), 127.09 (J = 2.5 Hz), 128.6, 129.2, 

131.6, 135.6 (Ar-C), 163.63 (C-Se). Anal. Calcd: C, 63.32; H, 6.99; N, 7.77%. Found: C, 60.21; 

H, 6.17; N, 6.9%.  

Compound 35 (3,3'-(1,2-phenylenebis(methylene))bis(1-hexyl-1H-benzo[d]imidazole-

2(3H)-selenone) was appeared with 78% yield in form of colorless to yellow liquid. Following 

the general procedure, N-hexylbenzimidazole (4.60 g, 20 mM) and 1,4-

bis(bromomethylene)benzene (2.63 g, 10 mM). The product appeared as white lumps, filtered, 

washed with fresh 1,4-dioxane (3 × 5 mL) and dried at RT. FT-IR (KBr, νmax, cm-1): 3050, 3026 

(C-Harom stretch), 2918, 2910 (C-Haliph stretch) 1700, 1612, 1588 (C=Carom stretch), 1478, 1444, 

1408, 1340 (CH2  bending). 1H NMR (500 MHz, d6-DMSO) δ ppm: 0.83, 0.84 (t, J = 7.5 Hz, 

6H, 2 × CH3), 1.08-1.69 (20H, br.m, 10 × CH2), 1.91 (qnt, 4H, 2 × CH2), 3.34 (t, J = 7.5 Hz, 4H, 

2 ×N-CH2-R), 5.41, 5.26 (s, 4H, 2 × N-CH2-Ar), 7.08 (s, 4H, Ar-H), 7.05 (sext, 4H, Ar-H), 7.03 

(d, J = 8.0 Hz, 2H, Ar-H,), 8.06 (d, J = 8.0 Hz, 4H, Ar-H), 8.16 (s, 2H, 2 × NCHN); 13C {1H} 

NMR (125.75 MHz, d6-DMSO) δ ppm: 16.5 (CH3), 22.50, 27.89 (CH2), 28.15, 28.23, 28.27 

(JC4/5 = 13.9 Hz, JC5/6 = 2.5 Hz), 31.11 (CH2), 46.58 (N-CH2-R), 48.43 (N-CH2-Ar), 114.37 

(d, J = 11.2 Hz, Ar-C), 121.33 (J = 2.5 Hz), 127.65, 129.40, 131.77, 134.76 (Ar-C), 166.52 (C-

Se). Anal. Calcd: C, 61.44; H, 6.37; N, 8.43%. Found: C, 59.21; H, 5.87; N, 6.89%.  

Compound 36 (3,3'-(1,2-phenylenebis(methylene))bis(1-phenethyl-1H-

benzo[d]imidazole-2(3H)-selenone) as synthesized with 72% yield in form of yellowish liquid. 
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FT-IR (KBr, νmax, cm-1):3081, 3063, 3019 (C-Harom stretch), 2949, 2919 (C-Haliph stretch) 1661, 

1600, 1517, 1480 (C=Carom stretch), 1450, 1403, 1432 (CH2-bending). 

Compound 37 (3,3'-(1,2-phenylenebis(methylene))bis(1-benzhydryl-1H-

benzo[d]imidazole-2(3H)-selenone) was emerged in form of light yellow sticky mass with yield 

70%. FT-IR (KBr, νmax, cm-1):3075, 3068, 3014 (C-Harom stretch), 2944, 2924 (C-Haliph stretch) 

1666, 1595, 1522, 1474 (C=Carom stretch), 1455, 1408, 1327 (CH2-bending). Compound 38 (3,3'-

(1,2-phenylenebis(methylene))bis(1-decyl-1H-benzo[d]imidazole-2(3H)-selenone) was 

obtained with 80% yield in form of light yellow colored thick fluid. FT-IR (KBr, νmax, cm-

1):3062, 3014 (C-Harom stretch), 2906, 2995 (C-Haliph stretch) 1712, 1600, 1615 (C=Carom stretch), 

1490, 1432, 1390, 1322 (CH2-bending). 

Compound 39 (3,3'-(1,2-phenylenebis(methylene))bis(1-(4-methylbenzyl)-1H-

benzo[d]imidazole-2(3H)-selenone) was obtained in form of colorless to light yellow liquid with 

71% yield. FT-IR (KBr, νmax, cm-1):3072, 3054, 3028 (C-Harom stretch), 2940, 2928 (C-Haliph 

stretch) 1652, 1609, 1508, 1488 (C=Carom stretch), 1441, 1412, 1342 (CH2  bending). Compound 

40 (3,3'-(1,2-phenylenebis(methylene))bis(1-(4-(trifluoromethyl)benzyl)-1H-

benzo[d]imidazole-2(3H)-selenone) was appeared in thick yellowish liquid form with 68% yield. 

FT-IR (KBr, νmax, cm-1): 1334 (Caliph-F), 3053, 3023 (C-Harom stretch), 2921, 2907 (C-Haliph 

stretch) 1703, 1609, 1591 (C=Carom stretch), 1481, 1441, 1411, 1337 (CH2-bending). 

Compound 41 (3,3'-(1,2-phenylenebis(methylene))bis(1-(4-hydroxybenzyl)-1H-

benzo[d]imidazole-2(3H)-selenone) was obtained with 70% yield. FT-IR (KBr, νmax, cm-1): 1167 

(Carom-O), 3040, 3015 (C-Harom stretch), 2909, 2915 (C-Haliph stretch) 1722, 1642, 1597 (C=Carom 

stretch), 1490, 1433, 1417, 1340 (CH2-bending). Compound 42 (3,3'-(1,2-

phenylenebis(methylene))bis(1-octyl-1H-imidazole-2(3H)-selenone) was obtained with 74% 

yield having colorless to yellow appearance in form of viscous liquid form. FT-IR (KBr, νmax, 

cm-1):3062, 3030 (C-Harom stretch), 2928, 2914 (C-Haliph stretch) 1710, 1617, 1577 (C=Carom 

stretch), 1481, 1441, 1411, 1337 (CH2-bending). 

Compound 43 (3,3'-(1,2-phenylenebis(methylene))bis(1-hexyl-1H-imidazole-2(3H)-

selenone) was obtained with 70% yield having colorless to light yellow appearance. FT-IR (KBr, 

νmax, cm-1):3049, 3017 (C-Harom stretch), 2915, 2901 (C-Haliph stretch) 1707, 1615, 1584 (C=Carom 

stretch), 1475, 1435, 1406, 1347 (CH2 bending). Compound 44 (3,3'-(1,2-

phenylenebis(methylene))bis(1-phenethyl-1H-imidazole-2(3H)-selenone) was appeared in form 

of viscous light yellow liquid having 72% yield. FT-IR (KBr, νmax, cm-1):3086, 3079, 3002 (C-
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Harom stretch), 2955, 2935 (C-Haliph stretch) 1677, 1597   (C=Carom stretch), 1466, 1419, 1338 

(CH2-bending). 

Compound 45 (3,3'-(1,2-phenylenebis(methylene))bis(1-benzhydrylimidazolidine-2-

selenone) was emerged in form of viscous light yellow sticky mass with 78% yield. FT-IR (KBr, 

νmax, cm-1):3077, 3059, 3015 (C-Harom stretch), 2945, 2915 (C-Haliph stretch) 1657, 1602   

(C=Carom stretch), 1446, 1401, 1328 (CH2-bending). 

3.2.6 Synthesis of Ag-NHC Analogues (Group-I Compoounds) 

Compound 46 (bis-[1,3-bis(propyl)benzimidazol-2-ylidene]silver(I) hexafluorophosphate) was 

synthesized by adding silver oxide (0.14 g, 0.6 mmol) to a solution containing 16 (0.284 g, 1 

mmol) in methanol (25 mL) and the suspension was stirred for two days in a round bottom flask 

wrapped with silver foil. The resulting mixture was then filtered through a pad of Celite, and to 

the resulting colorless solution was added KPF6 (0.227 g, 1.2 mmol) and further stirred for 4 h 

to precipitate an off-white solid. Yield: 55.9%, M.P.: 244-246 oC. FT-IR (KBr disc) in cm-1: 

3400 (Caliph-Nbenzimi), 3130, 3030 (C-Harom), 2930, ~2960 (C-Haliph), 1045, 1235 cm-1 (Carom-

Nbenzimi).
1H NMR (300 MHz, CD3CN-d3): δ 0.99 (t, 6H, 2 × CH3, J = 7.5 Hz), 2.02 (sext, 4H, 2 

× CH2), 4.48 (t, 4H, 2 × N-CH2-R, J = 7.5 Hz), 7.47 (sext, 2H, Ar-H), 7.71 (sext, 2H, Ar-H). 

13C NMR (125.7 MHz, DMSO- d6): δ 11.7 (s, 2 × CH3), 24.7 (2 × CH2), 51.7 (N-CH2-R), 113.0, 

125.2, 134.7 (Ar-C), 188 – 190 (C-Ag, J107Ag-C = 182.5 Hz, J109Ag-C = 206.0 Hz). Anal. Calcd: 

C, 46.5; H, 5.5; N, 8.5%. Found: C, 46.2; H, 5.7; N, 8.7%.  Calcd for: C, 35.84; H, 4.30; N, 

5.97%. Found: C, 46.2; H, 5.7; N, 8.7%.  

Compound 47 (1-propyl-3-butylbenzimidazol-2-ylidene]silver(I) hexafluorophosphate) Yield: 

51.6%, M.P.: 224-226 oC.1H NMR (500 MHz, DMSO-d6): δ 0.91 (t, 6H, 2 × CH3, J = 7.5 Hz), 

1.88 (sext, 2H, 1 × CH2), 4.1 (t, 2H, 1 × N-CH2-R, J = 7.5 Hz), 6.32 (s, 2H, N-CH2-Ar), 6.9 (t, 

3H, Ar-H, J = 3.5 Hz), 7.0 – 7.4 (m, 2H, Ar-H), 7.52 (d, 2H, Ar-H, J = 7.5 Hz). 13C NMR (125.7 

MHz, DMSO- d6): δ 10.85 (CH3), 20.1 (CH2), 49.6 (N-CH2-R), 51.1 (N-CH2-Ar), 112.2, 123.5, 

125.5, 126.61, 127.22, 129.24, 131.26, 133.07 (Ar-C), 168.16 (NCN). FT-IR (KBr disc) in cm-

1: 3390 (Caliph-Nbenzimi), 3129, 3017 (C-Harom), 2945, ~2950 (C-Haliph), 1035, ~1200 cm-1 (Carom-

Nbenzimi). Anal. Calcd: C, 35.84; H, 4.30; N, 5.97%. Found: C, 34.2; H, 4.0 ; N, 5.1%. 

Compound 48 (bis-[1-propyl-3-heptylbenzimidazol-2-ylidene]silver(I) 

hexafluorophosphate) was synthesized in same manner as that of 45 but there was the addition 

of 19 (0.34 g, 1 mmol) instead of 16. Yield: 58.1%, M.P.: 252-254 oC. 1H NMR (500 MHz, 

CD3CN-d3): δ 0.71 (t, 3H, 1 × CH3, J = 7.0 Hz), 0.91 (t, 3H, 1 × CH3, J = 7.5 Hz), 1.11 (br.m, 

4H, 2 × CH2), 1.27 (br.m, 4H, 2 × CH2), 1.98 (sept, 4H, N-CH2-R, J = 7.0 Hz) 7.42-7.61 (sext, 
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2H, Ar-H), 7.93 (sext, 2H, Ar-H). 13C NMR (125.7 MHz, DMSO- d6): δ 10.7, 11.6 (2 × CH3), 

14.9 (2 × CH2), 17.6 (2 × CH2), 20.7 (2 × CH2), 20.9 (2 × CH2), 24.6 (2 × CH2), 26.1 (2 × CH2), 

43.0, 59.0 (2 × N-CH2-R), 114.7, 125.8 (Ar-C), 183.0 (NCN-Ag). FT-IR (KBr disc) in cm-1: : 

3405 (Caliph-Nbenzimi), 3160, ~3045 (C-Harom), ~2965, 2948 (C-Haliph), 1060, 1253 cm-1 (Carom-

Nbenzimi). Anal. Calcd: C, 53.1; H, 6.8; N, 7.3%. Found: C, 53.6; H, 6.5; N, 7.7% 

3.2.7 Synthesis of Yb-NHC Analogues (Group-II Compoounds) 

In the present work, an attempt to synthesize ytterbium-carbene complexes via redox-

transmetallation method (RTM) wherein central metal atom (mercury) of mercury(II)-N-

Heterocyclic carbene [Hg(II)-NHC] complexes were designed to substitute by ytterbium under 

the actioan of metallic ytterbium. For this purpose, benzimidazolium salts were subjected to In-

situ process for metallation to get [Hg(II)-NHC] complexes of type [(HgBr-NHC)(µ2Br)2]. 

Compound 49 [1,3-bis(propyl)benzimidazol-2-ylidenemercury(II) bromide]2 was synthesized 

by stirring a suspension of benzimidazolium salt 4 (0.284 g, 1 mmol) and mercury(II) acetate 

(0.192 g, 0.6 mmol) in methanol (25 mL) was stirred for 24 h. White precipitate appeared in the 

reaction medium, filtered, washed with deionized water (3 x 5 mL), to remove unreacted 

mercury(II) acetate, followed by  fresh methanol (3 x 5 mL) and diethyl ether (3 x 3 mL) and 

stored in a vacuum desiccator. In same way, Compound 50 [1- propyl-3-butylbenzimidazol-2-

ylidene mercury(II) bromide]2and 51 [1- propyl-3-heptylbenzimidazol-2-ylidene mercury(II) 

bromide]2 were also prepared in same way but the amounts of mercury(II) acetate were varied 

which were added as per the amount their respective benzimidazolium salts.Crystals of 

Compound 49 and 51 were appeared which were characterized by X-ray Crystallography. 

Structural studies of [Hg(II)-NHC] complexes showed that they weretetrahedral and dinuclear 

in nature with two bromide bridging units which were connecting both the metal centers and 

their further detail is mentioned in the results and discussion section.                                                 

Then the synthesized, Hg-NHC analogues were subjected to redox-transmetallation 

reaction to incorporate ytterbium as metal centre substituting mercury wherein all manipulations 

were carried out under a purified argon atmosphere using the standard Schlenk technique. Hg(II)-

NHC complex 49, 50 or 51 (3 mmol of each) were individually suspended in 1,4-dioxane (20 

mL). A suspension of Yb powder (0.344 mg, 2 mmol) in 1,4-dioxane (20 mL) in another flask 

was added and the mixture was heated at reflux for 12 h. A dark green thick viscous material 

was appeared along with traces of pale yellow solid. The solution was filtered and the filtrate 

was evaporated to dryness under reduced pressure to give a pale green solid again washed with 

water (2 x 3 mL) and diethyl ether (2 x 3 mL) and dried. 1H NMR analysis of the obtained powder 
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confirms the formation of the starting benzimidazolium salts which was almost same as that of 

Compound 16, 18 and 19 but the desired Yb(III)-NHC complexes were not synthesized. 

3.3 Biological Studies for Medical Applications 

All synthesized test compounds of Group-I and Group-III compounds were subjected to 

biological studies.  But Group-II compounds were not studies in this regard because of 

unsuccessful synthesis of ytterbium carbene complexes.   

3.3.1Biological Studies of Group-I Compounds 

3.3.1.(a)In-Vitro Anticancer Studies 

(i). Preparation of cell    culture  

The effects of benzimidazolium salts and their corresponding silver(I)-NHC complexes of 

Group-I compounds on the proliferation of three different human cancer cell lines (HCT 116, 

MCF-7 and K-562) were determined using MTT assay. Initially, cancer cells were allowed to 

grow under optimal incubator conditions. Cells that had reached a confluence of 70-80% were 

chosen for cell plating purposes. The old medium was carefully aspirated out of the plate. Next, 

cells were washed 2-3 times using sterile phosphate buffered saline (PBS) with (pH 7.4). PBS 

was completely discarded after washing and then trypsin was added and distributed evenly onto 

cell surfaces. Cells were incubated at 37oC in 5% CO2 for 1 min. Then, the flasks containing the 

cells were gently tapped to aid cells segregation and observed under inverted microscope (If cells 

segregation is not satisfying, the cells will be incubated for another minute). Trypsin activity was 

inhibited by adding 5 mL of fresh complete media of 10% fetal bovine serum (FBS). Cells were 

counted and diluted to get a final concentration of 2.5 x 105 cells/ mL, and inoculated into wells 

(100 µL cells/well). Finally, plates containing the cells were incubated at 37oC with an internal 

atmosphere of 5% CO2. 

(ii). MTT assay 

Cancer cells (100 µL cells/well, 1.5 x 105 cells/mL) were inoculated in wells of microtitre plate. 

Then the plate is incubated in CO2 incubator overnight in order to allow the cell for attachment. 

