CHAPTER ONE

1.0 INTRODUCTION

1.1  Background to the study

Man has constantly been infected with various diseases which produce specific
symptoms or affect specific location in the body since time immemorial. Most of these
diseases get into human body system either through physical injury, abnormal cell
growth/functioning or an exposure to some agents of transmission (pathogens). The
presence and growth of these pathogenic biological agents (microorganisms) cause
damage and disorders in their host organisms, hence resulting to infectious diseases
(Brooke et al., 2014) and these pathogens have the ability to grow, multiply and combat

or resist any opposing action against their debilitating activities.

Common infectious diseases are tuberculosis, malaria, HIV/AIDS, helminthiasis,
hepatitis, meningitis, measles, pneumonia, typhoid to mention a few. Generally, they can
be prevented, cured or curtailed by the use of natural or synthetic agents (drugs).
According to Dr. Lee Jong-wook, a former Director-General of World Health
Organization (WHO), water and sanitation is one of the primary drivers of public health.
Once there can be a secured access to clean water, adequate sanitation facilities,
regardless of the difference in their living status or conditions, a huge battle against all
kinds of diseases will be won and probably, infections could notably be reduced or
eradicated (WHO, 2004). Moreover, Brooke et al., 2014 reported that about 40% (2.5
billion people) of the world population lack adequate sanitation practices and facilities;
a statistics which could be higher, in places where ignorance of hygiene and sanitary

practices is being neglected.
1.2 Helminth infections: Prevalence and burden

Helminthiasis (a parasitic worm infection) is caused by a group of pathogenic macro-
organisms reported to infect more than two billion of the world’s population, with the
most significant morbidity attributable to human soil-transmitted helminth (STH)
infections (WHO, 2012a; Hotez et al., 2008; Holden-Dye and Walker, 2007). It is one of



the Neglected Tropical Diseases (NTDs) that infests poorest nations of the world and
grows vigorously under poor sanitation (Kealey and Smith, 2010; Luong, 2003) and
unsafe water supply (WHO, 2012a). General symptoms associated with this infection
include stomach ache, fever, vomiting, loss of appetite, loss of blood, diarrhea, and
dysentery. Helminthiasis is also an important infection of domestic pets, and a major
disease in livestock production which often results to significant economic loss and
threatening of the global food security (Williams et al., 2014; Charlier et al., 2014;
Holden-Dye and Walker, 2007).

The four major species of nematodes commonly referred to as soil-transmitted helminth
— Ascaris lumbricoides (roundworm), Necator americanus and Ancylostoma duodenale
(hookworms), and Trichuris trichiura (whipworm) — have the greatest burden on human
health, the highest number of infections occurring in the Americas, China, East Asia, and
Sub-Saharan Africa (WHO, 2012a; WHO, 2012b; Hotez et al., 2006). By estimation,
Vercruysse et al., 2011 reported that approximately 135,000 deaths occur yearly, mainly
due to hookworm, round worm and whipworm infections either through anaemia,
intestinal or biliary obstruction or chronic dysentery. Although, they are not microscopic,
their eggs which start the complex life cycle of infestation in humans and animals are,
causing infections and health disorders either by tissue or organ damage (Jimenez-
Cisneros and Maya-Rendon, 2007).

Problems such as vitamin deficiencies, anaemia, malnutrition, stunted growth, poor
cognitive ability, less intellectual and mental development are associated with
helminthiasis (Kealey and Smith, 2010; Bethony et al., 2006). Infected pregnant women,
women of reproductive age and children, suffer from poor iron status and anaemia. Iron
deficiency anaemia often contributes to maternal-foetal consequences such as premature
birth and impaired lactation in pregnant women (Hotez et al., 2003; WHO, 2002). For
children living in endemic communities with poor nutritional status, the concurrent
infection with multiple parasite species (polyparasitisms) is associated with malnutrition
(Hall et al., 2008; Ezeamama et al., 2005). In some localities, however, the true effect of
these worm infections in childhood health may be obscured when there is an overlap of
malnutrition with poverty and STH endemicity (Sanchez et al., 2013). In the tropical and
sub-regions of the world, helminth infections often increase the susceptibility of host to
malaria, HIV/AIDS and tuberculosis directly and indirectly (Hotez et al., 2008; Brooker
et al., 2006; Bethony et al., 2006).



For many years now, routine efforts have been relied upon to control these pathogenic
parasites, predominantly by periodic mass administration of anthelmintic medications as
preventive chemotherapy, mainly to school-age children and other groups at risk
(Taylor-Robinson et al., 2015; Vercruysse et al., 2011; Albonico et al., 2008; WHO,
2006). Thus, the vision and effort according to WHO is to reduce the prevalence of STH
infections to < 1% by the year 2020 (Sanchez et al., 2013; WHO, 2012a).

1.3  Basis for research

Helminthiasis is ranked among the most important neglected tropical diseases (NTDs)
of the world. There has been much attention and priority given to the so called big three
infectious diseases (Simon, 2016) viz a viz; HIV/AIDS, tuberculosis and malaria because
of their rate of mortality, compared to the NTDs as well as the enormous and frequently
underestimated socioeconomic burden of the billion people living with one or more of
the NTDs, and this has resulted in less attention to the funding of research and
development in these areas (Mkhize et al., 2017; Kealey and Smith, 2010; Engels and
Savioli, 2006; Hotez et al., 2007). The aggregated distribution of STHs and the
predisposition of individuals to heavy infections are striking epidemiological features of
human helminth infections and a major concern among poverty-stricken regions of the
developing nations with poor hygiene and sanitation practices. Although infection may
appear asymptomatic (Rosso et al., 1996) and rarely cause death, the burden of infection
on the host’s nutritional status and the overall health or well-being in relation to
morbidity or mortality (Omitola et al., 2016; Hotez et al., 2006; Hotez et al., 2007) can’t

be overemphasized.

Most control programs rely mainly on mass deworming (i.e the use of drugs) to reduce
morbidity by decreasing worm burden. Nevertheless, rapid re-infection after treatment
is on the increase. The rate of re-infection depends on the life expectancy of many
helminths species (short-lived helminths re-infect more rapidly), the intensity of
transmission, hygiene education as well as the treatment efficacy and coverage (Yap et
al., 2014; Norris et al., 2012; Jia et al., 2012; Hotez et al., 2006). The low efficacy of
single-dose treatment with drugs currently in use (Sanchez et al., 2013), high rate of post
treatment due to re-infection in high endemic areas and the diminished efficacy due to
frequent, repeated and indiscriminate administration of drugs (Molefe et al., 2013;

Albonico et al., 2003) has reduced the effectiveness of periodic deworming, resulting in



emergence, re-emergence (Zerdo et al., 2016; Speich et al., 2016) and the gradual wide
spread of anthelmintic resistance. This is evident among species of veterinary importance
(Sutherland and Leathwick, 2011; Gilleard and Beech, 2007) with the development of
nematode populations resistant to virtually all anthelmintic classes (Camurca-
Vasconcelos et al., 2007), as well as the emergence of treatment failures in humans
(Sanchez et al., 2013; Grant et al., 2010).

Also, cases of helminth co-infection with tuberculosis, HIV/AIDS and malaria are on the
rise (MKkhize et al., 2017; Simon, 2016; Alemayehu et al., 2014; Dada-Adegbola et al.,
2013; Getachew et al., 2013; Tchinda et al., 2012; Tian et al., 2012), which could alter
their clinical presentation (Mhimbira et al., 2017). Helminths act to affect the modulation
of host immune system by inducing hypersensitivity, leading to acute allergy reaction,
prolonging/complicating treatment as well as reducing treatment efficacy, and eventually
increase the host’s vulnerability to other pathogens and antigens. Thus, the transmission,
susceptibility and the severity of these associated diseases often increases (Mulu et al.,
2014; Mulu et al., 2013; Norris et al., 2012; Mkhize-Kwitshana and Mabaso, 2012; van
Rietet al., 2007; Bethony et al., 2006; Brooker et al., 2006). Therefore, there is an urgent
need to continually develop new potent anthelmintics and most importantly vaccines
(Norris et al., 2012; Williams et al., 2014; Grant et al., 2010), in addition to the fewer
array of the drugs in existence, that would possess better pharmacological activity either
by individual potency or in combination with others.

Benzimidazole (BZ) is a heterocyclic aromatic organic compound dubbed as a
privileged structure and an important pharmacophore in medicinal chemistry (Khokra
and Choudhary 2011; Jaya et al., 2015; Maruthamuthu et al., 2016). For many years of
active research, BZs are known to possess a wide range of biological activities and
besides these activities, they have high affinity for enzyme and protein receptors. The
BZ nucleus has structural similarities with some purine based biological compounds
such as the deoxyribonucleic acid (DNA). It is also a versatile structural motif in vitamin
B12, forming an integral part of its structure (Ramanpreet et al., 2011; Panda et al., 2012;
Bansal and Silakari, 2012). Apart from the illustrious pharmacological importance of
these class of compounds, they are also important intermediates in many organic
reactions (Panda et al., 2012).



There are eminent setbacks in the usage of the fewer rage of anthelmintics employed in
both human and veterinary medicine. Triclabendazole for example is known to be safe
and effective against both human and veterinary forms of facioliasis, however, it has a
record of resistance in veterinary medicine, as well as non-availability for human
treatment due to non-registration for use in some parts of the world (Panic et al., 2014).
Through various research findings from the biological profiles of BZ analogs,
modifications by introducing a variety of substituents have proved that the broad
spectrum of many biological activities could suitably be further modified and enhanced
(Khan et al., 2012). An example is a novel benzimidazole, BTP-1so which is classed in
the same family as Triclabendazole, investigated to possess antischistosomal activity.
Thus, by way of drug repurposing/repositioning strategy, this indicates an increase in
anthelmintic spectrum of activity through slight modification of a drug molecule (Panic
etal., 2014).

Moreover, the commonly explore broad-spectrum anthelmintic drugs of human and
veterinary medicine stem from benzimidazole pharmacophore and most biologically
active analogs have been observed to bear one or more substituent(s) or functional
group(s) at 1, 2 and 5(or 6) positions (Bansal and Silakari, 2012). However, the
benzimidazole drugs currently in use as anthelmintics both in human and veterinary

medicine are not 2-furanyl and 2-phenyl/benzyl based structures.
1.4  Research aim

This work is designed to synthesise, characterise and investigate the anthelmintic activity

of benzimidazole derivatives.
1.5 Research objectives

1. To synthesise a series of 2-furanyl and 2-phenyl/benzyl benzimidazoles (from
commercially available reagents) and further characterise them using various
spectroscopic techniques.

2. To determine the anthelmintic activities of synthesisd benzimidazoles, in vitro.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Benzimidazole — a versatile heterocyclic compound

Heterocycles are organic compounds containing one or more elements other than carbon,
usually oxygen, nitrogen and sulphur, in a carbon-ring structure (Maruthamuthu et al.,
2016; Eicher and Hauptmann, 2003). They are natural/synthetic aromatic entities which
hold a high degree of diversity in modern drug discovery, such that the additions of a
variety of substituents as modifications on the ring(s) often result in new products of
compounds with better biological information/activity. Examples are the azoles (such as
pyrrole, pyrazole, thiazole, imidazole, benzoxazole, benzimidazole, tetrazole),

quinazolinones, quinazolines and thiocyanates (Maruthamuthu et al., 2016).

Benzimidazole, a bicyclic heterocycle, is made up of a benzene ring and an imidazole
ring fused together. It is a fusion of a benzene to positions 4- and 5- of an imidazole,
which is aromatic in nature. Tautomerism could be established between positions 1 and
3 on the imidazole ring due to a rapid exchange of proton on one of the nitrogen atoms
carrying the proton and the other without a proton as illustrated in structures I, 11, 1l and
IV, figure 2.1. As a result, positions 5- and 6- become chemically equivalent. However,
isomerism occurs when it is a N-substituted compound and non-equivalent molecules are
obtained as illustrated in structures V and VI, figure 2.1 (Bansal and Silakari, 2012;
Townsend and Wise, 1990).

This fused nucleus is often regarded as ‘a master key’, ‘a multifunctional nucleus’
(Bansal and Silakari, 2012) and ‘a privileged structure’ (Maruthamuthu et al., 2016;
Ajani et al., 2013; Santosh et al., 2011; Ramanpreet et al., 2011) because it has become
an important central pharmacophore in many compounds that have a wide range of
bioactivities. 5,6-dimethyl-N-(a-D-ribofuranosyl)benzimidazole [2.1] is an axial ligand
for cobalt known to be an integral part of the structure of vitamin B12, the most prominent
benzimidazole compound in nature (Ajani et al., 2013; Ramanpreet et al., 2011,
Townsend and Wise, 1990).
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Figure 2.1. Tautomerism and isomerism in benzimidazole (Townsend and Wise, 1990)



With this however, came up the basis for further interest and extensive studies on
benzimidazole nucleus, in order to continually develop potential chemotherapeutic
agents, from which the discovery of thiabendazole for the treatment of parasitic diseases
started (Jaeger and Carvalho-Costa, 2017; Townsend and Wise, 1990).

Moreover, benzimidazoles are known to act at different points of targets, bringing about
varied pharmacological properties such as antibacterial, antifungal, antiviral, antiulcer,
antitumor/anti-angiogenic, anthelmintic, anticonvulsant, analgesic, antidepressant, anti-
diabetic, anti-inflammatory, anti-malarial, antioxidant, antiproliferative, proton pump
inhibitors, antihistaminic, anticoagulants, antihypertensive, as well as anti-tubercular
properties (Maruthamuthu et al., 2016; Alasmary et al., 2015; Temirak et al., 2014a and
2014b; Ajani et al., 2013; Gurvinda et al., 2013; Bansal and Silakari, 2012; Ramanpreet
et al., 2011, Yar et al., 2009). Further potential pharmacological activities are against
HIV, herpes (HSV-1), RNA, influenza and human cytomegalovirus (HCMV) (Panda et
al., 2012). Some of these activities exhibited by widely used benzimidazole drugs were
achievable due to the many benefits they possess, such as their selectivity and relatively
low toxicity, broad-spectrum of activity, high efficacy, ease of administration and low

cost (Jaeger and Carvalho-Costa, 2017).

Most of the biologically active benzimidazoles bear a functional group or combination
of functional groups at either of the positions 1, 2, 5 or 6 (Bansal and Silakari, 2012;
Santosh et al., 2011; Kalidhar and Kaur, 2011), most of which are 2-substituted products
of ortho anilines (such as o-phenylenediamine and 2-nitroaniline), and many drugs came
into existence when the substituents attached at different position on the benzimidazole
nucleus were optimized (Bansal and Silakari, 2012). Examples of some of such drugs

are:

e Albendazole [2.2], Mebendazole [2.3], Thiabendazole [2.4], Fenbendazole [2.5],
Triclabendazole [2.6] as antihelmintics (Bansal and Silakari, 2012; Santosh et al.,
2011).

e Omeprazole [2.7], Lansoprazole [2.8], Pantoprazole [2.9] as proton pump
inhibitors/antiulcer (Bansal and Silakari, 2012; Santosh et al., 2011).

e Astemizole [2.10] as antihistaminic (Bansal and Silakari, 2012).

e Enviradine [2.11], Enviroxime [2.12] as antiviral (Bansal and Silakari, 2012;
Heinz and Vance, 1995).



e Candesarten cilexitil [2.13], Telmisartan [2.14] as antihypertensive (Bansal and
Silakari, 2012; Verdecchia et al., 2011).

e Bendamustine, [2.15], Mebendazole [2.3] as antitumoral or anti-cancer
(Pantziarka et al., 2014; Bansal and Silakari, 2012; Cheson and Leoni, 2011).

e Benoxaprofen analog [2.16] as anti-inflamatory (Bansal and Silakari, 2012).

Apart from these established drugs listed above, a vast number of benzimidazoles have
been reported to exhibit promising pharmacological activities including many analogs
such as the quinazoline, thiazole, phenothiazine, quinoxalinone, benzamide, naphthol,
phenylamine, hydrazide, phenylthio-acetamide and Mannich-base derived analogs, thus
making it a very important intermediate and building block to other products in several
organic reactions (Zhou et al., 2013; ur Rehman et al., 2013; Panda et al., 2012; Chou et
al., 2011; Al-Rashood and Abdel-Aziz, 2010; Patel and Singh, 2009; Ayhan-Kilcigil and
Altanlar, 2003).
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2.2 Methods of benzimidazoles synthesis

Quite a number of methods have been derived and applied to synthesise libraries of
benzimidazoles that showed varied bioactivities. For products of high yield, purity and
desired quality, continuous modification of methods of synthesis have spanned over
years (Bansal and Silakari, 2012). Panda et al., 2012, reviewed comprehensive methods
employed in the synthesis of numerous analogs of 2-arylbenzimidazoles with moderate
to excellent yields using different solvents, reagents/catalysts and varied conditions of

reaction such as temperature ranges and atmospheric condition.
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Generally, the synthesis of benzimidazoles commonly involves two methods, both of
which employs the use of o-phenylenediamine or its derivatives and could either be
achieved conventionally under reflux condition or microwave irradiation for different
combinations of reactants (Panda et al., 2012; Chou et al., 2011; Chawla et al., 2011).
Solvents often employed are water, ethanol, acetonitrile, dimethyl formamide (DMF),
toluene, tetrahydrofuran (THF), dioxane, glacia acetic acid (Panda et al., 2012; Secci et
al., 2012; Panda and Jain, 2011), glycerol (Radatz et al., 2011) and xylene (Tagawa et
al., 2008; Hegedus et al., 2006) to mention a few.

1. Reaction of o-phenylenediamines with organic acids and their derivatives: In the
presence of several reagents such as strong acids (polyphosphoric acid or mineral acids),
polymer-supported PPhs, PCls, alumina, zeolite and K.COs, 0-phenylenediamines react
with carboxylic acids and their derivatives according to the reaction below to afford 2-
substututed benzimidazoles. However, under conventional methods (heating/refluxing),
a high temperature range and/or longer time of reaction is often experienced to afford the
desired products (Panda et al., 2012).

NH,
reagents N
+ R-COOH \>7 R
reaction condition
NH N

2

R = H, Alkyl group, Aromatic group

According to Chou et al., 2011, an acid catalysed synthesis of a series of benzimidazole
linked quinoxalines and quinoxalinones on a polymer support according to the reaction

steps below were achieved in shorter times using microwave condition.
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The synthesis of N-[4-(1Hbenzimidazol-2-yl)phenyl]-10H-phenothiazines in pyridine
and under relux condition was achieved by reacting o-phenylenediamine and 4-[(10H-
phenothiazin-10-yl-(substituted)-methyl)amino]benzoic acid within 6 hours (Panda et

al., 2012) according to the reaction below.

NH,
. CsHsN
—_—
NH, R _NH

reflux, 6 hr R NH
N N
CLo O
2. Reaction o-phenylenediamines with aldehydes and their derivatives: Utilising
oxidative reagents such as NaHSOz, KHSO4, Na2S20s, Na2S204, In(OTf)sz, Yb(OTT)3,
Sc(OTf)3, Cu(OTf)2, H202/HCI, MnO2, benzofuroxane, nitrobenzene, oxone, 1,4-
benzoquinone, Zn-proline, polymer supported hypervalent iodine, 2,3-dichloro-5,6-
dicyanobenzoquinone (DDQ), and molecular oxygen, o-phenylenediamines undergo
cyclocondensation reaction with aldehydes (Chari et al., 2013; Lépez et al., 2009). This
IS a one-pot, two-step procedure which includes an oxidative cyclodehydrogenation of

aniline Schiff base, often generated in situ. It is considered the most acceptable route
(Panda et al., 2012).

2-Aryl substituted benzimidazoles were prepared by the microwave promoted reaction
between o-phenylenediamine and derivatives of benzaldehyde using sodium hydrogen

sulfite in dimethylacetamide (LOpez et al., 2009) according to the reaction equation
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below. Optimization of the reaction conditions was by varying irradiation time and the

potency level of the microwave irradiation.
NH,
ArCHO/NaH503 (2eq)
@ DMAc, MW, 10 mins @ >_<:>
NH,

Performing control experiments under atmospheric N2 (absence of air) using Cu(OH):
catalyst, Chari et al., 2013 reported that the products of reactions in methanol between
o-phenylenediamine and benzaldehydes had low yields. However, improved yields were
observed at varied amount of catalyst (2 mol%, 5 mol%, 10 mol% and 15 mol% of
Cu(OH).) and solvents (dichloromethane, methanol, acetonitrile and ethanol) but the best
yield was obtained from a 10 mol% of catalyst at room temperature in methanol
condition, isolating 2-phenyl-1H-benzimidazole in high yield within a short time. Earlier
on, this reaction was carried out in methanol at room temperature and atmospheric
oxygen in the absence of Cu(OH). catalyst to afford a mixture of products, 2-
phenylbenzimidazole and 1-benzyl-2-phenyl-1H-benzimidazole (as the side product),
according to the equation of reaction below (Chari et al., 2013).

CHO
NH,
CuOH)Z
+
NH, CH3OH RT

2-phenylbenzimidazole

1-benzyl-2-phenyl-1H-benzimidazole

Furthermore, benzimidazole synthesis can be achieved by reacting a couple of reagents
such 2-nitroanilines with aryl aldehydes (Surpur et al., 2007; Yang et al., 2005), reacting
0-aminoazo compounds with aldehydes as well as by the reduction of 2-nitro-4-

methylacetanilide and reduction of acetylated o-nitroanilines, (Kalidhar and Kaur, 2011).

2.3 Spectroscopic techniques of organic compounds

Before the discovery of methods often applied to structural elucidation by the use of
instruments (spectroscopic techniques), the structure of newly discovered compounds
(often natural products) were usually confirmed by different chemical tests in order to

identify the functional groups present. This approach of confirmation includes the
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determination of unsaturation (either by catalytic hydrogenation, halogenation or
ozonolysis), determining the nature of functional group (either by acetylation or using
reagents such as sodium bisulphite, hydroxylamine, hydrazine and phenyl hydrazine),
among many methods/approaches. Nuclear Magnetic Resonance (NMR) spectroscopy,
Ultraviolet-Visible (UV-Vis) spectroscopy, Infrared (IR) spectroscopy and Mass
spectrometry (MS) are the major techniques employed nowadays, and from these
techniques, structural evidences deduced are based on energy absorption (from
electromagnetic radiation) except for mass spectrometry which involves bombardment
by a stream of charged particles such as electrons. Of great importance prior to analysis

are the solvents used in dissolving metabolites isolated or compounds synthesised.
2.3.1 Infrared spectroscopy

The Infrared (IR) region is the region in the electromagnetic spectrum which spans
between 4000 — 400 cm. It gives information on the structural pattern of compounds
that have covalent bonds. Only bonds (mainly of functional groups) having a dipole
moment which can change as a function of time (i.e. the bond must present an electric
dipole that is changing at the same frequency as the incoming radiation in order for
energy to be transferred) are capable of absorbing energy in this region. Molecules absorb
selected frequencies (energies) that match their natural frequencies. Fundamental
absorptions, often referred to as modes of vibrational motion in IR active molecules are
scissoring, rocking, wagging, twisting, bending and stretching vibrations: the latter two
are the simplest types observed in molecules. When two vibrational frequencies couple
to give a vibration of a new frequency within a molecule and is IR active, such is called
a combination band. The infrared spectrum of a compound can either be determined in
the neat, concentrated or diluted form. Factors that could influence the relative absorption
of organic functional groups include mass effect, field effect, hydrogen bonding, ring
strain, electronic effect, inductive and mesomeric effect (Kalsi, 2004; Silverstein et al.,
2005; Pavia et al., 2001).

2.3.2 Ultraviolet-Visible (UV-Vis) spectroscopy

Organic compounds, most especially those with a high degree of conjugation (i.e. those
with multiple bonds or aromatic conjugation within molecules), absorb light in the
Ultraviolet (UV) or visible regions of the electromagnetic spectrum (the visible region
corresponds to 800 — 400 nm, while the UV region to 400 — 200 nm). A molecule, on
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absorption of energy in these regions, produces changes in electronic energy due to
transitions of valence electrons from an occupied molecular orbital (a non-bonding p-
orbital or a bonding m-orbital) to the next unoccupied-higher energy orbital (an anti-
bonding n*-orbital or o*-orbital) (Kalsi, 2004). The most probable observed transition
is from the highest occupied molecular orbital (HOMO) to the lowest unoccupied
molecular orbital (LUMO) (Pavia et al., 2001).

What is recorded in a UV spectrum is the wavelength of maximum absorption (Amax) and
the absorption strength or molar absorptivity (emax) as defined by the combined Beer-

Lambart law as expressed below (Kalsi, 2004):

log (Io/1) = €lc, or
e = Alcl

where: |, = the intensity of incident light
| = the light transmitted through the sample solution
log (lo/1) = the absorbance or optical density of the solution
¢ = the molar absorptivity (extinction coefficient)
¢ = the concentration of solute (moldm3)

| = the path length of sample (cm)

Not all solvents are suitable for use in UV analysis. The solvent must be transparent
within the wavelength range being examined, i.e it should not absorb UV radiation in the
same region as the substance whose spectrum is being determined. Often times, water is
used for water-soluble compounds and ethanol (which absorbs very weakly at most
wavelengths) for organic-soluble compounds. Also, solvent polarity and pH can affect
the absorption spectrum of an organic metabolite either by shifting its absorption
maximum (Amax) Or change the energy and intensity of absorption (emax) (Kalsi, 2004;
Pavia et al., 2001). The information obtained in the UV spectrum of an organic
compound under investigation can help deduce the presence of a chromophore
(functional groups such as the isolated and conjugated ethylenic system, acetylenic
unsaturations, nitro, nitrile and carbonyls including acids and esters) (Brahmachari,
2009). The UV-Vis spectrum is generally recorded as a plot of absorbance against

wavelength.
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2.3.3 Mass spectrometry (MS)

Mass spectrometry does not involve electromagnetic energy absorption. Its concept is
basically about ionisation of compounds, whereby molecules are bombarded by a stream
of high-energy electrons and converting some of them to ions. The resulting ions get
separated based on their mass-to-charge ratio (m/z) in a magnetic or electric field, and
the number of ions representing each m/z unit are detected and recorded on a spectrum
(a graph of the number of charged particles detected). In gas chromatography-mass
spectrometry technique, the mass spectrometer acts in the role of a detector when coupled
to a gas chromatograph (Silverstein et al., 2005; Pavia et al., 2001). This technique is
principally used to measure the exact molecular weights, and from this the exact
molecular formulae can be determined. Also, the presence of certain structural units can
be recognised from the pattern within which the molecule prefers to fragment (Kalsi,
2004). According to Pavia et al., 2001, the molecular weight is determined from the
molecular ion [M*] peak owing to certain facts such as:

1. the [M*] peak must correspond to the highest mass in the spectrum, excluding

isotopic peaks that occur at even higher masses.

2. the [M*] must have an odd number of electrons, this is as a result of an electron

loss when the molecule becomes ionized to a radical-cation.

3. the [M*] must have the capability to form the important fragment ions/radical
cation (particularly the fragments of relatively high masses) in the spectrum by

loss of logical neutral fragments.

4. if the corresponding [M*] peak has nitrogen present in its molecule, the peak is
often verified by “Nitrogen rule” which states that “if a compound has an even
number of or no nitrogen atoms, its [M*] will appear at an even mass value, and
on the other hand if it’s an odd number of nitrogen atoms will form a [M*] with

an odd mass.

High-resolution mass spectrometers are applied in the determination of a very precise
molecular weight of substances. It differentiates compounds of the same nominal mass
depending on the atoms contained in individual compound as illustrated in the example
below (Pavia et al., 2001).
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Compound Precise molecular weight

C3HgO 60.05754
C2HsN: 60.06884
C2H40: 60.02112
CH4N20 60.03242

2.3.4 Nuclear magnetic resonance (NMR) spectroscopy

The characteristic property of atomic nuclei of many elemental isotopes, called spin, can
be studied by Nuclear Magnetic Resonance (NMR) techniques. For every nucleus with a
spin, the number of allowed spin states is determined by its nuclear spin quantum
number, 1. The more common nuclei, which possess | either as integral spins (i.e | = 1,
2, 3....) or fractional spins (i.e | = 1/2, 3/2, 5/2 ....), include H, $3C, *N, 70, °F and 3!P.
However, those often useful to organic chemists and are of particular interest are *H, 3C,
¢ and 3P, all with | = 1/2. The phenomenon of NMR is said to occur once a charged
nucleus spins to acquire a magnetic moment (u). Under the influence of an applied
external magnetic field (Bo), it generates a magnetic field of its own and energy is
absorbed. The orientation of spin changes (i.e. precess) with respect to the applied field,
either to be aligned (low energy) with the external field or opposed (high energy) to it.
The stronger the applied field, the higher the rate of precession, which implies that the
frequency of precession is directly proportional to the strength of the applied magnetic
field (Pavia et al., 2001; Kalsi, 2004).

Also, the stronger the applied magnetic field, the greater the energy difference between
the possible spin states. Many of the instruments required to observe transitions in nuclei
of elements are being operated at varying frequencies. It is noteworthy to know that not
all protons in a molecule have resonance at the same frequency (it varies), due to the fact
that, they are always surrounded by electrons and exist in slightly different electronic
environments. These differences in resonance frequency are very small, making it
difficult to measure exactly and to locate NMR signals for any proton. However, this
problem was solved by locating any signal in a spectrum relative to a reference signal
from a standard compound added to the sample. Such a reference standard should be
chemically unreactive, easily removed from the sample after measurement and should
give a single sharp uninterfering NMR signal. By meeting all these characteristics,

tetramethylsilane (CHs3)4Si also called TMS has become the reference compound of

17



choice for *H and **C NMR. The shift of a given proton from TMS, independent of the
magnetic field strength, is a parameter known as the chemical shift, measured in S units.
Chemical shift expresses the amount by which a proton resonance is shifted from TMS
in parts per million (ppm). Also, a phenomenon known as spin-spin, or J coupling
explains the fact that resonance frequencies are perturbed by existing neighbouring NMR
active nuclei in a manner dependent on the bonding electrons that connect the nuclei
(Pavia et al., 2001; Kalsi, 2004).

Nuclear Magnetic Resonance (NMR) spectroscopy involves one dimensional (1-D)
NMR technique and two dimensional (2-D) NMR technique. Examples of 1-D NMR are
Attached Proton Transfer (APT) and Distortionless Enhancement by Polarisation
Transfer (DEPT) which is of three types (DEPT 45, 90 and 135) (Mahato et al., 1992).
Two dimensional NMR techniques generally provide information about nuclei-bonds
connectivity and they include homonuclear Correlated Spectroscopy (COSY), Nuclear
Overhauser Effect Spectroscopy (NOESY) and Heteronuclear Correlated Spectroscopy
(HETCOR), Heteronuclear Multiple Quantum Correlation (HMQC), Heteronuclear
Single Quantum Correlation (HSQC) and Heteronuclear Multiple Bond Correlation
(HMBC) (Williams and King, 1990).

2.3.4.1 Proton nuclear magnetic resonance (*H NMR) spectroscopy

Proton Nuclear Magnetic Resonance spectroscopy (*H NMR) measures the magnetic
moments of hydrogen atoms present in an organic compound. These hydrogen atoms
(protons) are said to be positioned in different chemical environments within a molecule.
Protons that are present in chemically identical environments are chemically equivalent
and often exhibit the same chemical shift. Proton chemical shift values are usually
influenced by factors such as solvent effect, magnetic anisotropy, hybridization effect,
local diamagnetic shielding (electronegativity effect) and hydrogen bonding due to acidic

and exchangeable protons (Pavia et al., 2001).
2.3.4.2 Carbon-13 nuclear magnetic resonance (:3C NMR) spectroscopy

The most abundant isotope of carbon, 2C (spin, | = 0), is NMR inactive while *3C (spin,
| = 1/2), is NMR active. However, resonances of *C are more difficult to observe than
those of *H. They are about 6000 time weaker due to the very low natural abundance
(1.08%) of 13C in nature and a smaller magnetogyric ratio. Thus, a greater number of
individual scans of spectrum must be accumulated (Pavia et al., 2001). Proton-decoupled
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carbon-13 NMR spectra are much simpler to interpret than *H NMR spectra because the
technique eliminates all interactions between proton(s) and carbon nuclei. The DEPT
experiment is useful in determining the presence of primary, secondary and tertiary
carbon atoms by differentiating between the methyl (CHs), methylene (CH>) and methine
(CH) groups. However, quaternary carbon signals are missing. DEPT 135 experiment
produces spectra with CH and CHs signals in opposite phase to CH> signals, DEPT 90
experiment shows spectra with only CH signals, others been suppressed, while DEPT 45
provides spectra of all protonated carbons (CH, CH2 and CHa) signals in the same phase
(Caytan et al., 2007).

2.3.4.3 Two dimensional nuclear magnetic resonance (2-D NMR) spectroscopy

These are experiments carried out in order to show in a molecule all coupling
relationships in a two coordinate, three dimensional plot (either contour plot or stacked
plot). These correlations, classified as homonuclear and heteronuclear, could either be
through bond or through space coupling interractions. Correlated spectroscopy
(COSY) is a homonuclear correlation experiment from which the spectrum obtained is
two-dimensional. COSY experiment shows diagonal peaks (corresponding to those in a
1-D NMR experiment) that have the same frequency coordinate and appear along the
diagonal of the plot, as well as cross peaks (located off the diagonal) which have different
values for each frequency coordinate. COSY indicate through-bond couplings between
pairs of nuclei, usually protons. Nuclear overhausern enhancement spectroscopy
(NOESY) is a homonuclear correlation experiment similar to COSY, except that the
cross peaks are coupling interactions between pair of protons close to each other through-
space. It is often applicable to communicate information from connections made between
different spin systems of larger molecules. This experiment is usually carried out in the
phase sensitive mode so as to distinguish cross peaks due to positive NOE’s (Williams
and Fleming, 1987).