100 µL of test complexes were added into each well containing the cells. Test complexes were 

diluted with media into the desired concentrations from the stock. The plates were incubated at 

37oC with an internal atmosphere of 5% CO2 for 72 h. A 20 µL of MTT [3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide] reagent was added into each well and incubated again 

for 4 h. After this, 50 µL of MTT lysis solution (DMSO) was added into the wells. The plates 
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were further incubated for 5 minutes in CO2 incubator. Finally, plates were read at 570 and 620 

nm wavelengths using a standard ELISA microplate reader (Ascent Multiskan). Data were 

recorded and analyzed for the assessment of the effects of test complexes on cell viability and 

growth inhibition. The percentage of growth inhibition was calculated from the optical density 

(O.D.) that was obtained from MTT assay. The formula used for the calculation of growth 

inhibition is carried out using given equation. 

100
(control) D O.

](survived) O.D-(control) [O.D
  inhibitiongrowth  of % 

 

3.3.1.(b) In-Vivo Anticancer Studies in terms of acute oral toxicity tests (IAOT) 

IAOT of Group-I compounds were performed in University of Sains Malaysia (USM), Main 

campus after fulfilling the necessary bioethical requirements under approval of grant number 

USM/Animals Ethics Approval/2012/(76) (364). 

3.3.2 Biological Studies of Group-III Compounds 

The synthesis of Group-III compounds were carried after pre-determination of their 

cytotoxicities by molecular docking analysis then experimental evaluation of their anti-cancer 

activities. As given in further text:   

3.3.2 (a). Molecular Docking Analysis of Group-III explore their Drug-Protein 

Interactions Before In-Vitro Anticancer Studies  

Biological studies of Group-III only were commenced from the computational approach. For 

this purpose, python language was downloaded from www.python.com, Molecular graphics 

laboratory (MGL)tools was downloaded from http://mgltools.scripps.edu and AutoDock4.2 was 

downloaded from http://autodock.scripps.edu, Bio Via draw was downloaded from 

http://accelrys.com, Discovery studio visualizer 2017 downloaded from http://accelrys.com and 

Chem3D was downloaded from  https://acms.ucsd.edu. 

Three-dimensional crystal structure of anticancer targets VEGFA with PDB (2222) ID: 

4KZN, COX1 with PDB ID: 1EQH, EGF with PDB ID: 1JL9, HIF with PDB ID: 1YCI were 

selected and downloaded from Protein Data Bank (www.rvcsb.org/pdb) (Fig. 4.1).The 

complexes bound to the receptor molecule, all the non-essential water molecules and 

heteroatoms were deleted and ultimately hydrogen atoms were added to the target receptor 

molecule using Argus Lab. 

To predict the binding-conformations, ligand preparation was made wherein 4 synthetic 

active compounds available with identified structure of ligands from crystallography were used 

Pubchem to make sdf format and converted to PDB format using Pymol and further used for 

http://mgltools.scripps.edu/
http://autodock.scripps.edu/
http://accelrys.com/
http://accelrys.com/
https://acms.ucsd.edu/
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docking studies towards 3 different cancer cells and RGC5 cell line as normal cell line. The 

starting structures of the proteins were prepared using AutoDock tools. Water molecule was 

deleted, polar hydrogen and Kollman charges were added to the protein starting structure. Grid 

box was set with the size of 126×126×126 Å with the grid spacing of 0.375 Å at the binding site. 

The starting structure for all the ligands namely 37 (BDM-C), 36 (BPE-C), 35 (BH-C) and 34 

(BO-C) were constructed using BioVia draw. Sunitinib and 5FU were selected as positive 

control. Their structures were provided from Pubchem website Gasteiger charges were assigned 

into optimized ligand using AutodockTools. 100 docking runs were conducted with mutation 

rate of 0.02 and crossover rate of 0.8. The population size was set to use 250 randomly placed 

individual. Lamarckian Genetic algorithm was used as the searching algorithm with a 

translational step of 0.2 Å, a quaternion step of 5 Å and a torsion step of 5 Å to get most populated 

and lowest binding free energy. After molecular docking analysis four cancer cell lines namely: 

murine melanoma cancer cell line (B16F10), rat retinal ganglion cancer cell line (1-8RGC5), 

cervical cancer cell line (HeLa) and breast cancer cell line (MCF7-1) for Group-III compounds 

were selected. 

3.3.2 (b). Cytotoxicities of Group-III test compounds against cancer cell lines 

Murine melanoma cancer (B16F10) cell line, rat retinal ganglion cancer (RGCS) cell line, 

cervical cancer (HeLa) cell line and breast cancer (MCF7) cell line were procured from American 

type culture collection (Rockvill, MD, USA). The cells were maintained in RPM I1640 media 

supplemented with 10% HIFB Sand 1% PS. Cells were cultured in 5% CO2-humidified 

atmosphere at 37
o
C. All cancer cell lines were individually allowed to grow under optimal 

incubator conditions until they reached on confluence of 70-80% then liquid medium was 

aspirated out of the plate to wash sterile phosphate buffered saline (PBS) (pH7.4), 2-3times and 

after washing PBS was completely disposed. Then trypsin was added and distributed evenly onto 

their cell surfaces. Cells were incubated at 37
o
C in 5% CO2 for 1min. Then, the flasks containing 

the cells were gently tapped to aid cells segregation and observed under inverted microscope. 

Trypsin activity was inhibited by adding 5mL fresh media (10%FBS). Cells were counted and 

diluted to get a final concentration of 2.5×10
5 

cells/mL and inoculated into wells 

(100μLcells/well). Finally, plates containing the cells were incubated at 37
o
C with an internal 

atmosphere of 5% CO2. 

3.3.2(c). MTT Assay of test compounds  

Murine melanoma c ancer cells (100μL, 1.5×10
5

cells/mL) were seeded in 96-well microtiter 
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plate. Then the plate is incubated in CO2 incubator for overnight in order to allow the cells for 

attachment. Hundred microliter of test substance was added into each well containing the cells. 

Test substance was diluted with media into the desired concentrations from the stock. The plates 

were incubated at 37
o
C with an internal atmosphere of 5% CO2. After 72h treatment period, 

20μL of MTT reagent was added into each well and incubated again for 4h. After this incubation 

period, 50μL of MTT lysis solution (DMSO) was added into each well. The plates were further 

incubated for 5min in CO2 incubator. Finally, plates were read at 570 and 620 nm wavelengths 

usin gamonochromator-based multimodemicroplate reader (TecanInfinite
®

M-200PRO). Data 

were recorded and analyzed for the assessment of the effects of test substance on cell viability 

and growth inhibition. The percentage of growth inhibition was calculated from the optical 

density (OD) that was obtained from MTT assay. 

3.3.2 (d). Antimicrobial finishing and Assessment of Selected Test Compounds 

on Cotton fabric 

For this purpose, cotton was processed and the selected test compounds were durably attached 

on it by using a cross-linking resin. Processing treatments include: scouring, bleaching, 

dyeing(Babu et al., 1995)and finishing as per method (Öktem, 2003). 

 

(i). Scouring of Grey fabrics  

Grey cotton fabric having construction 40s x 408, 100 x 80 in single jersey construction was 

purchased from 24scombed yarn having knitting construction as 47 courses and 38 wales per inch 

was procured. The knitted cotton fabric was subjected to alkaline scouring by treating them in 2% 

aqueous sodium hydroxide solution for two hours at 95oC. But the both cotton and PC woven 

fabrics were firstly subjected to amylase treatment using 1% Enzima R solution and then it was 

subjected to alkaline scouring by treating them in 2% aqueous sodium hydroxide solution for two 

hours at 95oC. For the woven fabric same process was repeated but fabric was firstly treated with 

amylase for six hours under 30oC for the proper removal of starch-based sizing agent that has 

been coating before the weaving process. 

(ii). Bleaching of Scoured fabrics  

The strips of woven cotton and PC as well as of knitted cotton fabrics were cut into fabric-strips of 

20 x 20 cm size were bleached with hydrogen peroxide in a typical bleaching bath which was 

run according to recipe Lyocol-O (of Archroma, Pakistan) 0.5g/L as sequestering agent and 

dispersing agent, 1.0 g/L Sandazin MRN (of Archroma, Pakistan) as wetting agent, 4 mL/L 

NaOH 50% and 5 mL/L H2O2 50% (commercial)) at 1:15 material to liquor ratio. The bleaching 
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bath was kept 5 minutes at 40ºC, heated up to 90ºC during 15 minutes and was remained at 90ºC 

for 30 minutes. 

(iii). Dyeing of Bleached fabrics 

Fabrics were dyed with exhaust method using 1% o.w.f. (on weight fabric) of the reactive dye 

Cibacrone Red FN-R. The dye bath containing the dye, 0.5 g/L NaCl, 30 g/L, Na2CO3 and 6.0 

g/L of a sequestering agent was heated up within 10 minutes to 60º and held at that temperature 

for 50 minutes for woven and 60 minutes for knitted fabric. After that acidic and basic washing 

of dyed fabric samples were accomplished.   

 (v). Durable antimicrobial finishing (DAF) 

20g/L for each of 24-synthesized N-Heterocyclic compounds as antimicrobial agents was mixed 

with 20g/L of dimethylol dihydroxy ethylene urea in (DMHEU) as cross-linker solution in ratios 

1:2, 1:4, 1:6 and 1:8 (DMHEU to 1% test compound ratios).  Then magnesium chloride @ 10g/L 

dosage as cross-linking catalyst was also added. A milky brown suspension was emerged in most 

of compositions. Then the woven fabric strips were dipped in each composition and was shifted 

to padding machine for uniform applications. And consequently, they were cured in Aegar 

Machine to cure and cause cross-linking for 1 minute at 180oC. 

(vi). Evaluation of antimicrobial activities after DAF treatments  

First of all antibacterial activity of  all selected test compounds was assessed by adding one 

mililitre of both bacterial strains: Bacillus subtilis (gram-positive) and Escherichia coli (gram-

negative) were individually added in the test fasks which were autoclaved in (SANYO Labo 

Autoclave MLS- 3020U) at 121°C for 15 min adjusting pH of broth solutions at 7. Each test test 

flask contained 50 mL of nutrient broth solution. The ingridients of nutrient broth which 

included: 5 g/L peptone,5 g/L sodium chloride, 1.5 g/L peptone and 1.5 g/L yeast extract and 1.5 

g/L beef extract. The flask which was considered positive control contained silver sulfate 1mL 

of 1000 ppm solution and that was considered negative control was run without any antimicrobial 

agent.Respective test fabric pieces of 4cm2 (autoclaved) were added in test flasks which were 

placed in shaking incubator at 30°C at 120rpm and their absorption was at 600nm was checked 

after 24hours to get percentage growth inhibition of test fabric(Atlas, 2010). 

The screened analogues of significant antibacterial activities were subjected to antifungal 

studies while using Aspergillus niger and adding 2g/L of potato dextrose agar (PDA)instead of 

nutrient broth in distilled water other procedure was same as that of antibacterial studies.  
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Chapter 4 

RESULTS AND DISCUSSION          

Since three types of metallo-N-Heterocyclic carbene (M-NHC) compounds were synthesized 

including: Silver-N-Heterocyclic carbene (Ag-NHC) compounds; Mercury-N-Heterocyclic 

carbene (Hg-NHC) compounds; and Selenium-N-Heterocyclic carbene (Se-NHC) compounds 

with an aim to explore their functional attributes in medical areas. Hg-NHC compounds were 

not put forth for medical applications because they were synthesized to produce Ytterbium-N-

Heterocyclic carbene (Yb-NHC) compounds through transmetalltion technique but Yb-NHC 

could not be synthesized in that way. 

4.1 Synthesis of N-alkylated azoles (1-15) 

 The general procedure elaborating azoles N-alkylation a per methodology wherein, potassium 

salts of either imidazole or benzimidazole were produced firstly by reacting them with 1.5 

equivalents of potassium hydroxide at room temperature while stirring them in dimethyl 

sulfoxide for 0.5-1.0 hour. Then for the synthesis of each N-alkylated analogues potassium salts 

of azoles were subjected to N-alkyation by dropwise addition of respective alkyl bromides. In 

view of exotherimic nature of nucleophilic substitution reaction involved in N-alkylation 

dropwise addition of alkyl bromide was made everytime. This dropwise addition was completed 

in the first hour of stirring and after that the reaction mixture was allowed to stir for three 3-4 

hours at room temperature. The reaction time was varied with respect to the assessment about 

completion of reaction using thin layer chromatographic technique. 

The reaction mixture was poured in 250-350 mL water in 500 mL glass beaker, a milky 

white solution was obtained which was again poured in separating flask wherein 40mL of 

chloroform was already added. The milky white solution was shaken thoroughly for five to ten 

minutes so that the desired product could be extracted in choloroform layer while potassium 

hydroxide and its azole salt could remain in aqueous layer. After shaking, the separating funnel 

was remained standing for 10 minutes then oily chloroform layer was drained in 100mL beaker  

which contained some traces of water that were removed by repeated filtrations using fresh filter 

in filtration apparatus. The compounds (1-15) were obtained in 65-90% product yields. The 

synthesized compounds were characterized by FT-IR or NMR techniques prior to the synthesis 

of their azolium salts.  
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4.2. Synthesis of Azolium salts (16-33) 

N-alkylated azoles were further reacted with alkyl bromides to get their corresponding azolium 

salts. Alkyl bromides were either xylyl substituted dibromide or alkyl bromides. In further text, 

both xylyl linked and alkyl linked azolium salts are described.  

4.2.1 Synthesis of Mononuclear azolium salts (16-19) 

Mononuclear azolium salts were synthesized by reacting N-propylbenzimiazoles with three alkyl 

halides: propyl, butyl and heptyl bromide to get the symmetrical and non-symmetrical 

corresponding azolium salts as shown in Figure 4.1. Methodology was followed in same way 

that of binuclear azolium salts but one equivalent of N-propylbenzimiazoles (instead of 2-

equivalents of individual azole as added in binuclear azolium) was employed in reaction mixture. 

All three synthesized bisbenzimidazolium salts were appeared in form of solid precipitates which 

were washed repeatedly with fresh 1,4-dioxane and consequently dried  to get finely ground 

solid.  

 

Figure 4.1 (Scheme-I) Representation for mononuclear azolium salts 

 

4.2.2 Synthesis of Binuclear azolium salts (20-33) 

N-alkylated azoles were further reacted with alkyl bromides to get their corresponding azolium 

salts. For this pursuit, 2-equivalents of individual azole was treated with one equivalent of either 

ortho xylene bromide or meta-xylene bromide in 20-30 mL of 1,4-dioxane as reaction medium 

and solvent after adding the both in solvent the reaction mixture was refluxed for 24 hours. In 

most cases, synthesized products were appeared in form of solid precipitates which were 

collected at the end of reaction using decantation technique. The precipitate were filtered out 

then washed with fresh 1,4-dioxane and consequently dried  to get finely ground solid. In the 

current study, only one meta-xylyl linked azolium analogues (Compound 20) was synthesized 

which appeared in form of white precipitates in reaction medium which was separated out and 

was heated till their drying to its powdered form. The reaction Scheme for its synthesis is 

elaborated in Figure 4.2. 
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Figure 4.2 (Scheme-II) Representation to show the synthesis of xylyl linked binuclear bisbenzimdazolium salts 

In the synthesis of ortho-xylyl azolium salts, 13 azolium salts were synthesized, out of 

13, nine were bisbenzimidazolium salts and four were bisimidazolium salts. Most of 

bisbenzimidazolium salts were appeared in form of tacky fluids which retained on the walls of 

reaction flask. And they were appeared either in form of crystals or amorphous powder and also 

in form of sticky mass.  

4.3. Synthesis of Metal N-Heterocyclic Carbene Compounds (34-50) 

Metal N-Heterocyclic Carbene compounds of three categorical groups: Group-I (Ag-NHC 

Complexes), Group-II (Hg-NHC Complexes), and Group-III Se-NHC Adducts were synthesized 

their further detail is given as: 

4.3.1. Synthesis of Silver N-Heterocyclic Carbene (Ag-NHC) Complexes 

(34-35) 

Synthesis of Silver N-Heterocyclic Carbene (Ag-NHC) Complexes was accomplished in dark 

while stirring silver oxide and benzimidazolium salts in methanol for 48-60 hours. The dark 

environment was provided by covering the reaction flask with aluminum foil. After the 

completion of reaction which was indicated on the basis of lowering of silver oxide particles, 

the reaction mixture was filtered several times. After that repeatedly filtered solution was 

added with potassium hexafourophosphate and was shifted to round bottom flask for three 

hours so that impure silver complexes may be purified by precipitation as the silver complexes 

having PF6
- anions as counter ion are appeared in form of precipitates the reaction is shown in 
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Figure 4.3. 