In addition, heteronuclear correlated spectroscopy (HETCOR) is a heteronuclear
correlation experiment which reveals a coherence transfer of signals between non-
identical spins typically of those from *C, N and *H nuclei. The generated spectrum
present a through-bond coupling interraction between *H and any other nucleus to which
they are attached (often *C and *°N). This is usually achieved by way of coherence

transfer from 'H to the unidentical nucleus and a further direct detection of such
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unidentical nucleus. HETCOR experiments suffer poor sensitivity. Thus, modern
practical skills such as heteronuclear multiple quantum coherence (HMQC) and
heteronuclear multiple bond correlation (HMBC) experiments employ inverse
(indirect chemical shift correlation) technique to provide the same correlation

information and have improved sensitivities (Bruch, 1996).

2.4 Helminths and helminth infections

Helminths are invertebrates described as elongated, flat (platyhelminths) or cylindrical
(round worms). They are classified based on the external and internal morphology of
their egg, larval and adult stages. The groups which are clinically relevant are placed
according to their general external shape and the host organ they inhabit. They are either
naturally hermaphroditic or anatomically bisexual. The three major groups are the
nematodes (roundworms), cestodes (tapeworms) and trematodes (flukes). To understand
the epidemiology and pathogenesis of helminth diseases, as well as diagnose and treat
hosts harbouring these parasites, the different stages in relation to their growth and
development must be well understood (Castro, 1996).

Helminthiasis (helminth infection or worm infection) is one of the major diseases of
veterinary animals and humans, with poor socioeconomic status, in many developing
countries. It is caused mainly by parasitic worms which often live in the gastrointestinal
tract of the host, and may also burrow into some other organs, inducing physiological
damages. Helminth infection is grouped among the neglected tropical diseases (NTDs)
of humans. Over 1.4 billion people are infected with one or more of seventeen NTDs,
among which are schistosomiasis, lymphatic filariasis, onchocerciasis, trachoma and
three soil-transmitted helminth infections (hookworm, ascariasis and trichuriasis), and
are avowed the most common afflictions of the world’s poorest people. The NTDs have
aterrible impact on health, impede child growth and development, harm pregnant women
(risk of giving birth to low birth-weight babies, poor milk production and high
susceptibility to death during childbirth), causes disabilities and disfiguration and often
long-term debilitating or even deadly illnesses (Norris et al., 2012). Many infected
individuals are frequently avoided/neglected by both their families and the community,
and subsequently are often unable to work productively. This gradually leads to

enormous economic losses for them, their families and their nations.
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Gastrointestinal worm infections are generally associated with abdominal pains, loss of
appetite, malnutrition, diarrhea, and anemia. Infections by roundworm (ascariasis),
whipworm (trichuriasis), hookworm, lymphatic filariasis (elephantiasis), blinding
trachoma, schistosomiasis and onchocerciasis (river blindness) affect more than 807,
604, 576, 200, 120, 80 and 40 million people worldwide respectively. They are the most
common and important, owing to the large number of people affected (Skolnik and
Ahmed, 2010). For effective clear out of clinical symptoms, reduction of morbidity and
mortality rates or cure of the diseases, chemotherapy by the use of anthelmintics (drugs)
is often employed. These anthelmintics are commercially available and are classified
based on the similarity in their chemical structures and mode of actions. Examples
include levamisole, piperazine, benzimidazoles (such as albendazole, mebendazole and
thiabendazole), pyrantel, morantel, cyclodepsipeptides (Emodepside), macrocylic
lactones (lvermectin) and the oxindole alkaloids (Marcfortine A and Paraherquamide A)
which are often employed singly or in combination (Keiser et al., 2012; Holden-Dye and
Walker, 2007). Also, some promising bioactive plant extracts with anthelmintic
properties have been reported (Ferreira et al., 2013; Camurga-Vasconcelos et al., 2008).

However, the therapeutic effect of these commercial drugs has been compromised due to
regular use (coupled with inadequate flock management in ruminant animals) and
repeated or indiscriminate administration (Ferreira et al., 2013; Molefe et al., 2012;
Almeida et al., 2010) which has resulted in the development of resistance to the drugs by
the helminth parasites. As a result, expression of genes which are associated with
resistance are on the rise, and are already within the population before anthelmintic
treatment is carried out (Alvarez-Sanchez et al., 2002). The increasing development of
resisitance to the available drugs has necessitated the search for alternatives that are
effective. However, there are written procedures and established protocols (anthelmintic
assays) for determining the effectiveness of agents, such as plant extracts and synthetic
compounds, against helminths. Some of these procedures are egg recovery assay, egg
hatch assay (EHA), larval development assay (LDA), larval motility or mortality assay,
larval feeding inhibition assay (LFIA), larval exsheathment assay (LEA) and adult worm
motility test (Molefe et al., 2013; Katiki et al., 2011).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental reagents, apparatus and instruments

The commercial reagents employed in synthesis were purchased majorly from Sigma-
Aldrich®, while few others were from Alfa Aesar, Tokyo Chemical Industry (TCI),
ACROS organics™, Merck, Wako pure chemicals, Santa Cruz Biotechnology or
Oakwood chemicals and were used without any further purification. They include ortho-
phenylenediamine, 4-nitro-o-phenylene-diamine, 4-chloro-o-phenylenediamine, 4-
fluoro-o-phenylenediamine, 4,5-dimethyl-o-phenylenediamine, furaldehyde, 5-methyl-
furancarbaldehyde, benzaldehyde derivatives and sodium metabisulfite (also known as

sodium pyrosulfite or sodium disulfite (Na2S20s)).

All solvents, including n-hexane, ethyl acetate, N,N-dimethyl formamide (DMF) and
dichloromethane (DCM) were analytical grades. Distilled water was also used. Glass
wares utilized are 100 mL round bottom flasks, beakers, conical flasks, reflux
condensers, glass funnels, thin layer chromatography (TLC) developing tank and
separating funnels. Heidolph MR 30001K and Heidolph MR Hei-standard magnetic
stirrer/heater, electric oven, a Black and Decker electric gun heater, TLC (Kieselgel 60,
254, E. Merck, Germany) pre-coated aluminum plates and an ultraviolet light (uvitec UV-
254/365 nm) apparatus were also employed. Other materials/apparatuses utilized are
chiller, spatula, retort stand, magnetic beads, drysyn, magnetic rod, glass stirring rod and
cotton wool. Centrifuge machine, electron microscope, glass slides, cover slips, test
tubes, micro-pipette, graduated seives and syringes were utilised during the biological

analysis together with Albendazole as the standard drug.

Proton nuclear magnetic resonance (*H NMR) spectra of the synthesised compounds, in
dueterated dimethyl sulphoxide (DMSO-dg), were obtained on Avance (AV-400 and
AV-500 MHz) spectrometers, while carbon-13 nuclear magnetic resonance (*3C NMR)
spectra were recorded on Avance (AV-300, AV-400 and AV-500 MHZz) instruments also
in DMSO-ds (both *H NMR and *C NMR instruments were manufactured by Bruker).
Chemical shift () values were recorded in parts per million (ppm) to 2 decimal places
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unrounded off and were referenced using DMSO-ds solvent signals at 2.50 and 40.00
ppm for *H and 3C NMR respectively. Coupling constants, J were measured in Hertz
(Hz) to 1 decimal place. Electron ionization-mass spectrometry (EI-MS) was carried out
on Jeol MS 600H-1 and MAT 312/MAT 113D double focusing mass spectrometers to
record the mass-to-charge ratios (m/z) of ions produced, while high resolution electron
ionization-mass spectrometry (HREI-MS) was performed on a Jeol HX110 mass
spectrometer. The IR spectra were recorded on Bruker Vector-22 and Shimadzu FTIR-
8900 spectrometers using the potassium bromide (KBr) disc method to determine the
absorption frequencies, ® (cm™) of IR active functional groups. The UV spectroscopy
analysis utilized a Thermoscientific Evolution 300UV-Visible spectrophotometer to
determine the wavelenghts of maximum absorptions (Amax) in methanol. Melting points

were obtained on a Buchi M-560 apparatus and were uncorrected.

The following abbreviations were used in the assignment of peaks from *H NMR spectra:
br (broad), s (singlet), d (doublet), dd (doublet of doublets), t (triplet), dt (doublets of
triple) and m (multiplets). **C NMR chemical shift values were listed and assigned to
specific carbon atoms. Abbreviations such as str (stretching vibration), asy str
(asymmetric stretching vibration), sym str (symmetric stretching vibration) and b
(bending vibration) were used in the IR spectra band assignments.

3.2 Synthesis of benzimidazoles

Various substituted benzimidazoles (BZs) were synthesised by reacting commercially
available o-phenylenediamine and its derivatives (4-fluoro-o-phenylene-diamine, 4-
chloro-o-phenylenediamine, 4-nitro-o-phenylenediamine and 4,5-dimethyl -o-phenyl-
enediamine) with varieties of aromatic aldehydes in dimethylformamide (DMF),
utilizing sodium metabisulfite (Na2S20s) as an oxidative/catalytic reagent (Khan et al.,
2012; Secci et al., 2012). They were obtained in moderate to high yields by a one-pot
condensation reaction pathway which encompasses a two-step process, presumed to

proceed through;

e the formation of sodium metasulfite adducts of the aldehydes, and

e oxidative cyclodehydrogenation of aniline Schiff’s bases generated in situ (LOpez et
al., 2009).
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A general synthetic reaction route is represented in schemes 3.1(a and b), while a
proposed reaction mechanism is presented in figures 3.1(a and b). Chemical shift values,
6 (ppm) for both 'H NMR and **C NMR were obtained in dimethylsulfoxide (DMSO-
de) and tetramethyl-silane (CHz)4Si, (TMS) was used as internal standard. lons produced
in mass spectrometry (MS) analysis were separated according to their mass-to-charge
ratios, (m/z values). While embeded in a solid disc-like potassium bromide (KBr), the
compounds were analysed by infra-red (IR) spectroscopy for the various characteristic
vibrational frequencies, ©® (cm™) of the functional groups present. Ultraviolet (UV)
spectroscopic analysis was carried out after dissolving the compounds in methanol, to
obtain wavelenghts of maximum absorptions, (Amax). Other parameters such as the
melting points and physical appearances of each synthesised compound were recorded.

The experimental and percentage yields were also determined.
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3.2.1 Synthesis of 2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-1-6)
C[ Na25205 DMF
/k[) 100 °c heat (3hr) 6 >_<J

In a round bottom flask (100 mL) fitted with a condenser and a magnetic stirrer, 2-
furaldehyde [3.2] (0.083 mL, 1 mmol), sodium metabisulfite (Na2S20s) (0.19 g, 1 mmol)
and N,N-dimethylformamide (DMF) (15 mL), were heated at 100 °C for 30 minutes.
Into the reaction mixture after 30 minutes, o-phenylenediamine [3.1] (0.11 g, 1 mmol)
was added and heated further for 2.5 hours. As the reaction progresses, it was monitored
by TLC until completion. The resulting mixture after cooling to room temperature was
added to cold water and the organic product extracted with dichloromethane (3 x 50 mL)
from water. The separated organic layer was dried with sodium sulphate and the solvent
evaporated to obtain a brown solid, with the code AKS-1-6 [3.3], 54.8% vyield (0.101 g),
m.pt. 283-285 °C, Rf: 0.43 (hexane/ethyl acetate, 1:1). The followind chemical schift,
OH(ppm) (400 MHz, DMSO-ds) values were obtained: 6.72 (1H, dd, Ja 3 = 3.2 Hz, Ja 5 =
1.6), 7.18 (1H, d, J34 = 3.2 Hz), 7.18 (2H, br s), 7.47 (1H, br s), 7.60 (1H, br s), 7.93
(1H, d, Js4 = 1.2 Hz), 12.88 (1H, s); dc(ppm) (100 MHz, DMSO-ds): 112.25, 110.39,
121.86, 122.45, 143.57, 144.56, 145.53; EI-MS (m/z (relative abundance in %)): 52 (3),
64 (4), 92 (8), 102 (5), 129 (9), 156 (21), 184 [M*] (100), 185 [M*+1] (12); HREI-MS:
m/z calculated for C11HsN20 [M*] is 184.0637, found 184.0639; IR (v/cm™*; KBr disc):
~3400, 3069, 1621, 1521, 1490, 1227, 1012; UV (Amax/nm; MeOH): 321, 306, 298, 250,
208.

3.2.2 Synthesis of 2-(5'-methylfuran-2'-yl)-1H-benzo[d]imidazole (AKS-1-7)

NH, Q Na28205 DMF Hs
+ H (0]
100°C heat (3 hr
NH, | ) s 30 [;[

U'IIZ

A mixture of 5-methyl-furancarbaldehyde [3.4] (0.099 mL, 1 mmol), sodium
metabisulfite (0.19 g, 1 mmol) and N,N-dimethylformamide (15 mL) was heated at 100
°C for 30 minutes in a round bottom flask (100 mL). Into the reaction mixture after 30

minutes, o-phenylenediamine [3.1] (0.11 g, 1 mmol) was added and heated further for
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2.5 hours. Progress of reaction was monitored by TLC until completion. The resulting
mixture after cooling to room temperature was added to cold water and freeze-dried.
The brown solid product, AKS-I-7 [3.5], obtained was worked-up with water and hot
hexane in a 65.6% (0.130 g) yield, a m.pt. range of 274-276 °C and a 0.46 (hexane/ethyl
acetate, 1:1) R value. dH(ppm) (400 MHz, DMSO-de): 2.40 (3H, s), 6.34 (1H, s, Ja3 = 2.4
Hz), 7.08 (1H, d, J3'4 = 3.2 Hz), 7.16-7.18 (2H, m), 7.50-7.53 (2H, m); dcpm) (75 MHz,
DMSO-ds): 13.41, 108.52, 111.68, 122.04, 143.63, 143.74, 153.77; EI-MS (m/z (relative
abundance in %)): 63 (32), 90 (22), 155 (21), 169 (41), 183 (34), 198 [M] (100), 199
[M*+1] (14); HREI-MS: m/z calculated for Ci:H1oN2O [M*] is 198.0793, found
198.0800; IR (v/cm™; KBr disc): 3447, 3054, 2953, 2805, 1632, 1570, 1423, 1275, 1020;
UV (Amax/nm; MeOH): 326, 311, 253, 248, 210.

3.2.3 Synthesis of 5-fluoro-2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-1-8)

Na28205 DMF
*H
100 °C heat (4 hr) 6

'\l'_rz

In a round bottom flask (100 mL), a mixture of 2-furaldehyde [3.2] (0.083 mL, 1 mmol),
N,N-dimethylformamide (15 mL) and sodium metabisulfite (0.19 g, 1 mmol) was heated
at 100 °C for 30 minutes. Into the reaction mixture after 30 minutes, 4-fluoro-o-
phenylenediamine [3.6] (0.13 g, 1 mmol) was also added and heated further for 3.5
hours. Progress of reaction was monitored by TLC until completion. The resulting
mixture after cooling to room temperature was added to cold water and freeze-dried.
The solid product obtained was worked-up with water and hot hexane to afford the
compound coded AKS-1-8 [3.7] (a brown solid), 50.9% (0.103 g) yield, with a m.pt. of
194-197 °C and Ry 0.47 (hexane/ethyl acetate, 1:1). dH(ppm) (400 MHz, DMSO-ds): 6.75
(1H, dd, J4 3 = 3.2 Hz, Jys = 1.6 HZz), 7.11 (1H, dt, Je7 = 10.0 Hz, Js4 = 2.4 Hz), 7.24
(1H, d, J34 = 3.2 Hz), 7.38 (1H, dd, J76 = 9.6 Hz, J7Fs = 2.0 Hz), 7.54-7.57 (1H, m),
7.97 (1H, s); dcepm) (100 MHz, DMSO-ds): 110.68, 112.28, 144.71, 145.20, 157.50,
159.84; EI-MS (m/z (relative abundance in %)): 81 (18), 108 (39), 121 (30), 147 (62),
174 (71), 202 [M*] (100), 203 [M*+1] (38); HREI-MS: m/z calculated for C11H7FN2O
[M*] is 202.0542, found 202.0539. IR (v/cm™; KBr disc): =3400, 3120, 1639, 1523,
1449, 1230, 1142; UV (Amax/nm; MeOH): 323, 309, 248, 208.
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3.2.4 Synthesis of 5-fluoro-2-(5’-methylfuran-2'-yl)-1H-benzo[d]imidazole (AKS-I-

9)
0o 4 6
F NH, NayS,05, DMF  F~5 s N 0 M
(@) _— N\ 2 5
*oH | 100°C, heat (4 hr) 2\ | .
NH, ) CHs : 6 5 N4

N
7 H
.6 3.4 8

In the solvent N,N-dimethylformamide (15 mL), 5-methyl-furancarbaldehyde [3.4]
(0.099 mL, 1 mmol) and sodium metabisulfite (0.19 g, 1 mmol) were heated at 100 °C
for 30 minutes in a round bottom flask (100 mL). After 30 minutes of reaction, 4-fluoro-
o-phenylenediamine [3.6] (0.13 g, 1 mmol) was added into the mixture and heated
further for 3.5 hours. Progress of reaction was monitored by TLC until completion. The
resulting mixture after cooling to room temperature was added to cold water and freeze-
dried. The brown precipitate obtained was worked-up with water and hot hexane to
afford the solid compound, AKS-1-9 [3.8], with a yield of 69.4% (0.150 g), m.pt. 148-
151 °C and a 0.50 (hexane/ethyl acetate, 1:1) Rt value. dHppm) (400 MHz, DMSO-ds):
2.41 (3H,s), 6.37 (1H, d, J43 = 2.4 HZz), 7.10 (1H, dt, Js7 = 10.0 Hz, Js.4 = 2.4 HZz), 7.15
(1H, d, J34 = 3.2 Hz), 7.36 (1H, dd, J76 = 9.2 Hz, J7f5 = 2.0 Hz), 7.52-7.55 (1H, m);
ocppm) (125 MHz, DMSO-de): 13.49, 108.87, 110.45, 110.65, 112.84, 144.58, 154.56,
157.86, 159.74; EI-MS (m/z (relative abundance in %)): 69 (37), 91 (8), 108 (18), 147
(16), 173 (24), 187 (50), 201 (32), 216 [M*] (100), 217 [M*+1] (11); HREI-MS: m/z
calculated for C12HgFN2O [M*] is 216.0699, found 216.0704; IR (v/cm™; KBr disc):
~3400, 3120, 1639, 1523, 1449, 1230, 1142; UV (Amax/nm; MeOH): 309, 301, 255, 213.

3.2.5 Synthesis of 5-chloro-2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-1-10)

Na28205 DMF
+ H
100 °C heat (4 hr) 6

32

.C'-’Iz
|_\

In a round bottom flask (100 mL) supplied with a reflux set-up, 2-furaldehyde [3.2]
(0.083 mL, 1 mmol), N,N-dimethylformamide (15 mL) and sodium metabisulfite (0.19
g, 1 mmol) were heated at 100 °C for 30 minutes. After 30 minutes of reaction, 4-chloro-
o-phenylenediamine [3.9] (0.14 g, 1 mmol) was added and heated further for 3.5 hours.
Progress of reaction was monitored by TLC until completion. The resulting mixture

after cooling to room temperature was added to cold water and freeze-dried. The dark-
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brown solid product obtained was worked-up with water and hot hexane to give the
compound AKS-I-10 [3.10], 0.198 g (90.6% vyield), a m.pt. range of 109-111°C and a
Ry. 0.49 (hexane/ethyl acetate, 1:1). oHppm) (400 MHz, DMSO-de): 6.75 (1H, dd, J4 3 =
3.2 Hz, Jys = 1.6 Hz), 7.21-7.24 (2H, m), 7.57 (1H, d J76 = 8.4 Hz), 7.60 (1H, s), 7.97
(1H, d, Js.4 = 1.2 Hz); EI-MS (m/z (relative abundance in %)): 63 (27), 109 (8), 124
(18), 155 (65), 190 (26), 218 [M*] (100), 220 [M*+2] (33); HREI-MS: m/z calculated
for C11H7CIN2O [M*] is 218.0247, found 218.0241; IR (v/cm™*; KBr disc): ~3400, 3118,
1636, 1519, 1408, 1231, 1018, 1063; UV (Amax/nm; MeOH): 326, 311, 253, 249, 207.

3.2.6  Synthesis of 5-chloro-2-(5'-methylfuran-2'-yl)-1H-benzo[d]imidazole (AKS-

1-11)
o) 4 °
Cl NH, Na,S,05, DMF AN 2-N 2 0 5 CHs
+ H 0] 0—> \2 \ | '
NH, | / CHj3 100 °C, heat (4 hr) 6 g 8 H 4
3.9 3.4 3.11

5-Methyl-furancarbaldehyde [3.4] (0.099 mL, 1 mmol) and sodium metabisulfite (0.19
g, 1 mmol) were heated at 100 °C for 30 minutes in N,N-dimethylformamide (15 mL)
solvent. Into the reaction mixture after 30 minutes, 4-chloro-o-phenylenediamine [3.9]
(0.14 g, 1 mmol) was added and heated further for 3.5 hours. Progress of reaction was
monitored by TLC until completion. The resulting mixture after cooling to room
temperature was added to cold water and freeze-dried. The dark-brown solid product
obtained was worked-up with water and hot hexane to afford the compound AKS-I-11
[3.11], with a yield of 78.2% (0.182 g), m.pt. 163-165 °C and R 0.51 (hexane/ethyl
acetate, 1:1). dHppm) (400 MHz, DMSO-ds): 6.35 (1H, d, J43 = 2.4 Hz), 7.11 (1H, d, J3'4
= 3.6 Hz), 7.20 (1H, dd, Js7 = 8.8 Hz, Js4 = 2.0 Hz), 7.52 (1H, d, J76 = 8.4 Hz), 7.55
(1H, s); EI-MS (m/z (relative abundance in %)): 95 (11), 116 (8), 189 (17), 203 (23),
217 (25), 232 [M*] (100), 234 [M*+2] (48); HREI-MS: m/z calculated for C12HoCIN20
[M*] is 232.0403, found 232.0383. IR (v/cm™*; KBr disc): =3400, 3007, 2918, 2834,
1630, 1569, 1418, 1212, 1019, 1059; UV (Amax/nm; MeOH): 311, 277, 257, 214.
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3.2.7 Synthesis of 2-(furan-2'-yl)-5,6-dimethyl-1H-benzo[d]imidazole (AKS-1-12)

j@i Na28205 DMF 3C 5
+ H
100 °c heat (4 hr)

3.12 3.2 3.13

OJIZ

Within a 100 mL round bottom flask, 2-furaldehyde [3.2] (0.083 mL, 1 mmol), N,N-
dimethylformamide (15 mL) and sodium metabisulfite (0.19 g, 1 mmol) were heated at
100 °C for 30 minutes. After 30 minutes of reaction, 4,5-dimethyl-1,2-
phenylenediamine [3.12] (0.14 g, 1 mmol) was added and heated further for 3.5 hours.
Progress of reaction was monitored by TLC until completion. The resulting mixture
after cooling to room temperature was added to cold water and freeze-dried. The product
obtained was worked-up with water and hot hexane to afford the brown solid, AKS-I-
12[3.13],0.131 g (61.7% yield), m.pt. 166-168 °C and a 0.41 (hexane/ethyl acetate, 1:1)
Rt value. dH(ppm) (400 MHz, DMSO-de): 2.28 (3H, s), 2.30 (3H, s), 6.69 (1H, dd, J4 3 =
3.2 Hz, Jys = 2.0 Hz), 7.10 (1H, d, J34 = 3.2 Hz), 7.23 (1H, s), 7.36 (1H, s), 7.88 (1H,
s, Js.3=0.8 Hz), 12.60 (1H, s); EI-MS (m/z (relative abundance in %)): 65 (38), 81 (54),
91 (50), 106 (15), 169 (26), 183 (38), 197 (73), 212 [M*] (100), 213 [M*+1] (47); HREI-
MS: m/z calculated for C13H12N20 [M™] is 212.0950, found 212.0948. IR (v/cm™; KBr
disc): =3400, 3120, 2926, 2856, 1643, 1524, 1448, 1233, 1013; UV (Amax/nm; MeOH):
312, 250, 213.

3.2.8 Synthesis of 5,6-dimethyl-2-(5’-methylfuran-2'-yl)-1H-benzo[d]imidazole
(AKS-1-13)

NH O
HsC 2 Na28205 DMF 3C Hs
+ 4 O
HaC NH, | )—CHs 100 °c heat (4 hr)
7 H
3.14

A mixture of 5-methyl-furancarbaldehyde [3.4] (0.099 mL, 1 mmol) and sodium
metabisulfite (0.19 g, 1 mmol) in N,N-dimethylformamide (15 mL) was heated at 100
°C in a round bottom flask (100 mL) for 30 minutes. Into the reaction mixture after 30
minutes, 4,5-dimethyl-1,2-phenylenediamine [3.12] (0.14 g, 1 mmol) was added and
heated further for 3.5 hours. Progress of reaction was monitored by TLC until
completion. The resulting mixture after cooling to room temperature was added to cold
water and freeze-dried. The solid dark-brown product obtained was worked-up with
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water and hot hexane to afford the compound, AKS-1-13 [3.14], 0.141 g (62.3% yield),
m.pt. 225-227 °C and a Rs value of 0.43 (hexane/ethyl acetate, 1:1). The following are
the dHppm) (400 MHz, DMSO-dg) values: 2.30 (6H, s), 2.40 (3H, s), 6.35 (1H, d, J43 =
2.4 Hz), 7.09 (1H, d, Jy4 = 2.8 Hz), 7.31 (2H, s); EI-MS (m/z (relative abundance in
%)): 69 (49), 91 (38), 105 (16), 113 (27), 169 (18), 183 (34), 197 (20), 211 (64), 226
[M*] (100), 227 [M*+1] (42); HREI-MS: m/z calculated for Ci4sH14N2O [M] is
226.1106, found 226.1091. IR (v/cm™; KBr disc): 3407, 3028, 2917, 2851, 1644, 1570,
1439, 1207, 1018; UV (Amax/nm; MeOH): 325, 312, 258, 214.

3.2.9 Synthesis of 2-(furan-2'-yl)-5-nitro-1H-benzo[d]imidazole (AKS-1-14)

4
O: Neg;05, DMF_ OZN\5©9:N\>_2<OJ5'
1oo°c heat (5 hr) 6 SN 2 3\ 4
7 H
3.15 3.2 3.16

In a 100 mL round bottom flask, 2-furaldehyde [3.2] (0.083 mL, 1 mmol), N,N-
dimethylformamide (15 mL) and sodium metabisulfite (0.19 g, 1 mmol) were heated at
100 °C. Into this reaction mixture after 30 minutes, 4-nitro-o-phenylenediamine [3.15]
(0.15 g, 1 mmol) was added and heated further for 4.5 hours. Reaction progress was
monitored by TLC until completion. The product obtained after cooling to room
temperature resulted in a precipitate on addition to cold water, which was then filtered,
dried and further worked-up with hot hexane to afford the compound, AKS-1-14 [3.16]
(a brown solid) with a yield of 69.4% (0.159 g), m.pt. 219-220 °C and a Rf of 0.37
(hexane/ethyl acetate, 1:1). dHppm) (400 MHz, DMSO-de): 6.79 (1H, dd, J4 3 = 3.2 Hz,
Jys=1.6 Hz), 7.35 (1H, d, J3'4 = 3.2 Hz), 7.73 (1H, d, J76 = 8.8 Hz), 8.04 (1-H, s), 8.13
(1H, dd, Js.4 = 2.0 Hz, Js7 = 8.8 Hz), 8.42 (1H, s); EI-MS (m/z (relative abundance in
%)): 63 (57), 78 (66), 81 (54), 90 (29), 101 (26), 128 (28), 156 (60), 183 (62), 199 (46),
229 [M*] (100), 230 [M*+1] (31); HREI-MS: m/z calculated for C11H7N3Os [M*] is
229.0487, found 229.0484. IR (b/cm™; KBr disc): 3374, 3121, 1633, 1515, 1471, 1340,
1235, 1067; UV (Amax/nm; MeOH): 338, 278, 208.
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3.2.10 Synthesis of 2-(3'-(benzyloxy)-4'-methoxyphenyl)-1H-benzo[d]imidazole

(AKS-1-34)
4 6 '
, Nais:05, DM 5 S N\ y T,
- ——OCH;
120 °c heat (6.5 hr) 6 TN
7 H 2 3
31 3.17 3.18

A mixture of 3-benzyloxy-4-methoxy-benzaldehyde [3.17] (0.24 g, 1 mmol), sodium
metabisulfite, Na,S20s (0.19 g, 1 mmol) and 15 mL of N,N-dimethylformamide (DMF)
at 100 °C were heated in a round bottom flask (100 mL) for 30 minutes. After 30 minutes
of reaction, o-phenylenediamine [3.1] (0.11 g, 1 mmol) was added to the resulting
reaction mixture and heated further for 6.5 hours. Reaction progress was monitored by
TLC until it was completed. The precipitate formed after pouring into iced-water was
filtered, dried and further worked-up with hot hexane to afford a white solid compound,
AKS-1-34 [3.18] with 89.0% (0.294 g) yield, m.pt. 116-119 °C and a 0.44 (hexane/ethyl
acetate, 1:1) R¢ value. The following dppm) (400 MHz, DMSO-ds) were obtained: 3.85
(3H,s), 5.19 (2H, s), 7.20 (1H, d Js'¢ = 8.4 Hz), 7.21-7.23 (2H, m), 7.36 (1H, t, Jio,11' =
Jioo =7.6 Hz), 7.43 (2H, t, Ji17,10 = Jor,10 = 7. 6 HZ), 7.51 (2H, d, Ji2,111= Js o = 7.2 H2),
7.58-7.60 (2H, m), 7.78 (1H, dd, J¢5' = 8.4 Hz), 7.89 (1H, d, J2¢ = 1.6 HZz); dc(ppm) (75
MHz, DMSO-ds): 55.76, 70.09, 111.58, 112.24, 114.57, 120.11, 121.43, 122.43, 127.92,
127.96, 128.44,136.77, 148.00, 150.98, 151.08; EI-MS (m/z (relative abundance in %)):
18 (28), 28 (54), 65 (8), 91 (100), 211 (12), 239 (87), 301 (6), 330 [M*] (52), 331 [M*+1]
(12); HREI-MS: m/z calculated for C21H1sN202 [M*] is 330.148, found 330.1350. IR
(d/emt; KBr disc): 3419, 3063, 2927, 1601, 1505, 1450, 1265, 1018; UV (Amax/nm;
MeOH): 311, 222, 214.
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3.2.11 Synthesis of 2-(3’-(benzyloxy)-4'-methoxyphenyl)-5-fluoro-1H-benzo[d]
imidazole (AKS-1-35)

Na25205 DMF

120 °C reflux (6.5 hr)

3.6 3.17 3.19

In a 100 mL round bottom flask, a mixture of 3-benzyloxy-4-methoxybenzaldehyde
[3.17] (0.24 g, 1 mmol), N,N-dimethylformamide (15 mL) and sodium metabisulfite
(0.19 g, 1 mmol) were heated at 100 °C for 30 minutes. 4-Fluoro-o-phenylenediamine
[3.6] (0.13 g, 1 mmol) was added to the resulting reaction mixture after 30 minutes and
heated further for 6 hours. Reaction progress was monitored by TLC until it was
completed. The precipitate formed after pouring into iced-water was filtered, dried and
further worked-up with hot hexane to afford the brown solid, AKS-1-35 [3.19], 91.0%
(0.317 g) yield, m.pt. 176-178 °C and a R of 0.51 (hexane/ethyl acetate, 1:1). The
following are the dHppm) (400 MHz, DMSO-dg) values obtained: 3.85 (3H, s), 5.18 (2H,
s), 7.10 (1H, dt, Je.4 = 2.0 Hz, Jsrs = 8.4 Hz), 7.20 (1H, d, Js'¢ = 8.8 Hz), 7.36 (1H, t,
Jioir = Jioe = 7.2 Hz), 7.41 (1H, d, J76 = 7.6 Hz), 7.43 (2H, t, Ji110 = Jor100 = 7.2 HZ),
7.51(2H, d, Jiz,11=Js'9 = 7.2 Hz), 7.56-7.60 (1H, m), 7.77 (1H, dd, Js 5 = 8.4 Hz), 7.87
(1H, d, J26' = 1.6 Hz); dcppm) (75 MHz, DMSO-ds): 55.7, 70.14, 100.68, 101.06, 110.27,
110.61,111.72,112.30, 115.12, 120.21, 121.02, 127.83, 127.90, 128.38, 136.71, 148.00,
151.29, 152.29, 157.17, 160.30; EI-MS (m/z (relative abundance in %)): 18 (13), 65 (6),
91 (100), 186 (6), 227 (9), 257 (77), 348 [M™] (46), 349 [M*+1] (11),; HREI-MS: m/z
calculated for C21H17FN20, [M*] is 348.1274, found 348.1286; IR (b/cm™; KBr disc):
3418, =3050, 2924, 2853, 1631, 1600, 1508, 1447, 1267, 1025, 1145; UV (Amax/nm;
MeOH): 311, 250, 222.
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3.2.12 Synthesis of 2-(3'-(benzyloxy)-4'-methoxyphenyl)-5-chloro-1H-benzo[d]
imidazole (AKS-1-36)

4 6 \
Nazszos DMF Cls 9 -N 1 N 14
s -—OCH;
120 °C, heat (6.5 hr) 6 s~ N
7 H '

o

3.9 3.17 2

At 100 °C, a mixture of 3-benzyloxy-4-methoxybenzaldehyde [3.17] (0.24 g, 1 mmol),
N,N-dimethylformamide (15 mL) and sodium metabisulfite (0.19 g, 1 mmol) were
heated for 30 minutes in a 100 mL round bottom flask. 4-Chloro-o-phenylenediamine
[3.9] (0.14 g, 1 mmol) was added to the resulting reaction mixture after 30 minutes and
heated further for 6 hours. Reaction progress was monitored by TLC until it was
completed. The precipitate formed after pouring into iced-water was filtered, dried and
further worked-up with hot hexane to afford a brown compound with the code AKS-I-
36 [3.20], 94.0% (0.343 g) yield, m.pt. 112-114 °C and a 0.55 (hexane/ethyl acetate, 1:1)
Rt value. Obtained are the following drpm) (400 MHz, DMSO-ds) values: 3.85 (3H, s),
5.18 (2H, s), 7.19 (1H, d, Js.¢ = 8.4 Hz), 7.24 (1H, dd, Js 4 = 1.6 Hz, Js 7 = 8.4 HZz), 7.36
(AH, t, Jio11 = Jioo = 7.2 Hz), 7.43 (2H, t, Ji112 = Jog = 7.2 Hz), 7.51 (2H, d, Ji2/11 =
Jeo = 7.2 Hz), 7.59 (1H, d, J76 = 8.4 Hz), 7.62 (1H,s), 7.77 (1H, dd, Js.> = 1.6 Hz, Js'5
=8.4Hz),7.87 (1H, d, J2¢ = 1.6 HZ); dc(ppm) (75 MHz, DMSO-de): 55.75, 70.08, 111.60,
112.22,120.24,121.29, 122.46, 126.52, 127.92, 127.96, 128.43, 136.75, 148.00, 151.23,
152.50; EI-MS (m/z (relative abundance in %)): 18 (7), 65 (18), 91 (100), 245 (24), 259
(11), 273 (91), 335 (11), 364 [M*] (81), 366 [M*+2] (48); HREI-MS: m/z calculated for
C21H17CIN202 [M*] is 364.0979, found 364.0983; IR (b/cm™; KBr disc): 3418, 3067,
2929, 1603, 1502, 1452, 1267, 1019, 1058; UV (Amax/nm; MeOH): 316, 226.
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3.2.13 Synthesis of  2-(3'-(benzyloxy)-4’-methoxyphenyl)-5-nitro-1H-benzo[d]
imidazole (AKS-1-37)

O,N NH ! '
> 2 (@) Na,S,0s, DMF O2N 5 9 N 5 14'
. OCH; 227> 7 -
> ;7 OCHs
NH, H 120 °C, heat (8 hr) 6 8N >
7 H ¥
O O]
13
7 g
12 9

3.15 3.17 3.2

-

In a 100 mL round bottom flask, a mixture of 3-benzyloxy-4-methoxybenzaldehyde
[3.17] (0.24 g, 1 mmol), N,N-dimethylformamide (15 mL) and sodium metabisulfite
(0.19 g, 1 mmol) were heated at 100 °C for 30 minutes. To the resulting reaction mixture
after 30 minutes, 4-nitro-o-phenylenediamine [3.15] (0.15 g, 1 mmol) was added and
heated for another 6 hours. Monitoring the reaction progress by TLC, product was
eventually achieved after 8 hours. The solid precipitate formed after pouring the mixture
into iced-water was filtered, dried and further worked-up with hot hexane to afford an
orange compound, AKS-I1-37 [3.21] with a yield of 90.6% (0.340 g), m.pt. 110-113 °C
and Ry 0.45 (hexane/ethyl acetate, 1:1). The following dHppm) (400 MHz, DMSO-ds)
were obtained: 3.86 (3H, s), 5.20 (2H, s), 7.22 (1H, d, Js'¢ = 8.4 Hz), 7.36 (1H, t, Jio"11"
=09 =7.2Hz),7.43 (2H, t, J1112 = Jog = 7.2 HZz), 7.51 (2H, d, Ji2,11=Jgo = 7.2 HZ),
7.74 (1H, d, J76 = 8.8 Hz), 7.83 (1H, dd, J¢5' = 8.4 Hz, J¢'>' = 2.0 Hz), 7.92 (1H, d, J2¢
= 1.6 Hz), 8.12 (1H, dd, Js4 = 2.0 Hz, Js7 = 8.8 Hz), 8.42 (1H, s); dcpm) (75 MHz,
DMSO-dg): 55.76, 70.14, 111.90, 112.27, 117.77, 120.63, 121.28, 127.83, 127.91,
128.37,136.71, 142.52, 148.03, 151.62, 155.86; EI-MS (m/z (relative abundance in %)):
18 (18), 28 (30), 65 (10), 91 (100), 210 (8) 227 (9), 254 (9), 284 (87), 345 (13), 375 [M™]
(61), 376 [M*+1] (14); HREI-MS: m/z calculated for C21H17N3O4 [M™] is 375.1219,
found 375.1233; IR (b/cm™; KBr disc): 3325, 3072, 2931, 1600, 1504, 1338, 1449, 1268,
1019; UV (Amax/nm; MeOH): 218, 230, 282, 344.
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3.2.14 Synthesis of 2-(3'-(benzyloxy)-4'-methoxyphenyl)-5,6-dimethyl-1H-benzo
[d]imidazole (AKS-1-38)

10

4
H;C. 5 9
HsC NHz O Na,S,05, DMF
+ OCH; 222 -5 1
HsC NH, H 120°C, heat (6.5 hr) HzC™ 6 : 8 N

O

O

In a 100 mL round bottom flask, a mixture of 3-benzyloxy-4-methoxybenzaldehyde
[3.17] (0.24 g, 1 mmol), N,N-dimethylformamide (15 mL) and sodium metabisulfite
(0.19 g, 1 mmol) was heated at 100 °C. Into the resulting reaction mixture after 30
minutes, 4,5-dimethyl-o-phenylenediamine [3.12] (0.14 g, 1 mmol) was added and
heated within another 6 hours. Reaction progress was monitored by TLC until it was
completed. The precipitate formed after adding the product from the reaction mixture
into iced-water was filtered, dried and further worked-up with hot hexane to afford a
white solid compound, AKS-I1-38 [3.22], with a yield of 97.6% (0.350 g), a m.pt. 106-
109 °C and Rs value of 0.45 (hexane/ethyl acetate, 1:1). dHppm) (400 MHz, DMSO-ds):
2.31 (6H, s), 3.84 (3H, s), 5.18 (2H, s), 7.33 (2H, s), 7.16 (1H, d, Js;¢ = 8.8 Hz), 7.36
(AH, t, Jio11r = Jioe = 7.6 Hz), 7.43 (2H, t, Ji1,12' = Jorg = 7.2 Hz, Ji17100 = Jor,10 = 7.6
Hz), 7.51 (2H, d, Ji2,11=Jg o = 7.2 Hz), 7.73 (1H, dd, J¢»r = 1.2 Hz, J¢5' = 8.4 Hz), 7.85
(1H, d, J2¢ = 1.6 Hz); EI-MS (m/z (relative abundance in %)): 18 (43), 91 (58), 239
(28), 253 (14), 267 (100), 329 (8), 358 [M™] (77), 359 [M*+1] (24); HREI-MS: m/z
calculated for Ca3H22N.02 [M*] is 358.1681, found 358.1690; IR (v/cm™; KBr disc):
3416, 3160, 2925, 1606, 1504, 1455, 1263, 1019; UV (Amax/nm; MeOH): 316, 253, 228,
222.
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3.2.15 Synthesis of 2-(2'-(benzyloxy)phenyl)-5-fluoro-1H-benzo[d]imidazole (AKS -

1-39)
F NH, ©
\Eji . Nazszo5 DMF
NH, H g 120 °C heat (6 hr)
12" 7
11" 8
10 9
3.6 .23 3.24

2-Benzyloxybenzaldehyde [3.23] (0.21 g, 1 mmol), N,N-dimethylformamide (15 mL)
and sodium metabisulfite (0.19 g, 1 mmol) were heated in a round bottom flask (100
mL) at 120 °C for 30 minutes. Into the reaction mixture after 30 minutes, 4-fluoro-o-
phenylenediamine [3.6] (0.13 g, 1 mmol) was added and heated further for 5.5 hours.
Progress of reaction was monitored by TLC until completion. The resulting mixture
after cooling to room temperature was added to cold water and the precipitate formed
was filtered, dried and worked-up with hot hexane to afford the compound coded AKS-
1-39 [3.24] (brown solid), 54.3% (0.173 g) yield, with a m.pt. of 125-127 °C and Ry of
0.68 (hexane/ethyl acetate, 1:1). Obtained were the following chemical shift, orppm) (400
MHz, DMSO-dg) values: 5.51 (2H, s), 7.09 (2H, t, Js7 = 7.2 Hz, J5'¢ = 8.0 Hz), 7.20 (1H,
d, J34 = 8.4 Hz), 7.28 (1H, t, Ji0,or = 7.2 HZz), 7.32-7.38 (3H, m), 7.41 (1H, d, J76 = 7.2
Hz), 7.48 (2H, d, Ji2,11r= Jg 9 = 7.6 Hz), 7.61-7.64 (1H, m), 8.24 (1H, dd, J¢5' = 8.0 Hz),
~12.50 (1H, br s); EI-MS (m/z (relative abundance in %)): 65 (13), 77 (5),90 (100), 199
(16), 212 (28), 227 (11), 301 (35), 318 [M*] (78), 319 [M*+1] (22); HREI-MS: m/z
calculated for C2oH1sFN,O [M*] is 318.1168, found 318.1158; IR (d/cm™; KBr disc):
3413, 3062, 2925, 2876, 1629, 1593, 1528, 1463, 1234, 1007, 1131; UV (Amad/nm;
MeOH): 313, 295, 214.
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3.2.16 Synthesis of 2-(2’-(benzyloxy)phenyl)-5-chloro-1H-benzo[d]imidazole (AKS

-1-40)
\Eji Na,S,05, DMF I\@N\ 1.6 5'4.
@ 120°c heat6hr)  © £ 8 H>2_Q
(@)
127
11 8
100 9
3.9 3.23 3.25

2-Benzyloxybenzaldehyde [3.23] (0.21 g, 1 mmol), sodium metabisulfite (0.19 g, 1
mmol) and N,N-dimethylformamide (15 mL) were heated in a round bottom flask (100
mL) at 120 °C for 30 minutes. Into the reaction mixture after 30 minutes, 4-chloro-o-
phenylenediamine [3.9] (0.14 g, 1 mmol) was added and heated further for 5.5 hours.
Progress of reaction was monitored by TLC until completion. The resulting mixture
after cooling to room temperature was added to cold water and the solid precipitate
formed was filtered, dried and worked-up with hot hexane to afford a dark-brown solid,
AKS-1-40 [3.25] with a 60.9% (0.204 g) yield, m.pt. 127-129 °C and Rs 0.69
(hexane/ethyl acetate, 1:1). dHppm) (400 MHz, DMSO-ds): 5.51 (2H, s), 7.09 (1H, t, Js'6
=7.6 Hz), 7.21 (1H, d, J34 = 8.4 Hz), 7.24 (1H, dd, Js,7= 8.8 Hz, Js.4 = 2.0 Hz), 7.28
(1H, t, Jioo = 7.2 Hz), 7.36 (2H, t, Ji1.12 = Jog = 7.2 Hz), 7.41 (1H, dt, Jo3 = 8.8 Hz,
Jye =1.6 Hz), 7.48 (2H, d, Ji2/11'= Jg,o = 7.2 Hz), 7.65 (1H, d, J76 = 8.4 Hz), 7.67 (1H,
d, Jas = 1.6 Hz), 8.25 (1H, dd, Je4 = 1.6 Hz, J¢s» = 8.0 Hz); EI-MS (m/z (relative
abundance in %)): 44 (7), 65 (7), 91 (100), 197 (7), 228 (9), 317 (13), 333 [M'] (46), 335
[M™+2] (23); HREI-MS: m/z calculated for C2oHisCIN2O [M™] is 334.0873, found
334.0872. IR (v/cm™; KBr disc): 3409, 3032, 2923, 2868, 1594, 1463, 1237, 1048; UV
(Amax/nm; MeOH): 316, 214.
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3.2.17 Synthesis of 2-(2'-(benzyloxy)phenyl)-5,6-dimethyl-1H-benzo[d]imidazole
(AKS-1-42)

H3C
>© Na;S,05, DMF 3C >
H3C 0,
120°C, heat (6 hr) C 6

3.12 3.23 3.26

A mixture of 2-benzyloxybenzaldehyde [3.23] (0.21 g, 1 mmol), sodium metabisulfite
(0.19 g, 1 mmol) and N,N-dimethylformamide (15 mL) were heated at 120 °C in a round
bottom flask (100 mL) for 30 minutes. Into the reaction mixture after 30 minutes, 4,5-
dimethyl-o-phenylenediamine [3.12] (0.14 g, 1 mmol) was added and heated further for
5.5 hours. Progress of reaction was monitored by TLC until completion. The resulting
mixture after cooling to room temperature was added to cold water and the precipitate
formed was filtered, dried and worked-up with hot hexane to afford a brown solid, AKS-
[-42 [3.26] with a 74.6% yield (0.245 g), m.pt. 130-132 °C and a Rt of 0.63 (hexane/ethyl
acetate, 1:1). The following are the d+ppm) (400 MHz, DMSO-ds): 2.32 (6H, s), 5.48 (2H,
s), 7.08 (1H, t, Js.¢ = 7.6 Hz), 7.19 (1H, d, J3'4 = 8.4 Hz), 7.29 (1H, t, Jio,11 = 7.2 HZ),
7.36 (3H, t, Ji1ni2= Jog = Jas = 7.2 Hz), 7.39 (2H, ), 7.48 (2H, d, Ji2,11= Jg o = 7.2
Hz), 8.21 (1H, dd, Je4 = 1.2 Hz, Jo.5' = 7.6 Hz), 12.23 (1H, br s); EI-MS (m/z (relative
abundance in %)): 44 (16), 65 (14), 91 (93), 209 (29), 222 (54), 237 (72), 251 (22), 311
(42), 328 [M*] (100), 329 [M*+1] (25); HREI-MS: m/z calculated for C22H20N20 [M*]
is 328.1576, found 328.1579; IR (b/cm™*; KBr disc): 3306, 3029, 2923, 2860, 1581, 1528,
1451, 1217, 1014; UV (Amax/nm; MeOH): 316, 312, 229, 222.
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3.2.18 Synthesis of 2-(3'-(benzyloxy)phenyl)-5-fluoro-1H-benzo[d]imidazole (AKS

-1-43)
4 6' .
o F5 9 _N S
F\@N H2+ Na,S;05, DMF \(:[ A\ iy 4
. 2
6
NH, H 120 °C, heat (6 hr) 78N Ty
O
3.6 3.27 3.28

A mixture of 3-benzyloxybenzaldehyde [3.27] (0.21 g, 1 mmol), sodium metabisulfite
(0.19 g, 1 mmol) and N,N-dimethylformamide (15 mL) was heated at 120 °C in a 100
mL round bottom flask for 30 minutes. 4-Fluoro-o-phenylenediamine [3.6] (0.13 g, 1
mmol) was added to the resulting reaction mixture and futher heated for 5.5 hours.
Reaction progress was monitored by TLC until completion. The resulting product, on
cooling to room temperature, was transferred into iced-water to obtain a precipitate which
was filtered, dried and worked-up with hot hexane to afford a brown solid, AKS-1-43
[3.28], 88.0% (0.280 g) yield, with a m.pt. 201-204 °C and Rf of 0.65 (hexane/ethyl
acetate, 1:1). drppm) (500 MHz, DMSO-ds): 5.20 (2H, s), 7.08 (1H, dt, Js.a = 2.5 Hz, Jo7
= 8.5 Hz), 7.15 (1H, dd, Jae = 2.0 Hz, Jas = 8.0 Hz), 7.35 (1H, t, Jio.o = 7.5 Hz), 7.42
(3H, m), 7.48 (1H, t, Js.4 = 8.0 Hz), 7.50 (2H, d, Ji2,11'= Jsor = 7.5 Hz), 7.58 (1H, br s),
7.75 (1H, d, Jos = 7.5 Hz), 7.82 (1H, s), 13.05 (1H, br d); EI-MS (m/z (relative
abundance in %)): 18 (37), 28 (4), 65 (6), 91 (100), 228 (4), 318 [M*] (70), 319 [M*+1]
(17); HREI-MS: m/z calculated for C2oH1sFN2O [M*] is 318.1168, found 318.1185; 307;
IR (b/cm™; KBr disc): 3449, 3061, 2922, 1597, 1537, 1451, 1229, 1139; UV (kmax/nm;
MeOH): 304, 299, 222.
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3.2.19 Synthesis of 2-(3’-(benzyloxy)phenyl)-5-chloro-1H-benzo[d]imidazole (AKS

-1-44)
Cl_s 4 9 N 6 5
NH 1 .
cl 2 Q Na,S,0s5, DMF N > 4
+ — 6 8N \
NH, H 120 °C, heat (6 hr) 7 H 23
O .
3.9 3.27 3.29

A mixture of 3-benzyloxybenzaldehyde [3.27] (0.21 g, 1 mmol), sodium metabisulfite
(0.19 g, 1 mmol) and N,N-dimethylformamide (15 mL) was heated at 120 °C in a 100
mL round bottom flask for 30 minutes. Into the resulting reaction mixture, 0.14 g (1
mmol) of 4-chloro-o-phenylenediamine [3.27] was added and heated for another 5.5
hours. Reaction progress was monitored by TLC until completion. The crude product
was added to iced-water on cooling to room temperature. The precipitate obtained was
filtered, dried and worked-up with hot hexane to afford a dark-brown solid compound,
AKS-1-44 [3.29] with 87.2% (0.292 g) yield, a m.pt. of 102-104 °C and a 0.66
(hexane/ethyl acetate, 1:1) Rf value. The following are the dH(ppm) (400 MHz, DMSO-ds)
values obtained: 5.21 (2H, s), 7.18 (1H, dd, J4+»' = 1.6 Hz, J+5 = 8.0 Hz), 7.26 (1H, dd,
Js4=1.6 Hz, Js7 = 8.4 Hz), 7.36 (1H, t, Jio,11' = Jio,o = 7.6 HZ), 7.42 (2H, t, 117,100 = Jo'10r
=7.6 Hz), 7.50 (2H, d, Ji2,11 = Jg,o= 7.6 Hz), 7.50 (1H, t, Jss = 7.6 HZz), 7.62 (1H, d,
J76=8.4Hz), 7.66 (1H, s), 7.76 (1H, d, Js.5 = 7.6 Hz), 7.83 (1H, s); EI-MS (m/z (relative
abundance in %)): 18 (17), 65 (12), 91 (100), 215 (6), 244 (3), 334 [M*] (67), 336 [M*+1]
(26); HREI-MS: m/z calculated for C20H1sCIN2O [M*] is 334.0873, found 334.0895; IR
(b/cm; KBr disc): 3418, 3063, 2921, 2866, 1658, 1591, 1484, 1453, 1224, 1024; UV
(Amax/nm; MeOH): 310, 222.
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3.2.20 Synthesis of 2-(4'-(benzyloxy)phenyl)-5-fluoro-1H-benzo[d]imidazole (AKS

-|-45)
128 11
120°C reflux (6 hr) N L 4 g 7
2 g 9
70N 273
3.6 3.30 3.31

4-Benzyloxybenzaldehyde [3.30] (0.21 g, 1 mmol), N,N-dimethylformamide (15 mL)
and sodium metabisulfite (0.19 g, 1 mmol) were heated at 120 °C in a round bottom
flask (100 mL) for 30 minutes. Into the reaction mixture after 30 minutes, 4-fluoro-o-
phenylenediamine [3.6] (0.13 g, 1 mmol) was added and heated further for 5.5 hours.
Progress of reaction was monitored by TLC until completion. The resulting mixture
after cooling to room temperature was added to cold water and the brown precipitate
obtained was filtered, dried and worked-up with hot hexane to afford the compound
coded AKS-I-45 [3.31], having a yield of 93.9% (0.299 g), with a m.pt. 223-226 °C and
Rt of 0.60 (hexane/ethyl acetate, 1:1). The drppm) (400 MHz, DMSO-dg) are as follows:
5.19 (2H, s), 7.08 (1H, dt J67 = 9.6 Hz, Js4 = 2.0 Hz), 7.21 (2H, d, Js'.¢' = J32 = 8.8 HZ),
7.38 (2H, m), 7.42 (2H, t, J1112 = Jog = 7.2 Hz), 7.48 (2H, d, J1211' = g9 = 7.2 H2),
7.54-7.57 (1H, m), 8.09 (2H, d, J¢'5' = J23» = 8.8 Hz); EI-MS (m/z (relative abundance
in %)): 44 (5), 65 (6), 91 (100), 197 (9), 227 (8), 318 [M*] (30), 319 [M*+1] (7); HREI-
MS: m/z calculated for C2oH1sFN2O [M*] is 318.1168, found 318.1161; IR (v/cm™; KBr
disc): 3419, 3063, 2928, 2877, 1609, 1500, 1442, 1251, 1141; UV (Amax/nm; MeOH):
310, 299, 249, 214.

3.2.21 Synthesis of 2-(4'-(benzyloxy)phenyl)-5,6-dimethyl-1H-benzo[d]imidazole

(AKS-|-46)
128 11
120 °C, heat (6 hr) 2 9 5 .
° 7 ’ H 2' 3
3.12 3.30 -

A mixture of N,N-dimethylformamide (15 mL), 4-benzyloxybenzaldehyde [3.30] (0.21
g, 1 mmol) and sodium metabisulfite (0.19 g, 1 mmol) were heated in a 100 mL round
bottom flask at 120 °C for 30 minutes. Into the reaction mixture after 30 minutes, 4,5-
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dimethyl-o-phenylenediamine [3.12] (0.14 g, 1 mmol) was added and heated further for
5.5 hours. Progress of reaction was monitored by TLC until completion. The resulting
mixture after cooling to room temperature was added to cold water and the precipitate
obtained was filtered, dried and worked-up with hot hexane to afford a white solid, AKS-
1-46 [3.32], 94.7% vyield (0.311 g), m.pt. 251-253 °C and a 0.46 (hexane/ethyl acetate,
1:1) Rt value. The following are the dH(ppm) (400 MHz, DMSO-ds) values: 2.32 (s, 6H),
5.20 (s, 2H), 7.22 (d, 2H, Js'¢ = J32- = 8.8 Hz), 7.37 (m, 3H), 7.42 (t, 2H, Ji1/,122 = Jorg' =
7.2 Hz), 7.48 (d, 2H, Ji2.11' = Jy.or = 7.2 HZ), 8.08 (d, 2H, Je.5 = Jo3 = 8.8 Hz); EI-MS
(m/z (relative abundance in %)): 44 (3), 65 (5), 91 (62), 197 (9), 209 (15), 237 (100), 328
[M*] (66), 329 [M*+1] (15); HREI-MS: m/z calculated for C22H20N20O [M™] is 328.1576,
found 328.1563; IR (v/cm™; KBr disc): 3424, 3036, 2923, 2859, 1610, 1502, 1456, 1257;
UV (Amax/nm; MeOH): 311, 253, 214.

3.2.22 Synthesis of 2-(5’-bromo-2'-fluorophenyl)-5-nitro-1H-benzo[d]imidazole
(AKS-1-48)

4
O:N NH, Br O,N. 5 9

\CE + H Na,S,05, DMF \C[
NH, ¢ N\

100 °C, reflux (11 hr)

3.15 3.33 3.34

A mixture of 5-bromo-2-fluorobenzaldehyde [3.33] (0.20 g, 1 mmol), N,N-
dimethylformamide (15 mL) and sodium metabisulfite (0.19 g, 1 mmol) was heated at
100 °C in a 100 mL round bottom flask for 30 minutes. Into the resulting reaction
mixture after 30 minutes, 4-nitro-o-phenylenediamine [3.15] (0.153 g, 1 mmol) was
added and heated further for 10.5 hours. Progress of reaction was monitored by TLC
until completion. The resulting mixture after cooling to room temperature was added to
cold water and the precipitate obtained was filtered, dried and worked-up with hot
hexane to afford a brown solid compound with the code AKS-1-48 [3.34], 0.14 g (42.5%
yield), m.pt. 228-230 °C and a Rt of 0.55 (hexane/ethyl acetate, 1:1). The dHppm) (400
MHz, DMSO-ds) values obtained are: 7.52 (1H, t, J34 = 8.8 Hz), 7.81-7.83 (2H, m), 8.18
(1H, dd, J4¢ = 2.0 Hz, Jo3» = 8.8 Hz), 8.39 (1H, dd, Js4 = 2.4 Hz, Js7 = 6.4 Hz), 8.54
(1H, s), 13.33 (1H, br s); dcppm) (100 MHz, DMSO-de): 118.31, 119.09, 119.32, 132.36,
135.36, 135.45, 116.83, 119.19, 143.06, 149.54, 157.52, 160.03; EI-MS (m/z (relative
abundance in %)): 63 (18), 90 (15), 105 (6), 210 (23), 289 (25), 305 (24), 335 [M"]
(100), 337 [M*+2] (98); HREI-MS: m/z calculated for C13H7BrFN3O2 [M*] is 334.9706,
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found 334.9703. IR (5/cm’t; KBr disc): 3615, 3106, 1629, 1591, 1474, 1523, 1343, 885;
UV (Amax/nm; MeOH): 324, 261, 213.

3.2.23 Synthesis of 5,6-dimethyl-2-(2,3',4'-trimethoxyphenyl)-1H-benzo[d]
imidazole (AKS-1-49)

10

4 . ,
HsC NH, O Nay,S,05, DMF  H3C. 5 9 N g0
+ OCH; ————s Ve 4 OcH,
w,  H 100 °C, heat (6.5 hr) ; N 1 5
H 1
€ 2 H31C1 N > \3

H3CO OCHj; 7 H.CO OCH
3 3
7 8'

3.12 3.35 3.36

A mixture of the reagents 2,3,4-trimethoxybenzaldehyde [3.35] (0.20 g, 1 mmol) and
sodium metabisulfite (0.19 g, 1 mmol) in the solvent N,N-dimethylformamide (15 mL),
was heated at 100 °C for 30 minutes in a round bottom flask (100 mL). Into the resulting
reaction mixture after 30 minutes, 4,5-dimethyl-o-phenylenediamine [3.12] (0.14 g, 1
mmol) was added and heated further for 6.5 hours. Progress of reaction was monitored
by TLC until completion. The resulting mixture after cooling to room temperature was
added to cold water and the precipitate obtained was filtered, dried and worked-up with
hot hexane to afford a white solid product, AKS-1-49 [3.36], with a yield of 49.0% (0.153
g), m.pt. 188-190 °C and Ry value of 0.30 (hexane/ethyl acetate, 1:1). The following are
the dH(ppm) (400 MHz, DMSO-ds) values deduced: 2.30 (6H, s), 3.82 (3H, s), 3.86 (3H,
s), 3.88 (3H, s), 6.98 (1H, d, Js'¢ = 9.2 Hz), 7.35 (2H, s), 7.92 (1H, d, Js5' = 8.8 Hz),
11.93 (1H, br s, -NH); dcppm) (75 MHz, DMSO-dg): 19.98, 55.98, 60.50, 61.26, 108.47,
115.06, 116.19, 124.31, 130.04, 141.71, 147.69, 151.28, 154.60; EI-MS (m/z (relative
abundance in %)): 64 (9), 91 (7), 156 (11), 183 (14), 254 (26), 266 (23), 281 (19), 297
(100), 312 [M*] (94), 313 [M*+1] (21); HREI-MS: m/z calculated for C1gH20N203 [M*]
is 312.1474, found 312.1470; IR (v/cm™*; KBr disc): 3314, 3102, 2943, 1597, 1479, 1457,
1288, 1083; UV (Amax/nm; MeOH): 311, 252, 2128.

3.2.24 Synthesis of 2'-(1H-benzo[d]imidazol-2-yl)-3'-bromo-6’-methoxyphenol

(AKS-1-50)
Br.,
NH, O Na,S,05, DMF 5
(;[ + H 100 °C, reflux (6.5 hr) 6
NH,
HO OCHs
3.1 3.37
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In a 100 mL round bottom flask, a mixture of the reagents 6-bromo-2-hydroxy-3-
methoxybenzaldehyde [3.37] (0.23 g, 1 mmol) and sodium metabisulfite (0.19 g, 1
mmol) in N,N-dimethylformamide (15 mL) as the solvent was heated at 100 °C for 30
minutes. o-Phenylenediamine [3.1] (0.14 g, 1 mmol) was added to the resulting reaction
mixture after 30 minutes and heated further for 6.5 hours. Reaction progress was
monitored by TLC until it was completed. The precipitate formed after adding the crude
product into iced-water was filtered, dried and further worked-up with hot hexane to
afford a yellow solid, AKS-I1-50 [3.38], a yield of 41.8% (0.133 g), m.pt. 178-181 °C and
Rt value of 0.55 (hexane/ethyl acetate, 1:1). dHppm) (400 MHz, DMSO-dg): 3.84 (3H, s),
7.07 (1H, d, Js4 = 8.8 Hz), 7.18 (1H, d, J¢5 = 8.8 Hz), 7.22-7.24 (2H, m), 7.60-7.62
(2H, m), 11.77 (1H, br d); EI-MS (m/z (relative abundance in %)): 44 (3), 167 (22),
195 (9), 209 (7), 240 (14), 275 (28), 291 (31), 303 (14), 318 [M*] (89), 320 [M*+2] (100);
HREI-MS: m/z calculated for C14H1:BrN20O2 [M™] is 318.0004, found 318.0015; IR
(o/cm®; KBr disc): 3336, 3100, 2925, 1585, 1450, 1245, 989; UV (Amax/nm; MeOH):
282, 229, 214.

3.2.25 Synthesis of 3’-bromo-2’'-(5-fluoro-1H-benzo[d]imidazol-2-yl)-6'-methoxy-
phenol (AKS-1-51)

Br Br

4 3
F NHz 9 Na,5,05 DMF 9N ,
+ — A\ 5 2 5
NH, H 100 °C, heat (7 hr) - g H A 6
HO  OCHs HO  OCHs
3.6 3.37 3.39

In a round bottom flask (100 mL), a mixture of 6-bromo-2-hydroxy-3-methoxy-
benzaldehyde [3.37] (0.23 g, 1 mmol), sodium metabisulfite (0.19 g, 1 mmol) and 15
mL of the solvent N,N-dimethylformamide was heated at 100 °C for 30 minutes. 4-
Fluoro-o-phenylenediamine [3.6] (0.13 g, 1 mmol) was added to the resulting reaction
mixture and heated further for about 6.5 hours. Reaction progress was monitored by
TLC until it was completed. The yellow precipitate formed after pouring the crude
product into iced-water was filtered, dried and further worked-up with hot hexane to
afford the compound with the code AKS-I-51 [3.39], a yield of 65.0% (0.219 g), m.pt.
of 210-213 °C and a 0.50 (hexane/ethyl acetate, 1:1) R value. The chemical shift signals,
SH(ppm) (400 MHz, DMSO-de) are as follows: 3.84 (3H, s), 7.05-7.10 (2H, m), 7.17 (1H,
d, Jys = 8.8 Hz), 7.40 (1H, dd, J76 = 7.6 Hz), 7.57-7.61 (1H, m), 11.56 (1H, br s); dc(ppm)
(75 MHz, DMSO-dg): 56.10, 109.95, 110.29, 114.07, 114.33, 117.65, 118.77, 122.50,
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112.58, 118.72, 147.56, 147.85, 149.62, 156.95, 160.07; EI-MS (m/z (relative abundance
in %)): 110 (6), 227 (7), 240 (15), 258 (25), 293 (42), 307 (40), 318 (20), 320 (22), 336
[M*] (99), 338 [M*+2] (100), 185 (38),; HREI-MS: m/z calculated for C14H10BrFN,O;
[M*] is 335.9910, found 335.9904; IR (d/cm™; KBr disc): 3336, =3100, 2931, 1591,
1450, 1247, 1136; UV (Amax/nm; MeOH): 287, 228, 212.