 

Figure 4.3 (Scheme-III) Synthesis of Ag-NHC Complexes from their respective salts 

4.3.2. Synthesis of Mercury N-Heterocyclic Carbene (Hg-NHC) Complexes 

(36-38) 

Mercury N-Heterocyclic Carbene (Hg-NHC) Complexes were produced by stirring the 

suspension of benzimidazolium salt and mercury(II) acetate in methanol for 24 h as shown 

in Figure 4.4. After the isolation and washing products, Hg-NHC) Complexes were appeared 

in form of white precipitates which had distinct structure when they were structurally 

characterized by X-ray diffraction studies. 

 
Figure 4.4 (Scheme-IV) Synthesis of Hg-NHC Complexes from their respective salts 
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4.3.3. Synthesis of Selenium N-Heterocyclic Carbene (Se-NHC) Adducts 

(39-50) 

For this purpose, only binuclear benzimidazolium salts were subjected to in-situ synthetic 

technique, wherein salts are firstly converted to N-Heterocyclic carbenes by the action of 

alkali carbonates and almost simultaneously they were coordinated to their corresponding 

adducts with selenium as mentioned in methodology. An oily layer formed above the water 

surface and the unreacted selenium metal remained settled at the bottom of the flask. A 

portion of the sticky product remained attached to the magnetic bar was considered as product 

of interest in each case of adduct-formation. 

Figure 4.5 (Scheme-V) Synthesis of Se-NHC Adducts from their respective salts 

4.4. Characterization of Test Compounds 

For the characterization, structural elucidation of the test compounds on terms of NMR, FT-

IR and X-ray diffraction analysis were accomplished. Their detail description is given as 

further. 

4.4.1 Melting and Boiling Points of Test Compounds 

The melting points were recorded using capillary tube of 1mm diameter. According to the 

reported literature, it was assumed that higher will be the chain length then higher will be the 

melting point of synthesized analogues and it was also assumed that higher will be number of 

aromatic rings, the higher the melting and boiling points of the same due to the packing effect. 
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With a few exceptions, the assumption was emerged as an established trend throughout the study. 

As shown in Figure 4.6 and 4.7.  

 

Figure 4.6 boiling points of N-alkylbenzimidazoles 

 

 

Figure 4.7 Trend of varying melting points with the change in alkyl groups in bisbenzimidazolium salts 

4.4.2 Fourier Transform Infrared (FT-IR) Spectroscopic Analysis  

FT-IR spectroscopic analysis confirmed the formation of the test compounds. The analysis was 

accomplished using KBr discs wherein thin layers or solid compounds were analyzed in 400 to 

4000 cm
-1 

range. In the elucidation of FT-IR spectras, benzimidazole was identified in 2500-

3200 cm
-1 

range wherein sp3C-H appeared in range 2750-2950 cm
-1

, vibrations of aromatic 

rings (Csp2-H) were emerged in range 3000-3100cm
-1

. In same way, xylyl C-H(sp3-s) and the 
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vibrations of other alkyl groups were appeared in 2900 to 3000 cm
-1 

range. As elaborated in 

Figure 4.8. 

 

 

Figure 4.8 Elucidation of Metal-NHC bond by “fourfingers(f.fs)” in 1350 to 1500cm-1 range.  

 

Figure 4.9 Before metallation tested NHC compounds no “fourfingers(f.fs)” in 1350 to 1500cm-1 range 

4.4.3 Analysis of Test CompoundsUsing FT-NMR spectroscopy 

Fourier transform nuclear magnetic resonance spectroscopic analysis of some selected test 

compounds was accomplished using deuterated dimethylsulfoxide (DMSO-d6) but in some 
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cases deuterated acetonitrile (d3-acetonitrile) was used. This was performed in the range of δ 0-

12 ppm for proton (1H) NMR and δ 0-200 ppm for 13C-NMR on Bruker (400 MHz) 

UltrashieldTM, Bruker Avance (300 MHz) and Bruker (500 MHz) instruments as per availability 

of slots. The spectral peaks were identified as singlet (s), doublet (d), triplet (t) and multiplet (m) 

with reference to TMS signals. 

For Compound (1-15), alkyl groups after N-alkylation were represented by shifting of 

their peaks to downfield for example in case of Compound 2, the peak of propyl was shifted 

from δ 3.21 to 4.1 ppm in N-propylbenzimidazole. In case of compounds from 16-33, azolium 

salts were synthesized which were confirmed on the basis of a singlet peak. 

          The successful synthesis of Compounds 16-33 was confirmed by emergence of acidic 

proton peak in δ7.5- δ10 range. In same way, they were confirmed on 13C-NMR on the basis 

of new peaks emerged in δ49- δ56 when the spectras of N-alkylated azoles and their 

respective azolium salts were differentiated.   The synthesis of metal-NHC compounds for 

34-51 was indicated by disappearance of acidic proton peak at approximately 8.00 ppm. In 

13C-NMR, Se-NHC compounds (34-39) showed distinguished peak in 155-170 ppm range, 

in case of Ag-NHC and Hg-NHC compounds 180-189 ppm range. Butthe mercury 

complexes behave distinctly in solution at room temperature. The 1H and 13C NMR spectra 

of these complexes indicated the presence of an equilibrium between the dibromo-bridged 

binuclear and dibromo coordinated mononuclear species as shown in Figure. 4.9. The 

spectra indicated the presence of two sets of peaks for each proton or carbon. This highlight 

once again proves the unique donor capabilities of NHC ligands, which are able to stabilize 

monomeric HgBr2 adducts without the need for dimerization in the solution.  

 

Figure.4.10 (Scheme-VI) Interconversion of Hg-NHC Complex to mono and binuclear form 

4.4.4. Crystallographic Analysis of the Test Compounds  

During the study, a few test compounds were successfully crystallized which were analyzed by 

single crystal X-ray diffraction technique. The crystallized compounds of Group-I and Group-

II are discussed as further: The successful growth of crystals elaborated in further text was 

made possible by repeated washing with 1,4-dioxane and consequently dissolving the 
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compound in methanol with 1:1 metholnol to compound ratio. Evaporation was carried out at 

room temperature which resulted in appearance of colorless crystalline blocks.  

Salt 19 crystallizes in the triclinic space group P-1 containing three benzimidazolium 

cations, three bromide anions and three water molecules in an asymmetric unit as shown in 

Figure 4.12. In the five-membered ring (NCNCC) of salt 19 and substitutions attached, the 

bond angles and distances are in good agreement with the published similar molecules 

(Haque et al., 2012). In the extended structure, bromide ions and water molecules link the 

benzimidazolium cations into three dimensional networks through C-H…Br (2.539(3) Å), 

O-H…Br (2.523(6) Å) and H-O…H-C (3.317(7) Å) hydrogen bonds. 

The molecular structure of 46 is depicted in Figure 4.10. It is visible that Complex 

46 crystallizes in the monoclinic space group P2(1)/c having half an equivalent of complex 

cation and anion in an asymmetric unit. As it consists of the two benzimidazolium NHC 

units coordinating to the silver atom; the coordination at the silver atom can be described as 

linear with C1–Ag2–C1A bond angle of 180(10), having the carbene carbon-silver bond 

distances, C1-Ag1 and C1A-Ag, are 2.0837(17) and 2.0838(17) Å, respectively. The 

internal ring angles of both the benzimidazole rings at the carbene center (C-N-C) are 

106.41(15)o. These bond distances and angles are similar to those observed in other NHC 

silver complexes (Haque et al., 2011; Price et al., 2012). Both the benzimidazolium rings 

are almost parallel to each other with the negligible dihedral angle, perhaps this arises from 

the symmetric nature of the ligand. In the extended structure, hexafluorophosphate anions 

link the complex cations into three dimensional networks through C-H…F (3.076(3) Å) 

hydrogen bonds. 

 

Figure 4.11 Molecular Structure of compounds 46 (Ag-complex) 



 

 

60 

Table 4.1: Selected bond lengths (Å) and angles (o) of silver complex 46. 

Ag1-C1 2.0839(18) C2-C7 1.398(3) N2-C11 1.465(2) 

C1-N2 1.355(2) C2-C3 1.393(3) C11-C12 1.525(3) 

N1-C1 1.356(2) C7-C6 1.394(3) C12-C13 1.528(3) 

C2-N1 1.393(2) N2-C7 1.393(2) P1-F1 1.6000(14) 

N1-C8 1.467(2)     

      

C1-Ag1-C1A 180.00(10)  C8-N1-C2 125.58(15)  

C13-C12-C11 111.01(16)  N2-C7-C2 106.11(15)  

C12-C11-N2 112.53(15)  F1-P1-F2 90.32(7)  

N2-C1-Ag1 129.11(13)  F1-P1-F1A 180.00  

C11-N2-C7 124.97(15)  N1-C2-C7 106.09(15)  

Table 4.2: Crystal data and structure refinement details of Salt 19 as well as Ag-NHC and Hg-NHC complexes. 

 

 19 46 49 51 

Formula C7H27N2Br.H2O C26H36AgF6N4P C26H36Br4Hg2N4 C34H52Br4Hg2N4 

                                                                                                                            C26H36Br4Hg2N4 C34H52Br4Hg2N4 

Formula weight 339.31 657.43 1125.37 1237.62 

Crystal system Triclinic Monoclinic Monoclinic Triclinic 

Space group P1 P21/c P21/n P1 

Unit cell dimensions 

a (Å) 

 

9.8666(2) 

 

8.1529(1) 

 

11.0443(2) 

 

7.9369(2) 

b (Å) 13.9114(2) 16.3288(2) 13.9475(2) 11.6480(3) Å 

c (Å) 21.4815(3) 11.0793(1) 11.0640(2) 22.0493(8) Å 

α (o) 105.410(1) 90 90 83.849(2)° 

β (o) 91.392(1) 108.696(1) 113.831(1) 85.903(3)° 

γ (o) 101.592(1) 90 90 80.916(2)° 

V (Å3) 2775.10(8) 1397.13(3) 1559.00(5) 1998.19(10) Å3 

Z 3 2 2 2 

Density (calcd) 

(gm/cm3) 

1.281 1.563 2.397 2.057 
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Table 4.3: Selected bond lengths (Å) and angles (o) of benzimidazolium salts complex 19. 

C8B-N1B 1.387(5) N1B-C1B 1.398(5) C1B-C2B 1.399(5) 

N1B-C7B 1.334(5) N2B-C6B 1.384(5) C2B-C3B 1.386(6) 

C7B-N2B 1.338(5) C1B-C6B 1.391(5) O1W-H1W1 0.8400 

N2B-C11B 1.471(5)     

      

C8B-N1B-C1B 126.1(3)  N1B-C7B-N2B 109.4(3)  

N1B-C1B-C2B 131.0(4)  C7B-N1B-C1B 108.6(3)  

C8B-C9B-C10B 113.2(4)  C7B-N2B-C6B 109.0(3)  

C1B-C2B-C3B 115.9(3)  C11B-N2B-C6B 126.2(3)  

 

Table 4.4: Selected bond lengths (Å) and angles (o) of mercury complex 49. 

Hg1-C1 2.125(6) C2-C7 1.468(10) N2-C11 1.457(9) 

Hg1-Br1 2.6378(9) C2-N1 1.369(9) N2-C7 1.377(8) 

Hg1-Br2 2.5645(8) N1-C8 1.463(11) C11-C12 1.511(11) 

C1-N2 1.345(10) C2-C3 1.374(9) C12-C13 1.549(13) 

N1-C1 1.352(9) C7-C6 1.407(10)   

C1-Hg1-Br1 121.7(2)  Br1-Hg1-Br2 104.95(3)  

Abs coeff (mm-1) 2.224 0.842 14.984 11.701 

F(000) 1124 672 1040 1168 

Crystal size (mm) 0.13 x  0.24 x  0.29 0.13 x  0.18 x  0.26 0.05 x  0.18 x  0.18 0.29 x 0.11 x 0.020 

Temperature (K) 100 100 100 100 

Radiation (Å) MoKa 0.71073 MoKa 0.71073 MoKa 0.71073 MoKa 0.71073 

θ Min, max (o) 1.0,  29.0 2.3,  35.1 2.2,  32.7 3.49, 36.03 

Dataset -13: 13 ; -18: 18 ; -29: 

25 

-13: 13 ; -25: 26 ; -17: 

13 

-16: 16 ; -21: 21 ; -16: 

16 
-12: 12, -19: 18, -36: 

36 

Tot.; Uniq. Data 43865 23301 40992 17831 

R (int) 0.041 0.027 0.055 0.0589 

Nref, Npar 14597,  574 6067,  177 5729,  159 8723, 388 

R, wR2, S 0.0514, 0.1728, 1.02 0.0353, 0.0824,1.11  0.0476, 0.1176, 1.22 0.0353, 0.0485, 1.21 
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C1-Hg1-Br2 127.7(2)  N2-C7-C2 106.3(6)  

C13-C12-C11 109.8(7)  N2-C1-Hg1 123.9(5)  

C12-C11-N2 111.6(5)  C11-N2-C7 124.2(6)  

N1-C2-C7 103.7(5)  C8-N1-C2 122.1(6)  

 

Table 4.5: Selected bond lengths (Å) and angles (o) of mercury complex 51. 

Hg1-C32 2.111(11) Hg2-C42 2.102(11) 

Hg1-C12 2.133(11) Hg2-C22 2.138(11) 

Hg1-Br3 2.5039(4) Hg2-Br4 2.5257(4) 

Hg1-Br1 2.7014(4) Hg2-Br2 2.6866(4) 

Hg1-Br2 3.0145(4) Hg2-Br1 2.9678(4) 

    

C32-Hg1-Br3 139.7(5) C32-Hg1-Br2 93.9(9) 

C12-Hg1-Br3 142.2(5) C12-Hg1-Br2 96.3(9) 

C32-Hg1-Br1 116.1(3) Br3-Hg1-Br2 97.926(12) 

C12-Hg1-Br1 112.5(3) Br1-Hg1-Br2 91.026(11) 

Br3-Hg1-Br1 102.090(13) C42-Hg2-Br4 137.0(5) 

C22-Hg2-Br4 137.4(6) Br4-Hg2-Br1 98.081(13) 

C42-Hg2-Br2 117.3(3) Br2-Hg2-Br1 92.338(11) 

C22-Hg2-Br2 116.3(3) Hg1-Br1-Hg2 88.662(12) 

Br4-Hg2-Br2 103.439(12) Hg2-Br2-Hg1 87.969(12) 

C42-Hg2-Br1 93.5(12) C22-Hg2-Br1 95.2(12) 

The isolated two bisbenzimidazolium rings were attached by one metallic centre in both 

cases either in silver or mercury complexes. Crytallization techniques were applied on almost of 

synthetic analogues but 49 and 51 of Group-II as well as 46 and 48 of silver complexes could be 

crystallized by ether diffusion method and solid-state molecular structures were determined by 

single-crystal X-ray diffraction method. Crystal refinement data, and important bond lengths and 

angles of 49 and 51 are collected in Table 4.1-4.3. Neutral binuclear mercury complexes 49 and 

51 crystallized in the triclinic space group P-1 and monoclinic space group P2(1)/n, respectively. 

In the structures of both the mercury species, two molecules are associated perpendicular to ab-

plane, giving dimeric structures with lateral mercury−bromido interactions as shown in Figure 

4.11. Interestingly, the length of direct mercury−bromido bond is 2.124(7) and 2.111(11) Å for 

49 and 51. However, the length of the additional interaction is substantially longer at 2.6379(7) 
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and 2.7014(4) Å for 49 and 51, respectively, which are well shorter than the sum of the van der 

Waals radii of mercury and bromine (3.40 Å). Like latter interactions, the bond distance of the 

mercury and non-bridged bromide bond in both cases is longer than the mercury-carbene carbon 

bond distances, i.e., 2.5646(7) and 2.5039(4) for 49 and 51, respectively. This is reflected in the 

Ccarbene−Hg−Br angles, where a proportional decrease from linearity is observed. This 

observation is in agreement with the reported iodo- or chloro-bridged binuclear mercury-carbene 

complexes. In both complexes the atoms of the central Hg2Br2 ring are essentially planar. Internal 

bond angles of both the benzimidazole rings at the carbene center (C-N-C) are well within the 

range of similar mononuclear mercury-carbene complexes.  

 

Figure 4.12 Molecular structure of Hg(II) complex 49with displacement ellipsoids drawn at 50%probability 

In the case of complex 49, both benzimidazole ligands were modelled as being disordered 

over two sets of sites with occupancy factors constrained to 0.5 after trial refinement. Molecular 

structure of the first and second component of the disordered complex 51 projected oblique to 

the Hg2Br2 plane are shown in Figure 4.11, respectively. Geometries and atomic displacement 

parameters of the ring systems were restrained to acceptable values. Attempts to obtain a better 

model in space group P1 were not successful. The dihedral angle between planes of each pair of 

the disordered benzimidazole rings are 30.4(2)° [rings 1 and 3] and 33.2(2)° [rings 2 and 4]. The 

benzimidazole rings on Hg1 and Hg2 are virtually parallel with the dihedral angles between 

opposite pairs being 0.00(8)° [between 1 and 2] and 3.4(2)° [between 3 and 4]. In the extended 

structure of both the complexes, the binuclear units link each other into three dimensional 

networks through C-H…Br (3.352-2.888 Å) hydrogen bonds. 
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Figure 4.13-Molecular structure of Compound-19 (respective ligand of complex 51) with displacement 

ellipsoids drawn at 50%probability 

 

Figure 4.14-Molecular structure of Hg(II) complex 51with displacement ellipsoids drawn at 50%probability 

Above Figure 4.13 for the molecular structure of the first component of the disordered Hg(II) 

complex 51 projected oblique with displacement ellipsoids drawn at 50%probability. In same 

way, molecular structure of the second component of the disordered Hg(II) complex 49 projected 

oblique to the Hg2Br2 plane with displacement ellipsoids drawn at 50%probability. 

4.5 Molecular Docking Studies of Selected Group-III Compounds  

Molecular docking studies were accomplished in pursuit to get experimental information relating 

to drug-protein interactions wherein supposed drugs were designed Selenium N-Heterocyclic 

Carbene (Se-NHC) Adducts. For this purpose, the interaction of only four synthesized Selenium 

N-Heterocyclic Carbene (Se-NHC) analogues could be focused.  

Molecular docking studies were conducted by selected only the selenium adducts of Group-

III compounds. For this purpose,compound 34 (3,3'-(1,2-phenylenebis(methylene))bis(1-octyl-

1H-benzo[d]imidazole-2(3H)-selenone), compound 35 (3,3'-(1,2-
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phenylenebis(methylene))bis(1-hexyl-1H-benzo[d]imidazole-2(3H)-selenone), compound 36 

(3,3'-(1,2-phenylenebis(methylene))bis(1-phenethyl-1H-benzo[d]imidazole-2(3H)-selenone) 

and compound 37 (3,3'-(1,2-phenylenebis(methylene))bis(1-benzhydryl-1H-

benzo[d]imidazole-2(3H)-selenone) were selected for docking studies against four protein 

targets. For this purpose, the downloading of three dimensional crystal structure and the deletion 

of unnecessary bound molecules, four anticancer targets including vascular endothelial growth 

factor-A (VEGFA) with PDB ID: 4KZN; cyclooxygenase-1 (COX1) with PDB ID: 1EQH; 

epidermal growth factor (EGF) with PDB ID: 1JL9; hypoxia inducible factor (HIF) with PDB 

ID: 1YCI  which are elaborated as in Fig. 4.14. 

 

Fig.4.15: A: VEGFA protein from RCSB protein data bank (4KZN), B: COX1 protein from RCSB protein data 

bank (1EQH), C: EGF protein from RCSB protein data bank (1JL9), D: HIF protein from RCSB protein data bank 

(1YCI). 

The scoring and filtering the docked conformation to omit unnecessary molecule were 

accomplished as mentioned in Chapter-3 of Materials and Methods. Because it is very important 

to adapt the model for any particular study with respect to the surface complementarities and 

geometric fittings of the test compounds wherein unnecessary interactions are eliminated. 

Otherwise, greater numbers of docking interactions make the study much more complex, 

anyhow, significant percentage of docking interaction are often irrelevant biologically (Yuriev 

et al., 2011). 

To explore their interactions, main features of their assumed complexes (drug-protein 

complexes) after their binding to the target proteins are needed to be studied by multilateral ways 

which are very complicated aspects. Because the interactions in each of the docking studies is 

needed to cover surface complementarity and its electrostatic aspects in scoring docked 

D

A

C
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orientation. This was accomplished to better assume the probable activities on the basis of 

geometric fitting and electrostatic energy(Kongot et al., 2019). 

In the identification of side-chain interactions, short chain range electrostatic interactions 

are usually more pronounced and among electrostatic interactions hydrogen bonding is always 

more significant. Before assessing the docked conformation of synthesized Se-NHCs binding to 

block tested oncogenic proteins, there is a need for a brief description about their functional role 

while explaining respective oncogenic mechanisms involved in nurturing cancer cells. For this 

purpose, a brief introduction of VEGF-A, HIF, COX and EGF is given as further:  

 VEGF (Vascular Endothial Growth Factor) protein is a potent bioactive agent in 

promoting angiogenic functions which promotes the growth of blood vessels in to the newly 

emerging tissues. The gene involved in encoding this protein is comprised of  8 axons  wherein 

seven  axons are involved in angiogenic functions but 8th is involved in  anti-angiogenic role  

thereby  promoting  various types of carcinomas especially  B16-F10, HeLa, MCF7 and many 

others due to lack of blood vessel growth into the newly developing tissues (Shimizu et al., 

2018). 

HIF-alpha (Hypoxia Inducible Factor) is also a globular protein that is encoded by 

various signaling pathways like P13K, MAPK, SATAS that provide an ease in the utilization of 

oxygen in cancer cells and actively promotes the expression of antiapoptopic genes. These genes 

like Bcl-2 and others consequently prevent the cell apoptosis. In this way, it protects the cancer 

cells from undergoing apoptosis by preventing them from mitochondrial respiration and putting 

them to survive on aerobic glycolysis. HIF has been further categorized into HIF-alpha and HIF-

beta. But HIF-alpha is the major and master agent in shifting the dependence of cancer cells from 

oxidative respiration to aerobic glycolysis(Acker and Plate, 2002). 

 COX is cyclooxygenase enzyme which is further classified into COX-1 and COX-2. 

COX-1 causes various types of carcinomas especially prostate cancer, breast cancer carcinoma 

and lung cancer. COX-2 catalyzes the conversion of arachidonic acid to prostaglandin especially 

PGE-2 which actively gears the inflammation and cancer. Actually, it acts as a protanoids at the 

site of infection; and to cause pyrogenic effects as well as to increase pain response by 

stimulation of sensory neurons. Prostaglandin–E2 promotes cancer by its distinct stimulation to 

PGE2-EP2 receptors. The stimulation induces various types of cancers especially breast cancer. 

Moreover, human colon cancer, liver and aesophageal cancer have also been reported due to 

dysfunctional release of COX. Moreover, COX, COX-1 but COX-2 promotes inflammatory 
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response of the body as results of tissue injury wherein they excessively convert arachidonic acid 

to prostaglandins. And arachidonic acid is produced due to the overexpression of interleukin-1 

(IL-1) and tumor alpha-necrosis factor (TNF-alpha) genes under influence of nuclear factor-B 

(NFkB). Overexpression of IL-1 and TNF-alpha lead to overproduction of cytokines then 

inflammatory cytokines stimulates the production of COX which further leads to the conversion 

of prostaglandins. And to bridle the synthesis of prostaglandin so as to inhibit carcinogensis, the 

binding and blocking of COX is most necessary(Suganuma et al., 2000). 

4.5.1 (a).The interactions between VEGFA with  COMPOUND 37 (BDM-C) 

In the study of VEGFA interactions with 37 (BDM-C) which is chemically selenium adduct of 

xylyl-linked N-alkylated benzimidazole wherein alkyl group are bromodiphenylmethane. So 

phenyl groups make the compound much more interactive to biological molecules. In the 

identification of side chain interactions, major of the explored interactions were of alkyl residues 

in lysine with carbon atoms of phenyl in ligand; sulfur residues of cysteine with phenyl adducts 

and alkyl groups of vanillin with phenyl groups of the same.  Among all studied analogues 37 

(BDM-C) showed its values in maximum wherein negativity of the value infers the higher 

stability of all other studied ligands in exploring interaction with VEGFA. So it can be concluded 

that 37 (BDM-C) has hot-spot residues to test its potential anticancer activity while blocking 

VEGFA. 

 

Figure.4.16 Interactions between VEGFA with COMPOUND 37 (BDM-C) 

Conformation-1IIConformation-1I

Ligand Structure Conformation-1
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4.5.1 (b). The interactions between VEGFA with COMPOUND 35 (BH-C) 

35 (BH-C) showed a slight better interaction potential as compare to 34 (BO-C). The point of 

difference   between these two compounds is the nature of alkyl chains as 35 (BH-C) has terminal 

hexyl-groups and 34 (BO-C) has terminal octyl-groups which are attached on the same position 

in both cases. But it showed good to better interaction as it has binding energy -4.66 as compared 

to -6 value of sunitinib (positive control) which justifies that a bit higher degree of its stability 

after binding with VEGF can be attributed to its better geometric fitting, however, its polarity is 

almost same as that of 34 (BO-C). It has 11-binding sites for interactions to the target protein 

with various amino acid residues of VEGF wherein methionine has four; isoleucine also has 

four; proline has two; lysine has one; and proline also has only one. Isoleucine has interaction 

with selenium; with benzilium ring of xylyl; benzilium and imidazoliunm ring of 

benzimidazolium portion through its alkyl residues. Methionine has interaction also with xylyl 

of benzimidazolium as well as benzilium and imidazolium ring of benzimidazole portion through 

its sulfur residues. Moreover, Lysine offered Van der waal interaction through its alkyl residues 

with BO-C.  

 

Figure.4.17 Interactions between VEGFA with COMPOUND 35 (BH-C) 

4.5.1 (c). The interactions between VEGFA with COMPOUND 34 (BO-C) 

Conformation-1IIConformation-1I

Ligand Structure

Conformation-1
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The docking study of 34 (BO-C) were also fascinating but it showed least interactions to VEGFA 

as compare to othertest ligands. However, it offers only eight binding sites of its all portions. It 

has three interactive sites to bind with alkyl residues of arginine offering its octyl chain and xylyl 

core.  It has two binding sites for hydrogen atom of histiidine residues using its both imidazolium 

ring and benzimidazolium portion as per pictoral diagram of left hand side of 34in given Figure 

4.17. Moreover, it has three binding sites with alkyl groups of isoleucine residues which showed 

interaction with terminal carbon atom of octyl groups located on right hand side of the same of 

ligand. But it has binding energy value much higher which is even higher than -6 of sunitinib 

and -6.98 of 37 (BDM-C). The higher binding energy show less stability of its complex with 

protein. 

 

Figure.4.18 interactions between VEGFA with COMPOUND 34 (BO-C) 

4.5.1 (d).The interactions between VEGFA with COMPOUND 36 (BPE-C) 

BPEC also showed good to excellent binding interaction with docked conformations because of 

its structural similarity with 37 (BDM-C) which is likely to show likewise geometric fitting on 

the basis of multilateral probable interactions. It showed -5.96 binding energy value compare to 

-6 of sunitinib (positive control) and -6.98 of 37 (BDM-C). It has six binding sites but out of 

these six. Four are mutlitargeted sites such as in left hand side of ligand, the benzilium and 

imidazolium ring of benzimidazolium is target site for sulfur residues of methionine and it is 

Conformation-1IIConformation-1I

Ligand Structure

Conformation-1
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also the same for alkyl residues of proline. In same way, terminal benzilium ring of phenyl ethyl 

group at right hand side is an interactive site for alkyl group of methionine and it is also the same 

for alkyl groups of proline. Moreover, sulfur residues of methionine have also a strong binding 

-interaction with benzilium xylyl portion. In this it has higher binding interaction inspite of its 

lesser number of binding sites. 

 

 

Figure.4.19 Interactions between VEGFA with COMPOUND 36 (BPE-C) 

 

4.5.1 (e). The interactions between VEGFA with Flourouracil (FU) 

Flourouracil was taken as positive control which is well recognized standard for the testing 

evaluations of new synthetic drugs especially in docking studies. It was found an interactive 

compound for its hot-spot binding sites with aspartic acid of VEGFA through hydroxyl groups 

which interact with its partially positive hydrogen atom attached to heterocyclic nitrogen atom. 

Moreover, phenyl alanine has interactive binding sites with carbonyl oxygen atom of fluorouracil 

through the oxygenated bond of FU. Serine of VEGFA also shows significant binding potential 

with partially positive hydrogen of heterocyclic nitrogen present in FU. Isoleucine is also 

interactive to carbonyl oxygen bond. The main point to explain its higher stability after the 

Conformation-1IIConformation-1I

Ligand Structure

Conformation-1
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complex formation with VEGFA is due to stronger type of electrostatic interaction with VEGFA 

appendages. 

 

Figure.4.20 Interactions between VEGFA with Flourouracil (FU) 

 

4.5.1 (f). The interactions between VEGFA with sunitinib 

Sunitinib offer its potential binding interaction with VEGFA. The fact already has been testified 

in the reported literature which is again verified in the current study. The conformational view 

in the pictorial diagram shows that it has binding affinity with both of non-polar and polar amino 

acids as it interacts with glutamic acid & aspartic acid as polar amino acids and with proline, 

serine and tyrosine as non-polar amino acids. Due its interaction with amino acids of different 

polarities, it has multiple types of chemical interactions like hydrogen bonding, pi-alkyl, carbon-

hydrogen and pi-sigma interactions. It showed binding energy value -6 which was lower than all 

of our tested ligands but 37 (BDM-C) which has -6.98. This theoretically proves that one of our 

tested analogue have higher degree of activity than that of positive control.     
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Figure.4.21 Interactions between VEGFA with sunitinib 

 

4.5.2 (a). The interactions between EGF with COMPOUND 36 (BPE-C) 

As the docking studies of the selenium compounds was also directed to explore their potential 

to bind with epidermal growth factor protein (EGF) in which 36 BPE-C and 37 BDM-C showed 

almost similar binding interactions but both of them offered lower binding interaction as 

compare to the sunitinib (positive control). BPEC showed binding energy value -6.43 against -

7.06 of positive control (sunitinib). It offered 12 binding sites to interact with multiple amino 

acid residues.  Major noted interactions include isoleucine of EFG with BPEC wherein isoleucine 

through its hyperconjugated hydrogen atom present in its alkyl residues interact with pi-electrons 

of benzilium ring of phenylethyl group. In same way, lysine interacts with aliphatic carbon 

forming Van der Waal interaction. But cysteine through its sulfur atom interacts with selenium 

and heterocyclic nitrogen atom of its benzimidazoleium portion.  
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Figure.4.22 Interactions between EGF with COMPOUND 36 (BPE-C) 

 

4.5.2 (b). The interactions between EGF with COMPOUND 34 (BO-C) 

In case of 34 (BO-C) all docked conformations were interactive to block epidermal growth 

factor-A protein. Anyhow, it has good binding energy value (-4.36) but it was lowest among all 

other studied ligands including positive control. If its docked conformations are viewed, it can 

be easily visualized that it offers 12 binding sites covered by six interacting amino acids residues. 