3.2.26 Synthesis of 3’-bromo-2'-(5-chloro-1H-benzo[d]imidazol-2-yl)-6’-methoxy-
phenol (AKS-1-52)

Br Br
cl NH, O Cl AN N
Na,S,05, DMF N\ 2" \
+ _— 2 5
NH, H 100 °C, heat (7 hr) 6 8N 1 6'
HO  OCH, oM ud ocw,
3.9 3.37 3.40

In a round bottom flask (100 mL), a mixture of N,N-dimethylformamide (15 mL), 6-
bromo-2-hydroxy-3-methoxybenzaldehyde [3.37] (0.23 g, 1 mmol) and sodium
metabisulfite (0.19 g, 1 mmol) was heated at 100 °C for 30 minutes. 4-Chloro-o-
phenylenediamine [3.9] (0.14 g, 1 mmol) was added to the resulting reaction mixture
and heated for another 6.5 hours. Reaction progress was monitored by TLC until it was
completed. The brown precipitate formed after pouring the crude product into iced-
water was filtered, dried and further worked-up with hot hexane to afford the compound
AKS-1-52 [3.40], with a yield of 83.7% (0.296 g), m.pt. 214-216 °C and a 0.52
(hexane/ethyl acetate, 1:1) R¢ value. The chemical shift, dnppm) (400 MHz, DMSO-ds)
values obtained from are as follows: 3.85 (3H, s), 7.08 (1H, d, Js'4 = 8.8 Hz), 7.17 (1H,
d, Jas = 8.8 Hz), 7.25 (1H, dd, Js7 = 8.4 Hz, Js 4 = 2.0 Hz), 7.61 (1H, d, J76 = 8.4 Hz),
7.65 (1H, s), 10.00-12.50 (2H, br s); dcppm) (75 MHz, DMSO-ds): 56.16, 112.67, 114.38,
118.85,122.17,122.48, 126.27,147.52, 147.76, 149.69; EI-MS (m/z (relative abundance
in %)): 126 (4), 201 (36), 215 (11), 229 (14), 274 (9), 334 (19), 336 (25), 352 [M™] (80),
354 [M*™+2] (100), 356 [M*+4] (28); HREI-MS: m/z calculated for C14H10BrCIN20-
[M*] is 351.9614, found 351.9602; IR (v/cm™; KBr disc): 3336, ~3100, 2837, 1587,
1458, 1247, 1053, 875; UV (Amax/nm; MeOH): 291, 213.
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3.2.27 Synthesis of 3'-bromo-2'-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)-6'-
methoxyphenol (AKS-1-54)

Br Br
H3;C NH, Q Na,S,05, DMF  H3C N N §
Q + E—— A\ 5 2, 5
HaC NH, H>—Q 100 °C, heat (7 hr) HaC 3 : 3 H 1 5
HO OCH; HO OCHj,
3.12 3.37 341

In a round bottom flask (100 mL) equipped with a magnetic stirrer, the mixture of N,N-
dimethylformamide (15 mL), 6-bromo-2-hydroxy-3-methoxybenzaldehyde [3.37] (0.23
g, 1 mmol) and sodium metabisulfite (0.19 g, 1 mmol) was heated at 100 °C for 30
minutes. 4,5-dimethyl-o-phenylenediamine [3.12] (0.14 g, 1 mmol) was added to the
resulting reaction mixture and heated for another 6.5 hours. Reaction progress was
monitored by TLC until it was completed. The precipitate formed after pouring the crude
product into iced-water was filtered, dried and further worked-up with hot hexane to
afford a brown solid, AKS-1-54 [3.41], 75.7% (0.263 g) yield, m.pt. 236-239 °C and a Rt
value of 0.52 (hexane/ethyl acetate, 1:1). The values obtained from spectroscopic
analysis are as follows; drppm) (400 MHz, DMSO-ds): 2.32 (6H, s), 3.83 (3H, s), 7.04
(1H, d, Js'4 = 8.8 Hz), 7.16 (1H, d, J+5 = 8.8 HZz), 7.39 (2H, s), 11.88 (1H, br s); EI-MS
(m/z (relative abundance in %)): 90 (13), 195 (46), 225 (9), 250 (15), 268 (21), 305 (43),
317 (38), 328 (28), 346 [M™] (100), 348 [M*+2] (95); HREI-MS: m/z calculated for
Ci16H15BrN20O, [M*] is 346.0317, found 346.0295; IR (d/cm™; KBr disc): 3359, =3010,
2931, 2846, 1583, 1461, 1251, 1056; UV (Amax/nm; MeOH): 291, 229, 222, 213.

3.2.28 Synthesis of 4'-(5-fluoro-1H-benzo[d]imidazol-2-yl)-2’,6’-dimethoxyphenol

(AKS-1-55)
OCH; A OCH;,
F NH, o F Y
N\ Na,S,0s, DMF @ 1
L Ao e ™5l
NH, H 100 °C, heat (8 hr) 8N ,
7 H 5 ¥
OCH,4 OCHj3
3.6 3.42 3.43

A mixture of 3,5-dimethoxy-4-hydroxybenzaldehyde (Syringaldehyde) [3.42] (0.18 g,
1 mmol), the organic solvent N,N-dimethylformamide (15 mL) and sodium
metabisulfite (0.19 g, 1 mmol) was heated in a round bottom flask (100 mL) at 100 °C
for 30 minutes. 4-Fluoro-o-phenylenediamine [3.6] (0.13 g, 1 mmol) was introduced
into the reaction mixture and heated further for 7.5 hours. Reaction progress was

monitored by TLC until completion. The crude product at room temperature was added
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to iced-water. The precipitate obtain was filtered, dried and worked-up with hot hexane
to afford a brown solid compound, AKS-I-55 [3.43], 55.9% (0.161 g) yield, m.pt. 311-
313 °C and Rt value of 0.36 (hexane/ethyl acetate, 7:3). dHppm) (400 MHz, DMSO-ds):
3.88 (6H, s), 7.21 (1H, dt, Js.7 = 8.8 Hz, Js.4 = 2.4 Hz), 7.49-7.51 (3H, m), 7.64-7.68 (1H,
m), 9.29 (1H, br s); dc(ppm) (100 MHz, DMSO-ds): 56.23, 100.54, 100.81, 104.89, 111.54,
111.80, 115.00, 116.02, 139.29, 148.27, 152.06, 158.01, 160.37; EI-MS (m/z (relative
abundance in %)): 83 (7), 108 (3), 213 (7), 245 (18), 257 (16), 273 (10), 288 [M*] (100),
289 [M*+1] (19); HREI-MS: m/z calculated for C1sH13FN2O3z [M*] is 288.0910, found
288.0908. IR (v/cm™; KBr disc): 3516, 3375, =3050, 2937, 1612, 1510, 1477, 1232,
1112, 1145; UV (Amax/nm; MeOH): 316, 217.

3.2.29 Synthesis of 4’-(5-chloro-1H-benzo[d]imidazol-2-yl)-2’,6’-dimethoxyphenol

(AKS-1-56)

OCH;, A OCH;

Cl NHz o Na,5,05, DMF  Cl 9_N 3 2
+ A\ OH —— AN - 4 1 OH

0,

NH, H 100 °C, heat (8 hr) 6 5 M N

OCH;, ! OCH;
3.9 3.42 3.44

A mixture of 3,5-dimethoxy-4-hydroxybenzaldehyde (Syringaldehyde) [3.42] (0.18 g,
1 mmol) and sodium metabisulfite (0.19 g, 1 mmol) as well as the solvent N,N-
dimethylformamide (15 mL) was heated at 100 °C in a 100 mL round bottom flask for
30 minutes. Into the resulting reaction mixture, 4-chloro-o-phenylenediamine [3.9]
(0.14 g, 1 mmol) was added and heated further for 7.5 hours. Reaction progress was
monitored by TLC until completion. The resulting mixture after cooling to room
temperature was added to cold water and the dark-brown precipitate obtained was
filtered, dried and worked-up with hot hexane to afford the compound AKS-1-56 [3.44],
with 83.0% yield (0.253 g), m.pt. 284-286 °C and Rt of 0.45 (hexane/ethyl acetate, 7:3).
The dHppm) (400 MHz, DMSO-ds) values obtained are as follows: 3.88 (6H, s), 7.32 (1H,
dd, Js4 = 2.0 Hz, Js7 = 8.4 Hz), 7.49 (2H, s), 7.64 (1H, d, J76 = 8.4 Hz), 7.68 (1H, s),
9.24 (1H, br s); EI-MS (m/z (relative abundance in %)): 44 (13), 177 (4), 218 (10), 246
(8), 258 (14), 273 (14), 289 (10), 304 [M*] (100), 306 [M*+2] (34); HREI-MS: m/z
calculated for C15H13CIN2O3 [M*] is 304.0615, found 304.0616. IR (d/cm™; KBr disc):
~3500, =3200, 3114, 2941, 2844, 1627, 1504, 1467, 1234, 1118; UV (Amax/nm; MeOH):
319, 259, 222.
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3.2.30 Synthesis of 4’-(5-fluoro-1H-benzo[d]imidazol-2-yl)benzene-1,2",3'-triol

(AKS-1-57)
4 VA
F NH, 0\ Na,S,05, DMF  F< 5 9 _N 2 6
+ OH ? N2 L OH
NH, H 100°, heat (10hr) ~ § Sy 4 —¢
HO OH HO OH
3.6 3.45 3.46

A mixture of 2,34-trinydroxybenzaldehyde [3.45] (0.15 g, 1 mmol), sodium
metabisulfite (0.19 g, 1 mmol) and N,N-dimethylformamide (15 mL) in a round bottom
flask (100 mL) was heated at 100 °C for 30 minutes. 4-Chloro-o-phenylenediamine [3.6]
(0.14 g, 1 mmol) was added into the reaction mixture after 30 minutes and heated further
for 9.5 hours. Progress of reaction was monitored by TLC until completion. On cooling
the resulting mixture to room temperature, a precipitate was obtained from iced-cold
water which was filtered, dried and worked-up with hot hexane to afford a brown solid
compound, AKS-1-57 [3.46], 91.0% (0.237 @) yield, m.pt. 287-288 °C, Ry 0.64
(hexane/ethyl acetate, 7:3). oHppm) (400 MHz, DMSO-ds): 6.49 (1H, d, J¢s' = 8.4 Hz),
7.14 (1H, dt, Jo4 = 2.0 Hz, Jor-5 = 8.8 Hz), 7.35 (1H, d, Js.¢ = 8.8 Hz), 7.43 (1H, d, J7
= 8.0 Hz), 7.58-7.62 (1H, m, H-4), 8.58 (1H, br s), 9.61 (1H, br d), 13.00 (2H, br s); EI-
MS (m/z (relative abundance in %)): 44 (53), 161 (24), 186 (12), 203 (4), 231 (24), 260
[M*] (100), 261 [M*+1] (29); HREI-MS: m/z calculated for CisHoFN2Os [M'] is
260.0597, found 260.0599; IR (v/cm™; KBr disc): ~3400, 3240, 3066, 1624, 1494, 1461,
1143, 1110; UV (Amax/nm; MeOH): 327, 315, 267, 222.

3.2.31 Synthesis of 4’-(5-fluoro-1H-benzo[d]imidazol-2-yl)-2’-methoxyphenyl
acetate (AKS-1-59)

\Oi ) O—/< Nas$,05 DM \Oi
NH, H CH, 1oo°c heat(10hr)  ©
OCH; OCHs
3.6 3.47 3.48

Vanillin acetate (4-Acetoxy-3-methoxybenzaldehyde) [3.47] (0.19 g, 1 mmol), sodium
metabisulfite (0.19 g, 1 mmol) and N,N-dimethylformamide (15 mL) were heated at 100
°C in a 100 mL round bottom flask for 30 minutes. Into the reaction mixture after 30
minutes, 4-fluoro-o-phenylenediamine [3.6] (0.13 g, 1 mmol) was added and heated
further for 9.5 hours. Reaction progress was monitored by TLC until completion. The
product obtained was added to cold water after cooling to room temperature and the
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brown precipitate obtained was filtered, dried and worked-up with hot hexane to afford
the solid compound, AKS-1-59 [3.48], in a 55.0% yield (0.164 g), m.pt. 124-127 °C and
with a 0.36 (hexane/ethyl acetate, 1:1) Rt value. The dHppm) (400 MHz, DMSO-ds) is
given as follows: 2.29 (3H, s), 3.89 (3H, s), 7.12 (1H, dt, Jes = 2.4 Hz, Js7 = 9.2 H2),
7.29 (1H, d, J¢.s' = 8.0 Hz), 7.44 (1H, dd, J76 = 9.2 Hz, J7F5 = 2.0 Hz), 7.60-7.63 (1H,
m), 7.75 (1H, dd, Js;3 = 1.6 Hz, Js¢ = 8.4 Hz), 7.89 (1H, d, J3'5 = 1.6 Hz); EI-MS (m/z
(relative abundance in %)): 43 (7), 187 (9), 200 (11), 215 (18), 228 (12), 243 (13), 258
(100), 300 [M*] (10); HREI-MS: m/z calculated for C16H13FN20O3 [M™] is 300.0910,
found 300.0903. IR (d/cm*; KBr disc): 3415, 3079, 2932, 2854, 1761, 1633, 1603, 1504,
1475, 1207, 1139; UV (Amax/nm; MeOH): 310, 214.

3.2.32 Synthesis of 4’-(5-chloro-1H-benzo[d]imidazol-2-yl)-2’-methoxyphenyl
acetate (AKS-1-60)

ol NH; o 0 Cls AN 8 o
+ N O{ Na,S,0s, DMF \@ Ny_4 O_<
_ 2 T
NH, H CH3 8 H CHj

100°C, heat (10hr) &

3.9 3.47 3.49

The reagents 4-acetoxy-3-methoxybenzaldehyde (Vanillin acetate) [3.47] (0.19 g, 1
mmol) and sodium metabisulfite (0.19 g, 1 mmol) in an organic solvent, N,N-
dimethylformamide (15 mL) were heated at 100 °C in a round bottom flask (100 mL)
for 30 minutes. After 30 minutes, 4-chloro-o-phenylenediamine [3.9] (0.142 g, 1 mmol)
was added into the reaction mixture and heated further for 9.5 hours. Progress of reaction
was monitored by TLC until completion. After cooling to room temperature, the
resulting mixture was poured into iced-cold water and the precipitate obtained filtered,
dried and worked-up with hot hexane to afford a dark-brown solid compound, AKS-I-
60 [3.49], with a m.pt. range of 128-129 °C, a 61.9% (0.196 g) yield and a 0.38
(hexane/ethyl acetate, 1:1) Rf value. The chemical shifts, orppm) (400 MHz, DMSO-de)
obtained are as follows: 2.29 (3H, s), 3.90 (3H, s), 7.26 (1H, dd, Js,7 = 8.8 Hz, Js4 = 2.0
Hz), 7.29 (1H, d, Js.s = 8.4 Hz), 7.63 (1H, d, J76 = 8.8 Hz), 7.66 (1H, s), 7.76 (1H, dd,
Js 3 =1.6 Hz, Js ¢ = 8.4 Hz), 7.89 (1H, d, J3'5 = 1.6 Hz); EI-MS (m/z (relative abundance
in %)): 63 (21), 90 (11), 137 (12), 168 (16), 203 (15), 231 (27), 245 (23), 259 (15), 276
(54), 274 (100), 316 [M™] (36), 318 [M*+2] (13); HREI-MS: m/z calculated for
C16H13CIN203 [M™] is 316.0615, found 316.0621. IR (v/cm™; KBr disc): 3076, 2935,
1758, 1656, 1600, 1500, 1431, 1204, 1060; UV (Amax/nm; MeOH): 312, 247, 222.
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3.2.33 Synthesis of 2’-methoxy-4'-(5-nitro-1H-benzo[d]imidazol-2-yl)phenyl
acetate (AKS-1-61)

4 , ,
02N NH2 o 0 OzN 5 9 N 5 6 o
\C[ ) 0_/< —>Na25205, DMF > > T OJ<
NH, H CH; 100°C, reflux (10 hr) 07 8 "N 3= CHj
OCH, OCH;

3.15 3.47 3.50

A mixture of 4-acetoxy-3-methoxybenzaldehyde (Vanillin acetate) [3.47] (0.19 g, 1
mmol), 15 mL N,N-dimethylformamide and sodium metabisulfite (0.19 g, 1 mmol) was
heated in a round bottom flask (100 mL) at 100 °C for 30 minutes. Into the reaction
mixture after 30 minutes, 4-chloro-o-phenylenediamine [3.15] (0.142 g, 1 mmol) was
added and heated further for 9.5 hours. Reaction progress was monitored by TLC until
it was completed. After cooling to room temperature, the resulting mixture was added
to cold water and the yellow solid precipitate obtained was filtered, dried and worked-
up with hot hexane to afford the compound, AKS-1-61 [3.50], 70.6% (0.231 g) yield,
m.pt. 203-207 °C and Ry value of 0.31 in a hexane/ethyl acetate (1:1) solvent ratio. The
following dHppm) (400 MHz, DMSO-dg) values were obtained: 2.29 (3H, s), 3.91 (3H,
s), 7.34 (1H, d, J¢.s = 8.4 Hz), 7.83 (1H, d, Js.¢' = 8.4 Hz), 7.77 (1H, br s), 7.94 (1H, s),
8.15 (1H, d, J7s = 8.4 Hz), 8.50 (1H, br s), 13.61 (1H, br s); EI-MS (m/z (relative
abundance in %)): 51 (5), 69 (14), 90 (11), 212 (10), 239 (20), 255 (25), 327 [M*] (8),
285 (100), 297 (3); HREI-MS: m/z calculated for C16H13N30s [M™] is 327.0855, found
327.0856. IR (d/cm™; KBr disc): 3315, 3101, 2959, 1760, 1501, 1338, 1214; UV
(Amax/nm; MeOH): 330, 269, 213.

3.2.34 Synthesis of 2-(2’-bromo-4',5’-dimethoxyphenyl)-1H-benzo[d]imidazole

(AKS-1-63)
OCHs OCHj

NH, o 4 9 N 6 /o

\ NayS,05, DMF 5 \2

+ OCH; . - —OCHj
NH, H 100°C, heat 8 hr) © 8N —/
7 H > 3
Br Br
3.1 3.51 3.52

2-Bromo-4,5-dimethoxybenzaldehyde [3.51] (0.25 g, 1 mmol), sodium metabisulfite
(0.19 g, 1 mmol) as well as N,N-dimethylformamide (15 mL) and were heated in a round
bottom flask (100 mL) equipped with a magnetic stirrer at 100 °C for 30 minutes. o-
Phenylenediamine [3.1] (0.11 g, 1 mmol) was added into the resulting reaction mixture

after 30 minutes and heated further for 7.5 hours. Progress of reaction was monitored
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by TLC. The resulting reaction mixture was cooled to room temperature and then added
to cold water to obtain a precipitate which was filtered, dried and worked-up with hot
hexane to afford a pale-brown solid compound, AKS-1-63 [3.52], 61.6% (0.205 g) yield,
m.pt. 186-188 °C and a 0.34 (hexane/ethyl acetate, 1:1) Rt value. The following dH(ppm)
(400 MHz, DMSO-ds) were obtained: 3.85 (3H, s), 7.20 (1H, t, Js6 = 7.2 Hz), 7.24 (1H,
t, J6;5 = 7.2 Hz), 7.30 (1H, s), 7.33 (1H, s), 7.53 (1H, d, J76 = 7.2 Hz), 7.67 (1H, d, Ja5 =
7.6 Hz), 12.55 (1H, s); EI-MS (m/z (relative abundance in %)): 43 (5), 105 (5), 167 (15),
195 (22), 210 (6), 254 (4), 288 (14), 303 (26), 319 (21), 332 [M] (100), 334 [M*+2]
(99); HREI-MS: m/z calculated for C15H13N202Br [M*] is 332.0160, found 332.0144.
IR (b/cm™; KBr disc): =3300, 3053, 2959, 2840, 1598, 1501, 1441, 1210, 866; UV
(Amax/nm; MeOH): 291, 222.

3.2.35 Synthesis of 2-(2'-bromo-4',5'-dimethoxyphenyl)-5-fluoro-1H-benzo[d]
imidazole (AKS-1-64)

OCHs ) OCH3
\(:[ Nazszos DMF \@ oo
Hs
100 °c heat@hr)  ©

3.51 3.53

2-Bromo-4,5-dimethoxybenzaldehyde [3.51] (0.25 g, 1 mmol), 15 mL N,N-dimethyl-
formamide and sodium metabisulfite (0.19 g, 1 mmol) were heated at 100 °C in a round
bottom flask (100 mL) for 30 minutes. 4-fluoro-o-Phenylenediamine [3.6] (0.13 g, 1
mmol) was added into the resulting reaction mixture after 30 minutes and heated further
for 7.5 hours. Reaction progress was monitored by TLC until completion. The resulting
mixture was cooled to room temperature and then added to cold water to obtain a
precipitate which was filtered, dried and worked-up with hot hexane to afford a brown
precipitate (AKS-1-64 [3.53]),with a 69.8% (0.245 g) yield, m.pt. 115-118 °C and a Rs
value of 0.44 (hexane/ethyl acetate, 1:1). The chemical shifts, dH(ppm) (500 MHz, DMSO-
ds) obtained are as follows: 3.81 (3H, s), 3.85 (3H, s), 7.09 (1H, dt, Js4 = 2.0 Hz, Je 7 =
9.0 Hz), 7.33 (1H, s), 7.30 (1H, s), 7.40 (1H, br d, J76 = 8.5 Hz), 7.59 (1H, br s), 12.73
(1H, br d); EI-MS (m/z (relative abundance in %)): 43 (6), 57 (10), 110 (4), 185 (11),
198 (7), 213 (23), 228 (8), 307 (14), 321 (23), 335 (19), 350 [M*] (99), 352 [M*+2] (100);
HREI-MS: m/z calculated for CisH12N202BrF [M*] is 350.0066, found 350.0063. IR
(d/cmt; KBr disc): 3568, 3004, 2953, 2836, 1633, 1602, 1504, 1443, 1267, 1035, 1136,
900; UV (Amax/nm; MeOH): 296, 222, 214.
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3.2.36 Synthesis of 2-(2'-bromo-4',5’-dimethoxyphenyl)-5-chloro-1H-benzo[d]
imidazole (AKS-1-65)

OCH, OCHs

4 6
cl NH2 o Na;$,0 WA = \
a, , 2
s ook, "0 OV I:[\ VA we
NH, H 100 °C, heat (8 hr) z 8 H )
Br Br
3.9 3.51 3.54

In a round bottom flask (100 mL) equipped with a condenser and a magnetic stirrer,
N,N-dimethylformamide (15 mL), 2-bromo-4,5-dimethoxybenzaldehyde [3.51] (0.25 g,
1 mmol) and sodium metabisulfite (0.19 g, 1 mmol) were heated at 100 °C for 30
minutes. 4-chloro-o-Phenylenediamine [3.9] (0.142 g, 1 mmol) was added into the
resulting reaction mixture after 30 minutes and heated further for 7.5 hours. Progress of
reaction was monitored by TLC until the starting materials were consumed. The
resulting mixture was cooled to room temperature and then added to cold water to obtain
a brown precipitate which was filtered, dried and worked-up with hot hexane to afford
the compound, AKS-1-65 [3.54] with a yield of 58.8% (0.216 g), m.pt. 113-115 °C and
Rr of 0.46 (hexane/ethyl acetate, 1:1). The *H NMR chemical shifts, dHppm) (400 MHz,
DMSO-ds) obtained are as follows: 3.81 (3H, s), 3.86 (3H, s), 7.26 (1H, dd, Js.4 = 1.6 Hz,
Jo7=8.4 Hz), 7.31 (1H, s), 7.34 (1H, s), 7.62 (1H, d, J76 = 8.4 Hz), 7.66 (1H, s); EI-MS
(m/z (relative abundance in %)): 43 (3), 166 (5), 184 (4), 201 (11), 215 (7), 229 (29), 272
(5), 322 (16), 337 (31), 353 (21), 366 [M*] (81), 368 [M*+2] (100), 370 [M*+4] (26);
HREI-MS: m/z calculated for C15sH12N202BrCI [M*] is 365.9771, found 365.9804. IR
(d/cmt; KBr disc): =3350, 3092, 2939, 2840, 1602, 1497, 1435, 1257, 1213, 1028, 989;
UV (Amax/nm; MeOH): 298, 222.

3.2.37 Synthesis of 2-(2'-chloro-3’,4'-dimethoxyphenyl)-5-fluoro-1H-benzo[d]
imidazole (AKS-1-73)

F NH, © FE N a
L OCH;  Na;S,05, DMF 3 N\ i ¢
y 3 OCH;
NH, 100°C, heat 8hr) 6 N 2, 3
Cl OCHg; 7 H

3.6 3.5 3.5

(o]

In a round bottom (100 mL) flask equipped with a magnetic stirrer, a mixure of N,N-
dimethylformamide (15 mL), 2-chloro-3,4-dimethoxybenzaldehyde [3.55] (0.20 g, 1
mmol) and sodium metabisulfite (0.19 g, 1 mmol) was heated at 100 °C for 30 minutes.
4-fluoro-o-phenylenediamine [3.6] (0.13 g, 1 mmol) was added after 30 minutes into
the reaction mixture and heated further for 7.5 hours. Reaction progress was monitored
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by TLC until it was completed. After cooling to room temperature, the resulting mixture
was added to cold water and the precipitate obtained was filtered, dried and worked-up
with hot hexane to afford the brown solid, AKS-1-73 [3.56] with a yield of 62.3% (0.191
g), m.pt. 142-145 °C and 0.38 (hexane/ethyl acetate, 1:1) Rt value. The following
chemical shifts, oH(ppm) (500 MHz, DMSO-ds) were obtained: 3.80 (3H, s), 3.91 (3H, s),
7.08 (1H, dt, Js 4 = 2.5 Hz, Js7 = 9.0 Hz), 7.23 (1H, d, Js.¢ = 8.5 Hz), 7.39 (1H, d, J76 =
8.5 Hz), 7.57-7.60 (1H, m), 7.63 (1H, d, J¢.s = 9.0 Hz), 12.72 (1H, br s); EI-MS (m/z
(relative abundance in %)): 44 (15), 83 (100), 185 (39), 228 (7), 248 (13), 263 (30), 291
(11), 306 [M™] (66), 308 [M*+2] (25); HREI-MS: m/z calculated for CisH12CIFN20;
[M*] is 306.0566, found 306.0571. IR (d/cm™; KBr disc): 3151, 2945, 2845, 1630, 1596,
1460, 1284, 1041, 1136; UV (Amax/nm; MeOH): 298, 248, 213.

3.2.38 Synthesis of 2',4’-dichloro-6'-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)
phenol (AKS-1-98)

Cl
4 5 .
DiNHZ O>—Q Na,$,0s, DMF H3CD9iN\ 6, \
3
0 2
100 °C, heat (7 hr) \
Hs;C 6 7 8 H 1 R
HO Cl

12 3.57 3.58

In a round bottom flask (100 mL) equipped with a condenser and a magnetic stirrer,
N,N-dimethylformamide (15 mL), 3,5-dichlorosalicylaldehyde [3.57] (0.191 g, 1 mmol)
and sodium metabisulfite (0.19 g, 1 mmol) were heated at 100 °C for 30 minutes. 4,5-
Dimethyl-o-phenylenediamine [3.12] (0.14 g, 1 mmol) was added into the reaction
mixture afterwards and heated further for 6.5 hours. Reaction progress was monitored
by TLC until completion. The resulting mixture, after cooling to room temperature, was
added to cold water and the precipitate obtained was filtered, dried and worked-up with
hot hexane to afford yellow solid compound coded AKS-1-98 [3.58], having a 98.0%
(0.301 g) yield, m.pt. 305-308 °C and Ry of 0.69 (hexane/ethyl acetate, 1:1). dH(ppm) (400
MHz, DMSO-de): 7.46 (2H, s), 2.34 (6H, s), 7.65 (1H, d, J3 s = 2.4 Hz), 8.11 (1H, d, Js5' 3
=2.0 Hz), 13.71 (1H, br s); EI-MS (m/z (relative abundance in %)): 91 (3), 118 (2), 153
(3), 243 (6), 271 (4), 291 (14), 306 [M™] (100), 308 [M*+2] (66), 310 [M*+4] (8); HREI-
MS: m/z calculated for C15H12N2OCl, [M*] is 306.0327, found 306.0334; IR (v/cm™;
KBr disc): 3071, 2970, 1618, 1485, 1416, 1260, 1148; UV (Amax/nm; MeOH): 346, 334,
307, 230.
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3.2.39 Synthesis of 4’-(5-fluoro-1H-benzo[d]imidazol-2-yl)benzene-1',3’-diol (AKS -
1-99)

F\QNHZ O\ Nez$;05, OMF \@:
N >—</ >—o >_</ >7
NH, H 100 °c heat (7 hr)
HO
3.6 3.59
A mixture of N,N-dimethylformamide (15 mL), 2,4-dihydroxybenzaldehyde [3.59]

(0.14 g, 1 mmol) and sodium metabisulfite (0.19 g, 1 mmol) in a round bottom flask
(100 mL) was heated at 100 °C. 4-Fluoro-o-phenylenediamine [3.6] (0.13 g, 1 mmol)
was added into the reaction mixture after 30 minutes and heated further for 6.5 hours.
Reaction progress was monitored by TLC until completion. After cooling to room
temperature, the resulting mixture was added to iced-cold water and the brown
precipitate obtained was filtered, dried and worked-up with hot hexane to afford a solid
compound, AKS-1-99 [3.60], with a yield of 65.6% (0.160 g), m.pt. 260-263 °C and Rt
of 0.70 (hexane/ethyl acetate, 1:1). The following are the dHppm) (400 MHz, DMSO-dg)
values obtained: 6.43 (1H, s), 6.47 (1H, dd, Je2' = 1.6 Hz, Js'5' = 8.8 Hz), 7.15 (1H, dt,
Js4 = 2.0 Hz, Js7 = 8.8 Hz), 7.44 (1H, dd, J7rs = 1.2 Hz, J76 = 8.8 Hz), 7.59-7.62 (1H,
m), 7.84 (1H, d Js;¢ = 8.4 Hz), 10.14 (1H, s), 13.06 (1H, br s); EI-MS (m/z (relative
abundance in %)): 83 (3), 108 (6), 136 (2), 161 (4), 174 (4), 187 (44), 215 (9), 244 [M"]
(100), 245 [M*+1] (20); HREI-MS: m/z calculated for C13HgN2O2F [M*] is 244.0648,
found 244.0651. IR (d/cm™; KBr disc): 3347, 1617, 1492, 1145, 1110; UV (Amax/nm;
MeOH): 316, 293, 245, 215.

3.2.40 Synthesis of 2'-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)benzene-1',4'-diol

(AKS-1-100)
. . OH
Ij . chﬁN@
> g 5 5
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In a 100 mL round bottom flask, a mixture of N,N-dimethylformamide (15 mL), 2,5-
dihydroxybenzaldehyde [3.61] (0.14 g, 1 mmol) and sodium metabisulfite (0.19 g, 1
mmol) was heated at 100 °C for 30 minutes. 4,5-dimethyl-o-phenylenediamine [3.12]
(0.14 g, 1 mmol) was added into the resulting reaction mixture and heated further for
6.5 hours. Reaction progress was monitored by TLC until completion. After cooling to
room temperature, the mixture was added to iced-water and a brown precipitate was

obtain which was filtered, dried and worked-up with hot hexane to afford the compound,
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AKS-1-100 [3.62], 84.2% (0.214 @) yield, m.pt. 315-317 °C and a 0.67 (hexane/ethyl
acetate, 1:1) R value. The following drppm) (400 MHz, DMSO-ds) was obtained: 2.33
(6H, s), 6.85 (2H, s), 7.38 (1H, s), 7.42 (2H, s), 9.11 (1H, s), =12.80 (1H, br s); EI-MS
(m/z (relative abundance in %)): 91 (4), 120 (3), 197 (16), 239 (9), 254 [M*] (100), 255
[M*+1] (15); HREI-MS: m/z calculated for CisH14N2O2 [M] is 254.1055, found
254.1065; IR (vb/cm™; KBr disc): 3481, 3260, 2920, 2856, 1626, 1561, 1503, 1098; UV
(max/nm; MeOH): 339, 307, 298, 228, 222.

3.3  Anthelmintic assay

3.3.1 Sample collection

Fresh faecal samples from cattle at Akinyele Local Government Abattoir, Moniya Ibadan
were collected directly from the rectum with disposable gloves. These samples were
labelled and taken to the diagnostic parasitology laboratory of the Department of
Veterinary Parasitology and Entomology, University of Ibadan, Ibadan for processing to

determine which is(are) positive, having nematode eggs.

3.3.2 Egg diagnostic method

The principle of egg floatation technique was used to determine the presence of nematode
eggs in the faecal samples obtained from naturally infected cattle according to a modified
method by Roepstorff and Nansen, 1998. Approximately 3 g of the samples were
weighed into a container, homogenised in about 50 mL of saturated salt solution
(floatation fluid) and the feacal suspension filtered through 1 mm and 150 um sieves.
The filtrate collected was transferred into centrifuge tubes and faecal debris discarded.
The centrifuge tubes were topped up with the filtrate, such that a convex meniscus is
observed at the top. Microscope coverslips were placed over the tubes and left to stand
for 10 minutes, such that nematode eggs which has lower specific gravity floats to the
surface. The coverslips, were carefully lifted with the drop of floatation solution attached
and placed on microscope slides and viewed at X100 and X400 magnifications to

examine for the presence of nematode eggs.

3.3.3 Egg recovery method

The protocol used in egg recovery was performed following the methods by Molefe et
al., 2013 and Katiki et al., 2011 with modifications. About 5 g of fresh faecal samples
from cattle was weighed into a container and homogenised with distilled water to obtain
a suspension (slurry). This suspension was then filtered through sieves with graduated

apertures 1000, 150, 75 um respectively into another container. The filtrate was
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transferred into 15 mL centrifuge tubes and centrifuged at 1500 rpm for 5 minutes. The
supernatant was decanted and the sediments suspended in saturated NaCl solution. The
sediment suspension was centrifuged. Following the principle of floatation, nematode
eggs were collected by decanting the supernatant into a 25 pum sieve. The eggs retained
within the sieve were washed severally with distilled water to remove the traces of salt,
and finally carefully back washed into a 50 mL beaker. By counting the number of eggs
in two aliquots of 0.2 mL of the suspension on a microscope slide repeatedly, the
concentration of the eggs was estimated and the mean number of eggs per 0.1 mL was

calculated to be approximately 73 eggs.

3.3.4 Egg hatch inhibitory assay

The egg hatch inhibition (EHI) of the test compounds was carried out using a
modification of the method described by Molefe et al., 2013 and Katiki et al., 2011. The
test was carried out using 0.2 mL of the egg suspension pipetted into test tubes. The
synthesised compounds were dissolved in 10% DMSO (DMSO + distilled water).
Different concentrations of the test compound, 100, 50, 25 and 12.5 ug/uL, were
prepared and used. Into the egg suspensions were added 0.2 mL of the dissolved
compounds, each tube receiving concentrations equivalent to the label on it. The
experiment was set up in triplicates of four test tubes for each test compound
concentration. Albendazole, a commercial anthelmintic drug, prepared in equivalent
concentrations in 10% DMSO was employed as the standard serving as positive control.
Distilled water was used as negative control. After 48 hours of incubation at room
temperature, aliquots of the mixture from each tube were viewed under an inverted light
microscope to count the eggs and first-stage larvae (L;). The percentage egg hatch
inhibition (%EHI) was calculated using the formula by Cala et al., 2012 as written below
and the effective concentration required to induce 50% inhibition of egg from hatching
(I1Cs0) was evaluated.