Cysteine showed versatile interaction through its saturated and unsaturated alkyl residues. A 

little interaction with aspartic acid was also demonstrated. Moreover, vanillin also interacts with 

benzilium of xylyl portion in 34 (BO-C). 
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Figure.4.23 Shwong interactions between EGF with COMPOUND 34 (BO-C) 

 

4.5.2 (c).The interactions between EGF with COMPOUND 35 (BH-C) 

Interaction of EGF with 35 (BH-C) was also fascinating. As it showed binding potential was 

much better than 34 (BO-C) and can be graded as good to better active analogue. It has binding 

energy value -5.08 compared to -7.09 of sunitinib and -6.79 of 37 (BDM-C). However, it has 

almost equal number of binding sites as the most effective analogues have in their structure but 

lower value of its binding energy is due to its non-polar alkyl chains as the alkyl groups often 

have a lack in binding interaction and aryl groups or the groups a having aryl groups offer 

significant packing with other interacting compounds thereby increasing such drug-protein 

cimplex formation capabilities.     
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Figure.4.24 Interactions between EGF with COMPOUND 35 (BH-C) 

 

4.5.2 (d). The Interactions between EGF with FU 

Florouracil has long been known as an active cytotoxic agent for cancer cells and this fact has 

been testified again in our study. In given pictorial diagram, almost all polar groups are showing 

pronounced interaction with six amino acids residues of EGF which include: cysteine, tyrosine, 

proline, aspartic aicd, leucine and glycine. All amino acids are interacting through hydrogen 

bonding linkage using their polar groups to associate either with electronegative nitrogen/oxygen 

atom or electropositive hydrogen atom. Due this reason, it has higher stability of its complex 

with EGF-protein as compare to all other tested ligands.    
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Figure.4.25 Interactions between EGF with FU 

 

4.5.2 (e). The interactions between EGF with sunitinib 

After fluorouracil, sunitinib showed highest level of stability of its complex with EGF that might 

be due its higher degree of interactions with multiple types of amino acid residues present in the 

target protein. The main interacting amino acids are cystiene, glycine, tyrosine, aspartic aicd, 

leucine and histidine. Because of its lower degree of polarity as compare to fluorouracil and for 

having both polar and non-polar groups, it has multiple types of interactions including van der 

waal, hydrogen bonding, pi-alkyl, alkyl-alkyl, pi-ionic pi-anionic, pi-sigma types of interactions.   
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Figure.4.26 Interactions between EGF with sunitinib 

 

4.5.3 (a). The interactions between COX-1 and COMPOUND 37 (BDM-C) 

The binding energy value shows that 37 (BDM-C) is the most effective analogue in paralyzing 

or inhibiting the cyclooxygenase enzyme protein (COX-1). The phenomena of this higher 

activity may be due to the aromatic rings as the aromatic rings endow compound with better 

geometric fitting. The improved geometric fitting is usually caused plenty of endowed 

interactions like pi-sigma, pi-pi, pi-polar and pi-non-polar interactions. In this case, 37 (BDM-

C) has gained highest interaction potential among all other test compounds except BPEC even 

higher than the positive control fluorouracil and sunitinib. As it has binding energy value -9.06 

as compare to -4.92 of FU and -8.87 of sunitinib. 
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Figure.4.27 Interactions between COX-1 and COMPOUND 37 (BDM-C) 

 

4.5.3 (b). The interactions between COX1 and COMPOUND 34 (BO-C) 

In the assessment of COX1 interaction for 34 (BO-C), it was found that it showed its highest 

interaction potential to COX1 as compare to its interactions with VEGF, EGF and HIF but its 

binding energy is lower (-7.32) than that of FU (-4.92) and higher than sunitinib (-8.87). As more 

negative is the value, the higher will be the interaction to target protein. In light of this finding, 

we can infer that alkyl chain endows the binding potential among various designed analogue but 

don’t endow this optimally. In the given pictorial diagram, it has been elaborated the major role 

in its interaction has been offered by selenium atom, benzilium of benzimidazolium, benzilium 

of xylyl portion.  
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Figure.4.28 Interactions between COX1 and COMPOUND 34 (BO-C) 

 

4.5.3 (c). The interactions between COX1 and COMPOUND 36 (BPE-C) 

To best infer the substituent effect in the study of Se-NHC analogues, the interaction data of 

BPE-C and BDM-C are the most appropriate examples to interpret the changing trend of binding 

energy value after shifting from alkyl groups to aryl groups discussing aryl substituent of single 

benzene ring (as attached on BPE-C) and aryl substituent of double benzene ring (as attached on 

BDM-C). It has been found that sometimes single phenyl group show much better probable 

activity and sometimes two biphenyl rings in an aryl group show the best. In this case, BPE-C 

showed optimum lowering of binding energy value (-9.77) even it is lower than BDM-C (-9.06) 

as well as both tested positive control (FU and sunitinib having -4.92 and -8.87 respectively). 
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Figure.4.29 Interactions between COX1 and COMPOUND 36 (BPE-C) 

 

4.5.3 (d). The interactions between COX1 and COMPOUND 35 (BH-C) 

The results after the assessment of interaction potential for 35 (BH-C) shows recurrence of 

previous trend as it showed better activity than BO-C and lesser than the analogues containing 

aryl substituents on their nitrogen. So it is a better and effective analogue among Se-NHC having 

alkyl groups as it has binding energy value (-7.82) as compare to -7.32 of 34 (BO-C). And it has 

also been inferred that hexyl is among the most suitable ligands containing alkyl substituents. If 

we see it conformational diagram in the given pictorial diagram it will be justified that it has pi-

sigma, alkyl-akyl and carbon-hydrogen interactions as major key element in this context.      
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Figure.4.30 Interactions between COX1 and COMPOUND 35 (BH-C) 

 

4.5.3 (e). The interactions between COX1 and FU 

The motif of versatile activity in blocking oncogenic proteins for Flourourcil could not withstand 

in its docking analysis wherein it was assessed its activity to bind cyclooxygenase enzyme-1 

(COX-1). As it has highest value of binding energy which shows its lower stability after its 

complex formation with target protein.  As it has interaction only three amino acids including 

threonine, isoleucine and serine all these amino acids are slightly polar amino acids on the other 

hand flourouracil is highly polar compound. The difference of polarity might cause lower 

stability of its drug-protein complex. In the given analysis FU had least activity having binding 

energy value -4.92 compared to -8.87 of sunitinib, -9.06 of BDM-C and -9.77 of BPE-C.  
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Figure.4.31 Interactions between COX1 and FU 

 

4.5.3 (f). The interactions between COX1 and sunitinib 

The reported interaction of sunitinib with COX1 was again verified in the current research study. 

Its potential interaction with various amino acid residues shows that it has higher affinity to 

interact with both polar and non-polar amino acids (water and oil soluble amino acids) especially 

with proline, aspartic acid, tyrosine, iso-leucine, cysteine and glutamine. And due to its 

interaction with amino acids of varying polarity, it ligates through hydrogen bonding, pi-sigma-

interaction, pi-pi interaction, Van der Waal interaction and others. It showed lowest binding 

energy value (-8.87) among all other test ligands even higher than the positive control except 37 

(BDM-C). 
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Figure.4.32 Interactions between COX1 and sunitinib 

 

4.5.4 (a). The interactions between HIF and COMPOUND 37 (BDM-C) 

37 (BDM-C) showed versatile efficiency in binding almost of oncogenic proteins throughout in 

the current computational analysis. In case of HIF, it showed highest value among other tested 

analogues even higher than the positive controls except BPEC. The higher binding potential may 

due to its aryl groups attached on N-substiuents and also due to the fused aromatic rings in 

benzimidazolium portions. In the given pictorial diagram, it shows multiple types of interactions 

with the residues of various types of amino acids. It interacts through hydrogen bonding, pi-alkyl 

interactions, Van der Waal attraction, pi-sigms and others. It largely interacts with the residues 

of proline, valine, leucien and glutamine. It showed binding energy value (-7.43) compared to -

7.4 of sunitinib and -4.68 of fluorouracil.     
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Figure.4.33 Interactions between HIF and COMPOUND 37 (BDM-C) 

 

4.5.4 (b). The interactions between HIF and COMPOUND 36 (BPE-C) 

BPE-C being a newly designed ligand in this computational study showed as a most effective 

analogue in scavenging HIF protein and its fascinating results provokes for its further analytical 

investigation to explore its interaction with various other types of oncogenic proteins. It showed 

higher activity on the basis of its lowest binding energy value which informs about its higher 

probable stability likely to be experienced in its drug-protein complex. It interacts with both 

types of amino acids: highly polar and less polar through pi-alkyl, pi-sigma, alkyl-alkyl 

interactions and also through hydrogen bonding. The major interacting amino acids using their 

residues include glutamic acid, valine, leucine, methionine and others. It showed binding energy 

value -7.87 compared to -4.68 of FU and -7.4 of sunitinib.  

Conformation-1IIConformation-1I

Ligand Structure
Conformation-1



 

 

85 

 

Figure.4.34 Interactions between HIF and COMPOUND 36 (BPE-C) 

 

4.5.4 (c). The interactions between HIF and COMPOUND 35 (BH-C) 

In the current docking study, BH-C was considered as a one of the most effective analogue in 

binding major oncogenic agents. In case of its interactional study with HIF, it showed a value (-

6.34) of binding energy which was close to the most effective test analogues like BDM-C, BPEC 

and sunitinib. It showed promising activity on the basis of its probable interactions like: pi-sigma, 

pi-alkyl, alkyl-alkyl and others. The major interacting amino acids were histidine, isoleucine, 

phenylalanine, glutamic acid and others. Its value was greater than that of BO-C which shows 

its better geometric fitting and lower effects of steric hindrance by substituents as likely to have 

been offered by BO-C in each of its docking studies.   
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Figure.4.35 Interactions between HIF and COMPOUND 35 (BH-C) 

 

4.5.4 (d). The interactions between HIF and sunitinib 

Already reported good binding effectiveness of sunitinib granted us a criteria to assess the 

activity of our new synthetic analogues. And it was found that approximately all of our analogues 

showed approximately equivalent value of our test analogues which assures and verifies the 

higher probable activities of our test compounds. In case of interactional study with hypoxia 

inducible factor protein, it showed a value of binding energy -7.4 and out test analogues showed 

the same in -5.5 to -7.44 range. It was showed that HIF interact with various types of amino acid 

residues for both polar and less polar amino acids through hydrogen bonding and Van der Waal 

and these both types of interactions were born by almost of our analogues. In case of its 

interaction with HIF it showed association with agrinine, threonine, serine, glycine and 

phenylalanine.  
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Figure.4.36 Interactions between HIF and sunitinib 

4.5.4 (e). Theinteractions between HIF and COMPOUND 34 (BO-C) 

The current computational analysis shows that BO-C was an active analogue which likely to be 

tested through further biological studies but it was found a least active analogue in comparison 

to its alkyl substituted analogue BH-C which contains terminal hexyl groups inspite of octyl 

groups of BO-C. In case of its interactional study with HIF, it demonstrated (-5.56) value of 

binding energy which was also very close to the highly active anticancer analogues like sunitinib, 

BDM-C and BPE-C. But the value was the lowest among all other test compounds but it was 

higher than fluorouracil. In the given pictorial diagram its interactions like: pi-alkyl, pi-sigma, 

alkyl-alkyl and others interactions. It associates with the residues of major interacting amino 

acids like threonine, glutamic acid, phenylalanine and leucine. The point to be inferred on the 

basis of its structural analysis and its activity, it can be inferred that steric hindrance pose a 

problem in its geometric fitting to bind with HIF which is not more significant in case of BH-C.   
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Figure.4.37 Interactions between HIF and COMPOUND 34 (BO-C) 

4.5.4 (f). The interactions between HIF and FU 

Inspite of proven and versatile efficiency of fluorouracil but in case of scavenging HIF protein, 

it was not found an effective analogue as it has higher value binding energy among all other test 

compounds. It might be due to its higher polarity which might not be viable to best fit in non-

polar environment of amino acid residues. The interaction which it has to bind with HIF is based 

on its inherent affinity to associate with glutamine, leucine and serine through hydrogen bonding, 

carbon hydrogen bond and its fluorine linkage. It showed -4.68 value of its binding energy which 

was highest among all that means it has little stability to remain its drug-protein complex intact.  
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          Figure.4.38 Interactions between HIF and FU                                                                                           

Table 4.6 Binding energies of ligands where BMD-C=37 , BO-C=34 , BPE-C=36 , BH-C=35    

 

 

 

Conformation-1IIConformation-1I

Ligand Structure Conformation-1

Ligands Run  Ki  

VEGF 

BDM-C 61 -7.44 -7.4 -7.31 -7.17 -7.13 -7.1 -7.07 -7 -6.98 3.52 uM 

BO-C 29 -4.4 -4.39 -4.28 -4.24 -4 -3.88 -3.76 -3.75 -3.75 593.30 uM 

BPE-C 64 -6.83 -6.71 -6.51 -6.49 -6.38 -6.14 -6.04 -5.96 -5.88 9.90 uM 

BH-C 97 -5.3 -5.08 -5.01 -4.97 -4.93 -4.87 -4.74 -4.73 -4.66 130.58 uM 

sunitinib 76 -6.71 -6.56 -6.48 -6.45 -6.44 -6.05 -6.03 -6 -6 12.12 uM 

5FU 3 -4.97 -4.24 -4.05 -4 -3.93 -3.86       229.15 uM 

EGF 

BDM-C 60 -8.31 -7.7 -7.39 -7.29 -7.04 -6.84 -6.82 -6.79 -6.74 811.89 nM  

BO-C 66 -6.18 -5.42 -4.92 -4.88 -4.58 -4.48 -4.39 -4.37 -4.36 29.74 uM  

BPE-C 78 -7.48 -7.46 -7.29 -7.01 -6.8 -6.76 -6.66 -6.6 -6.43 3.28 uM  

BH-C 3 -5.87 -5.77 -5.64 -5.57 -5.43 -5.38 -5.09 -5.08 -4.96 49.83 uM  

5FU 36 -4.97 -4.93 -4.71             227.34 uM 

sunitinib 43 -8.11 -7.98 -7.7 -7.44 -7.42 -7.31 -7.1 -7.09 -7.06 1.14 uM 

COX1 

BDM-C 1 -10.8 -10.3 -9.96 -9.83 -9.55 -9.4 -9.28 -9.25 -9.06 12.08 nM 

BO-C 96 -9.65 -9.03 -8.36 -8.11 -8.1 -7.98 -7.61 -7.45 -7.32 84.46 nM 

BPE-C 28 -12.08 -11.33 -10.35 -10.3 -9.97 -9.94 -9.86 -9.8 -9.77  1.40 nM 

BH-C 80 -9.16 -8.6 -8.54 -8.37 -8.35 -8.2 -8.18 -7.99 -7.82  192.44 nM 

5FU 2 -5.09 -5.04 -5.01 -5 -4.97 -4.95 -4.95 -4.92 -4.92 187.11 uM 

sunitinib 85 -10.3 -9.84 -9.71 -9.28 -9.22 -9.03 -8.93 -8.88 -8.87 28.04 nM 

HIF 

BDM-C 27 -9.61 -8.91 -7.66 -7.6 -7.54 -7.47 -7.45 -7.44 -7.43 90.77 nM 

BO-C 41 -6.74 -6.54 -6.47 -6.17 -6.05 -5.9 -5.81 -5.64 -5.56 11.40 uM 

BPE-C 63 -9.02 -8.58 -8.45 -8.4 -8.3 -8.21 -8.07 -8.05 -7.87 246.03 nM 

BH-C 57 -7.64 -6.83 -6.63 -6.49 -6.49 -6.47 -6.45 -6.38 -6.34 2.49 uM 

5FU 3 -5.26 -5.17 -5 -4.92 -4.84 -4.79 -4.76 -4.76 -4.68 138.96 uM 

sunitinib 85 -8.21 -8.08 -7.92 -7.84 -7.76 -7.74 -7.72 -7.59 -7.4 964.34 nM 
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4.5.5. Overall Discussion of Docking Results 

The docked conformation of VEGFA, EGF, COX1 and HIF with active conformation of each 

ligand consists of 34 (BO-C), 35 (BH-C), 36 (BPE-C)and 37 (BDM-C), sunitinib and 5FU 

clearly revealed that numerous potential interactions were present Fig.4.38. As it is shown in 

figure (VEGFA-FU), the free binding energy of BDMC is lower than Sunitinib or 5FU which 

have been selected as positive control. Although it can be involved in Pi-binding, but positive 

controls involve some conventional hydrogen binds but BDMC contains 7 aromatic groups 

involve in Pi electrostatic binding which can stabilize the active pocket and cause lower binding 

energy in it compare to the positive control (Kahraman et al., 2010).  

BPEC contains Pi-sufur bind and contains 4 aromatic groups involve in binding with VEGFA 

protein. This causes the binding pocket to be stabilized more than sunitinib and 5FU (Kahraman 

et al., 2010). After running ducking study using BHC against VEGFA it revealed that although 

has 3 aromatic groups involved in Pi binding in active pocket but because of having pi-sulfur 

binding gets stabilized and the free binding energy is less than 5FU which contains 4 hydrogen 

bonds. Out of all targeting VEGFA revealed that BDM-C has more affinity towards the target 

enzyme and has the lowest free binding energy than the controls. Based on wet lab results BDMC 

has shown the lowest IC50 in B16 F10 cell line which is in correlation with in silicon data results. 

The same trend was explored in each and individual case, targeting EGF, HIF and COX1 which 

out of all reveals BDMC out of 4 targets is the more desirable ligands against these general 

selected proteins.  

4.6. In-vitro Anticancer Activities of Group-I and Group-III Compounds 

After molecular docking analysis four cancer cell lines namely: murine melanoma cancer cell 

line (B16F10), rat retinal ganglion cancer cell line (1-8RGC5), cervical cancer cell line (HeLa) 

and breast cancer cell line (MCF7-1) for Group-III compounds were selected. In-vitro anticancer 

studies were conducted against human colorectal cancer (HCT-116), erythromyeloblastoid 

leukemia (K-562) cell lines, cervical cancer cell line (HeLa), murine melanoma cancer cell line 

(B16F10), rat retinal ganglion cancer cell line (1-8RGC5) and breast cancer cell line (MCF7-

1). Among all cancers, the study of human colorectrectal cancer is one of the most important 

because of its widespread pathological concern and its growing number of effectees globally. It 

mostly infects vermiform appendix, colon and rectum portion of large intestine and it is more 

likely to infect male vectors instead of females. Several sources tell its causes reporting various 

inferences but most of them report smoking, addiction to alcohol, frequent intake of fat and 

protein enriched diet, lower intake of fiber and mineral in diet as common influencing factors in 

spreading its pathology(Liu et al., 2018).  
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To treat any kind of cancer, side-effects of cytotoxic and metabolic-modulation drugs are 

carefully considered and the best fit and analogue of lowest side-effects is selected. For instances, 

major anticancer drugs being marketed as chemotherapeutics like 5-flourouracil, cisplatin, 

semustine, levamisole, liboplatin, carboplatin and many others are not beyond the association of 

side-effects. For colorectal cancer, carboplatin have approved by FDA as metal–based cytotoxic 

drug. Its use is being encouraged because of its lower inhibitory concentration values 

consequently lower degree of side effects(Casak et al., 2018). On the other hand, flouxetine, 

levamisole, semustine, carboplatin and miltefosine have more severe side effects. Most probable 

among them for flouxetine are organ bleeding and allergic reaction; renal failure and tissue 

damage are much frequent in case of semustine; peripheral nephropathy, hepatotoxicity and 

blood dyscrasies are common side effects of carboplatin and miltefosine.  

Recently, gold and silver based carbene complexes have been tested as chemotherapeutic 

agents against HCT-116 cancer cell-lines which demonstrated fascinating outcome in test 

treating this pathological avenue. The research work was directed with an aim to explore the 

cytotoxic potential of some metal-N-Heterocyclic Carbene (NHC) complexes and organo-

metalloid-N-Heterocyclic Carbene (NHC) adducts.  

For this purpose, Ag-NHC complexes and their respective bisbenzimidazolium salts as Group-

I compounds and organo-metalloid adducts of Se-NHC Compounds and their respective azolium 

salts were studied as Group-III compounds. 

In Group-I compounds [Silver-N-Heterocyclic Carbene (Ag-NHC)] complexes and their 

respective bisbenzimidazolium salts both were studied to explore their biological studies 

including acute oral toxicity tests (IAOT) in terms of In-vivo studies and anticancer studies 

against erythromyeloblastoid leukemia (K-562), human colorectal cancer (HCT-116) and breast 

cancer (MCF-7) cell-lines. The results and their detailed discussion have been described as 

further. 

4.6.1 In-vitro Anticancer Activities, MTT assay and IAOT of Group-I Compounds  

Silver complexes have been known to serve as antimicrobials since a long time. In particular, 

silver-NHC complexes are effective against a broad range of gram-negative and gram-positive 

bacteria and fungi. In this paradigm their anticancer activities are readily being explored 

frequently mostly against human cancer cell lines such as, HCT 116, HL 60, Caki-1, OVCAR-

3, MB 157, MCF-7, among others. The specific activity of silver-NHC complexes depends on 

their bioavailability and compatibility. Further, the delivery materials and methods, solubility in 

biological fluids and ionization of the complex, and the presence of biological polymeric ligands 
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determine the extent of activity and toxicity. Recently, a series of silver-NHC complexes enabled 

as promising anti-cancer agents against human derived cancer cell lines such as, HCT 116 and 

HL 60. In continuation of this research study and to better understand the structural diversity, 

stability and solubility of silver-NHC complexes and to design and synthesize newer anti-cancer 

agents, bisbenzimidazolium salts 16, 18 and 19 and their corresponding silver-complexes 46 and 

48 for their potential anti-cancer activities against HCT 116, MCF-7 and K-562 cancer cell lines 

by MTT assay method have been disclosed. Percentage inhibition of cell proliferation was 

determined at different concentrations of the salts 16, 18 and 19 and complexes 46, 47 and 48 

ranging from 1.56 to 100 µM against each cell line. Figure 4.39 depicts the effect of 

concentration of salts/silver-complexes against HCT 116 cell line after 48 h of incubation time. 

It is clear from these graphs that cytotoxicity of the tested compounds increased with the increase 

in concentration that proved that the compounds have dose dependent antiproliferative effect. 

Cells from the control group showed fully confluent growth with compactly proliferating HCT 

116 cells after 48 h of incubation as shown below: 

 

Figure 4.39. MTT assay result of benzimidazolium salts 16 (4), 18 (5)and 19 (6)in(a) and Ag–

carbene complexes 46 (7), 47 (8)and 48 (9) in (b) vs. the HCT 116 cell line. 

However, cells treated with the standard drug 5-fluorouracil showed decreased viability 

with the IC50 value of 5.2 µM. These cells show apoptotic characteristic features as the cell 

membrane blebbing and nuclear condensation were observed in the treated cells. Treatment with 

the symmetric benzimidazolium salt 16 showed moderate inhibitory effect on HCT 116 cell 

proliferation with IC50 value of 33.7 µM. The cell picture revealed the affected cellular 

morphology of the treated cells and the intercellular junctions were disconnected leading to 

appear cells less intact. Surprisingly, cells treated with corresponding silver-complex 46showed 

the strong cytotoxic effect of the complex with IC50 value of 0.31 µM. It can be stated clearly 
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that the complex 46 affected the proliferation of all most all the cells of the group, which rendered 

the cells to lose their pseudopodial like extensions and viability and only the cellular debris 

remained in the growth medium. Further, treatments with the non-symmetrical benzimidazolium 

salts 18 and 19 showed lesser cytotoxicity with IC50 values of 61.0 and 57.5 µM, respectively, 

compared to the symmetric salt. HCT 116 cells treated with 18 and 19 showed no/less significant 

inhibitory effect on the cellular proliferation. Conversely, the cells treated with their respective 

silver complexes 47 and 48 exhibited promising cytotoxicity with IC50 values of 15.1 and 1.99 

µM, respectively wherein the population of cells reduced drastically within 48 h of treatment, 

which causes severe cell death. Images of the control HCT116 cell line, cells treated with 

standard 5-FU and benzimidazolium salts 16, 18 and 19 and their respective silver-complexes 

46, 47 and after 48 h of incubation as depicted in Figure 4.40. 
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Figure 4.40 Images of the control HCT116 cells (A), cells treated with 5-FU (B), symmetric 

salt 16 (C) and complex 46 (D),  and non-symmetric salts 18, 19 (E, G) and complexes 47, 

48 (F, H) after 72 h of incubation. 

Futhermore, Figures 4.41 and 4.42 display the concentration dependent antiproliferative effects 

of the distinct salts and silver complexes studied toward MCF-7 and K-563 cancer cells, 

respectively. Again, it was verified that silver complexes were particularly effective against both 
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the cell lines, while benzimidazolium salts displayed a rather weak antiproliferative activity. 

Compound 16displayed little effect on viability and moderate inhibition in cell proliferation for 

MCF-7 cancer cell line, yielding IC50 value of 41.3 µM. The corresponding silver complex 46, 

however, showed promising activity with the IC50 value of 15.1 µM, as the doubling time of cell 

population was significantly reduced within 48 h of treatment. Conversely, benzimidazolium 

salts 18 and 19 displayed considerable cytotoxic effect with the IC50 values 20.3 and 35.2 µM 

on the proliferation of MCF-7 cells, respectively.  

 

Figure 4.41. MTT assay result of benzimidazolium salts 16 (4), 18 (5)and 19 (6) in (a) and Ag–

carbene complexes 46 (7), 47 (8)and 48 (9) in (b) vs. the MCF-7 cell line. 

Furthermore, population of the cells reduced significantly and the cellular morphology was 

considerably affected (Figure 4.41). Corresponding silver complexes 46 and 48 showed 

improved cytotoxicity yielding IC50 values of 16.1 and 35.2 µM, respectively on proliferation of 

MCF 7 cells, which are much lesser than the standard tamoxifen (IC50 = 5.5 µM) used. 

 

Figure 4.42. MTT assay result of benzimidazolium salts 16 (4), 18 (5)and 19 (6)in(a) and Ag–

carbene complexes 46 (7), 47 (8)and 48 (9) in (b) vs. K-562 cell line. 
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Figure 4.43. Images of the control MCF-7 cells (A), cells treated with tamoxifen (B), symmetric 

salt 16 (C) and complex 46 (D),  and non-symmetric salts 18, 19 (E, G) and complexes 47, 

48 (F, H) after 72 h of incubation. 
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Finally, all the tested compounds displayed better activity against K-562 cell line 

compared to MCF-7 cell line. Salts 16 and 19 displayed little or no effect on either cell growth 

or viability for K-562 cell line yielding IC50 values of 84.0 and >200 µM, respectively. While 

corresponding complexes 46 and 48 demonstrated potent antiproliferative effect (IC50 = 7.0 and 

17.9 µM). The activity was more pronounced in the case of complex 46 than the standard 

reference betulinic acid (IC50 = 17.0 µM) used. Interestingly, salt 18 demonstrated moderate 

cytotoxic effect on K562 cell proliferation with the IC50 value of 24.0 µM. It can be seen clearly 

that the population of cells reduced significantly after 48 h of treatment. However, silver complex 

48 showed significant inhibition in the cell proliferation with the IC50 value of 10.7 µM. The cell 

picture (Figure 4.44) revealed that the population of the cells is reduced drastically.  
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Fig.4.44. Images of the control K-562 cells (A), cells treated with betulinic acid(B), symmetric salt 16 (C) and 

complex 46 (D),  and non-symmetric salts 18, 19 (E, G) and complexes 47, 48 (F, H) after 72 h of incubation. 

Thus, a selectivity of anti-cancer activity was observed, related to the conformational 

characteristics of the compounds tested versus the kind of cancer cells studied.HCT 116 cells 

treated with the silver complexes revealed the characteristic features of apoptosis that was 

evidenced through the membrane blebbing, chromatin condensation and formation of apoptotic 

bodies (Figures 4.40 B, F, H). These results are in accordance with the previous findings where 



 

 

99 

the silver(I)-NHC complexes induced caspase independent apoptotic cellular death via 

mitochondrial apoptosis-inducing factor. Several studies have proved that silver cations deposit 

in the cytosol and render the cellular process defunct by interacting with the rate-limiting 

enzymes and proteins that are crucial for essential biochemical pathways. The findings of this 

research revealed the clear signs of black silver depots in the cytoplasm of the affected cells 

(Figures 4.43 B, F, H) which confirmed that the cytotoxic efficacy of complexes is majorly 

contributed by the deposition of silver. Hence, it is speculated that the activity decreased by 

increasing the chain length of complexes (46 and 48) offer commomnality with mononuclear 

Ag(I)-NHC complexes summerized by Gautier and co-workers (Díez-González et al., 2016). 

Whereas for dinuclear Ag(I)-NHC complexes the cytotoxicity increases with increase in chain 

length. This might be due to the rotation of NHC units bonded to a single metal ion in a mono-

nuclear silver NHC complex, whereas these rotations are not possible in dinuclear silver 

complexes and structure remains rigid. 

4.6.2 In-vivo Acute Oral Toxicity Studies 

Acute toxicity is the observation of adverse effects occurring in an animal within a short time of 

administration of either a single dose of chemical or multiple doses given to the animal. In the 

current study “fixed-dose method” was adopted to determine the sighting study dose according 

to the reported procedure. All test compounds were evaluated for sighting study using 300mg/kg 

dose. Since the synthesized compounds were not soluble in saline so each compound (75 mg ± 

5/210 g ± 10 of animal weight) was mixed with 300 μL of tween 80 in order to make the 

compound soluble and total volume was marked up to 2mL with saline. All the experimental 

animals after initial dose were observed after 20 minutes then after one hour and after that 

periodically at least once a day until 14th day. During this time, body weight and moribund 

symptoms of the animals were checked periodically. No significant weight-gain or moribund 

symptoms were observed during the aforementioned time. Furthermore, in the present study all 

animals were survived, remained healthy and agile. Therefore, it is concluded that 300 mg/kg 

body weight of these selected benzimidazolium salts and their silver(I)-NHC complexes can be 

the starting dose for main study. 

4.6.2 In-vitro anticancer activities of Selected Group-III compounds 

In-vitro anticancer studies for following test compounds was performed for their preliminary 

screening while testing them against four cancer cell-lines for selenium compounds and their 

corresponding azolium salts.  Cancer cell-lines including murine melanoma cancer cell line 

(B16F10), rat retinal ganglion cancer cell line (1-8RGC5), cervical cancer cell line (HeLa) and 

breast cancer cell line (MCF7-1). The results obtained are elaborated as further. 
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4.6.1. In-vitroAnticancer Activities of the test Compounds Against B16F10 

B16F10 cell-line was selected for its reported use as a model in assessing anti-metastasis 

potential of developed anti-cancer agents (drugs). Because in assessing the potential of any drug 

against B16F10 cells can be considered as a good determinant in its pre-evaluations for its use 

against skin cancers. Cell growth was markedly inhibited after exposure to the test compounds 

in a dose-dependent manner. It was also showed that numerous morphological changes occurred 

in cells treated with test compounds. Apoptosis was confirmed by the presence of apoptotic 

bodies and nuclear condensation. The control, cultured cells without test compounds and 

cultured with fluorouracil has been shown in each elaboration. However, fluorouracil (positive 

control) exhibited significant apoptotic activity but some test compounds showed better activity 

than that.  

4.6.1(a). In-vitro Anticancer Activities of COMPOUND 37 (BDM-C) and COMPOUND 26 

(BDM-L) Against B16F10 

In this case, 37 (BDM-C) showed exceptionally high cytotoxic efficiency which was 

theoretically inferred to be higher than positive control (5-florouracil) in molecular docking 

analysis but practically it remained lower than that. But the standard drugs, 5-florouracil showed 

inhibitory concentration value at far lower concentration but its activity at its IC-50 values 

(concentration of test substance to achieve 50% inhibition of cell proliferation) was not so 

fascinating in comparison to that of 37 (BDM-C) because there are greater number of cell-

aggregates are visible in pictorial diagrams of Figure. 4.44. 

 

Fig.4.45 In-vitro Anticancer Activities of 37 (BDM-C) and 26 (BDM-L) Against B16F10 
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But 26 (BDM-L) showed poor IC50 value which is not in range of good the antiproliferative 

agents. The graphs clearly show that all the compounds inhibited the proliferation of cancer cells 

in a dose-dependent manner. Also, it is clear from Figure. 4.45 that in the given pairs (ligands 

& their respective complexes), the complexes produced relatively higher cytotoxicity compared 

to the respective ligands. Hence, perhaps selenium metal atoms are participating in the cell death 

mechanisms. The pure selenium is inactive in this context, however, the activity of silver cations 

varies on their bioavailability. Consequently, its delivery to target cells is endowed by the organic 

part of its complex/ adduct. The dose dependence on the activity of 37 (BDM-C) shows in 

Figure. 4.46 wherein it was found that maximum activity among all test compounds was offered 

by it.  

 

 Fig.4.46 Dose dependence of 37 (BDM-C) and 26 (BDM-L) Against B16F10  

4.6.1(b). In-vitro Anticancer Activities of COMPOUND 35 (BH-C) and COMPOUND 22 

(BH-L) Compounds Against B16F10 

35 (BH-C) and 22 (BH-L) demonstrate that tumor cells which have an intrinsic tumorigenic 

potential in the control samples has offered significant cytotoxic effect in their respective sample 

snips in the Figure. 4.46.  
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Fig.4.47 In-vitro Anticancer Activities of 35 (BH-C) and 22 (BH-L) Compounds Against B16F10 

It can be considered an extension of study conducted by Haque et. al., 2013 who synthesized 

1,3-bis(3-ethylbenzimidazolium-1-ylmethyl)benzene bis (hexafluorophosphate) A-1 and 1,3-

bis(3-butylbenzimidazolium-1-ylmethyl)benzene bis(hexafluorophosphate) A-2 as well as their 

respective silver complexes 1,3-bis(3-ethylbenzimidazolium-1-ylmethyl)benzene disilver(I) 

bis(hexafluorophosphate) A-3 and 1,3-bis(3-butylbenzimidazolium-1-ylmethyl)benzene 

disilver(I) bis(hexafluorophosphate) A-4 respectively. They used same standard as positive 

control (fluorouracil) but showed IC50 values of 8.7 and 19.4 mM for hexafluorophosphate salts 

A-1 and A-2 respectively against IC-50 value of 5mM of flourouracil. However, A-3 and A-4 

demonstrated promising cytotoxic potential with an IC-50 value of 0.2 mM and 1.3 mM against 

HCT 116 cancer cell-line.  The results were all good to excellent but these metallo-drug 

analogues were not preceded for further studies because silver is not an endogenous metal and 

pose various toxic effects on human body(Haque et al., 2013). In the present work, similar 

compounds were synthesized after their docking analysis while coordinating the ligands with 

biocompatible metalloid selenium. But both 22 (BH-L) and 35 (BH-C) did not showed good 

efficiency for its IC50 value of 32 mM and 101 mM. Figure. 4.47 also shows less increase in 

activity with increase in dosage.  
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Fig.4.48 Dose dependence of 35 (BH-C) and 22 (BH-L) Compounds compounds against B16F10 

4.6.1(c). In-vitro Anticancer Activities of COMPOUND 34 (BO-C) and COMPOUND 24 

(BO-L) Compounds Against B16F10 

 

Fig.4.49 In-vitro Anticancer Activities of 34 (BO-C) and 24 (BO-L) Compounds Against B16F10 

Surprisingly, 34 (BO-C) did not inhibit melanoma cell proliferation better than the 

expectations. On the other hand, 24 (BO-L) showed promising activity. Figure 4.48 and 

4.49 elaborate that 34 is showing lower activity than that of 35 (BH-C) in the molecular 

docking analysis. But in case of its activity against B16F10, it showed IC50 value of 7.17 

mM as compare to 32.25 mM that of 35 (BH-C) against the same. The dosages we used in 

cultured cells were same but it showed a linearity in its activity instead of its dose-
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dependence as it has almost similar activity at 6, 12, 25, 50 and 100µM dosage, this is not 

high for a dietary compound, because 100µM 34 (BO-C) did not show significant 

cytotoxicity in melanoma B16F10 cells at a 24 h duration treatment, while 7µM is its IC50 

value. The study may be considered an extension of Iqbal, 2014 wherein he evaluated the 

anticancer potential of same ligand 24 (BO-L) and its respective silver complex with 

against HCT-116 cancer cell-line. It was showed that both of the ligand and its silver 

complex showed same value of IC50 as it was 1.1 mM (Iqbal, 2014). But in case of current 

study, the test compound did not show low value of IC50 to demonstrate higher value of 

cytotoxicity. However, 24 (BO-L) showed IC50
 114 µM which is 900 times higher than of 

fluorouracil.  