3.4  Statistical analysis

The mean percent egg hatch inhibition and the dose response curve were obtained using

Microsoft Excel package, while the ICso was determined using Finney probit analysis.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1  Characterisation of the synthesised benzimidazoles

This study entails the synthesis of benzimidazoles possessing either the furanyl,
substituted furanyl or substituted phenyl/benzyl groups attached to carbon at position -2,
and groups having different electron donating or withdrawing substituents attached to
any of carbons at positions -5 or -6 or both in order to afford derivatives with enhanced
anthelmintic activity. The synthetic routes employed were summarized in schemes 3.1a
and 3.1b as outlined in chapter three. The spectroscopic characterisations of these

synthesised benzimidazoles are hereby reported.

4.1.1 Characterisation of 2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-1-6)

3
9 \
IO,
6 S Nl A 4'
7 H
2-(Furan-2'-yl)-1H-benzo[d]imidazole (AKS-I-6) was obtained as a brown solid, 0.101

g (54.80% yield); m.pt. 283-285 °C [literature: 285-287 °C (Mohan et al., 2015; Temirak
et al., 2014b)]; Rr. 0.43 (hexane/ethyl acetate, 1:1).

The proton nuclear magnetic resonance, *H NMR spectrum (400 MHz, DMSO-ds)
(figures 4.1 and 4.2) show a total of five signals in ¢ (ppm) units and are assigned as
12.88 (s, 1H, -NH) to the secondary amine proton, seen to be the most deshielded, while
each of the signals at 7.93 (d, 1H, Js'4 = 1.2 Hz, H-5"), three broad peaks 7.60, 7.47, 7.18
corresponding to (1H, br s, H-4), 7.47 (1H, br s, H-7) and (br s, 2H, H-6, H-5)
respectively, as well as 7.18 (d, 1H, Js 4 = 3.2 Hz, H-3'), 6.72 (dd, Js3' = 3.2 Hz, J4'5 =
1.6 Hz H-4") were assigned to the aromatic methine protons. There is the rapid exchange
of proton between nitrogens at positions 1 and 3 on the imidazole ring and tautomerism
is established. As a result of this, positions 5- and 6- become chemically equivalent, thus,
the broad singlet at 6 (ppm) 7.18. On the furan ring, protons at positions 3'and 4’ couples
with a coupling constant, J of 3.2. The broad-band decoupled carbon-13 nuclear magnetic
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resonance, *C NMR (100 MHz, DMSO-ds) spectrum (figure 4.3) shows resonance peaks
in 6 (ppm) units assigned as 145.53 (C-2), 143.57 (C-9, C-8, C-2') to four quartenary
carbons, and 144.56 (C-5"), 122.45 (C-6), 121.86 (C-5), 112.25 (C-7, C-4), 110.39 (C-4/,
C-3) to seven methine carbons. The spectrum obtained from the Distortionless
Enhancement by Polarization Transfer, DEPTH-135 (100 MHz, DMSO-ds) experiment

(figure 4.4) further confirms the respective methine carbons.

The spectrum (figure 4.5) representing the electron impact-mass spectrometry (EI-MS)
analysis shows the molecular ion, M* as the most intense/base peak corresponding to a
mass-to-charge ratio, m/z 184 [Ci1HgN2O]* alongside a [M*+1] peak at m/z 185.
Cleavage of the M™ at the furan ring produced the fragment with m/z of 156 by a loss of
CHO' radical corresponding to M*-29. An a-cleavage that led to opening of the furan
ring (i.e. breakage of the bond between C-2' and O), followed by loss of C3H30O" radical
is suggestive of the peak with m/z of 129. Fragmentation at the imidazole ring led to the
m/z at 92, corresponding to [M-CeHeN]* and a further loss of acetylene resulted to the
fragment with m/z of 65 corresponding to [CsH3N]"*. The m/z of 184.0639 (calculated,
184.0637) obtained from high resolution electron impact-mass spectrometry (HREI-MS)

analysis corresponds to the formula C11HsN2O, further confirming the compound.

The Infrared (IR) absorption spectrum (figure 4.6) shows vibrational bands with
characteristic vibrational frequencies, b (cm™) for some functional groups assigned to the
secondary (2°) amine N—Hstr, aromatic C—Hstr, C=Nstr, two aromatic C=Cs, asymmetric
and symmetric C-O-Cg of ether, correspond to ~3400, 3069, 1621, 1521, 1490, 1227
and 1012 cm™ respectively. The Ultra-violet (UV) analysis (figure 4.7) showed
maximum absorptions (Amax) at 321, 306, 250 and 208 nm, indicative of n—7* and n—n*
transitions. Comparisons of the *H NMR spectroscopic data with those from literature
were consistent (Mohan et al., 2015; Temirak et al., 2014b). Summary of the *H NMR
and *C NMR spectra is represented in table 4.1.
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Figure 4.1. 'H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-6
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Figure 4.5. EI-MS spectrum of AKS-1-6
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Figure 4.7. UV spectrum of AKS-1-6
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Table 4.1. Summary of the *H NMR and **C NMR spectra of AKS-1-6

Position §'H [mult,Js+  Mohanetal., Temiraketal., 5!C  DEPT-
(Hz)] (ppm) 2015 2014b (ppm) 135
1 12.88 [s] 12.91 [s] 13.00 [s] - -
2 - - - 145.53 -
3 - - - - -
4 7.47 [s] 7.54 [s] 7.49[m] 11225 CH
5 7.18 [brs] 7.20 [m] 716[m] 12186  CH
6 7.18 [br 5] 7.20 [m] 7.16 [m] 122.45 CH
7 7.60 [s] 7.54 [s] 7.49[m] 11225 CH
8 - - - 143.57 -
9 - - - 143.57 -
1’ - - - - -
2' - - - 143.57 -
3 7.18[d, Jy4 = 7.20 [m] 715[dd, J= 11039  CH
3.2] 3.0]
4  672[dd,Jyy= 671[dd,J=  6.69[dd,J= 11039 CH
3.2, Jus = 1.6] 3.3, 1.6] 3.0]
5 7.93[d, Jsa= 796[dd,J=  7.90[dd,J= 14456  CH
1.2] 1.6, 0.9] 3.0]
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4.1.2 Characterisation of 2-(5'-methylfuran-2'-yl)-1H-benzo[d]imidazole (AKS-I-
7)

2-(5'-Methylfuran-2'-yl)-1H-benzo[d]imidazole (AKS-I-7) is a brown solid compound
obtained in with a yield of 65.6% (0.130 g), m.pt. range of 274-276 °C [lit. 275-277 °C
(Temirak et al., 2014b)] and a Rf of 0.46 (hexane/ethyl acetate, 1:1). Figures 4.8 and 4.9
are the spectra obtained from *H NMR analysis (400 MHz, DMSO-ds) in 6 (ppm) units.
Five peaks representing the aromatic methine protons are assigned as 7.50-7.53 (2H, m,
H-4, H-7), multiplet peaks at 7.16-7.18 (2H, m, H-5, H-6) for protons on positions 5 and
6, 7.08 (1H, d, J3.4 = 3.2 Hz, H-3’) and 6.34 (d, 1H, Js3 = 2.4 Hz, H-4"). The upfield
signal at 2.40 (s, 3H, 6'-CHj3) represents the methyl protons. The multiplets observed for
peaks of protons at positions 4, 5, 6 and 7 (chemical equivalence) are due to rapid
exchange of the proton between positions 1 and 3 and therefore an overlap of peaks. The
2° amine proton peak expected to resonate further downfield was not captured on the

spectrum.

The 3C NMR (100 MHz, DMSO-ds) spectrum in figure 4.10 reveals a total of chemical
shifts, 6 (ppm) as 143.63 (C-8, C-9), 143.74 (C-2') and 153.77 (C-2, C-5"), representing
four quartenary carbons, 122.04 (C-6, C-5), 111.68 (C-7, C-4) and 108.52 (C-4', C-3)
representing six methine carbons, while 13.41 (C-6') represents the methyl carbon.
DEPTH-135 (100 MHz, DMSO-ds) spectrum in figure 4.11 further confirms the

respective methine and methyl carbons.

The m/z of 198 and 199 obtained from EI-MS analysis (figure 4.12) corresponds to the
molecular ion, M* peak (the base peak) and a [M*+1] peak respectively. The m/z 183
corresponds to [M-CHs (side chain)]*. The m/z at 169 is suggestive of an a-cleavage
between C-5’ and O of the M*, followed by the loss of CoHs" radical. The [M-CH2CQO]*
fragment corresponds to m/z 155 peak. Fragmentation at the imidazole ring resulted in a
m/z 90 [CeH4N] " * ion and a subsequent m/z of 63 due to a loss of C2H2 which corresponds
to [CsHs]"*. The m/z 198.0800 (calculated, 198.0793) obtained from HREI-MS analysis
corresponding to the molecular formula C12H10N20, further confirmed the compound.
The IR absorption spectrum (figure 4.13) shows diagnostic absorption bands with
vibrational frequencies, b (cm™) at 3447, 3054, 2953, 2805, 1632, 1570, 1423, 1275 and
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1020 indicative of an amine N—Hstr, aromatic C—Hstr, aliphatic C—Hasy str and C—Hsym str,
C=Nstr, aromatic C=Csr, C—Hp of methyl side chain, C—-O—Casy and C—O—Csym str Of ether
respectively. The maximum absorptions from UV spectrum (figure 4.14) shows
wavelenghts, (Amax) at 326, 311, 253 and 210 nm that are indicative of n—n* and n—n*
transitions. All corresponding *H NMR data was found to be consistent with previously
published values (Temirak et al., 2014b). Table 4.2 shows the summary of *H NMR and
13C NMR spectra.
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Figure 4.14. UV spectrum of AKS-I-7
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Table 4.2. Summary of the 'H NMR and *C NMR spectra of AKS-I-7

Temirak et al.,

Position & *H [mult., Jun (H2)] 5 18C DEPT-
(ppm) 2014b (ppm) 135
1 - 12.00 [s] - -
2 - - 153.77 -
3 - - - -
4 7.53-7.50 [m] 7.49 [m] 111.68 CH
5 7.18-7.16 [m] 7.13 [m] 122.04 CH
6 7.18-7.16 [m] 7.13 [m] 122.04 CH
7 7.53-7.50 [m] 7.49 [m] 111.68 CH
8 - - 143.63 -
9 - - 143.63 -
1’ - - - -
2' - - 143.74 -
3 7.08[d, Jy4=32] 7.05[d,J=30]  108.52 CH
4 6.34[d, Jyy=24] 6.31[dd,J=3.0] 108.52 CH
5 - - 153.77 -
6 2.40 [s] 2.36 [s] 13.41 CHs
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4.1.3 Characterisation of 5-fluoro-2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-I-
8)

The compound, AKS-1-8 was obtained as a brown solid, 0.103 g (50.9% vyield), a m.pt.
of 194-197 °C and a Ry of 0.47 (hexane/ethyl acetate, 1:1). Six signals shown on the H
NMR spectra (400 MHz, DMSO-ds) (figures 4.15 and 4.16) obtained in ¢ (ppm) values
are assigned to six protons as 7.97 (1H, s, H-5"), 7.54-7.57 (1H, m, H-4), 7.38 (1H, J7¢6 =
9.6 Hz, J7r5 = 2.0 Hz, H-7), 7.24 (1H, d, J3'4 = 3.2 Hz, H-3"), 7.11 (1H, dt, Js7 = 10.0
Hz, Js.4 = 2.4 Hz, H-6) and 6.75 (1H, dd, J4+ 3 = 3.2 Hz, J4+ 5 = 1.6 Hz, H-4') representing
the aromatic methine protons. The multiplet peak observed for proton on position 4 and
the further splitting of the doublet and triplet peaks for protons on positions 6 and 7 were
due to the influence of fluorine in ortho and para positions with respect to H-4 and H-7.

The amine proton (expected to resonate further in the low field region) was not captured.

The signals from **C NMR (100 MHz, DMSO-ds) broad band spectrum in figure 4.17
shows six resonance peaks in ¢ (ppm) units due to overlapps, representing five tertiary
carbons as 159.84 (C-5, C-2), 157.50 (C-9, C-8, C-2") and six methine carbons as 144.71
(C-5'), 112.28 (C-6, C-4, C-4'), 110.68 (C-7, C-3'). The DEPTH-135 (100 MHz, DMSO-
ds) experiment (figure 4.18) further corroborates the respective methine carbons. The
NMR spectra data were consistent with the one from literature (Diao et al., 2009).

The EI-MS analysis (spectrum in figure 4.19) established a m/z of 202 and 203,
representing the most intense molecular ion, M* peak and a M*+1 peak respectively. The
m/z at 174 is suggestive of the fragment ion [M-CHO]* which resulted from an o
cleavage of the furan ring followed by a loss of CHO" radical. The m/z at 147 corresponds
to the fragment [CgH7N20]"* and a further loss of ethylene resulted to m/z of 121
[CeHsN20] . A cleavage of M* at the imidazole ring produced the fragment ion with m/z
of 106 corresponding to [CsHsNO]*. The m/z 81 corresponding to [CsHs0]" is due to
the entire furan moity fragment. The m/z 69 is suggestive of the residual imidazole
fragment ion [C3HsN2]"*. From HREI-MS analysis, the m/z of 202.0539 (calculated,
202.0542) further confirms the compound with a corresponding molecular formula,
C11H7FN20.

The absorption bands from the IR spectrum in figure 4.20 displays the vibrational

frequencies, © (cm™) of functional groups assigned as ~3400 (N-Hstr of 2° amine), 3120
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(aromatic C—Hstr), 1639 (C=Nstr), 1523, 1449 (aromatic C=Cst), 1230 (C-O-Csq of ether)
and 1142 (C—Fsr). The UV spectrum in figure 4.21 shows wavelenghts of maximum
absorptions, (Amax) at 323, 309, 248 and 208 nm indicative of n—n* and n—n*
transitions. Summary of the *H NMR and *C NMR spectra is represented in table 4.3.
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Figure 4.15. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-8
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Figure 4.16. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-8 aromatic region (Expanded)
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Figure 4.17. 3C NMR (100 MHz, DMSO-ds) spectrum of AKS-1-8
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Figure 4.18. DEPTH-135 (100 MHz, DMSO-ds) spectrum of AKS-1-8
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Figure 4.21. UV spectrum of AKS-I-8
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Table 4.3. Summary of the *H NMR and **C NMR spectra of AKS-I-8

Position & 'H [mult., Jun (Hz)] Diaoetal., 2009 & C DEPT-135
(ppm) (ppm)
1 - - - -
2 - - 159.84 -
3 - - - -
4 7.57-7.54 [m] 758[dd, J=9.0, 112.28 CH
5.0]
5 - - 159.84 -
6 7.11[dt, Jo7 =10.0, 7.09[dt, J=9.5, 11228 CH
Joa = 2.4] 2.0]
7 7.38 [dd, J7,6 = 9.6, 7.38 [dd, J=9.5, 110.68 CH
J7,|:-5 - 2.0] 2.0]
8 - - 157.50 -
9 - - 157.50 -
1 - - - -
2' - - 157.50 -
3 7.24[d, Jy4 =3.2] 7.22[d,J=35]  110.68 CH
4' 6.75[dd, J+3=3.2, 6.75[dd, J=3.5, 112.28 CH
Jys = 1.6] 2.0]

5 7.97 [3] 7.96 [s] 144.71 CH
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4.1.4 Characterisation of 5-fluoro-2-(5’-methylfuran-2'-yl)-1H-benzo[d]
imidazole (AKS-1-9)

6
F549131205CH3
\'|
2
6 sN, 3\,4
7 H

The brown solid compound, AKS-I1-9 was obtained in a yield of 69.4% (0.150 g) with a
m.pt. of 148-151°C and a 0.50 (hexane/ethyl acetate, 1:1) R¢ value.

The resonances,  (ppm) from *H NMR spectra (400 MHz, DMSO-ds) (figures 4.22 and
4.23) display a total of six peaks assigned as 7.52-7.55 (1H, m, H-4), 7.36 (1H, dd, J76 =
9.2 Hz, J7r5 = 2.0 Hz, H-7), 7.15 (1H, d, J3.4' = 3.2 Hz, H-3"), 7.10 (1H, dt, Js4 = 2.4 Hz,
Je,7 = 10.0 Hz, H-6) and 6.37 (1H, d, J4 3 = 2.4 Hz, H-4") each representing the aromatic
methine protons and 2.41 (3H, s, 6'-CHa) representing the methyl protons. Also the effect
of an ortho/para positioning of fluorine atom to H-4 and H-7 respectively on the six-
membered ring resulted in a multiplet peak for proton at position 4, and a further splitting
of the triplet and doublet peaks arising from protons on positions 6 and 7 respectively.

The amine proton was not captured.

Proton decoupled *C NMR (125 MHz, DMSO-ds) spectrum (figure 4.24) shows
resonance peaks in ¢ (ppm) units, representing 12 carbon atoms assigned as 159.74 (C-
5), 157.86 (C-5"), 154.56 (C-2), 144.58 (C-9, C-8, C-2') to six tertiary carbons, 112.84
(C-7), 110.65 (C-6), 110.45 (C-4), 108.87 (C-4', C-3") to five methine carbons and 13.49
(C-6') to the methyl carbon. The DEPTH-135 (125 MHz, DMSO-ds) spectrum (figure
4.25) reaffirms the positions of the respective methine carbons.

The EI-MS spectrum (figure 4.26) shows the molecular ion (also the base peak), M* at a
m/z 216 together with a [M*+1] peak at m/z 217. Fragment ion m/z 201 is indicative of
the methyl side chain cleavage from the M*. The m/z 187 is due to a loss of C2H4 molecule
which corresponds to [C10H4FN20]"*. A a cleavage followed by the loss of [CH>=CH-
O] radical on the M* led to the fragment ion at m/z 173. Cleavage of the M* at the
imidazole ring gave a m/z 108 fragment corresponding to [CeH3sFN]* which on further
loss of a F* radical gave the stable ion with a m/z 91. Cleavage of the entire furan moity
affords the m/z 81 corresponding to [CsHsO]". The residual imidazole fragment ion
[C3HsN2]™* is equivalent to m/z 69. From HREI-MS analysis, the m/z of 216.0704
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(calculated, 216.0699) was obtained corresponding to the molecular formula C12H9FN2O

[M*] and further confirms the the compound.

Absorption bands from IR spectrum (figure 4.27) indicated characteristic vibrational
frequencies, ® (cm™) such as 3380, 3111, 2924, 2850, 1639, 1570, 1424, 1215 and 1022
and 1145 for N—Hstr of amine, aromatic C—Hstr, aliphatic C—Hasy str and C—Hsym str, C=Nstr,
aromatic C=Cst, C—Hp of the methyl side chain, asymmetric and symmetric C—O—Csr of
ether, and C—Fstr respectively. The maximum wavelenghts of absorptions (Amax) Obtained
from UV analysis (figure 4.28) at 301, 255 and 213 nm, conote n—rn* and n—n*
transitions. Table 4.4 summarily highlights the 'H NMR and 3C NMR spectra peak
values. Although no reference for this compound was found from literature, but it was

confirmed on SciFinder® to have been synthesised.
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Figure 4.22. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-9
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Figure 4.23. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-9 aromatic region (Expanded)
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Figure 4.24. 13C NMR (125 MHz, DMSO-ds) spectrum of AKS-1-9
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Figure 4.25. DEPTH-135 (125 MHz, DMSO-ds) spectrum AKS-I1-9
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Figure 4.28. UV spectrum of AKS-I1-9
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Table 4.4. Summary of the *H NMR and **C NMR spectra of AKS-I-9

Position & *H [mult., Jun (H2)] (ppm) 8 °C (ppm) DEPT-135

1 - - -
2 - 154.56 -
3 - - -
4 7.55-7.52 [m] 110.45 CH
5 - 159.74 -
6 7.10 [dt, Js7 = 10.0, Js.4 = 2.4] 110.65 CH
7 7.36 [dd, J76 = 9.2, J7F5 = 2.0] 112.84 CH
8 i 144.58 i
o ) 14458 ]
1’ - - -
2' - 144.58 -
3 7.151[d, J34 =3.2] 108.87 CH
4 6.37 [d, a3 = 2.4] 108.87 CH
5’ - 157.86 -

6'-CHs 2.41[s] 13.49 CHa
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4.1.5 Characterisation of 5-chloro-2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-I-

10)
Cl s AN 05
\2\|
2
6 \—4
78E1 3

5-Chloro-2-(furan-2'-yl)-1H-benzo[d]imidazole (AKS-I-10) is a black solid, 90.6%
(0.198 g) yield, a m.pt. of 109-111°C and a 0.49 (hexane/ethyl acetate, 1:1) Rf value. The
'H NMR analysis (400 MHz, DMSO-de) is represented in figures 4.29 and 4.30. All
chemical shifts, 6 (ppm) obtained are due to resonances of the six methine protons,
assigned as 7.97 (1H, d, Js4 = 1.2 Hz, H-5"), 7.60 (1H, s, H-4; a broad peak), 7.57 (1H,
d, J76 =8.4 Hz, H-7), 7.24 (2H, m, H-6, H-3" and 6.75 (1H, dd, J43 =3.2 Hz, J45 = 1.6
Hz, H-4"). However, the amine proton peak expected to resonate further downfield was

not captured.

The EI-MS spectrum (figure 4.31) is characterised by peak patterns spaced two mass
units apart due to the presence of a chlorine atom. The m/z of the molecular ion (also the
base peak), M* peak is at 218 while the isotope peak [M*+2] is at 220. The fragment ion
with m/z 190 [M-CHO]" resulted from furan ring opening (a cleavage) followed by a
loss of CHO" radical, and a further loss of HCI corresponds to m/z 155 fragment ion.
Cleavage at the imidazole ring affords a m/z of 124 which corresponds to [CsH3CIN]".
The fragment [CeH3CIN]", on losing a N° radical resulted to the peak at m/z 109. If
however, the fragment [CeHsCIN]" loses C2H2CI" radical, would give a stable fragment
ion at m/z 63. The HREI-MS analysis afforded a m/z of 218.0241 (calculated 218.0247)
which corresponds to the molecular formula Ci1H7CIN20, thus confirming the

compound.

The IR spectrum (figure 4.32) shows characteristic absorption bands with vibrational
frequencies, v (cm™) assigned to functional groups such as N—Hstr of 2° amine, aromatic
C—Hstr, C=Nstr, two aromatic C=Cstr, asymmetric and symmetric C-O—Cs of ether, and
C—Clsir corresponding to ~3400, 3118, 1636, 1519, 1408, 1231, 1018 and 1063 cm™
respectively. The UV spectrum (figure 4.33) shows Amax at 326, 311, 249 and 207 nm
indictive of n—n* and n—* transitions. Table 4.5 represents the summary of *H NMR
spectra. Likewise, SciFinder® confirmed the existence of this compound, but no

reference citation was found from literature.
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Figure 4.29. *H NMR (400 MHz, DMSO-dg) spectrum of AKS-1-10
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Figure 4.31. EI-MS spectrum of AKS-I-10
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Figure 4.33. UV spectrum of AKS-1-10
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Table 4.5. Summary of the *H NMR spectra of AKS-1-10

Position & *H [mult., Jun (H2)] (ppm)
1 -
2 -
3 -
4 7.60 [s]
5 -
6 7.24[dd, Jo7 = 8.4, Jo.s = 2.0]
7 7.57 [d, J76 = 8.4]
8 -
9 -
1’ -
2! -
3 7.24[d, J3.4 = 3.2]
4’ 6.75 [dd, Jy3 = 3.2, Ja5 = 1.6]
5 7.97 [d, Jsa = 1.2]
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4.1.6 Characterisation of 5-chloro-2-(5’-methylfuran-2'-yl)-1H-benzo[d]imidazole
(AKS-1-11)

6 3 : 2 4'
The black compound, AKS-I-11 was (;btaiml:d asasolidina78.2% yield (0.182 g), m.pt.
163-165°C and a R¢ of 0.51 (hexane/ethyl acetate, 1:1). Figures 4.34 and 4.35 represent
the *H NMR spectra (400 MHz, DMSO-ds). The following five chemical shift, 6 (ppm)
values were deduced for eight protons, and are assigned as 7.55 (1H, s, H-4), 7.52 (1H,
d, J76 = 8.4 Hz, H-7), 7.20 (1H, dd, Js7 = 8.8 Hz, Js4 = 2.0 Hz, H-6), 7.11 (1H, d, J3.4' =
3.6 Hz, H-3") and 6.35 (1H, d, J4+3' = 2.4 Hz, H-4") to the aromatic methine protons, while
the intense peak with ¢ (ppm) 2.40 (3H, s, 6’-CH?3) is assigned to the methyl protons on
the furan ring. The peak for the amine proton, expected to be seen further downfield, was

not captured.

Fragmentation patterns on the EI-MS spectrum (figure 4.36) is characterised by some
peak spaced two mass units apart due to the presence of a chlorine atom. The molecular
ion, M" peak (base peak) and a [M*+2] peak (isotope peak) have m/z values at 232 and
234 respectively. De-methylation of the molecular ion [M*-CHjs] side chain generated
the fragment with m/z of 217. The loss of C2Hs" radical is indicative of the fragment with
m/z of 203. M* - CsH" sugests the fragment ion with m/z 189. Cleavage of the entire
furan moity and a simultaneous loss of CI* radical hints at the fragment with m/z 116
[C7HaN2]"*. A spling away of the methyl side chain followed by another cleavage at the
imidazole ring resulted in the stable radical ions corresponding to [CsH3sCIN]™* and
[CsHsNO] * with m/z 124 and 95 respectively. HREI-MS analysis yielded the m/z at
232.0383 (calculated 232.0403) corresponding to the molecular formula C12H9CIN20O,

which further confirms the compound.

The IR spectrum (figure 4.37) shows vibrational absorption frequencies v (cm™) at
~3400, 3007, 2918, 2834, 1630, 1569, 1418, 1212, 1019 and 1059 correlating with the
amine N—Hstr, aromatic C—Hstr, methyl C—Hasy strand C—Hsym str, C=Nstr, aromatic C=Csr,
methyl C—Hp, C—O—Casy and sym str Of ether, and C—Cls. Figure 4.38 represents the UV
spectrum, presenting absorption maxima, (Amax) at 311, 277, 257 and 214 nm attributed
to n—m* and T—n* transitions. Table 4.6 represents a summary of the *H NMR spectra.
This is also a compound with no citation from literature, but its existence was confirmed

on SciFinder®.
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Figure 4.34. 'H NMR (400 MHz, DMSO-dg) spectrum of AKS-I-11
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Figure 4.36. EI-MS spectrum of AKS-I-11
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Figure 4.38. UV spectrum of AKS-1-11
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Table 4.6. Summary of the *H NMR spectra of AKS-I-11

Position & *H [mult., Jun (H2)] (ppm)

1 -
2 -
3 -
4 7.55 [s]
5 -
6 7.20 [dd, Js7=8.8, Js4 =2.0]
7 7.52 [d, J76 = 8.4]
8 -
9 -
1’ -
21 -
3 7.11 [d, Jy4 = 3.6]
4' 6.35[d, Jy3 = 2.4]
5/ -

6’-CH3 2.40 [s]
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4.1.7 Characterisation of 2-(furan-2'-yl)-5,6-dimethyl-1H-benzo[d]imidazole
(AKS-1-12)

H3é0 s Ao N 0—s

j@[ U

He NN Tt
The brown solid compound, AKS-I-12 has a yield of 61.7% (0.131 g), a m.pt. of 166-
168 °C and Ry of 0.41 (hexane/ethyl acetate, 1:1). Figures 4.39 and 4.40 show the H
NMR spectra (400 MHz, DMSO-dg) and the chemical shifts, 6 (ppm) acquired for twelve
protons which are assigned as 12.60 (1H, s, -NH) to the most deshielded of the protons,
a 2° amine proton, 7.88 (1H, d, Js;3r = 0.8 Hz, H-5"), 7.36 (1H, s, H-4), 7.23 (1H, s, H-7),
7.10 (1H, d, J3.4 = 3.2 Hz, H-3"), 6.69 (1H, dd, Js3 = 3.2 Hz, J4+5 = 2.0 Hz, H-4') to
aromatic methine protons. The ¢ (ppm) 2.30 (3H, s, 10-CHz) and 2.28 (3H, s, 11-CHs3)
were however assigned to six most shielded of the protons, the dimethyl protons. Each
methyl has its protons resonating in the same chemical environment. Protons at positions

3" and 4’ show ortho coupling with a J value of 3.2. The 'H NMR spectra data obtained
agrees with that of Lam et al., 2014.

The molecular ion, M* has its peak with m/z 212 (base peak), while [M*+1] peak is at
m/z 213 as represented in the EI-MS spectrum (figure 4.41). The fragment ions, [M-
CHs]* and [M-CHz*-CH3z® or (M-CHO")]" are indicative of the m/z 197 and 183
respectively. The peak at m/z 169 is suggestive of a successive elimination of CHs" and
CHO' radicals [M-CH3*-CHO]*, corresponding to [C11HgN2] *. Further cleavage of the
ion [C11HeN20]"* with m/z of 183 at the imidazole ring generated the fragment m/z 91
[CsHsN]* which inturn cleaved to produce the ion with m/z 65 [CsHs]* by a further loss
of acetylene. However, the radical fragment obtained the imidazole ring cleaves, resulted
to the ion at m/z of 81 [CsHsO]* on further loss of N° radical. The m/z found
corresponding to the molecular formula C13H12N20 from HREI-MS analysis is 212.0948
(calculated 212.0950), which further comfirms the compound.

The IR absorption spectrum (figure 4.42) shows diagnostic vibrational frequencies,
v (cm™) of bonds assignable to the amine N—Hsir, aromatic C—Hsr, aliphatic C—Hasy str
and C—Hsym str, C=Nstr, aromatic C=Csyr, C—Hp of aliphatic side chain, and the asymmetric
and symmetric C-O—Csr of ether akin to ~3400, 3120, 2926, 2856, 1643, 1524, 1448,
1233 and 1013 cm respectively. The UV spectrum (figure 4.43) showed wavelenghts of
maximum absorptions (Amax) at 312, 250 and 213 nm indicative of n—n* and

n—m*transitions. The summary of *H NMR spectra is represented in table 4.7.
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Figure 4.39. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-12
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Figure 4.40. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-12 (Expanded)
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Figure 4.41. EI-MS spectrum of AKS-I-12
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Figure 4.43. UV spectrum of AKS-I1-12
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Table 4.7. Summary of the *H NMR spectra AKS-I-12

Position & *H [mult., Jun (Hz)] (ppm) Lam et al., 2014

1 12.60 [s] 12.43 [br]

2 - -

3 - -

4 7.36 [s] 7.46 [s]

5 - -

6 - -

7 7.23[s] 7.46 [s]

8 - -

9 - -

1’ - -

2! - -

3 7.10[d, J3.4 = 3.2] 7.59 [d, J = 3.6]

4 6.69 [dd, Jo3 =3.2, Jys=2.0] 6.90 [dd, J = 3.6, 1.7]

5 7.88 [d, Js.3 = 0.8] 8.18 [m]
10-CH3s 2.30 [s] 2.33[s]
11-CHs 2.28[s] 233 [5]
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4.1.8 Characterisation of 5,6-dimethyl-2-(5’-methylfuran-2'-yl)-1H-benzo[d]
imidazole (AKS-1-13)

Hslco P 1\? o CHs
T

H31C1678¥112 3\ ¢

5,6-dimethyl-2-(5'-methylfuran-2'-yl)-1H-benzo[d]imidazole (AKS-I-13) was obtained

as a dark-brown solid, 0.141 g (62.3% yield), m.pt. of 225-227 °C and 0.43 (hexane/ethyl

acetate, 1:1) Rr value.

The *H NMR spectra (400 MHz, DMSO-ds) (figures 4.44 and 4.45) show resonance
peaks in ¢ (ppm) units at 7.31 (2H, s, H-7, H-4; chemically equivalent), 7.09 (1H, d, J3.4
= 2.8 Hz, H-3") and 6.35 (1H, d, J43' = 2.4 Hz, H-4") for the aromatic methine protons,
while at 2.40 (3H, s, 6’-CHy) is a singlet for the three methyl protons on the furan ring
and 2.30 (6H, s, 10-CHgs, 11-CHBa) also is a singlet for 6 chemically equivalent methyl
protons on the benzimidazole ring. The amine proton peak was not captured. The 'H
NMR data were found consistent with those from literature (Schwob and Kempe, 2016;
Weires et al., 2012).

The EI-MS spectrum (figure 4.46) showed m/z 226 for the molecular ion, M* (also the
base peak) and a m/z 227 corresponding to [M*+1] peak. Fragment ions at m/z 211, 197
and 183 are due to loss of one, two and three CHz" radical(s) successively corresponding
to [M-CHa]*, [M-CH3-CHs]* and [M-CHs-CH3-CHzs]* respectively. Further cleavage at
imidazole ring of m/z 183 produced a radical cation with m/z 91 [C¢HsN]"* and the radical
generated alongside cleaves to give m/z of 69 [C4Hs0]*. The fragment with m/z 169 is
indicative of OH" radical loss from m/z 183 fragment. HREI-MS analysis gave a m/z at
226.1091 (calculated 226.1106), corresponding to the molecular formula, C14H14N20O of
the compound [M™].

The IR absorption bands (figure 4.47) shows characteristic stretching vibrational
frequencies, v (cm™) of bonds assigned as 3407 (amine N—Hsr), 3028 (aromatic C—Hsy),
2917, 2851 (aliphatic C—Hasy str and C—Hsym str), 1644 (C=Nstr), 1570 (aromatic C=Cs),
1439 (C-Hp of methyl side chains), 1207, 1018 (C-O—Casy and C-O—Csym str Of ether
respectively). The Amax Obtained from UV analysis (figure 4.48) at 325, 312, 258 and 214
nm are characteristic n—n* and n—m* transitions. Summary of the *H NMR spectra is

represented in table 4.8.
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Figure 4.44. '"H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-13
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Figure 4.45. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-13 (Expanded)
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Figure 4.48. UV spectrum of AKS-1-13
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Table 4.8. Summary of the *H NMR spectra of AKS-I-13

Position & *H [mult., Jun (H2)] Weires et al., Schwob and Kempe,
(ppm) 2012 2016

1 - 12.47 [br s] 12.54 [s]

2 - - -

3 - - -

4 7.31[s] 7.35[s] 7.34-7.24 [m]

5 - - -

6 - - -

7 7.31[s] 7.22 [s] 7.34-7.24 [m]

8 - - -

9 - - -

1’ - - -

2! - - -

3 7.09[d, J34 = 2.8] 6.99 [d, J =3.5] 7.01[d]

4 6.35[d, J+3=2.4] 6.30[dd, J=3.5] 6.31 [d]
6'-CHs 2.40 [s] 2.40 [s] 2.39 [s]
10-CH3 2.30 [s] 2.31[s] 2.30 [s]
11-CHs 2.30 [s] 2.29 [s] 2.30 [s]
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4.1.9 Characterisation of 2-(furan-2'-yl)-5-nitro-1H-benzo[d]imidazole (AKS-I-

14)
4

O,N s 9 1\31 05
N2 |
6 §~N 2N\
7 Hl 3

The brown compound, AKS-I-14 is a solid, obtained with a yield of 69.4% (0.159 g),
m.pt. 219-220 °C [literature: 222-223 °C (Kumar et al., 2013)] and a Rf of 0.37 in a
hexane/ethyl acetate (1:1) solvent system. All six resonance peaks in the *H NMR (400
MHz, DMSO-ds) spectra (figures 4.49 and 4.50) with chemical shift 6 (ppm) values
assigned as 8.42 (1H, s H-4), 8.13 (1H, dd, Js 4 = 2.0 Hz, Js7 = 8.8 Hz, H-6), 8.04 (1H, s,
H-5"), 7.73 (1H, d, J76 = 8.8 Hz, H-7), 7.35 (1H, d, J3'4 = 3.2 Hz, H-3’) and 6.79 (1H,
dd, Jy3 = 3.2 Hz, Js+5 = 1.6 Hz, H-4') represents the aromatic methine protons.. Proton
at position 6, showed ortho coupling with that at position 7 (J = 8.8 Hz), and it further
shows a meta coupling with the proton at position 7 (J = 2.0 Hz). However, a splitting
was not observed for the peak of proton at position 5’ possibly due to the proton fast
relaxing under the influence of an external magnetic field. The amine proton, expected
to resonate further downfield, was not captured. Comparison of the *H NMR data with

those obtained by Kumar et al., 2013 were in agreement.

The EI-MS spectrum (figure 4.51) shows molecular ion, M* and M*+1 peaks at m/z 229
(base peak) and 230 respectively. Characteristic peaks at m/z 199 and 183 are due to loss
of NO* and NO" radicals respectively corresponding to [M-NO]* and [M-NO2]*
fragment ions. When the ion with m/z 199 further loses a CH,=CH-O" radical, a fragment
with m/z of 156 was generated. The m/z of 81 is suggestive of [CsHs0]" fragment from
the furan moity. Cleavage of the ion with m/z 183 on the imidazole ring could generate
both a bicyclic ion with m/z 90 [CsHaN]* and a fragment with m/z 78 [CeHe]". Further
cleavage of the bicyclic fragment (m/z 90) by losing CN is suggestive of the fragment
with m/z 63 [CsHa4]". From HREI-MS analysis, an ion which matches the molecular
formula C11H7N303 [M*] was found with m/z of 229.0484 (calculated, 229.0487).

The IR spectrum (figure 4.52) shows absorption frequencies,  (cm™) at 3374 (amine N—
Hstr), 3121 (aromatic C—Hstr), 1633 (C=Nstr), 1515, 1340 (N=Oasy str and N=Osym str OF
nitro group), 1471 (aromatics C=Cst), 1235, 1067 (C—Oasy str and C—Osym str OF ether).
Transitions obtainable from the UV spectrum (figure 4.53) show corresponding Amax at
338, 278 and 208 nm mainly due to n—m* transitions, the latter two typical of NO..
Summary of the *H NMR spectra is represented in table 4.9.
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Figure 4.49. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-14
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Figure 4.50. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-14 aromatic region (Expanded)

129



'#7.7 —_—

'

File Name : d:\mswin\data\aks-i-14.mss

/| Creation Date/Time ~ : 09.02.16 at 9:25:28
File Type : Lo-Res Mass Data (Centroid)
File Source : Acquired on MASPEC system [msw/A091]
File Title : AKANDE AKIMSOLA / DR. KHALID
Operator : Barkat Ali
Instrument . MAT312---El

SCAN GRAPH. Flagging=M/z.
%age _Scan 5-3:26. Entries=146. 100% Int.=60808.

90.0

Vet i iusy

80.0
700- 78.1
60.0 63.0

50.0 -
40.0-
: 1281

300 - 101.0

Figure 4.51. EI-MS spectrum of AKS-1-14
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Figure 4.53. UV spectrum of AKS-I1-14
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Table 4.9. Summary of the *H NMR spectra of AKS-1-14

Position & H [mult., Jun (Hz)] (ppm) Kumar et al., 2013
1 - -
2 - -
3 - -
4 8.42 [s] 8.00 [s]
5 - -
6 8.13[dd, Jo7 = 8.8, Jos =2.0]  8.07[dd, J=8.9,J = 2.1]
7 7.73[d, J76 = 8.8] 7.67[d, J =8.9]
8 -
9 -
1’ -
2! -
3 7.35[d, J3.4 = 3.2] 7.31[d, J = 3.4]
4 6.79[dd, Jyy =32 Jys=16] 6.75[dd,J=3.4,]=15]
5 8.04 [s] 8.38 [s]
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4.1.10 Characterisation of 2-(3'-(benzyloxy)-4'-methoxyphenyl)-1H-benzo[d]
imidazole (AKS-1-34)

The white compound, AKS-1-34 is a solid obtained with a yield of 89.0% (0.294 g), a
m.pt. 116-119 °C and Rt value of 0.44 (hexane/ethyl acetate, 1:1).

The chemical shift values, 6 (ppm) representing 10 resonances obtained from *H NMR
spectra (400 MHz, DMSO-de) (figures 4.54 and 4.55) and were assigned to 12 aromatic
methine protons as 7.89 (1H, d, Jo.¢ = 1.6 Hz, H-2'; most deshielded of the methine
protons), 7.78 (1H, d, J¢.s = 8.4 Hz, H-6'), a multiplet at 7.58-7.60 (2H, m, H-7, H-4),
7.51 (2H, d, Jgor = Ji211r = 7.2 Hz, H-8', H-12"), 7.43 (2H, t, Jo.10 = Ji17,10 = 7.6 Hz, H-
9, H-11"),7.36 (1H, t, Jio/,11 = J109 = 7.6 Hz, H-10"), 7.21-7.23 (2H, m, H-5, H-6; another
multiplet) and 7.20 (1H, d, Js'¢' = 8.4 Hz, H-5"), two methylene protons as 5.19 (2H, s,
13’-OCHz>-) and to three methoxy protons as 3.85 (3H, s, 14’-OCHs). Multiple splitting
observed for H-7, H-6, H-5 and H-4 is indicative of protons resonating in the same
chemical environment and thus, peak overlaps. The doublet signals at 6 7.78 and 7.20 are
as a result of H-6" and H-5' coupling to each other while the signals at ¢ 5.19 and 3.85
appear as singlets corresponding to two chemically equivalent methylene protons and
three chemically equivalent methoxy protons respectively. The spectrum was not
extended to capture the deshielded 2° amine proton which is expected to resonate further

downfield.

The 3C NMR spectra (75 MHz, DMSO-ds) (figures 4.56 and 4.57) show signals in &
(ppm) values, assigned as 151.08 (C-2), 150.98 (C-4', C-3"), 148.00 (C-9, C-8), 136.77
(C-7"),121.43 (C-1') to seven quarternary carbons, 128.44 (C-11', C-9"), 127.96 (C-10"),
127.92 (C-12', C-8'), 122.43 (C-6, C-5), 120.11 (C-6"), 114.57 (C-7, C-4), 112.24 (C-2"),
111.58 (C-5"), to twelve aromatic methine carbons, 70.09 (C-13") to methylene carbon,
and 55.76 (C-14') to methoxy carbon. These were further resolved in the DEPTH
experiments with DEPTH-135 (75 MHz, DMSO-ds) spectrum (figures 4.58) affirming

the respective methine and methoxy carbons recorded on the positive mode of the
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spectrum and the methylene carbon on the negative mode while DEPTH-90 (75 MHz,
DMSO-ds) spectrum (figures 4.59) corroborates the DEPTH-135 experiment for the
methine carbon peaks.

The molecular ion, M* and [M*+1] peaks at m/z 330 and 331 respectively can be deduced
from the EI-MS spectrum (figure 4.60). lon peaks with m/z 239 and 91(base peak), match
up with the fragmentions, M*-91 and M*-239 corresponding to [C14H11N202]"* and
[C7H7]* (tropylium ion) respectively. The m/z of 28 and 18 obtained are typical of *C=0"
IN=N (air) and H>O/NHs* peaks. From HREI-MS analysis, the m/z of 330.1350
(calculated 330.1368) further confirmed the compound, corresponding to molecular

formula, C21H1sN20x3.

Absorption bands of IR active bonds are represented in figure 4.61. Vibrational
frequencies, ® (cm™) assignable to some typical bonds are represented as 3419 (N—Hstr)
of 2° amine, 3063 (aromatic C—Hstr), 2927 (aliphatic C—Hasy str), 1601, 1505 (aromatic
C=Cstr), 1450 (aliphatic C-Hp), 1265, 1018 (C—O—Casy str and C—O—Csym str) Of ether
respectively. Figure 4.62 represents the UV spectrum showing wavelenght of maximum
absorptions (Amax) at 311, 222 and 214 nm, corresponding to n—n* and n—n*

transitions. The summary of *H NMR and 3C NMR spectra is represented in table 4.10.

Furthermore, AKS-1-34 is a new compound and is an additions to the library of organic
chemistry. In the same view, compounds AKS-1-35 to AKS-1-65 as well as AKS-I1-73,
AKS-1-98, AKS-1-99 and AKS-1-100 discussed subsequently are also new.
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Figure 4.54. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-34
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Figure 4.56. 13C NMR (75 MHz, DMSO-ds) spectrum of AKS-1-34
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Figure 4.57. 3C NMR (75 MHz, DMSO-ds) spectra of AKS-1-34 (Expanded)
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Figure 4.58. DEPTH-135 (75 MHz, DMSO-ds) spectrum of AKS-1-34
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Figure 4.59. DEPTH-90 (75 MHz, DMSO-ds) spectrum of AKS-1-34
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Figure 4.60. EI-MS spectrum of AKS-I1-34
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Figure 4.61. IR spectrum of AKS-I1-34
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Figure 4.62. UV spectrum of AKS-I1-34
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Table 4.10. Summary of the *H NMR and 3C NMR spectra of AKS-1-34

Position 8 H [mult.,, Jun (H2)] 8 1C DEPT- DEPT-90
(ppm) (ppm) 135

1 - - - -
2 - 151.08 - -
3 - - - -
4 7.60-7.58 [m] 114,57 CH CH
5 7.23-7.21[m] 122.43 CH CH
6 7.23-7.21 [m] 122.43 CH CH
7 7.60-7.58 [m] 114,57 CH CH
8 - 148.00 - -
9 - 148.00 - -
1/ - 121.43 - -
2/ 7.89 [d, Jo¢ = 1.6] 112.24 CH CH
3/ - 150.98 - -
4 - 150.98 - -
5 7.20 [d, Js¢ = 8.4] 111.58 CH CH
6’ 7.78 [d, Jo.5 = 8.4] 120.11 CH CH
7’ - 136.77 - -
8’ 7.51 [d, Jg.o =7.2] 127.92 CH CH
9’ 7.43[t, Jo10 = 7. 6] 128.44 CH CH
10’ 7.36 [t, Jio,11r = Jio =7.6]  127.96 CH CH
11’ 7.43[t, Jirio =7. 6] 128.44 CH CH
12/ 7.51[d, Jiz111=7.2] 127.92 CH CH

13'-OCH.- 5.19 [s] 70.09 CH; -

14'-OCH3 3.85 [s] 55.76  OCHs -

145



4.1.11 Characterisation of 2-(3’-(benzyloxy)-4'-methoxyphenyl)-5-fluoro-
1Hbenzo[d]imidazole (AKS-1-35)

2-(3'-(Benzyloxy)-4'-methoxyphenyl)-5-fluoro-1H-benzo[d]imidazole (AKS-1-35) was
obtained as a brown solid, 0.317 g (91.0% vyield), m.pt. 176-178 °C and a Rf of 0.51
(hexane/ethyl acetate, 1:1).

From the *H NMR analysis (400 MHz, DMSO-ds) represented in figures 4.63 and 4.64,
10 proton resonances, ¢ (ppm) were assigned to the methine protons as 7.87 (1H, d, J2.¢
=1.6 Hz, H-2"), 7.77 (1H, dd, J¢'5 = 8.4 Hz, H-6"), a multiplet peak at 7.56-7.60 (1H, m,
H-4), resulting from the influence of a fluorine atom, 7.51 (2H, d, Js'o = Ji2,11' = 7.2 Hz,
H-8', H-12"), 7.43 (2H, t, J11710 = Jo100 = 7.2 Hz, H-11', H-9"), 7.41 (1H, d, J76 = 7.6 Hz,
H-7), 7.36 (1H, t, Jioo = Jio,11r = 7.2 Hz, H-10"), 7.20 (1H, d, Js'¢ = 8.8 Hz, H-5") and a
doublet of tripplet peak also due to a proton coupling with a fluorine atom at 7.10 (1H,
dt, Js,r-5 = 8.4 Hz, Js.4 = 2.0 Hz, H-6). The methylene and the methoxy protons appear as
singlets at 0 5.18 (s, 2H, 13’-OCH>-) and ¢ 3.85 (s, 3H, 14’-OCHz) respectively. The

amine proton peak, expected further downfield, was not captured.

Chemical shift, J (ppm) values from *3C NMR spectra (75 MHz, DMSO-ds) (figures 4.65
and 4.66) show 20 resonances assigned to carbon atoms as 160.30 (C-5), 157.17 (C-2),
152.29 (C-3"),151.29 (C-4"), 148.00 (C-9, C-8), 136.71 (C-7"), 121.02 (C-1") representing
eight quarternary carbons, 128.38 (C-11', C-9"), 127.90 (C-10"), 127.83 (C-12', C-8'),
120.21 (C-6', C-7), 115.12 (C-7), 112.30 (C-2’), 111.72 (C-5"), 110.61, 101.06 (C-6),
110.27, 100.68 (C-4) representing eleven methine carbons, 70.14 (C-13") representing
the methylene carbon and 55.76 (C-14") representing the methoxy carbon. From DEPTH-
135 (75 MHz, DMSO-ds) experiment, the spectrum (figures 4.67) confirms the
respective methine and methoxy carbons in the positive phase as well as the methylene
carbon in the negative phase, while DEPTH-90 (75 MHz, DMSO-dg) spectrum (figures

4.68) harmonizes the respective methine carbon peaks.
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The EI-MS spectrum (figure 4.69) shows the molecular ion, M™ and [M*+1] peaks with
m/z of 348 and 349 respectively. The observed prominent base peak at m/z 91 [C7H7]" is
a tropylium ion generated by a a-cleavage of the ether (O—CH,) functional group
corresponding to [M-257]*. Elimination of HC=CH molecule from the base peak gave
the m/z 65 fragment. Peak at m/z 257 is due to [M-C7H7]*. The m/z of 227 was generated
by the fragmentation, [M-257-30]" corresponding to [C1aH10FN202]* while that at m/z
186 corresponds to the fragment, [C11H7FN2]*. The m/z 18 is a characteristic water peak.
The m/z obtained from HREI-MS analysis which coincides with the molecular formular
C21H17FN20;, was at 348.1286 (calculated 348.1274), further confirming the compound.

The IR absorption spectrum in figure 4.70 shows vibrational bands from which some are
assignable to bonds such as N—Hsr of secondary amine, aromatic C—Hst, aliphatic C—
Hasy str and C—Hsym str, C=Nstr, two aromatic C=Csgt, aliphatic C—Hp, C—O—Casy str and C—
O—Cgym str Of ether, and C—Fs;r corresponding to vibrational frequencies, ® (cm™) 3418,
~3050, 2924, 2853, 1631, 1600, 1508, 1447, 1267, 1025 and 1145 respectively.

The wavelenght of maximum absorptions (Amax) from UV spectrum (figure 4.71) are at
311, 250 and 222 nm indicative of n—n* and n—n™* transitions. Table 4.11 shows the
summary of *H NMR and *3C NMR spectra.
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Figure 4.63. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-35
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Figure 4.65. 13C NMR (75 MHz, DMSO-ds) spectrum of AKS-1-35

150



Akande / Dr. Khalid / AKS-I-35 / DMSO
BB

T 1 [ 1 17
Fs 2 9
6 g
7
l 11 » JJu.L I l twlww*wmﬂw«w‘lb MM

ppm

Figure 4.66. 13C NMR (75 MHz, DMSO-ds) spectra of AKS-1-35 (Expanded)

121.02
12022

Akande / Dr. Khalid / AKS-1-35/ DMSO
BB

11512

11230

11172

110.61
11027

[

~——101.06

—100.68

W Lw va'ww "’MW Myt W Wit ww“v whw WMWW\»«NW

151

112

T
102

100

ppm



Akande / Dr. Khalid / AKS-I1-35 / DMSO

DEPT

1% AV-300MHz
288 5 8598 & v Lab.008 TWC
885 § 9=¢s¢2 = B

—120.21

NAME May09-16
NS i
PROCNO 1
Date 20160510
Time 5.30
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG dept135
D 32768
SOLVENT DMSO
NS 4832
DS 2
i SWH 15822.785 Hz
I FIDRES 0.482873 Hz
aQ 1.0355188 sec
RG 32768
oW 31.600 usec
DE 6.50 usec
TE 5.0 K
! CNST2 145.0000000
Dl 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 6
mmwmmmm= CHANNEL fl s=======
NUC1 13¢
3 10.00 usec
P2 20.00 usec
PL1 0.60 dB
SFO1 75.4752958 MHz
........ CHANNEL £2 ==mmmmsmas
CPDPRG2 waltzlé
NUC2 1H
P3 15.00 usec
P4 30.00 usec
PCED2 80.00 usec
PL2 5.50 dB
PL12 21.20
SFO2 300.1315007 MHz
SI 32768
SF 75.4677899 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40

T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure 4.67. DEPTH-135 (75 MHz, DMSO-ds) spectrum of AKS-1-35
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Figure 4.68. DEPTH-90 (75 MHz, DMSO-ds) spectrum of AKS-I1-35
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Figure 4.69. EI-MS spectrum of AKS-1-35
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Figure 4.71. UV spectrum of AKS-I1-35
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Table 4.11. Summary of the *H NMR and *C NMR spectra of AKS-1-35

Position & 'H [mult., Jun (H2)] (ppm) & 3C (ppm) DEPT- DEPT-90
135

1 - - - -
2 - 157.17 - -
3 - - - -
4 7.60-7.56 [m] 110.27,100.68  CH CH
5 - 160.30 - -
6 7.10 [dt, JeFs = 8.4, Js4 =2.0] 110.61,101.06  CH CH
7 7.41[d, J76 = 7.6] 120.22,115.12  CH CH
8 - 148.00 - -
9 - 148.00 - -
1/ - 121.02 - -
2’ 7.87 [d, Jo¢ = 1.6] 112.30 CH CH
3’ - 152.29 - -
4 - 151.29 - -
5 7.20 [d, Js¢ = 8.8] 111.72 CH CH
6’ 7.77 [dd, Jos = 8.4] 120.22 CH CH
7’ - 136.71 - -
8’ 7.51[d, Jg.o = 7.2] 127.83 CH CH
9’ 7.43[t, Jog = 7.2] 128.38 CH CH
10’ 7.36 [t, Jio11r = Jiore = 7.2] 127.90 CH CH
11’ 7.43[t, 2 =7.2] 128.38 CH CH
12/ 7.51[d, Ji2111=7.2] 127.83 CH CH

13’-OCH;- 5.18 [s] 70.12 CH; -

14'-OCHs 3.85 [s] 55.75 OCHjs -
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4.1.12 Characterisation of 2-(3’-(benzyloxy)-4'-methoxyphenyl)-5-chloro-1H-
benzo[d]imidazole (AKS-1-36)

The compound AKS-1-36 is a brown solid with a yield of 94.0% (0.343 g), m.pt. 112-
114 °C and a Rt of 0.55 (hexane/ethyl acetate, 1:1).

Eleven resonance peaks were obtained on the *H NMR spectra (400 MHz, DMSO-ds)
(figure 4.72 and 4.73) with ¢ (ppm) values assigned as 7.87 (1H, d, J2¢ = 1.6 Hz, H-2"),
7.77 (1H, dd, J¢'s' = 8.4 Hz, Jo» = 1.6 Hz, H-6"), 7.62 (1H, s, H-4), 7.59 (1H, d, J76 =
8.4 Hz, H-7), 7.51 (2H, d, Jizir = Jgo = 7.2 Hz, H-12, H-8"), 7.43 (2H, t, Jog = Ji112
= 7.2 Hz, H-9, H-11"), 7.36 (1H, t, Jio.11' = Ji0r9' = 7.2 Hz, H-10"), 7.24 (1H, dd, Js4 =
1.6 Hz, Js7 = 8.4 Hz, H-6), 7.19 (1H, d, Js¢ = 8.4 Hz, H-5") to the aromatic methine
protons, 5.18 (2H, s, 13'-OCHp>-) to the methylene protons and 3.85 (3H, s, 14'-OCHj3) to
the methoxy protons. Protons at positions 6 and 7 (J = 8.4 Hz) as well as protons at
positions8’, 9’, 10’, 11" and 12’ (J=7.2 Hz ) all shows ortho couplings. The amine proton
was not captured.

Broad band *C NMR (75 MHz, DMSO-ds) spectrum (figure 4.74) and its expansion
(figure 4.75) established fifteen resonance peaks, 6 (ppm), assigned as 152.50 (C-2),
151.23 (C-4',C-3"), 148.00 (C-9, C-8), 136.75 (C-7"), 126.52 (C-5), 121.29 (C-1") to eight
quarternary carbons, 128.43 (C-11’, C-9"), 127.96 (C-10"), 127.92 (C-12', C-8), 122.46
(C-6), 120.24 (C-6"), 112.22 (C-7, C-4), 111.60 (C-5', C-2") to eleven methine carbons,
70.08 (C-13") to one methylene carbon, and 55.75 (C-14") to one methoxy carbon.
DEPTH-135 (75 MHz, DMSO-ds) and DEPTH-90 (75 MHz, DMSO-ds) experiments
(figures 4.76 and 4.77 respectively) further harmonize the methine and methoxy carbon
peaks expressed on the positive quadrant, and the methylene carbon peaks expressed on

the negative quadrant.

The EI-MS spectrum in figure 4.78 shows the molecular ion, [M*] peak with a m/z of
364, an isotope peak, [M*+2] due to the presence chlorine atom with m/z 366, and many

prominent fragment ion peaks which include the peaks at m/z 273, 245 and 91. A a-

158



leavage on the M™ at O—CH: (ether) bond resulted in m/z of 273 [C14H10CIN202]* and
m/z 91 [C7H7]* corresponding to M*-91 and M*-273 respectively. A resulting [M*+2]-
CH3O' cleavage is suggestive of the fragment ion at m/z 335 which on further
disintegration gave a peak with m/z of 245 by losing [C7H] radical. A further loss of
CH2=C=0' radical from the fragment with m/z 245 led to the peak with m/z of 202
[C11H7CIN2]*. The m/z of 65 is a frequently observed peak due to [CsHs]* fragment. The
observed m/z of 364.0983 (calculated 364.0979) obtained from HREI-MS, matches the
molecular formula, C21H17CIN20. [M*], thus further comfirming the compound.

The vibrational bands (figure 4.79) of characteristic IR active bonds, absorb vibrational
frequencies, © (cm™) assigned as 3418, 3067, 2929, 1603, 1502, 1452, 1267, 1019, 1058
cm ™t to N—Hstr of 2° amine, aromatic C—Hstr, aliphatic C—Hasy str, two aromatic C=Cstr, C—
Hp of CH3/CH2z, C—O—Casy str and C—O—Cgym str Of ether, and C—Cls respectively. Figure
4.80 is the UV spectrum indicative of n—=n* and n—=* transitions with absorption
maxima (Amax) at 316, 226 and 222 nm. Summary of the *H NMR and *3C NMR spectra
is shown in table 4.12.
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Figure 4.72. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-36

160



o0 o o o v« ™M 0 <« © ~ © o A~OWYwO ®
~ ~ 0w I o~ — o ™M —H o o T M TOANAD ™~
© ® ~ ~ 0~ © T2 ) 0 <« T ™ Mmoo oom NNNN A
~~ ~ o~ ~ ~ o~ ~ o~ o~~~ ~ o~ o~ Lol el ol el o o

Akhande / Dr. Khaid / AKS-I-36
1H

- S N ﬁfﬁw/ﬁf -

790 78 780 775 770 7. 65 7. 60 7.5 - 50 7. 45 /& 40 7. 3 .30 7. 25 7. 20 ppm
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Figure 4.74. 3C NMR (75 MHz, DMSO-ds) spectrum of AKS-1-36
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Figure 4.75. 13C NMR (75 MHz, DMSO-ds) spectrum of AKS-1-36 (Expanded)
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Figure 4.76. DEPTH-135 (75 MHz, DMSO-ds) spectrum of AKS-1-36
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Figure 4.77. DEPTH-90 (75 MHz, DMSO-ds) spectrum of AKS-1-36
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Figure 4.78. EI-MS spectrum of AKS-I1-36
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Figure 4.79. IR spectrum of AKS-1-36
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Figure 4.80. UV spectrum of AKS-1-36
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Table 4.12. Summary of the *H NMR and *C NMR spectra of AKS-I-36

Position & H [mult., Jun (H2)] (ppm) S 3C DEPT- DEPT-
(ppm) 135 90
1 - - - -
2 - 152.50 - -
3 - - - -
4 7.62[s] 112.22 CH CH
5 - 126Y22 - -
6 7.24[dd, Js7 = 8.4, Je 4 = 1.6] 122.46 CH CH
7 7.59 [d, J76 = 8.4] 112.22 CH CH
8 - 148.00 - -
9 - 148.00 - -
1 - 121.29 - -
2" 7.87[d, J = 1.6] 111.60 CH CH
3’ - 151.23 - -
4' - 151.23 - -
5 7.19[d, Js.¢ = 8.4] 111.60 CH CH
6' 7.77[dd, Jo.5 = 8.4, o = 1.6]  120.24 CH CH
7' - 136.75 - -
8’ 751[d, Jyo =7.2] 127.92 CH CH
9’ 743 [t, Jog =7.2] 128.43 CH CH
10’ 7.36 [t, Jio11r = Jiore = 7.2] 127.96 CH CH
1 7.43[t, J11i2 = 7.2] 128.43 CH CH
12/ 751 [d, Jizar = 7.2] 127.92 CH CH
13-OCHo- 5.18 [s] 70.09 CH. .
14"-OCHs 3.85[s] 5576  OCHs -
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4.1.13 Characterisation of 2-(3'-(benzyloxy)-4'-methoxyphenyl)-5-nitro-1H-
benzo[d]imidazole (AKS-1-37)

4

O,N s 9
T

2-(3'-(Benzyloxy)-4'-methoxyphenyl)-5-nitro-1H-benzo[d]imidazole (AKS-I-37) is an
orange solid with a yield of 90.6% (0.340 g), a m.pt. of 110-113 °C and a Ry of 0.45
(hexane/ethyl acetate, 1:1).

Represented in figures 4.81 and 4.82 are the *H NMR spectra (400 MHz, DMSO-dg) with
o (ppm) values assigned to eleven aromatic methine protons as 8.42 (1H, s, H-4), 8.12
(1H, dd, Js.7 = 8.8 Hz, Js.4 = 2.0 Hz, H-6), 7.92 (1H, d, J» ¢ = 1.6 Hz, H-2"), a doublet of
doublet peak at 7.83 (1H, dd, Je s = 8.4 Hz, H-6"), 7.74 (1H, d, J76 = 8.8 Hz, H-7), 7.51
(2H, d, Jg.9 = Jiz11r = 7.2 Hz, H-8', H-12"), 7.43 (2H, t, Jo.g = Ji1,12 = 7.2 Hz, H-9', H-
11'), 7.36 (1H, t, Jio.11'= Ji0ry = 7.2 Hz, H-10"), 7.22 (1H, d, J5.¢' = 8.4 Hz, H-5"), to two
methylene protons as 5.20 (s, 2H, -OCH3-) and three methoxy protons as 3.86 (s, 3H, 4'-

OCHz). The deshielded amine proton was not captured.

Fourteen signals from *C NMR (75 MHz, DMSO-ds) spectra, represented in figures 4.83
and 4.84, show chemical shift, 6 (ppm) values assigned as 155.86 (C-2), 151.62 (C-4’, C-
3"), 148.03 (C-9, C-8), 142.52 (C-5), 136.71 (C-7"), 121.28 (C-1"), representing eight
quarternary carbons, 128.37 (C-11’, C-9"), 127.91 (C-10"), 127.83 (C-12', C-8), 120.63
(C-6",117.77 (C-7, C-6), 112.27 (C-5', C-2"), 111.90 (C-4), representing eleven methine
carbons, 70.14 (C-13"), representing methylene carbon and 55.76 (C-14") representing
the methoxy carbon. The DEPTH-135 (75 MHz, DMSO-de) spectrum (figure 4.85)
confirms the methine and methoxy peaks in positive phase, while the methylene carbon
peak is in the negative phase. The DEPTH-90 (75 MHz, DMSO-ds) spectrum (figures
4.86) corroborates the peaks for the methine carbons.

The EI-MS spectrum (figure 4.87) provides information on the fragment ion peaks
produced according to their mass-to-charge ratio, m/z. The molecular ion peak, [M™] is
at m/z of 375. Characteristic M*™-NO" and M*-NO; is indicative of fragment ions with

peaks at m/z 345 and 328 respectively. Likewise, M*-91 and M*-284 cleavages gave ions
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with prominent m/z of 284 and 91 (tropylium ion as the base peak) respectively
corresponding to [C14H10N304]* and [C7H7]*. The ion with m/z 284 further cleaves by
loss of CH3O™ generating a smaller fragment at m/z 254. The m/z of 65 is characteristic
of [CsHs]* fragment while m/z at 28 and 18 are suggestive of CO (air) and H2O/NHs4
peaks respectively. HREI-MS analysis further confirmed the compound’s molecular
formula, C21H17N30O4 at a m/z of 375.1233 (calculated 375.1219).

The spectrum (figure 4.88) obtained from IR analysis gave rise to a series of absorption
bands. Vibrational frequencies, v (cm™) of some characteristic bonds are assigned as
3325, 3072, 2931, 1600, 1504, 1338, 1449, 1268 and 1019 respectively for N—Hst of 2°
amine, C—Hsr aromatic, C—Hst aliphatic, two aromatic C=Cstr, N=Osym str Of the nitro

group, aliphatic C—Hp, of CH2/CHs, asymmetric C—Ostr and symmetric C—Ostr of ether.

Figure 4.89 represents the UV spectrum with wavelenghts of maximum absorptions,
(Amax) at 218, 230, 282 and 344 nm suggesting both n—r* and T—=* transitions. Table
4.13 presents the summary of the compound’s *H NMR and *C NMR spectra.
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Figure 4.81. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-37
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Figure 4.86. DEPTH-90 (75 MHz, DMSO-ds) spectrum of AKS-1-37
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Figure 4.87. EI-MS spectrum of AKS-I1-37

178




I. C.C.B.S., University of Karachi Analytical Laboratory - Pakistan

100
1
3748.7 —
e
—

8756 —

695.9 — <—__
6174 —

8133 —

3325.0 —
30727 —
2931.9 —

13808 —

1600.5 —
7413 —

Transmittance [%]
85
1

80
1
1449.5 —

13389 —

75
1

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Sample:  AKS-T-37/AKANDE Spectrum  : AKS-I-37.0 (in D:IRSTUDENT)
Measured : 16/05/2016 on VECTOR22 Technic . SOLID

Resolution : 4 cm-1 (10 scans ) kit « Pt ikentil
nalyst : Zubair Ghma

Figure 4.88. IR spectrum of AKS-1-37
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Figure 4.89. UV spectrum of AKS-1-37
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Table 4.13. Summary of the *H NMR and *C NMR spectra of AKS-I-37

Position & H [mult., Jun (H2)] (ppm) S 3C DEPT- DEPT-
(ppm) 135 90
1 - - - -
2 - 155.86 - -
3 - - - -
4 8.42 [] 111.90 CH CH
5 - 142.52 - -
6 8.12[dd, Jo; = 8.8, Je4=20] 11777  CH CH
7 7.74[d, J76 = 8.8] 117.77 CH CH
8 - 148.03 - -
9 - 148.03 - -
1 - 121.28 - -
2" 7.92[d, J = 1.6] 112.27 CH CH
3’ - 151.62 - -
4' - 151.62 - -
5 7.22[d, Js.¢ = 8.4] 112.27 CH CH
6 7.83 [dd, Jo.5 = 8.4] 120.63 CH CH
7' - 136.71 - -
8’ 751[d, Jyo =7.2] 127.83 CH CH
9" 7.43[t, Jog = 7.2] 128.38 CH CH
10’ 7.36 [t, Jio11r = Jiore = 7.2] 127.91 CH CH
1 7.43[t, J11i2 = 7.2] 128.38 CH CH
12/ 751 [d, Jizar = 7.2] 127.85 CH CH
13-OCHo- 5.20 [s] 70.10 CH. .
14"-OCHs 3.86 [s] 5574  OCHs -
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4.1.14 Characterisation of 2-(3’-(benzyloxy)-4’-methoxyphenyl)-5,6-dimethyl-1H-
benzo[d]imidazole (AKS-1-38)

10 4 3

6 5
H;C. 5 9 N\ . 14
" > o OCH;
H3C 6 3 8 gl 2" 3

2-(3'-(Benzyloxy)-4'-methoxyphenyl)-5,6-dimethyl-1H-benzo[d]imidazole (AKS-1-38)
was obtained as a white solid, 0.350 g (97.6% yield), m.pt. 106-109 °C and R¢ of 0.45
(hexane/ethyl acetate, 1:1).