 

 

Fig.4.50 Dose dependence of 34 (BO-C) and 24 (BO-L) compounds againstB16F10 
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4.6.1(d). In-vitro Anticancer Activities of COMPOUND 36 (BPE-C) and COMPOUND 25 

(BPE-L) Compounds Against B16F10 

 

Fig.4.51 In-vitro Anticancer Activities of 36 (BPE-C) and 25 (BPE-L) Compounds Against B16F10 

Of all the test compounds subjected in anticancer studies, 36 (BPE-C) and 25 (BPE-L) 

showed the most surprising results. As 36 (BPE-C) showed significant anticancer activity 

in its docking analysis. But it showed least anti-cancer potential against melanoma cancer 

cell-line (B16F10). It showed IC50 value of very lower activity which is even lower than 

that of 34 (BO-C). As shown in Figure 4.50 and 4.51.  

 

Fig.4.52 Dose dependence of 36 (BPE-C) and 25 (BPE-L) Compounds against B16F10 
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 4.6.1(e). Overall In-vitro Anticancer Activities of all test Compounds Against B16F10 

It was found that 37 (BDM-C) and 34 (BO-C)are active anticancer analogues but offered lower 

cytotoxic potential as compare to the same of positive control. Remaining analogues are almost 

inactive. Among all 37 (BDM-C) showed exceptionally good efficiency in its cytotoxic potential 

as shown in Figure 4.52. But it is not better than the standard drug 5-florouracil. The analysis of 

37 (BDM-C) and 36 (BPE-C) paves a way to develop a new strategy for the future study to 

overcome their acquired resistance by cancer cells. Because it is clearly inferred that 

incorporation of benzylic ring is not proportional to anticancer activity of N-Heterocyclic 

carbene analogue but it depends upon the requirements for geometric fitting for specific 

oncogenic protein.  It may also be ascribed to the inherent ability melanoma cancer cells to 

undergo complex changes in preventing cell death programs. It is involved with versatile and 

complex pathways which support cell growth, metabolism, motility and the ability to escape. In 

this way, they are believed to be involved in melanoma development and progression even under 

biological stress periods. In this context, STAT3 and HGF/c-Met are two widely reported 

signaling pathways in melanoma growth and metastasis. These two pathways have been 

proposed to be the targets of agents for managing their survival(Cao et al., 2015). 

 

Fig.4.53 Overall dose dependence of test compounds against B16F10 

4.6.2. Anticancer activity against 1-8RGC5 

To better assess the anticancer activity of the test compounds, multiple cancer cell lines were 

used. 1-8RGS5 rat ganglion cancer cell-line and is used to assess optic nerve carcinomas.  
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4.6.2 (a). In-vitro Anticancer Activities of 36 (BPE-C), 37 (BDM-C) and 26 (BDM-L) 

Against 1-8RGC5 

In light of fascinating binding potential of 36 (BPE-C)and 37 (BDM-C) with oncogenic proteins 

which was explored through docking studies, it was found that all three drug candidates: 36 

(BPE-C), 37 (BDM-C)and 26 (BDM-L)testified their potential activity in inhibiting the 

proliferation of 1-8RGC5 cancer cells as shown in Figure 4.32, 4.33, 4.34. All three are aryl 

substituted wherein 36 (BPE-C) and 37 (BDM-C) are selenium adducts. These selenium adducts 

are highly non-polar analogues. Both of these showed higher activities as compare that of salt 

26 (BDM-L) because with the increase in size of organic part in any complex/ adduct (drug) 

likely to offer an ease in its access to the target cells. As it endows the drug to cross cell 

membrane barrier and enter the cytoplasm of cell wherein colloidal oncogenic proteins are 

dispersed. 

 

Fig.4.54 In-vitro Anticancer Activities of 37 (BDM-C) and 26 (BDM-L) Against 1-8RGC5 

Seeing Figure 4.54, it cane be stated that the current study can also be supported by the reported 

literature as of Iqbal, 2014 which synthesized para-xylyl linked bisbenzimidazolium dichloride 

which was chemically (3,3ʹ-(1,4-phenylenebis(methylene))bis(1-benzylbenzimidazolium) 

dichloride andits respective silver carbene complex (1,4-bis(N-benzylbenzimidazol-

lylmethyl)benzene-disilver(I) bis(hexaflourophosphate) complexes) as anticancer drug 

candidates which showed activity interms of IC50 values: 6.7 and 0.1 µM respectively against 

5µM of fluorouracil using HCT-116 cancer cell-line. In his study, it was clearly showed the 

incorporation of benzylic ring groups enhances the activity of the protein-targeted drugs. 
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Fig.4.55 In-vitro Anticancer Activities of 36 (BPE-C) Against 1-8RGC5  

In Figure 4.55 and 4.56, it has been clearly showed that all three drug candidates: 36 (BPE-C), 

37 (BDM-C) and 26 (BDM-L) are showing almost similar activities and are testifying the 

reported literature as givenin the above text.   

 

Fig.4.56 Overall dose dependence of 36 (BPE-C), 37 (BDM-C) and 26 (BDM-L) 
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4.4.2 (b). In-vitro Anticancer Activities of COMPOUND 35 (BH-C) and COMPOUND 22 

(BH-L) Against 1-8RGC5  

 

Fig.4.57 In-vitro Anticancer Activities of 35 (BH-C) and 22 (BH-L) Against 1-8RGC5 

 

In above Figure 4.57 showing the comparative activities of selenium adducts and their respective 

ligands clearly reveals that selenium adduct has higher activity as compare to its respective 

adduct. As it has been explored in the docking analysis that selenium atom in 35 (BH-C) has a 

significant Van der Waal with isoleucine (ILE-91) of vascular growth factor protein-A 

(VEGFA). The same has endowed 22 (BH-L) with higher activity to bind with the said 

oncogenic protein. Moreover, 35 (BH-C) also has affinity to interact with non-polar amino acids 

such as proline and methionine which are not likely to be probable in case of 22 (BH-L) because 

of its polar nature. But this trend is survived till IC50 values after that 22 (BH-L) show higher 

activity to inhibit the proliferation of cancer cellsas shown in Figure. 4.58. 
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Fig.4.58 Dose dependence of test compounds against1-8RGC5 

The study of 22 (BH-L) and 35 (BH-C) directed in advancement of Iqbal, 2014 wherein hexyl 

substituted meta-xylyl linked benzimidazolium salt (3,3ʹ-(1,3-phenylenebis(methylene))bis(1-

hexylbenzimidazolium)dibromide) along with their corresponding silver complexe (1,4-bis(N-

nonylbenzimidazol-lylmethyl) benzene-disilver(I) bis(hexaflourophosphate) were synthesized. 

It was found that complexation of silver made benzimidazolium salts (in form of Ag-NHC) made 

the compound seven times more toxic as compare the its ligand. As the ligand had IC50 value 

3.3µM on the other hand complex had 0.5 µM. 

 

 

 

 

 

 

 

20

25

30

35

40

45

50

55

60

65

70

6.125 12.25 25 50 100

BH-L

BH-C



 

 

111 

4.6.2 (c). In-vitro Anticancer Activities of COMPOUND 34 (BO-C) and COMPOUND 24 

(BO-L) Against 1-8RGC5 

 

Fig.4.59 In-vitro Anticancer Activities of 34 (BO-C) and 24 (BO-L) Against 1-8RGC5 

In this part of the study, 24 (BO-L) was found the most active compound and is even more active 

than positive control. It is also surprisingly noted that in this case selenium is not foremost to 

impart anticancer activity. If we analyze Figure 4.59 and 4.60 in perspective of docking 

analysis. We shall infer that selenium atom of 34 (BO-C) has no role in promoting as it did not 

show its interaction with any of the amino acids of VEGFA protein (an oncogenic protein).   

 

Fig.4.60 Dose dependence of 34 (BO-C) and 24 (BO-L) compounds against1-8RGC5 
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The results can be correlated with the finding of previously reported literature published by 

Iqbal, 2014 who synthesized para xylyl linked bisbenzimidazolium salts 3,3ʹ-(1,4-

phenylenebis(methylene))bis(1-ethylbenzimidazolium)dichloride, 3,3ʹ-(1,4-

phenylenebis(methylene))bis(1-propylbenzimidazolium)dichloride and3,3ʹ-(1,4-

phenylenebis(methylene))bis(1-butylbenzimidazolium)bis(hexaflourophosphateand 14 and 

their corresponding silver complexes as1,4-bis(N-ethylbenzimidazol-lylmethyl) 

benzenedisilver( I) bis(hexaflourophosphate) complexes, 1,4-bis(N-propylbenzimidazol-

lylmethyl) benzene-disilver(I) bis(hexaflourophosphate) complexes and 1,4-bis(N-

butylbenzimidazol-lylmethyl) benzene-disilver(I) bis(hexaflourophosphate) respectively. It 

was found that the salts showed 0.3, 1.4 and 18.7µM of their IC50 values respectively. On the 

other hand, the complexes showed 0.9, 0.4 and 0.01 µM as IC50 values in studying their 

anticancer activities against HCT-116 cancer cell-line. If we see these reported results, it will 

be cleared that increase in the chain length in case of salts lower down the cytotoxicity and 

on the other hand increase in the chain length in case of complexes increases the cytotoxicity 

of against the test cancer cell-line. But in our current study, the trend in not uniform as the 22 

(BH-L) has lower activity (cytotoxicity) as compare to that of 24 (BO-L). And this trend 

again undergoes variation after IC50 value which infers that geometric fitting has pivotal role 

which decides the said activity. 

4.6.2 (d). Overall In-vitro Anticancer Activities of all test compounds Against 1-8RGC5 

Of all the test compounds, 24 (BO-L) (1-octyl-3-(2-((3-octyl-1H-benzo[d]imidazol-3-ium-1-

yl)methyl)benzyl)-1H-benzo[d]imidazol-3-ium bromide)was found a highly active 

anticancer drug candidate for cancer 1-8RGC5 cell-line which is even more active than 

positive control. It was also explored that ligand can also have higher activity as compare to 

its corresponding adduct so it can be stated that either ligand or adduct both are likely to show 

higher activities. In case of 36 (BPE-C), 37 (BDM-C) and 26 (BDM-L)increased size of 

organic part in adduct may have endowed good target binding. As it imparts to cross cell 

membrane barrier and enter the cytoplasm of the cell. However, the complexes with larger 

diameter like in 36 (BPE-C), 37 (BDM-C) and 26 (BDM-L)sometimes cause a large decrease 

in three-way junction binding and stabilisation as compared to the low diameter metallodrugs. 

The overall In-vitro anticancer activities of all test compounds against 1-8RGC5 is given in 

Figure.  4.61. 



 

 

113 

 

Fig.4.61 Dose dependence of test compounds against 1-8RGC5 

4.6.3 Cytotoxicity of test compounds against Hela cancer cell-line 

HeLa cell-line was selected to study the cytotoxicity of synthesized drugs against cervical cancer 

which is rapidly invading among many young females. In the present study, the selected test 

compounds were employed to test in same way as they were employed to test for other three 

cancer cell-lines.  

4.6.3 (a). In-vitro Anticancer Activities of COMPOUND 37 (BDM-C) Against HeLa 

 

Fig.4.62 In-vitro Anticancer Activities of 37 (BDM-C) Against HeLa 
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37 (BDM-C) showed second highest activity among all tested compounds, it exhibited optimum 

activity at higher dosage as shown in Figure 4.62 and Figure 4.63. Nevertheless, the positive 

control shows higher activity for its lower IC50 value. If compare the activities of the test 

compounds with reported results of Iqbal, 2014 wherein meta-xylyl bisbenzimidazolium salt and 

its respective silver complex namely3,3ʹ-(1,3-phenylenebis(methylene))bis(1-

benzylbenzimidazolium)dibromide and 1,3-bis(N-benzylbenzimidazol-lylmethyl)benzene-

disilver(I) bis(hexaflourophosphate)  respectively weresynthesized. And it was inferred that 

complexation of the bisbenzimidazolium salt with silver complex was decreased the cytotoxic 

potential. As the salt showed 0.1µM whereas the complex showed 1.0µM as IC50 values.  But in 

case of current study, the trend is totally reciprocal to that. This may be due to the change in the 

nature of coordinating metal atom. And silver might not have its role in improving the geometric 

fitting to interact with oncogenic proteins and selenium is a metalloid for its proven 

biocompatibility and anticancer activity. 

 

Fig.4.63 Dose dependence of 37 (BDM-C) compound against HeLa 

4.6.3 (b). In-vitro Anticancer Activities of COMPOUND 26 (BDM-L) Against HeLa 
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Fig.4.64 In-vitro Anticancer Activities of 26 (BDM-L) Against HeLa 

26 (BDM-L) being an ionic salt due to less polarity it might have lower potential to cross the 

membrane barrier so as to bind with cytoplasmic proteins, it showed lower cytotoxicity to the 

test cancer cell line inspite of its multiple aromatic ring systems as shown in Figure 4.63. 

However, ionic moieties have more miscibility in cytoplasmic matrix but the ease in the delivery 

is much more significant. In this way, 26 (BDM-L) has higher IC50 value and lower activity than 

37 (BDM-C). This is also one of the most justified conclusions in study that cationic nature N-

Heterocyclic compounds pose negative effect in the delivery of biological agents to the target 

sites(Berners-Price et al., 1988). 

 

Fig.4.65 Dose dependence of 26 (BDM-L) compounds against HeLa 

The said results shown in Figure 4.65 can be justified by previously reported studies as Iqbal, 

2014 synthesized ortho-xylyl linked benzyl substituted benzimidazolium salt (3,3ʹ-(1,2-

phenylenebis(methylene))bis(1-benzylbenzimidazolium)dibromide) and its respective silver 
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complex (1,2-bis(N-benzylbenzimidazol-lylmethyl)benzene-disilver(I) bis(hexaflouro-

phosphate). It was recorded that the attachment of silver metal resulted in promising 

improvement in the anticancer activity of synthesized analogue. As ligand 43 (salt) showed IC50 

9.7 µM and its silver complex demonstrated 0.01 µM using HCT-116 cancer cell-line. Inspite of 

this high activity analogue, the present work may also be considered superior in view 

biocompatibility of selenium. 

4.6.3 (c). In-vitro Anticancer Activities of COMPOUND 35 (BH-C) Against HeLa 

 

Fig.4.66 In-vitro Anticancer Activities of 35 (BH-C) Against HeLa 

The photomicrograph of the treated Hela cells (treated with 35 (BH-C)) in Figure 4.66 shows 

much clear membrane blebbing and nuclear condensation as compare to the cancer cells treated 

with 5-fluorouracil. But 35 (BH-C) shows its activity at higher doses as its IC50 value is 17.48μM 

compared to 4.9μM of 5-flourouracil. It infers that 35 (BH-C) is likely to have hindrance in 

reaching the target oncogenic proteins as it showed promising potential to block them in 

molecular docking analysis. Because it is contrary that a compound has 11-binding sites for 

interactions to bind with various amino acid residues of VEGF protein and has four times more 

IC50 value as compare 5-flourouracil. It interacts with those amino acids which have significant 

non-polar character like; isoleucine and proline. Isoleucine has interaction with selenium; with 

benzilium ring of xylyl; benzilium and imidazoliunm ring of benzimidazolium portion through 

its alkyl residues. Methionine has interaction also with xylyl of benzimidazolium as well as 

benzilium and imidazolium ring of benzimidazole portion through its sulfur residues. Lysine has 

Van der waal interaction through its alkyl residues using carbon hydrogen interaction.  
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Fig.4.67 Dose dependence of 35 (BH-C) compounds against HeLa 

In above Figure 4.67, it is again justified that 35 (BH-C) is capable to induce optimum cell 

death at about 25 μM dosage which shows excellence of its activity.   