Ten resonance peaks were obtained from the *H NMR spectra (400 MHz, DMSO-dg) as
represented in figures 4.90 and 4.91 with chemical shift values, ¢ (ppm) assigned as 7.85
(1H, d, J2r¢ = 1.6 Hz, H-2"), 7.73 (1H, dd, Js'5' = 8.4 Hz, Jo> = 1.2 Hz, H-6"), 7.51 (2H,
d, Jgo = Jiz11r= 7.2 Hz, H-8", H-11"), 7.43 (2H, t, Ji112 = Jors = 7.2 Hz, Ji110' = Jor10r =
7.6 Hz, H-11", H-9"), 7.36 (1H, t, Jio,11' = Ji0vo' = 7.6 Hz, H-10"), 7.33 (2H, s, H-7, H-4;
chemically equivalent), 7.16 (1H, d Js.¢ = 8.8 Hz, H-5") to ten methine protons, 5.18 (2H,
s, 13’-OCH3-) to two methylene protons, 3.84 (3H, s, 14'-OCHs) to three methoxy
protons and 2.31 (6H, s, 10-CHs, 11-CHzg) to six equivalent methyl protons. The

downfield amine proton was not captured on the spectrum.

The EI-MS spectrum (figure 4.92) shows the molecular ion peak, [M*] at m/z 358 and a
[M*+1] peak at m/z 359. The M™ further fragmentated, producing prominent peaks at m/z
of 267 (the base peak) and m/z 91, corresponding to [C16H15sN2O2]* and [C7H7]* ions
respectively. The m/z of 329 is suggestive of a double loss of methyl radical [2CH3"]
from the M®. Fragmentation by loss of CHs® and CsH; radicals consecutively
corresponds to m/z 253 [CisH13N202]*. Fragment ion with m/z 239 is indicative of
fragmentation either by loss of 2CH3" and CsH7" radicals or by a cleavage of the
imidazole ring, corresponding to [Ci14H11N202]" or [CisH13NO2]* respectively. The
HREI-MS analysis yielded a m/z of 358.1690 (calculated 358.1681), corresponding to

the molecular formular, C23H22N202 [M™]. This further confirms the compound.

The IR spectrum (figure 4.93) shows absorption bands deduced from the compound.
Some characteristic vibrational frequencies, v (cm™) are 3416, 3160, 2925, 1606, 1504,
1455, 1263 and 1019 corresponding to N—Hst, aromatic C—Hstr, aliphatic C—Hstr, two
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aromatic C=Csyr, C—Hp of CH3/CH2, C—Oasy str and C—Osym str Of ether respectively.
Wavelenghts of maximum absorptions, (Amax) from the UV spectrum (figure 4.94) are
316, 253, 228 and 222 nm, corresponding to n—n* and n—n* transitions. Table 4.14

represents the summary of *H NMR spectra.
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Figure 4.90. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I1-38
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Figure 4.92. EI-MS spectrum of AKS-1-38
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Figure 4.93. IR spectrum of AKS-I1-38
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Figure 4.94. UV spectrum of AKS-1-38
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Table 4.14. Summary of the *H NMR spectra of AKS-1-38

Position & *H [mult., Jun (H2)] (ppm)
1 -
2 -
3 -
4 7.33[s]
5 -
6 -
7 7.33[s]
8 -
9 -
1’ -
2' 7.85[d, Jo¢ = 1.6]
3’ -
4’ -
5 7.16 [d, Js. = 8.9]
6' 7.73 [dd, Je's = 8.4, Jo2 = 1.2]
71 -
8’ 7.51[d, Jg,o =7.2]
o 743 [t, Jog = 7.2; Jouior = 7.6]
10’ 7.36 [t, Jio,11= J1o9r = 7.6]
1’ 743 [t, Ji1io = 7.6 iz = 7.2]
12' 7.51[d, Jizy11r=7.2]

13’-OCH>- 5.18 [s]
14’-OCHj3 3.84[s]
10-CHjs 2.31
11-CHs 2.31
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4.1.15 Characterisation of 2-(2’-(benzyloxy)phenyl)-5-fluoro-1H-benzo[d]
imidazole (AKS-1-39)
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The brown compound, AKS-1-39 is a solid with a yield of 54.3% (0.173 g), a m.pt. 125-
127 °C and a 0.68 (hexane/ethyl acetate, 1:1) Rt value.

Ten resonance peaks, ¢ (ppm) values were obtained from the *H NMR spectra (400 MHz,
DMSO-ds) (figures 4.95 and 4.96) and were assigned as ~12.50 (1H, br s, -NH) to the
deshelded amine proton, 8.24 (1H, dd, Js.s = 8.0 Hz, H-6"), 7.64-7.61 (1H, m, H-4) (the
multiplet peak for proton at position 4 was due to the influence of a fluorine atom), 7.48
(2H, d, Ji21' = Jyor = 7.6 Hz, H-12', H-8'), 7.41 (1H, d, J76 = 7.2 Hz, H-7), another
multiplet at 7.38-7.32 (3H, m, H-11’, H-9’, H-4"), 7.28 (1H, t, Ji0,9 = 7.2 Hz, H-10"), 7.20
(1H, d, J34 = 8.4 Hz, H-3"), 7.09 (2H, t, Js7 = 7.2 Hz, H-6, Js'¢ = 8.0 Hz, H-5’) to the
methine protons and 5.51 (2H, s, 13'-OCH>-) to the methylene protons.

As presented in figure 4.97, the EI-MS spectrum shows molecular ion, M* peak at m/z
318 and a [M*-1] peak at m/z 317 indicating a loss of H'. The peak at m/z of 301 is
suggestive of [M*-NHs;] fragment. Cleavages of both bonds o to oxygen resulted in the
prominent peaks at m/z 212 [C13HgFN2]* and 91 [C7H-]* (base peak) respectively. The
m/z of 65 is indicative of a [CsHs]* fragment. The observed m/z from HREI-MS analysis
is 318.1158 (calculated, 318.1168), corresponding to the molecular formula C20H15FN2O

which further confirms the compound.

Representative absorption bands from IR spectrum (figure 4.98) have vibrational
frequencies, © (cm™) reported as 3413 (N—Hsr of 2° amine), 3062 (aromatic C—Hst),
2925, 2876 (aliphatic C—Hasy str and C—Hsym str), 1629 (C=Ns), 1593, 1528 (aromatic
C=Cstr), 1463 (C—Hp), 1234, 1007 (asymmetric and symmetric C—Ostr) and 1131 (C—Fst).
Figure 4.99 represents the UV spectrum showing maximum absorptions, (Amax) at 313,
295 and 214 nm corresponding to n—n* and T—m* transitions. Summary of the *H NMR

spectra is represented in table 4.15.
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Figure 4.95. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-39
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Figure 4.96. 'H NMR (400 MHz, DMSO-ds) spectra of AKS-1-39 (Expanded)
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Figure 4.97. EI-MS spectrum of AKS-1-39
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Figure 4.98. IR spectrum of AKS-1-39
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Figure 4.99. UV spectrum of AKS-1-39
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Table 4.15. Summary of the *H NMR spectra of AKS-1-39

Position & H [mult., Jun (Hz)] (ppm)

1 ~12.50 [br s]

2 -

3 -

4 7.64-7.61 [m]

5 -

6 7.09[t, Je7=7.2]

7 7.41[d, J76=7.2]

8 -

9 -

1’ -

21 -

3 7.20 [d, Jy4 = 8.4]

4 7.38-7.32 [m]

5 7.09[t, Js.¢ = 8.0]

6’ 8.24 [dd, Jes' = 8.0]

71 -

8’ 7.48 [d, Jg.or = 7.6]

9’ 7.38-7.32 [m]

10’ 7.28 [t, Jioo =7.2]

1’ 7.38-7.32 [m]

12' 7.48 [d, Ji2,111=7.6]
13'-OCH>- 5.51 [s]
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4.1.16 Characterisation of 2-(2'-(benzyloxy)phenyl)-5-chloro-1H-benzo[d]
imidazole (AKS-1-40)

10' 9
The dark-brown compound, AKS-I1-40 was obtained as a solid compound, 60.9% (0.204
g) yield, a m.pt. 127-129 °C and a Rf of 0.69 in a hexane/ethyl acetate (1:1) solvent

system.

The 'H NMR spectra (400 MHz, DMSO-ds) (figures 4.100 and 4.101) show eleven
resonances, ¢ (ppm) without capturing the deshielded amine proton expected to be seen
further downfield. These were assigned as 8.25 (1H, dd, J¢4 = 1.6 Hz, J¢'5s' = 8.0 Hz, H-
6), 7.67 (d, 1H, Jas = 1.6 Hz, H-4), 7.65 (1H, d, J76 = 8.4 Hz, H-7), 7.48 (2H, d, Ji211"
=Jso=7.2Hz,H-12', H-8"), 7.41 (1H, dt, J4 3= 8.8 Hz, J4+¢ = 1.6 Hz, H-4"), 7.36 (2H,
t, Jiriy = Jog = 7.2 Hz, H-11", H-9"), 7.28 (1H, t, Ji0or = 7.2 Hz, H-10") 7.24 (1H, t, Jo.4
=2.0 Hz, Js7= 8.8 Hz, H-6), 7.21 (1H, d, J3.4 = 8.4 Hz, H-3"), 7.09 (1H, t, J5.¢' = 7.6 Hz,
H-5") to twelve methine protons and 5.51 (2H, s, 13’-OCHz>-) to two methylene protons.

Form EI-MS analysis, the presence of a chlorine atom gave rise to some peak patterns
spaced two mass units apart (figure 4.102). The m/z at 333 is indicative of [M*-1] peak
and a corresponding isotope peak of m/z 335 [M*+2]. Subsequent loss of NHs is
suggestive of a m/z of 317. Bond cleavage o to oxygen resulted in the formation of the
most intense peak at m/z of 91 (base peak). The common m/z of 65 is indicative of the
fragment corresponding to [CsHs]*. The m/z of 334.0872 (calculated 334.0873) found for
the formula C2oH15CIN20 from HREI-MS analysis further confirms the compound.

The IR spectrum (figure 4.103) provides characteristic absorption frequencies, © (cm™)
at 3409, 3032, 2923, 2868, 1594, 1463, 1237 and 1048 which connote amine N—Hstr,
aromatic C—Hstr, aliphatic C—Hasy str and C—Hsym str, aromatic C=Cstr, C—Hp 0f CH2, C—Ostr
of ether and C—Clst respectively. The UV spectrum (figure 4.104) shows Amax at 316 and
214 nm indicative of n—n* and t—n* transitions. The summary of the *H NMR spectra

is presented in table 4.16.
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Figure 4.100. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-40
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File: AKS-1-40
Sample: AKANDE / DR. KHALID
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Figure 4.102. EI-MS spectrum of AKS-1-40
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Figure 4.103. IR spectrum of AKS-1-40
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Figure 4.104. UV spectrum of AKS-1-40
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Table 4.16. Summary of the *H NMR spectra of AKS-1-40

Position & *H [mult., Jun (HZ)] (ppm)

1 -

2 -

3 -

4 7.67 [d, Jas = 1.6]

5 -

6 7.24 [dd, Je7=8.8, Js 4 = 2.0]

7 7.65 [d, J76 = 8.4]

8 -

9 -

1’ -

21 -

3 7.21[d, Jy4 = 8.4]

4’ 7.41 [dt, Jy3=8.8, Jys = 1.6]

5’ 7.09 [t, Js¢' = 7.6]

6' 8.25[dd, Js'5 = 8.0, Jor4' = 1.6]

71 -

8’ 7.48 [d, Jg.o = 7.2]

9’ 7.36 [t, Jog = 7.2]

10’ 7.28 [t, Jivo =7.2]

1’ 7.36 [t, Jir12=7.2]

12' 7.48 [d, Jiz,111=7.2]
13'-OCH>- 5.51 [s]
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4.1.17 Characterisation of 2-(2'-(benzyloxy)phenyl)-5,6-dimethyl-1H-benzo[d]
imidazole (AKS-1-42)

10 4 3 s :
H,C.5 9 N g5
ANy 4
lljj\\;g[N :
H,C 7 N Y%
o
13

12" 7
1 8'

10 9'
Compound 2-(2'-(benzyloxy)phenyl)-5,6-dimethyl-1H-benzo[d]imidazole (AKS-1-42)
is a brown solid with a yield of 74.6% (0.245 g), a m.pt. of 130-132 °C and a Rt value of
0.63 (hexane/ethyl acetate, 1:1).

The ten resonances observed on the *H NMR spectra (400 MHz, DMSO-ds) (figures
4.105 and 4.106) provide chemical shift, 6 (ppm) values assigned as 12.23 (1H, br s, -
NH) to amine proton, 8.21 (1H, dd, Je.4 = 1.2 Hz, J¢'5' = 7.6 Hz, H-6"), 7.48 (2H, d, Ji211"
=Jyo =7.2Hz, H-12', H-8"), 7.39 (2H, s, H-7, H-4; chemically equivalent), 7.36 (3H, t,
s =Jog=di12=7.2 Hz, H-4', H-9', H-11"), 7.29 (1H, t, Ji0,11" = 7.2 Hz, H-10"), 7.19
(1H, d, J3'4 = 8.4 Hz, H-3"), 7.08 (1H, t, Js.¢ = 7.6 Hz, H-5') to eleven methine protons,
5.48 (s, 2H, 13'-OCH3-) to two methylene protons and 2.32 to six equivalent methyl
protons (6H, s, 11-CHs, 10-CHjs).

The EI-MS spectrum (figure 4.107) reveals the most intense peak at m/z of 328 for the
molecular ion and a [M*+1] peak at m/z of 329. Peak with m/z of 311 is suggestive of
M*-CHs-H; fragment. Fragmentation at either side of C-O bond produced fragment ions
with m/z of 237, 222 and 91. Cleavage of the imidazole ring resulted in a m/z of 209,
corresponding to [C14H1:NO]J*. Further confirming the compound, the m/z of 328.1579
(calculated 328.1576) was deduced from HREI-MS analysis, corresponding to the
formula, C22H20N20.

The IR spectrum (figure 4.108) indicated vibrational absorption frequencies b (cm™) at
3306, 3029, 2923, 2860, 1581, 1528, 1451, 1217 and 1014 assigned to N-Hs of amine,
aromatic C—Hsr, aliphatic C—Hasy str and C—Hsym str, two aromatic C=Csr, C—Hp of CHy,
C—Oasy str and C—Osym str OF ether respectively. Figure 4.109 represents the UV spectrum
showing wavelenghts of maximum absorptions (Amax) at 316, 312, 229 and 222 nm
corresponding to n—n* and n—n* transitions. Summary of the *'H NMR spectra is

represented in table 4.17.
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Figure 4.105. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-42
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File: AKS-1-42
Sample: AKANDE / DR. KHALID
Instrument: JEOL MS 600H-1

HEJ MASS SECTION
3/2/2016 4:04:05 PM

Date Run: 03-02-2016 (Time Run: 15:56:48)

Ionization mode: EI+
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ase: m/z 327; 35.9%FS TIC: 4189130

100
91.0
80
60
%
40
20
439
65.0
‘ 105.0
WII‘\JJhI'I .‘A‘Lrhh IIH\Y
mz 50 100

R.T.:.8
328.1
10
H;C. s
11
Hy,C™ 60
237.0
13
12" 7,
11 8'
2220 10 o
311.2
209.0
&1L 5243
342.1 332
481 | 4o
4L i ;Ilu‘hll |L| — L i -
350 400 450 500 550 600

Figure 4.107. EI-MS spectrum of AKS-1-42
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Figure 4.108. IR spectrum of AKS-1-42

208




THERMO ELECTRON ~ VISIONpro SOFTWARE V4.10

Operator Name ARSHAD ALAM Date of Report 5/20/2016
Department Analytical laboratory#004 TWC Time of Report 10:31:06AM
Organization ICCBS.Karachi University.
Information Prof Dr. Khalid / Akande.
Scan Graph
229.00 38600
2.00+
| 4
1.75 209,60 9
1.50+
8
5
8 1.25-
= '
g T
$ 1.00 2_7
Q
< 1 8
0.75
10' 9'
0.50
0.25
0.00+
200 225 250 275 300 325 350 375 400 425
Wavelength(nm)
Results Table - AKS- |- 42.sre,. ... .- |- 42,Cycle01
nm A Peak Pick Method
209.00 1.636 Find 8 Peaks Above -3.0000 A
215.00 1.783 Start Wavelength 200.00 nm
222.00 1.919 Stop Wavelength 450.00 nm
229.00 1.990 Sort By Wavelength
312.00 1.998 Sensitivity Manual
316.00 2.001 Rising Points 1
361.00 0.025 Falling Points 1
365.00 0.022 Min. Change 0.0000

Page 1, Scan Graph

Figure 4.109. UV spectrum of AKS-1-42
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Table 4.17. Summary of the *H NMR spectra of AKS-1-42

Position & H [mult., Jun (Hz)] (ppm)
1 12.23 [br s]
2 -
3 -
4 7.39 [s]
5 -
6 -
7 7.39 [s]
8 -
9 -
1’ -
2! -
3 7.19 [d, J3.a = 8.4]
4' 7.36 [t, Ja3 =7.2]
5 7.08[t, Js.¢ = 7.6]
6 8.21 [dd, Jo.s = 7.6, Jora = 1.2]
7' -
8’ 7.48 [d, Jgo = 7.2]
9’ 7.36 [t, Jog = Jo 100 = 7.2]
10’ 7.29 [t, Jio11r=7.2]
1 736 [t, Jirio= Jiviz = 7.2]
12' 7.48 [d, Jiz11r=7.2]
13-OCHo- 5.48 [s]
10-CHs 2.32[s]
11-CHs 2.32[s]
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4.1.18 Characterisation of 2-(3’-(benzyloxy)phenyl)-5-fluoro-1H-benzo[d]
imidazole (AKS-1-43)

4 3
F s 9 _N 5
N\ 2
2
6 SN,
7 H 2

2-(3'-(Benzyloxy)phenyl)-5-fluoro-1H-benzo[d]imidazole (AKS-1-43) was obtained as a
brown solid, 0.280 g (88.0% yield), a m.pt. of 201-204 °C and a Rt of 0.65 (hexane/ethyl
acetate, 1:1).

Presented in figures 4.110 and 4.111 are the *H NMR (500 MHz, DMSO-ds) spectra with
eleven chemical shift, 6 (ppm) values assigned to fifteen protons as follows: 13.05-13.02
(1H, br d, -NH) depicting the amine proton, 7.82 (1H, s, H-2"), 7.75 (1H, d, Je'5 = 7.5
Hz, H-6"), 7.58 (1H, br s, H-4), 7.50 (2H, d, = Jg'9' = J12,11' 7.5 Hz, H-8', H-12"), 7.48 (¢,
1H, Js.4 = 8.0 Hz, H-5"), a multiplet at 7.42 (3H, m, H-11", H-9", H-7), 7.35 (1H, t, Jio'o"
=7.5Hz, H-10"), 7.15 (1H, dd, Jss = 2.0 Hz, J45 = 8.0 Hz, H-4"), 7.08 (1H, dt, Je4 = 2.5
Hz, Je,7 = 8.5 Hz, H-6) depicting the twelve methine protons and 5.20 (2H, s, -OCH>-)
depicting the two methylene protons. The further splitting of the peak observed for proton
at position 6 as well as broadning of peak for proton at position 4 is as a result of the
ortho couplings. The doublet of doublet peak seen for proton at position 4’ is due to ortho
and meta couplings with those at positions 5’ (J = 8.0 Hz) and 6'/2' (J = 2.0 Hz)

respectively.

The EI-MS spectrum (figure 4.112) revealed the molecular ion, M* peak at m/z of 318
while the [M*+1] peak is at m/z 319. Cleavage of the o bond to oxygen produced m/z
228 and a prominent base peak at m/z 91, corresponding to [C13HgFN2O]"* and [C7H7]*
ions respectively. The peak often observed at m/z of 65 is indicative of the fragment
[CsHs]*. The m/z 28 is suggestive of either a [CO]*" or [CH-NH]* fragment ion. HREI-
MS analysis further confirmed the compound by revealing a m/z of 318.1185 (calculated
318.1168), corresponding to a molecular formular C2oH15FN2O.

The IR spectrum (figure 4.113) indicated vibrational absorption frequencies b (cm™) at
3449 (N—Hstr of amine), 3061 (aromatic C—Hstr), 2922 (aliphatic C—Hasy str), 1597, 1537
(aromatic C=Csy), 1451 (C—Hp), 1229 (C-Os of ether) and 1139 (C—Fsr). The UV
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spectrum (figure 4.114) shows maximum absorptions (Amax) at 307, 304, 299 and 222 nm
indicating n—n* and m—n* transitions. The summary of 'H NMR spectra is as

represented in table 4.18.
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Figure 4.110. *H NMR (500 MHz, DMSO-ds) spectrum of AKS-1-43
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Figure 4.111. *H NMR (500 MHz, DMSO-ds) spectra of AKS-1-43 (Expanded)
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File: AKS-1-43
Sample: AKANDE / DR. KHALID
Instrument: JEOL MS 600H-1
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Figure 4.112. EI-MS spectrum of AKS-1-43
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Figure 4.113. IR spectrum of AKS-1-43
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Figure 4.114. UV spectrum of AKS-1-43
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Table 4.18. Summary of the *H NMR spectra of AKS-1-43

Position & *H [mult., Jun (Hz)] (ppm)
1 13.05 [d]
2 -
3 -
4 7.58 [br s]
5 -
6 7.08 [dt, Je,7 = 8.5, Jo 4 = 2.5]
7 7.42-7.39 [m]
8 -
9 -
1’ -
o 7.82[s]
3’ -
4’ 7.15 [dd, J4s = 8.0, Jse = 2.0]
5 7.48[t, Js.4 = 8.0]
6 7.75[d, Jo.5 = 7.5]
71 -
8’ 7.50 [d, Jgor = 7.5]
o 7.42-7.39 [m]
10’ 7.35[t, Jioo = 7.5]
1’ 7.42-7.39 [m]
12' 7.50 [d, Ji2,111=7.5]
13’-OCH>- 5.20 [s]
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4.1.19 Characterisation of 2-(3'-(benzyloxy)phenyl)-5-chloro-1H-benzo[d]
imidazole (AKS-1-44)

Cls 913 ¢S
N\ .
2
6
7 SEI 2

Compound 2-(3'-(benzyloxy)phenyl)-5-chloro-1H-benzo[d]imidazole (AKS-1-44) was
obtained as a dark-brown solid, 0.292 g (87.2% yield), a m.pt. of 102-104 °C and R value

of 0.66 in a hexane/ethyl acetate (1:1) solvent system.

Revealed on *H NMR spectra (400 MHz, DMSO-ds) (Figures 4.115 and 4.116) are ten
chemical shifts, 6 (ppm) of peaks from fifteen protons. They are assigned to twelve
methine protons as 7.83 (1H, s, H-2"), 7.76 (1H, d, J¢.5 = 7.6 Hz, H-6"), 7.50 (2H, d,
Jiz11 = Jyo = 7.6 Hz, H-12', H-8"), 7.66 (1H, s, H-4), 7.62 (1H, d, J75 = 8.4 Hz, H-7),
7.50 (1H, t, Js'¢'= 7.6 Hz, H-5"), 7.42 (2H, t, Ji110' = o100 = 7.6 Hz, H-11", H-9"), 7.36
(1H, t, Jio1r = Jioo = 7.6 Hz, H-10"), 7.26 (1H, dd, Js7 = 8.4 Hz, Js4 = 1.6 Hz, H-6),
7.18 (1H, dd, Ja's' = 8.0 Hz, J4» = 1.6 Hz, H-4"), and two methylene protons as 5.21 (2H,
s, -OCHo>-), while the amine proton (expected to resonate further downfield) was not
captured. Protons at positions 6" and 5’ ortho coupled with each other (J=7.6 Hz) and in
like manner, proton 4’ exhibited ortho coupling with proton 5’ (J = 8.0 Hz) and on the
other hand coupled with proton 6’ (J = 1.6 Hz) on meta position. The signal at on 7.50
are overlapping peaks of two protons that are doublets and a proton that is a triplet.

The EI-MS spectrum (figure 4.117) produced a molecular ion, M* peak and a [M*+2]
isotope peak are at m/z at 334 and 336 respectively. Peaks at m/z 244 and 91 (base peak)
are due to a—bond cleavages of ether corresponding to [C13H9CIN20]** and [C7H-]*
respectively,. The elimination of CHO" from m/z of 244 is suggestive of the fragment at
m/z 215 which corresponds to [C12HsCIN2]*. The m/z of 65 is indicative of [CsHs]* ion.
The molecular formula, CxHisCIN2O, matches the m/z of 334.0895 (calculated
334.0873) from HREI-MS analysis, further confirming the compound.

The IR spectrum (figure 4.118) shows absorption frequencies, © (cm™) such as 3418,
3063, 2921, 2866, 1658, 1591, 1484, 1453, 1224 and 1024 corresponding to N—Hstr of 2°
amine, aromatic C—Hsr, aliphatic C—Hasy str and C—Hsym str, C=Nstr, aromatic C=Cstr, C—
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Hy of CHz, asymmetric and symmetric C—Osr Of ether respectively. Figure 4.119 presents
the wavelenghts of maximum absorptions, (Amax) from UV analysis at 310 and 222 nm
corresponding to n—n* and m—n* transitions. The summary of *H NMR spectra is

represented in table 4.19.
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Figure 4.115. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-44
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Figure 4.117. EI-MS spectrum of AKS-1-44
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Figure 4.118. IR spectrum of AKS-I1-44
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Figure 4.119. UV spectrum of AKS-1-44
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Table 4.19. Summary of the *H NMR spectra of AKS-1-44

Position & H [mult., Jun (Hz)] (ppm)
1 -
2 -
3 -
4 7.66 [s]
5 -
6 7.26 [dd, Je7 = 8.4, Js 4 = 1.6]
7 7.62 [d, J76 = 8.4]
8 -
9 -
1’ -
o 7.83[s]
3’ -
4’ 7.18 [dd, J45 = 8.0, Ja2' = 1.6]
5 7.50 [t, Js.¢'= 7.6]
6 7.76 [d, Jo.5 = 7.6]
71 -
8’ 7.50 [d, Jg.9r=7.6]
9’ 742 [t, Jog = o100 = 7.6]
10’ 7.36 [t, Jioo' = Jio, 11" = 7.6]
1’ 782t Jir1o = Jivaz = 7.6]
12 7.50 [d, 2H, Ji2,11'=7.6]
13’-OCH>- 5.21[s]
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4.1.20 Characterisation of 2-(4'-(benzyloxy)phenyl)-5-fluoro-1H-benzo[d]
imidazole (AKS-1-45)

4 3 .
FS 9 _N 2 13 = 10
1 4
\2 o :
6 S~ 8 9
7 ' 2 3

The brown compound, AKS-1-45 is a solid with a yield of 93.9% (0.299 g), a m.pt. 223-
226 °C and a Ry of 0.60 (hexane/ethyl acetate, 1:1).

Eight proton signals were obtained in § (ppm) units from *H NMR spectra (400 MHz,
DMSO-ds) (figures 4.120 and 4.121) and assigned to fourteen protons as 8.09 (2H, d,
Jos' = Jory = 8.8 Hz, H-6', H-2"), 7.57-7.54 (1H, m, H-4), 7.48 (2H, d, Ji2.11= Jso' = 7.2
Hz, H-12', H-8'), 7.42 (2H, t, Ji112 = Jog = 7.2 Hz, H-11", H-9), 7.38-7.32 (2H, m, H-
10', H-7), 7.21 (2H, d, J3.» = Js'¢ = 8.8 Hz, H-3', H-5'), 7.08 (1H, dt, Js,7 = 9.6 Hz, Js.4 =
2.0 Hz, H-6) representing the twelve methine protons, and 5.19 (2H, s, 13’-OCH2-)
representing the two methylene protons. The amine proton was not capture. The
influence of fluorine was also characteristic of the splitting patterns exhibited by protons
on positions 4 (multiplet) and 6 (doublet of triplet).

EI-MS spectrum (figure 4.122) shows m/z of the molecular ion, M* peak and a [M*+1]
peak at 318 and 319. The m/z 227 and 91 (base peak) resulted from an a—bond cleavage
of ether corresponding to [C13HsFN20O]* and [C7H7]* respectively. The m/z of 65
corresponds to [CsHs]* fragment ion. The fragment, m/z 227 [C13HgFN20O]* further
cleaves to give a m/z of 197 [C13HsFN2]* by eliminating CH>=0. Further confirming the
compound from HREI-MS analysis, the m/z of 318.1161 (calculated 318.1168) was

found corresponding to the molecular formula C2oH1sFN20.

From IR spectrum (figure 4.123), the frequencies of vibration, o (cm™) of bonds
assignable to some functional groups are 3419, 3063, 2928, 2877, 1609, 1500, 1442,
1251 and 1141 corresponding to N-Hs of amine, aromatic C—Hstr, asymmetric and
symmetric aliphatic C—Hstr, aromatic C=Csr, aliphatic C—Hy of CH2, C—Oasy str Of ether
and C—Fstr respectively. The UV spectrum (figure 4.124) shows maximum absorptions
(Amax) at 310, 299, 249 and 214 nm resulting from n—n* and n—n* transitions. The *H

NMR spectra data is summerised in table 4.20.
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Figure 4.120. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-45
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Figure 4.121. *H NMR (400 MHz, DMSO-ds) spectra of AKS-1-45 aromatic region (Expanded)
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Figure 4.122. EI-MS spectrum of AKS-1-45
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Figure 4.123. IR spectrum of AKS-1-45
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Figure 4.124. UV spectrum of AKS-1-45
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Table 4.20. Summary of the *H NMR spectra of AKS-1-45

Position & H [mult., Jun (Hz)] (ppm)

1 -
2 -
3 -
4 7.57-7.54 [m]
5 -
6 7.08 [dt, J7 = 9.6, Jeu = 2.0]
7 7.38-7.32 [m]
8 -
9 -
1’ -
2' 8.09 [d, Jo3 = 8.8]
3 7.21[d, J32 = 8.8]
4’ -
5 7.21[d, Jss = 8.8]
6 8.09 [d, Js:s =8.8]
7 -
8 7.481[d, Jg o =7.2]
0 7.42[t, Jog = 7.2]
10" 7.38-7.32 [m]
1’ 7.42[t, Ji112=7.2]
12' 7.48 [d, Jiz,111=7.2]

13"-OCHo- 5.19 [s]
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4.1.21 Characterisation of 2-(4'-(benzyloxy)phenyl)-5,6-dimethyl-1H-benzo[d]
imidazole (AKS-1-46)

10 4 3 { ! !
H;C.s 9 N 6 5 13 10°
' ! 7
\ 1 4 o
11 S~ g 9
H;C 6 b gl 2' 3'

Compound 2-(4'-(benzyloxy)phenyl)-5,6-dimethyl-1H-benzo[d]imidazole (AKS-1-46)
was obtained as a white solid, 0.311 g (94.7% yield), m.pt. 251-253 °C and Rt of 0.46
(hexane/ethyl acetate, 1:1).

Figures 4.125 and 4.126 show the proton signals obtained from *H NMR analysis (400
MHz, DMSO-dg) in 6 (ppm) units, and are assigned as 8.08 (2H, d, Js'5 = J» 3 = 8.8 Hz,
H-6', H-2'), 7.48 (2H, d, Ji211'= Jg 9 = 7.2 Hz, H-12', H-8"), 7.42 (2H, t, Ji1,12 = Jorg =
7.2 Hz, H-11', H-9"), 7.37-7.34 (3H, m, H-10", H-7, H-4), 7.22 (2H, d Js'¢ = J3'» = 8.8
Hz, H-5', H-3") to methine protons, 5.20 (2H, s, 13'-OCH>-) to methylene protons, and
2.32 (6H, s, 11-CHa, 10-CHs) to six equivalent dimethyl protons. The amine proton peak,
expected to appear further downfield (low field), was not captured. The pairs of methane
protons which resonated in the same chemical environment are at positions 7 and 4
(singlet), 6’ and 2’ (doublet), 5" and 3’ (doublet), 12" and 8’ (doublet) and 11" and 9’,
respectively. Also, the two methyl had their six protons resonating in the same

environment as a singlet.

From EI-MS spectrum (figure 4.127), the molecular ion, M* peak and the [M*+1] peak
are at m/z of 328 and 329 respectively. The base peak at m/z of 237 [C1sH13N20]"* and
tropylium ion [C7H7]* at m/z of 91, both resulted from a-bond cleavage of ether
functional group. A further loss of CO or 2CH3z" from the base peak resulted in m/z of
209 [C14H13N2]"* and a characteristic m/z of 65 is indicative of [CsHs]* ion. Also, a loss
of CH2C=N from the base peak is suggestive of m/z 197 which corresponds to
[C13H11NO]*. To further confirming the compound from HREI-MS analysis, the m/z
corresponding to the formula, C2H20N2O was obtained at 328.1563 (calculated,
328.1576).