4.6.3 (d). In-vitro Anticancer Activities of COMPOUND 36 (BPE-C) Against HeLa 

In case of HeLa cancer cell-line, 36 (BPE-C) showed highest cytotoxicity among all test 

compounds and showed superior apoptopic quality in view of comparative analysis of their 

morphological aspects shown in Figure 4.68. Nevertheless, the cells treated with positive 

compounds (5-Flourouracil) are likely to have little resistance to the employed drug as the 

aggregation of stained cancer cells is more visible in that case.  

 

Fig.4.68 In-vitro Anticancer Activities of 36 (BPE-C) Against HeLa 

20

25

30

35

40

45

50

55

60

65

70

6.125 12.25 25 50 100



 

 

118 

Figure4.69 is showing dose dependence of 36 (BPE-C) by HeLa cells wherein it can be inferred 

that it is much active in killing the cancer cell but is unable to induce 100 percent apoptosis. The 

results in the present work can also be compared with various reported studies like Iqbal, 2014 

wherein meta-xylyl linked bisbenzimidazolium analogues (3,3ʹ-(1,3-

phenylenebis(methylene))bis(1-ethylbenzimidazolium)bis(hexaflourophosphate), 3,3ʹ-(1,3-

phenylenebis(methylene))bis(1-propylbenzimidazolium)dibromide, 3,3ʹ-(1,3-

phenylenebis(methylene))bis(1-butylbenzimidazolium)bis(hexaflourophosphate) and 3,3ʹ-(1,3-

phenylenebis(methylene))bis(1-pentylbenzimidazolium)dibromide) and their silver 

complexeswere synthesized and it was found that salts showed 19.4, 17.4, 8.7 and 7μM and the 

silver complexes showed 2.1, 1.5, 1.3 and 1.6μM respectively wherein it can be analyzed that all 

complexes showed pronounced activity but the reported toxicity of silver needed for the 

synthesis of biocompatible and more potent anticancer analogues. The present work is an initial 

breakthrough in this context which showed promising activity to such cell and is likely to be 

more viable for the cancers resistant the fluorouracil.       

 

Fig.4.69 Dose dependence of 36 (BPE-C) compounds against HeLa 

4.6.3 (e). Overall In-vitro Anticancer Activities of all studied compounds Against HeLa 

In case of HeLa cancer cell line, 37 (BDM-C) did not show highest activity and did not restore 

the formerly established trend but showed second highest activity among all tested compounds. 

However, the trend of anticancer potential for those drug-candidates which offer higher activities 

at their IC50 values but show lower activities at 100 killing of cancer cells. As 36 (BPE-C) and 

37 (BDM-C) showed highest activity at IC50 value but did not restore that trend at 100 killing of 

cancer cells. On the other hand, 35 (BH-C) showed lower activity IC50 but which incase of it 
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exhibited optimum apoptotic activity at higher dosage as the positive control showed IC50 value 

lower than 37 (BDM-C) but it is almost inactive at higher dosage wherein no effect of increasing 

dosage was experienced. The bisbenzimidazolium salts as test compounds again showed lower 

cytotoxicity as compare to their respective complexes as elaborated in Figure. 4.70. 

 

Fig.4.70 Overall dose dependence of test compounds against HeLa 

4.6.4. Cytotoxicity of test compounds against MCF7-1 

The human breast carcinoma adherent cancer cell-line (MCF7-1) is widely used to study the 

cytotoxicities of the test compounds against breast cancer. To assess the same for the selected 

test compounds the present work was also directed and their detailed results have been elaborated 

in further text. 

4.6.4 (a). In-vitro Anticancer Activities of COMPOUND 37 (BDM-C) and COMPOUND 

26 (BDM-L) Against MCF7-1 

37 (BDM-C) has lower value of IC50 which is 18.16µM as compare to that of 26 (BDM-L) which 

has 49.7 µM therefore, showed higher level of cytotoxicity. It can be ascribed to the ease of 

delivery for the 37 (BDM-C) to the oncogenic proteins as target sites. And it is found as versatile 

analogue in molecular docking analysis. In case of its interaction to the hypoxia inducible factor 

(HIF) protein, it showed lowest binding energy to show the stability of its complex with the test 

protein showing its interaction various amino acid residues through hydrogen bonding, pi-alkyl 

interactions, Van der Waal attraction, pi-sigma and others. If we compare and correlate the study 

with the reported study of Iqbal, 2014 wherein 3,3ʹ-(1,4-phenylenebis(methylene))bis(1-i-

propylbenzimidazolium)dibromideas para-xylyl-linked bisbenzimidazoilium analogue and 3,3ʹ-
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(1,3-phenylenebis(methylene))bis(1-i-propylbenzimidazolium)bis(hexaflourophosphate) as 

meta-xylyl-linked bisbenzimidazoilium analogue were studied for HCT-116 cancer cell-line. It 

was found that both of aforementioned salts were found inactive but their respective Ag-

complexes showed 9.7, 44.5 and 43 µM in terms of IC50
 value(Iqbal, 2014).   

 

Fig.4.71 In-vitro Anticancer Activities of 37 (BDM-C) and 26 (BDM-L) Against MCF7-1 

In short, analyzing Figure 4.71 it can be inferred that lipophilic nature of plasma membrane in 

cellular environment is much significant as 26 (BDM-L) has higher IC50 value and lower activity 

than 37 (BDM-C). But if see Figure 4.72, it is likely to conclude that at higher doses of drug 

candidate, the factor of membrane barrier becomes inconsequential and both 37 (BDM-C) and 

26 (BDM-L) show same level of cytotoxicity. 

 

Fig.4.72 Dose dependence of 37 (BDM-C) and 26 (BDM-L) compounds against MCF7-1 
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4.6.4 (b). In-vitro Anticancer Activities of COMPOUND 35 (BH-C) and COMPOUND 22 

(BH-L) Against MCF7-1 

 

Fig.4.73 In-vitro Anticancer Activities of 35 (BH-C) and 22 (BH-L) Against MCF7-1 

In anticancer screening using MCF7-1, 35 (BH-C) was found the most effective anticancer 

analogue and this evaluation testified its theoretically tested binding interaction with oncogenic 

HIF protein using docking analysis. In its docking analysis it was showed that it interacts through 

pi-sigma, pi-alkyl, alkyl-alkyl and others interactions. It mostly interacts with the residues of 

histidine, isoleucine, phenylalanine, glutamic acid and others. But its respective ligand 26 

(BDM-L) again survived the previously restored trend as it has IC50 value 38.37 and 7.22 as 

shown in Figure 4.73 (IC50 17.48μM). 

 

Fig.4.74 Dose dependence of 35 (BH-C) and 22 (BH-L) compounds against MCF7-1 
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If we see the dose dependence of 35 (BH-C) and 22 (BH-L), it be cleared that ligand 22 (BH-L) 

is more active than 35 (BH-C) as 22 (BH-L) reaches to 70 percent inhibition compared to 61 

percent of 35 (BH-C). But both of them did not induce 100 percent cell death as shown in Figure 

4.74.    

4.6.4 (c). In-vitro Anticancer Activities of COMPOUND 34 (BO-C) and COMPOUND 24 

(BO-L) Against MCF7-1 

 

Fig.4.75 In-vitro Anticancer Activities of 34 (BO-C) and 24 (BO-L) Against MCF7-1  

As per good docking results of 34 (BO-C) was likely to show excellent activity against MCF7-

1, the same was proved as it showed that one half of the amount is required to achieve 50 percent 

killing of the said cancer cells. It may be due to the ease in crossing membrane barriers to reach 

target oncogenic proteins as the element of binding site is also significant in case of fluorouracil. 

Moreover, DNA interaction has not been explored computational study which might have posed 

some anti-proliferative effects. The anti-cancer activity with resultant cell death after the 

treatment of said compounds has been clearly elaborated in Figure 4.75 and 4.76. 
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Fig.4.76 Dose dependence of 34 (BO-C) and 24 (BO-L) compounds against MCF7-1 

 

4.6.4 (d). In-vitro Anticancer Activities of COMPOUND 36 (BPE-C) and COMPOUND 25 

(BPE-L) Against MCF7-1 

 

Fig.4.77 In-vitro Anticancer Activities of 36 (BPE-C) and 25 (BPE-L) Against MCF7-1 

In above given Figure 4.77, 36 (BPE-C) and 25 (BPE-L) both showed excellent activity which 

is even superior to the positive control (5-flourouracil). But ligand showed lower activity but it 

is almost equivalent to its corresponding adduct 36 (BPE-C). So it can be inferred that either 

ligand or adduct both are likely to show higher activities. As in current study, 36 (BPE-C) 

showed higher activity (as given in Figure. 4.78) as compare to 25 (BPE-L) but the situation is 
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totally different in case of 22 (BH-L) and 35 (BH-C) and other ligand-adduct pairs elaborated in 

the study. 

 

Fig.4.78 Dose dependence of 36 (BPE-C) and 25 (BPE-L) Compounds against MCF7-1 

4.6.4 (e). Overall In-vitro Anticancer Activities of all Studied Compounds Against MCF7 

As per good docking results of 34 (BO-C) showed excellent activity against MCF7-1 cancer cell-

line. Because increasing the size of organic part in the complex/ adduct which likely to offer 

good target binding. As it imparts to cross cell membrane barrier and enter the cytoplasm of the 

cell. It is important to determine at this stage whether DNA binding interactions are present or if 

the complex is simply undergone cytoplasmic interactions. The clear elaboration of trend of 

cytotoxic potential of the test compounds is given in Figure. 4.79. 

 

 

Fig.4.79 Overall dose dependence of test compounds against MCF7-1 cells 
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MCF7-1 cells treated with 35 (BH-C) cancer cells show decreased viability as compare to cancer 

cells treated with the standard drug control. The cells showed apoptotic characteristic features as 

the cell membrane blebbing and nuclear condensation can be seen in the treated cells. However, 

treatment with 35 (BH-C) no doubt shows higher cytotoxicity (IC50= 17.48μM) but the 

photomicrograph depicts that the cells showed apoptotic characteristic features as the cell 

membrane blebbing can be seen in the treated cells. 

4.7. Preparation and Processing of Grey Fabric for Antimicrobial Applications 

of the Test Compounds  

Preparation and processing of fabric to explore the antimicrobial activities of the test compounds 

after their fabric application for their use in medical textiles were accomplished as given in futher 

text.  

4.7.1 Scouring of fabric 

As per methodology, scouring was accomplished wherein the treatment was monitored by treating 

the fabric with iodine solution in which a slight or no blue color witnessed the removal of starch-

based adhesives and it was also witnessed by 15–25% loss in weight.  

4.7.2 Bleaching of fabric 

After the bleaching treatment the fabric was treated with 2% acetic acid solution to neutralize the 

residual sodium hydroxide retained during bleaching operation. The whiteness index of the bleached 

fabric was assesed by Hunter lab Whiteness index (W Hunter). This system uses the Hunter L, a, b 

values for evaluation of whiteness index which is given by 

W= L-3b 

4.7.3. Anti-microbial Activity Assessments 

Antimicrobial activity of the synthesized compounds was determined by using disc diffusion 

method against pathogenic bacteria: Bacillus subtilis (gram positive) and Escherichia coli (gram 

negative). Then antifungal activities of antibacterially active test fabrics were explored against 

Aspergillus niger (Black-rot fungi). It was noted that test fabric samples impregnated with1,1'-

(1,2-phenylenebis(methylene))bis(3-octyl-1H-benzo[d]imidazol-3-ium) bromide 24 (BO-L) 

showed exceptional activity against Bacillus subtilis and Escherichia coliand also promising 

antifungal activity againstAspergillus niger. The more results are given in Table 4.4. 
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Table 4.7 Anti-microbial Activity Assessments of the fabric treated test compounds 

Compound 

Code 

Name of compound 

 

 

% Growth Inhibition  

of Bacteria Of Fungi 

Bacillus subtilis Escherichia 

coli 

Aspergillus 

niger 

 

24 

1,1'-(1,2-

phenylenebis(methylene))bis(3-

octyl-1H-benzo[d]imidazol-3-

ium) bromide 

 

65 

 

73 

 

45 

 

34 

3,3'-(1,2-

phenylenebis(methylene))bis(1-

octyl-1H-benzo[d]imidazole-

2(3H)-selenone) 

 

53 

 

64 

 

37 

 

22 

1,1'-(1,2-

phenylenebis(methylene))bis(3-

hexyl-1H-benzo[d]imidazol-3-

ium) bromide 

 

 

40 

 

 

38 

 

20 

 

35 

3,3'-(1,2-

phenylenebis(methylene))bis(1-

hexyl-1H-benzo[d]imidazole-

2(3H)-selenone) 

 

 

42 

 

20 

 

N/A 

 

26 

1,1'-(1,2-

phenylenebis(methylene))bis(3-

benzhydryl-1H-

benzo[d]imidazol-3-ium) 

bromide 

 

0 

 

0 

 

N/A 

 

37 

1,1'-(1,2-

phenylenebis(methylene))bis(3-

benzhydryl-1H-

benzo[d]imidazole-2(3H)-

selenone) 

 

0 

 

0 

 

N/A 

 

S 

 

Silver sulphate 

 

85 

 

90 

 

78 
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SUMMARY 

Several members of N-Heterocyclic compounds especially N-Heterocyclic Carbene compounds 

are potent and selective inhibitors of cancer cell growth as well as of microbial cell growth. The 

literature survey showed that a huge backlog among this class of compounds is likely to offer 

unique activities which are still unexploited and unexplored. Based on this finding, present study 

was directed to synthesize N-Heterocyclic compounds of three categories were synthesized 

which include:Group-I [silver-N-Heterocyclic carbene (Ag-NHC) complexestheir respective 

benzimidazolium salts]; Group-II[ytterbium-N-Heterocyclic carbene (Yb-NHC) complexes 

along with their precursor compounds] and Group-III [Se-N-Heterocyclic carbene (Se-NHC) 

adducts].  

Se-NHCs of Group-IIIwere synthesized by green method of In-situ synthetic approach 

which was subjected to molecular docking studies to explore their lowest binding energies to 

interact with protein targets to better evaluate the stability of their probable drug-protein 

complexes with oncogenic proteins to anticipate their anti-cancer studies. It was demonstrated 

in molecular docking analysis that compound 37 showed highest interaction to VEGFA protein; 

36 and 37 to EGF protein; again 37 for Hif protein. After docking analysis, selected Se-

NHCadducts along with their respective azolium salts were tested against four cancer cell-lines 

which include murine melanoma cancer cell line (B16F10), rat retinal ganglion cancer cell line 

(1-8RGC5), cervical cancer cell-line (HeLa) and breast cancer cell line (MCF7-1) in terms of 

their In-vitro anti-cancerstudies via Nuclear Chromatin Condensation by fluorescence 

microscopy and antiproliferative activities by MTT assay. Among the test analogues, lowest 

inhibitory concentration values (IC50 values) were as: 34(IC50 = 7.17µM) and 37 (IC50 = 4.56µM) 

for B16F10; 35 (IC50 = 8.28µM) and 37 (IC50 = 9.27µM) for 1-8RGC5; 36 (IC50 = 10.36µM) 

and 37 (IC50 = 16.17µM) for HeLa; and 24 (IC50 = 3.54µM) and 34 (IC50 = 6.14µM) for MCF7-

1 cancer cell-line.  

Moreover, some of Group-III analogues were also analyzed in terms of antimicrobial 

studies against both gram positive and negative bacteria by durable applications of test 

compounds on the surface of cotton fabric wherein it was showed that BO-C showed promising 

antimicrobial efficiency on the test fabrics which was 65% againstBacillus subtilis, 73% against 

Escherichia coli, 45% Aspergillus niger.  
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Ag-NHC complexes of Group-Iand their respective bisbenzimidazolium saltswere 

assessed in terms of human colorectal cancer (HCT-116), breast cancer (MCF-7) and 

erythromyeloblastoid leukemia (K-562) cell lines. It was showed that all silver-complexes have 

been found to exhibit potent anti-cancer activities, while the benzimidazolium salts displayed 

weaker activity than their corresponding complexes. In particular, symmetrically substituted 

complex 46 of this group inhibited proliferation of HCT 116 cells in culture at lowest 

concentrations with the IC50 value of 0.31 µM, which is being ten-fold greater than the inhibitory 

concentration of 5-flourouracil used.  

Yb-NHC of Group-IIcould not be synthesized via redox-transmetallation method 

(RTM) wherein metal centres of three newer mercury(II)-N-Heterocyclic carbene [Hg(II)-NHC] 

complexes were reduced to metallic mercury under the action of metallic ytterbium. 
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