The IR spectrum (figure 4.128) shows assignable vibrational frequencies, v (cm™) at
3424, 3036, 2923, 2859, 1610, 1502, 1456 and 1257 signifying the presence of an amine
N—Hstr, aromatic C—Hstr, aliphatic C—Hasy str and C—Hsym str, aromatic C=Csyr, C—Hp of

CHa3/CH; and C-Ogr of ether espectively. Represented in figure 4.129 is the UV spectrum
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showing the wavelenghts of maximum absorptions, (Amax) at 311, , 253 and 214 nm
indicative of n—n*and m—n* transitions. Table 4.21 represents the summary of 'H
NMR spectra.
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Figure 4.125. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-46
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Figure 4.126. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-46 aromatic region (Expanded)
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File: AKS-I-46
Sample: AKANDE / DR. KHALID
Instrument: JEOL MS 600H-1

HEJ MASS SECTION
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Figure 4.127. EI-MS spectrum of AKS-1-46
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Figure 4.128. IR spectrum of AKS-1-46
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THERMO ELECTRON ~ VISIONpro SOFTWARE V4.10

Operator Name ARSHAD ALAM Date of Report 5/20/2016
Department Analytical laboratory#004 TWC Time of Report 9:52:59AM
Organization ICCBS.Karachi University.
Information Prof Dr. Khalid / Akande.
Scan Graph
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Figure 4.129. UV spectrum of AKS-1-46
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Table 4.21. Summary of the *H NMR spectra of AKS-1-46

Position & H [mult., Jun (Hz)] (ppm)

1 -

2 -

3 -

4 7.37-7.34 [m]

5 -

6 -

7 7.37-7.34 [m]

8 -

9 -

1’ -

2 8.08 [d, J>3 = 8.8]

3 7.22 [d, Jy 2 = 8.8]

4’ -

5 7.22[d, Js.¢ = 8.8]

6' 8.08 [d, J¢s» =8.8]

71 -

8’ 7.48 [d, Jgo = 7.2]

o 7421t Jog=7.2]

10 7.37-7.34 [m]

1’ 742 [t Jiiz = 7.2]

12' 7.48 [d, Jiz,111=7.2]

13'-OCH:- 5.20 [s]

10-CHs 2.32[s]
11-CHs 2.32 [s]
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4.1.22 Characterisation of 2-(5’-bromo-2'-fluorophenyl)-5-nitro-1H-benzo[d]
imidazole (AKS-1-48)

The brown compound, AKS-1-48 is a solid with a yield of 50.2% (0.168 g), a m.pt. of
228-230 °C and a Rf value of 0.55 in a hexane/ethyl acetate (1:1) solvent system.

The 'H NMR spectra (400 MHz, DMSO-ds) represented in figures 4.130 and 4.131
exhibit six resonance peaks, J (ppm) representing the amine proton, assigned as 13.33
(1H, br s, -NH), six methine protons as 8.54 (1H, s, H-4), 8.18 (1H, dd, J4+3 = 8.8 Hz,
Jae = 2.0 Hz, H-4"), 8.39 (1H, dd, Js.7 = 6.4 Hz, Js 4 = 2.4 Hz, H-6), a multiplet at 7.81-
7.83 (2H, m, H-7, H-6") and 7.52 (1H, t, J34 = 8.8 Hz, H-3"). Protons on positions 4’ and
3’ couple with each other (ortho coupling).

Thirteen chemical shift, 6 (ppm) signals obtained from 3C NMR spectra (75 MHz,
DMSO-de) (figures 4.132 and 4.133) reveal seven quartenary carbons assigned as 149.54
(C-8, C-9), 143.06 (C-5), 157.52 (C-2), 160.03 (C-2"), 119.19 (C-1"), 116.83, 116.81 (C-
5") and six methine carbons assigned as 119.32 (C-7), 132.36 (C-6), 119.09 (C-4), 135.45
(C-6"), 135.36 (C-4"), 118.31 (C-3'). Result from DEPTH-135 (100 MHz, DMSO-ds)
experiment (spetrum in figure 4.134) also justifies the respective methine carbons.

The mass-to-charge ratios, m/z obtained from EI-MS analysis (figure 4.135) for the
molecular ion, M™ and an isotope peak, [M*+2] due to the presence of a bromine atom,
were at 335 (base peak) and 337 respectively. Fragment ion at m/z of 305 resulted from
M*-NO, which corresponds to [C1sH7BrFN20]* while the ion at m/z 289 was produced
from M*-NOz, which corresponds to [C13H7BrFN2]*. The fragment ion originating from
M*-NO2-Br corresponds to a m/z of 210 [CisH7FN2]* which further cleaves at the
imidazole ring to form a fragment at m/z of 90 [CeHsN]*. The m/z of 90 further
fragmented to an ion with m/z 63 [CsHs]*. The m/z of 334.9703 (calculated, 334.9706),
obtained from HREI-MS analysis, corresponds to the molecular formula C13H7BrFN3O»,

further confirming the compound.

The spectrum in figure 4.136 shows absorption bands from IR analysis assignable to
vibrational frequencies, v (cm™) typical of N-Hsy of 2° amine, aromatic C—Hstr, C=Nsr,
aromatic C=Cstr, N=0asy str and N=Osym str 0f NO2and C—Brstr, matching up to 3615, 3106,
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1629, 1591, 1474, 1523, 1343 and 885 cm™* respectively. The UV spectrum (figure 4.137)
shows wavelengths of maximum absorptions (Amax) at 324, 261 and 213 nm
corresponding to n—m*and t—n* transitions. Represented in table 4.22 is the summary

of 'H NMR and 3C NMR spectra.
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Figure 4.130. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-48
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Figure 4.131. *H NMR (400 MHz, DMSO-ds) spectra of AKS-1-48 (Expanded)
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Figure 4.132. 13C NMR (100 MHz, DMSO-ds) spectrum of AKS-1-48

246



AKANDE/DR, KHALID.ASK-I-48/
ICCBS,U.0.K/B.B

AKANDE /DR, KHALID.ASK-TI-48/
ICCBS,U.0.K/B.B

132.367

—135.45
T~135.363

bW

Vo Y

T T T T T T T T T T T T T T T T T T T T
135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 ppm

Figure 4.133. *3C NMR (100 MHz, DMSO-ds) spectrum of AKS-1-48 (Expanded)
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Figure 4.134. DEPTH-135 (100 MHz, DMSO-ds) spectrum of AKS-1-48

248



HEJ MASS SECTION
3/5/2016 3:32:14 PM

File: AKS-1-48 Date Run: 03-05-2016 (Time Run: 15:28:43)
Sample: AKANDE / DR. KHALID
Instrument: JEOL MS 600H-1

Ionization mode: EI+

Ecnn: 9 R.T.: .72
ase: m/z 334; 65.5%FS TIC: 4006046
100 335.1
4
O,N_s 9
80-|
6 8
7
60
%
40
210.1 2800 305,
262.0
183.0 1981 277.0
144.4 226.1 H
s 1 JIL. |‘J!|l I‘| - PR 1 gl 34?." ; e o
<150 200 250 300 350 400

Figure 4.135. EI-MS spectrum of AKS-1-48
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Figure 4.136. IR spectrum of AKS-1-48
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THERMO ELECTRON ~ VISIONpro SOFTWARE V4.10

Operator Name ARSHAD ALAM Date of Report 5/20/2016
Department Analytical laboratory#004 TWC Time of Report 10:00:44AM
Organization ICCBS.Karachi University.

Information Prof Dr. Khalid / Akande.
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Figure 4.137. UV spectrum of AKS-1-48
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Table 4.22. Summary of the *H NMR and *3C NMR spectra of AKS-1-48

Position & H [mult., Jun (H2)] (ppm) & 13C (ppm) DEPT-
135
1 13.33 [br s] - -
2 - 157.52 -
3 - - -
4 8.54 [s] 119.09 CH
S - 143.06 _
6 8.39 [dd, Js7 = 6.4, Jos = 2.4] 132.36 CH
7 7.83-7.81 [m] 119.32 CH
8 - 149.54 -
9 - 149.54 -
1 - 119.19 -
2' - 160.03 -
3 7.52 [dt, J3.4 = 8.8] 118.31 CH
4 8.18 [dd, Jy3 = 8.8] 135.36 CH
5 - 116.83, 116.81 -

6' 7.83-7.81 [m] 135.45 CH
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4.1.23 Characterisation of 5,6-dimethyl-2-(2',3',4'-trimethoxyphenyl)-1H-benzo
[d]imidazole (AKS-1-49)

H;g s AN R
H,C 6 3 8N, > 3 o
1 H;CO OCH;
7 8
The compound, AKS-1-49 is a white solid, with a yield of 49.0% (0.153 g), a m.pt. range
of 188-190 °C and a Ry value of 0.30 in a hexane/ethyl acetate (1:1) solvent system.

Presented in figures 4.138 and 4.139, the *H NMR spectra (400 MHz, DMSO-ds) show
seven chemical shift values, 6 (ppm) representing twenty protons. These values are
assigned as follows: 11.93 (1H, br s, -NH) to the amine proton, 7.92 (d, 1H, Js 5 = 8.8
Hz, H-6"), a value at 7.35 (2H, s, H-4, H-7; chemically equivalent due to tautomerism
between positions 1 and 3), 6.98 (d, 1H, Js.¢ = 9.2 Hz, H-5") to four aromatic methine
protons, 3.88 (3H, s, 7-OCHs), 3.86 (3H, s, 9'-OCHs3), 3.82 (3H, s, 8'-OCHj3) to nine
trimethoxy protons, and 2.30 (6H, s, 11-, 10-CHa) to six equivalent dimethyl protons.

Figures 4.140 and 4.141 also present twelve resonances from *C NMR (75 MHz,
DMSO-de) analysis with the chemical shift, o (ppm) values assigned as 147.69 (C-9, C-
8), 130.04 (C-6, C-5), 151.28 (C-2), 154.60 (C-4"), 116.19 (C-3"), 141.71 (C-2"), 115.06
(C-1") to nine quarternary carbons, 124.31 (C-5', C-6'), 108.47 (C-4, C-7) to four methine
carbons, 61.26 (C-7"), 60.50 (C-8"), 55.98 (C-9') to three methoxy carbons and 19.98 (C-
11, C-10) to two methyl carbons. DEPTH-135 (75 MHz, DMSO-dg) spectrum (figure
4.142) also confirmed the respective methine, methoxy and methyl carbons, all peaks

showing up in the positive mode.

The EI-MS spectrum (figure 4.143) shows ion peaks produced according to their mass-
to-charge ratios, m/z. Peaks at m/z 312 and 313 represent the molecular ion [M*] and
[M*+1] peaks. The base peak at m/z of 297 is due to loss of CHs" radical from the
molecular ion. Fragment ion with m/z of 281 is suggestive of M*-CH30" or M*-
2CH3"+H" cleavage while the cleavage, M*-CH30-CHj is indicative of the fragment ion
at m/z 266 corresponding to [C16H14N20z2]. Loss of the dimethyl side chain along with a
methoxy group from M™ is indicative of the peak at m/z 254, which corresponds to
[C15H14N2O2]* fragment. From HREI-MS analysis, the m/z corresponding to the
molecular formula C1gH20N203 was obtained at 312.1470 (calculated, 312.1474). This

further confirms the compound.
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The IR spectrum (figure 4.144) indicated vibrational frequencies © (cm™) at 3314, 3102,
2943, 1597, 1479, 1457, 1288 and 1083 corresponding to N—Hsi of amine, aromatic C—
Hstr, aliphatic C—Hstr, two aromatic C=Csr, C—Hp of CHas, and asymmetric and symmetric
C—Ostr of ether respectively. The UV spectrum shows wavelenght of maximum
absorptions (Amax), corresponding to n—7n* and nt—n* transitions at 311, 252 and 228
nm (figure 4.145). Summary of the *H NMR and *C NMR spectra is represented in table
4.23.
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Figure 4.138. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-49
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Figure 4.139. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-49 (Expanded)
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Figure 4.140. 13C NMR (75 MHz, DMSO-ds) spectrum of AKS-1-49
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Figure 4.141. *3C NMR (75 MHz, DMSO-ds) spectra of AKS-1-49 (Expanded)

258



Akande / Dr. Khalid / AKS-I-49 / DMSO

DEPT135
AV-300MHz
= © Lab.008 TWC
©“ -t O — 0 1=
< o & in g )
o~ =1 —_own L=
L - o own -—
NAME apri2-16
’ ‘ \/ ! EXPNO 17
PROCNO 1
Date 20160413
Time 4.57
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG dept135
™ 32768
SOLVENT DMSO
NS 6293
DS 2
SWH 15822.785 Hz
FIDRES 0.482873 Hz
AQ 1.0355188 sec
RG 32768
| DW 31.600 usec
DE 6.50 usec
TE 300.2 K
CNST2 145.0000000
Dl 1.50000000 sec
2 0.00344828 sec
p12 0.00002000 sec
DO 8
CHANNEL f1 ==
NuCl 13¢
Pl 8.00 usec
B2 16.00 usec
sL1 0.00 dB
SFO1 75.4752958 MHz
======== CHANNEL £2 =
CPDPRG2 waltzl6
NUC2 1K
P3 7.30 usec
P4 14.60 usec
PCPD2 100.00 usec
PL2 -3.00 dB
10 4 PL12 19.75 dB
H.C_s 9 SFO2 300.1315007 MHz
3 sI 32768
SF 75.4677884 Miz
WDW EM
sSB 0
A o 18 1.00 Hz
GB 0
H;C 7 BC 1.40
11
T T T T T T T T T
160 140 120 100 80 60 40 20 ppm

Figure 4.142. DEPTH-135 (75 MHz, DMSO-ds) spectrum of AKS-1-49
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File: AKS-1-49

Sample: AKANDE / DR. KHALID

Instrument: JEOL MS 600H-1
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Figure 4.143. EI-MS spectrum of AKS-1-49
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Figure 4.144. IR spectrum of AKS-1-49
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Figure 4.145. UV spectrum of AKS-1-49
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Table 4.23. Summary of the *H NMR and *3C NMR spectra of AKS-1-49

Position & H [mult., Jus (Hz)] & °C (ppm) DEPT-
(ppm) 135
1 11.93 [br s] - -
2 i 151.28 -
3 - - -
4 7.35 3] 108.47 CH
5 - 130.04 -
6 - 130.04 -
7 7.35[s] 108.47 CH
8 - 130.04 -
9 - 130.04 -
10 2.30 [s] 19.98 CHs
11 2.30 [s] 19.98 CHs
1 - 115.06 -
2' - 147.69 -
3 - 141.71 -
4' - 154.60 -
5 6.98 [d, Js.s = 9.2] 108.47 CH
6 7.92 [d, Jo.5 = 8.8] 124.31 CH
7"-OCHs 3.88[s] 61.26 CHs
9"-OCHj 3.86 [s] 55.98 CHs
8'-OCHs 3.82 [s] 60.50 CHs
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4.1.24 Characterisation of 2'-(1H-benzo[d]imidazol-2-yl)-3’-bromo-6'-methoxy-
phenol (AKS-1-50)

HO 0(7£H3

Compound 2'-(1H-benzo[d]imidazol-2-yl)-3’-bromo-6"-methoxyphenol (AKS-I1-50) is a
yellow solid with a yield of 41.8% (0.133 g), a m.pt. of 178-181 °C and a R value of 0.55
(hexane/ethyl acetate, 1:1). The six chemical shift, 5 (ppm) values obtained from H
NMR spectra (400 MHz, DMSO-de) (figures 4.146 and 4.147) are assigned as 11.70-
11.77 (1H, br d, N-H) to amine proton, 7.60-7.62 (2H, m, H-4, H-7), 7.22-7.24 (2H, m,
H-5, H-6), 7.18 (1H, d, J4.s = 8.8 Hz, H-4") and 7.07 (1H, d, Js.4 = 8.8 Hz, H-5") to six
methine protons, while 3.84 (3H, s, 6'-OCHpy) is to the methyl protons. The OH proton is
an exchaneable one and was not seen on the spectrum. The multiplet and doublet sinals
are leaning peaks, an indication that the protons involved couples to each other. The
peaks for protons 4, 5, 6 and 7 were seen as multiplets from overlaps due to rapid
exchange of proton between positions 1 and 3 (tautomerism).

The EI-MS spectrum (figure 4.148) reveals a mixture of the molecular ion, M* and
fragment ions with peak patterns spaced two mass units apart. The m/z of 318 and 320
are peaks corresponding to M* and [M*+2] (isotope peak due to 8Br atom and the base
peak). The presence of [M*+2]-17 peak, (loss of OH") corresponds to m/z of 303. The
fragment ion with m/z of 291 is suggests a loss of CoHs4 molecule from the isotope peak,
and a further loss of OH" is indicative of the fragment ion with m/z of 275, which
corresponds to [C12HgBrN2O]*. The m/z of 209 and 167 correspond to [CsHsBrNO]* and
[C11H7N2]* fragments respectively. Further confirming the compound from HREI-MS
analysis, the m/z of 318.0015 (calculated, 318.0004) was found corresponding to the

molecular formula C14H1:BrN20O.

Figure 4.149 is the spectrum of IR active bonds with vibrational frequencies,  (cm™)
assignable to some typical bonds such as N—Hst of amine, aromatic C—Hsr, aliphatic C—
Hstr, aromatic C=Cstr, C—Hp of OCH3s, C—Ostr of ether and C—Brsir corresponding to 3336,
~3100, 2925, 1585, 1450, 1245 and 989 respectively. The UV spectrum (figure 4.150)
shows maximum absorptions (Amax) at 282, 229 and 214 nm indicative of n—n* and

n—7* transitions. The *H NMR spectrum is summerised in table 4.24.
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Figure 4.146. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-50
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Figure 4.148. EI-MS spectrum of AKS-I1-50
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Figure 4.149. IR spectrum of AKS-1-50
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Figure 4.150. UV spectrum of AKS-1-50
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Table 4.24. Summary of the 'H NMR and *3C NMR spectra of AKS-I-50

Position & *H [mult., Jun (H2)]

(ppm)
1 11.77 [br d]
2 -
3 -
4 7.62-7.60 [m]
5 7.24-7.22 [m]
6 7.24-7.22 [m]
7 7.62-7.60 [m]
8 -
9 -
1’-OH Exchangeable
1’ -
2! -
3’ -
4’ 7.18 [d, Jy5 = 8.8]
5’ 7.07 [d, Js4 = 8.8]
6’ -

7"-OCHs 3.84 [s]
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4.1.25 Characterisation of 3’-bromo-2'-(5-fluoro-1H-benzo[d]imidazol-2-yl)-6'-
ethoxyphenol (AKS-1-51)

HO OCH,;
The compound, AKS-1-51 was obtained as a brown solid with a yield of 65.0% (0.219
g), a m.pt. range of 210-213 °C and a Ry of 0.50 (hexane/ethyl acetate, 1:1).

Six resonances, § (ppm) from *H NMR spectra (400 MHz, DMSO-ds) (figures 4.151 and
4.152) represent nine protons at 11.56 (br s, N-H) assigned to the amine proton, 7.57-
7.61 (1H, m, H-4), 7.40 (1H, dd, J76 = 7.6 Hz, H-7), 7.17 (1H, d, J4+5 = 8.8 Hz, H-4"),
7.10 (1H, dt, Js7 = 9.6 Hz, H-6), 7.07 (1H, d, Js'4' = 8.8 Hz, H-5") assigned to the methine
protons and 3.84 (3H, s, 6'-OCHz) assigned to the methoxy protons. The exchangeable
hydroxy proton (-OH) was not seen. The influence of fluorine on the splitting pattern
(multiplet) for proton on carbon 4 was observed. Furthermore, ortho coupling existed

between protons at positions 5’ and 4’ with a coupling constant of 8.8 Hz.

The ¥C NMR spectra (75 MHz, DMSO-ds) (figures 4.153 and 4.154), exhibit fourteen
resonances, ¢ (ppm) assigned as 147.85 (C-1'), 118.72 (C-2"), 112.58 (C-3'), 149.62 (C-
6"), 156.95 (C-2), 160.07 (C-5), 147.56 (C-9, C-8) to eight quarternary carbons, 117.65
(C-7), 114.33, 114.07 (C-6), 110.29, 109.95 (C-4), 122.50 (C-5', C-4"), 118.77 to five
methine carbons and 56.16 (C-7’) to the methoxy carbon respectively. The DEPTH-135
(100 MHz, DMSO-ds) spectrum shown in figure 4.155 also corroborates the respective
methine, methoxy and methyl carbons.

Figure 4.156 shows the ion peaks from EI-MS analysis. The molecular ion, M* and the
isotope ion, [M*+2] peaks have m/z of 336 and 338 (base peak) respectively. The
dehydration of [M*+2] ion is indicative of the peak at m/z 320. Also, loss of CH,=0
radical suggests the peak at m/z 307. [M*+2]-43 cleavage is suggestive of the fragment
at m/z 293 corresponding to [C12H7BrFN2O]*. Loss of HBr by the isotope radical ion
produced the fragment at m/z 258 corresponding to [C14H10FN202]*. The m/z of 185
corresponds to [Ci2H13N2]* fragment. The molecular formular, C14H10BrFN2O2 was
confirmed by HREI-MS analysis with m/z value of 335.9904 (calculated, 335.9910).

The IR absorption spectrum (figure 4.157) reveals the presence of N—Hsy, C—Hsir Of
aromatic, C—Hs of aliphatic, C=Cs of aromatic, C—Hpy of OCHs, C—Osr Of ether and C—

271



Fstr, With vibrational frequencies, © (cm™) at 3336, 3100, 2931, 1591, 1450, 1247 and
1136 respectively. The UV spectrum (figure 4.158) indicative of n—n* and n—n*
transitions, shows wavelenghts of maximum absorptions (Amax) at 287, 228 and 212 nm.
Summary of the *H NMR and *3C NMR spectra is represented in table 4.25.
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Figure 4.151. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-51
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275



Akande / Dr. Khalid / AKS-I-51 / DMSO
BB

Akande / Dr. Khalid / AKS-I-51/ DMSO
BB

S
v

160.07

156.95

149.62

—147.85

—147.56
122.50
— 11765
— 11433
—114.07
11258
—11029
—109.95

T T T T T T T T T T T T T T T T T T T T T T T T T T T
161 160 159 158 157 156 155 154 153 152 151 150 149 148 ppm 123 12z 121 120 118 118 117 116 115 114 113 112 111 110 ppm

Figure 4.154. *3C NMR (75 MHz, DMSO-ds) spectra of AKS-1-51 (Expanded)

276



Akande / Dr. Khalid / AKS-I-51 / DMSO

DEPT135
AV-300MHz
o — o0 = Lab.008 TWC
=+ a Q% e}
IS T O -
o ——0 4
LG} ol v
NAME Apr13-16
TV
PROCNO 1
Date_ 20160414
Time 5.41
INSTRUM spec
PROBHD 5 mm BBO BB-1H
4 PULPROG dept135
F D 32768
3 9 SOLVENT DMSO
NS 5328
DS 2
SWH 15822.785 Hz
6 FIDRES 0.482873 Hz
8 aQ 1.0355188 sec
7 RG 32768
DW 31.600 usec
OCH; DE 6.50 usec
TE 0.4 K
CNST2 145.0000000
Dl 1.50000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
DO 8
I | ======== CHANNEL f1 =
\ NUC1 13¢
Pl 8.00 usec
P2 16.00 usec
I PL1 0.00 dB
SFO1 75.4752958 MHz
5 oA, CHANNEL £2 =
CPDPRG2 waltzl6
NUC2 1H
P3 7.30 usec
P4 14.60 usec
PCPD2 100.00 usec
PL2 -3.00 dB
PL12 15.75 dB
SFO2 300.1315007 MHz
sI 3276
SF 75.4677884 MHz
wow EM
SSB 0
L3 1.00 Hz
GB 0
BC 1.40

T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 ppm

Figure 4.155. DEPTH-135 (75 MHz, DMSO-ds) spectrum of AKS-1-51
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Figure 4.158. UV spectrum of AKS-1-51
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Table 4.25. Summary of the *H NMR and *3C NMR spectra of AKS-1-51

Position & *H [mult., Jun (H2)] 3 13C (ppm) DEPT-

(ppm) 135
1 11.56 [br s] - -
2 - 156.95 -
3 - - -
4 7.61-7.57 [m] 110.29, 109.95 CH
5 - 160.07 -
6 7.10-7.05 [m] 114.33, 114.07 CH
7 7.40 [dd, J76 =7.6] 118.77, 117.65 CH
8 - 147.56 -
9 - 147.56 -
1’-OH Exchangeable - -
1 - 147.85 -
2' - 118.72 -
3’ - 112.58 -
4 7.17 [d, Jy5 = 8.8] 122.50 CH
5 7.10-7.05 [m] 122.50 CH
6’ - 149.62 -

7"-OCHs 3.84 [s] 56.16 CH3
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4.1.26 Characterisation of 3'-bromo-2’'-(5-chloro-1H-benzo[d]imidazol-2-yl)-6’-
ethoxyphenol (AKS-1-52)

4 3 Br
Cls 9N 3 4
AN 2 5
2
6 8Nl 1 6
7 H

-
HO OCH,

The brown compound, AKS-1-52 was obtained in solid form with a yield of 83.7% (0.296
g), am.pt. of 214-216 °C and a R value of 0.52 (hexane/ethyl acetate, 1:1). Figures 4.159
and 4.160 represent the *H NMR spectra (400 MHz, DMSO-ds) with seven resonance
peaks, o (ppm), assigned as 10.00-12.50 (2H, br s, 1’-OH, -NH) describing the amine and
hydroxy protons. The methine protons resonated at 7.65 (1H, s, H-4),7.61 (1H, d, J76 =
8.4 Hz, H-7), 7.25 (1H, dd, Js7 = 8.4 Hz, Js4 = 2.0 Hz, H-6), 7.17 (1H, d, J4 5 = 8.8 Hz,
H-4") and 7.08 (1H, d, Js'4 = 8.8 Hz, H-5") while peak at 3.85 describs the methoxy
protons (3H, s, 6'-OCHs3). Protons on positions 4’ and 5’ exhibit ortho coupling (coupling
constant = 8.8 Hz) while protons on positions 6 and 7 also coupled with each other with

proton on position 6 further displayed a meta coupling with proton on position 4.

Also shown in figures 4.161 and 4.162 are the *C NMR (75 MHz, DMSO-ds) spectra
with ¢ (ppm) values assigned as 147.52 (C-8, C-9), 149.69 (C-2), 126.27 (C-5), 147.76
(C-6', C-1"), 118.85 (C-2"), 112.67 (C-3') indicating the presence of eight quartenary
carbons, 122.48 (C-5', C-4"), 122.17 (C-6), 114.38 (C-7, C-4) representing five methine
carbons and 56.16 (C-7') representing a methoxy carbon. DEPTH-135 (100 MHz,
DMSO-ds) experiment further harmonizes the presence of the respective methine and

methoxy carbons as shown in figure 4.163.

From EI-MS spectrum (figure 4.164), peak patterns [M*+2] and [M*+4] resulted due to
isotope abundance of Br and Cl. lon peaks at m/z 352, 354 and 356 coresponds to [M*]
(molecular ion peak), [M*+2] (isotope and base peak) and [M*+4] (a second isotope
peak) respectively. The m/z of 336 [M*+2]-18, resulted from a loss in water molecule
from the base peak. Cleavage on imidazole ring gave rise to fragment ion with m/z of
229 [CgHsBrNO2]*, which on further loss of HCN molecule and H* radical produced the
fragment with m/z of 201 [C7H4BrO2]*. HREI-MS analysis produced a m/z of 351.9602
(calculated, 351.9614) which corresponds to the formula C14H10BrCIN2O2, and further

confirming the compound.
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The IR spectrum (figure 4.165) shows absorption frequencies © (cm™) at 3336, ~3100,
2837, 1587, 1247, 1053 and 875 indicating the presence of OHst overlaping the N—Hstr,
aromatic C—Hsy, aliphatic C—Hsy, aromatic C=Csyr, C—Ostr, C—Clstr and C—Brstr
respectively. Figure 4.166 represents the UV spectrum showing maximum absorptions
(Amax) at 291 and 213 nm indicating n—7n* and t—n* transitions. Table 4.26 gives the
summary of *H NMR and *3C NMR spectra.
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Figure 4.159. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-52
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Figure 4.162. 13C NMR (75 MHz, DMSO-ds) spectrum of AKS-1-52 (Expanded)
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Figure 4.163. DEPTH-135 (75 MHz, DMSO-ds) spectrum of AKS-1-52
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Figure 4.164. EI-MS spectrum of AKS-1-52
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Figure 4.165. IR spectrum of AKS-I-52
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Figure 4.166. UV spectrum of AKS-1-52
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Table 4.26. Summary of the *H NMR and *3C NMR spectra of AKS-1-52

Position & *H [mult., Jun (Hz)] (ppm) 5 18C DEPT-
(ppm) 135
1 12.50-10.00 [br s] - -
2 - 149.69 -
3 - - -
4 7.65 [s] 114.38 CH
5 - 126.27 -
6 7.25[dd, Je7 = 8.4, Jo4 =2.0] 12217 CH
7 7.61[d, J76 = 8.4] 114.38 CH
8 - 147.52 -
9 - 147.52 -
1-OH 12.50-10.00 [br s] - -
1 - 147.76 -
2' - 118.85 -
3’ - 112.67 -
4 7.17[d, Jy5 = 8.8] 122.48 CH
5 7.08[d, Js.4 = 8.8] 122.48 CH
6’ - 147.76 -
7"-OCHs 3.85 [s] 56.16 CHa
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4.1.27 Characterisation of 3'-bromo-2'-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)-
6’-methoxyphenol (AKS-1-54)

10

4 3
H;C_ s 9
H,C N

7

The brown compound, AKS-1-54 was obtained as a solid. It has a yield of 75.7% (0.263
g), a m.pt. of 236-239 °C and a Ry value of 0.52 in a hexane/ethyl acetate (1:1) solvent
system.

The 'H NMR spectra (400 MHz, DMSO-ds) in figures 4.167 and 4.168 show six
resonance peaks and the ¢ (ppm) values are assigned as 11.88 (br s, 1H, N-H) to the
amine proton, 7.39 (2H, s, H-4, H-7), the leaning peaks at 7.16 (1H, d, J4+5 = 8.8 Hz, H-
4"y and the doublet at 7.04 (1H, d, Js'4 = 8.8 Hz, H-5") to four aromatic methine protons,
3.83 (s, 3H, 7'-OCHpg) to the methoxy protons and a 2.32 chemical shift value (6H, s, 11-
CHs, 10-CHj5) to six equivalent methyl protons. The hydroxy proton (exchangeable) was

not seen on the spectrum.

The EI-MS spectrum (figure 4.169) shows peak patterns spaced two mass units apart.
The m/z for the molecular ion, M* and [M*+2] peaks are 346 (base peak) and 348 (isotope
peak) respectively. M*-18 is typical of water loss from molecular ion which corresponds
to a m/z of 328. The peak at m/z 317 is indicative of M*-CHO. Loss of radical fragments
CH30O°, OH' and 2CHs" suggest the peak with m/z of 268. The m/z of 225 also suggests a
fragment resulting from imidazole ring cleavage while m/z of 195 corresponds to
[C7H2BrO2]* fragment. Peak at m/z of 90 corresponds to a tropylium ion [C7H7]*. The
m/z obtained from HREI-MS analysis corresponding to the formula C1sH1sBrN2Oo, is
346.0295 (calculated, 346.0317), further confirming the compound.

The IR spectrum (figure 4.170) shows absorption bands typical functional groups with
vibrational frequencies, © (cm™) assigned as =3370, 3359, =3010, 2931, 2846, 1583,
1461, 1251 and 1056 to N—Hstr of 2° amine, O—Hstr, aromatic C—Hstr, aliphatic C—Hasy str
and C—Hsym str, aromatic C=Cstr, C—Hp, C—Ostr and C—Brsyr respectively. The UV spectum
in figure 4.171 shows peaks indicative of n—n* and n—x* transitions corresponding to
wavelenghts of maximum absorptions (Amax) at 291, 229, 222 and 213 nm. Table 4.27
represents the summary of *H NMR spectra.
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Figure 4.167. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-54
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Figure 4.169. EI-MS spectrum of AKS-1-54
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Figure 4.171. UV spectrum of AKS-1-54
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Table 4.27. Summary of the *H NMR spectra of AKS-1-54

Position 5 *H [mult., Jun (H2)]
(ppm)
1 11.88 [br s]
2 -
3 -
4 7.39 [s]
5 -
6 -
7 7.39 [s]
8 -
9 -
10-CH3 2.32 [s]
11-CH3 2.32 [s]
1-OH Exchangeable
1’ -
2! -
3’ -
4’ 7.16 [d, Jy5 = 8.8]
5’ 7.04 [d, Js4 = 8.8]
6’ -
7'-OCH3 3.83 [s]
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4.1.28 Characterisation of 4'-(5-fluoro-1H-benzo[d]imidazol-2-yl)-2',6'-dimethoxy-
phenol (AKS-1-55)

The brown compound, AKS-1-55 was obtained in solid form with a yield of 55.9% (0.161
g), m.pt. range of 311-313 °C and a Rs value of 0.36 (hexane/ethyl acetate, 7:3).

Figures 4.172 and 4.173 present the *H NMR spectra (400 MHz, DMSO-ds). The
chemical shifts, ¢ (ppm) obtained for five resonaces are described as follows: 9.29 was
assigned to the hydroxy proton (1H, br s, 1’-OH), the multiplet peak at 7.64-7.68 due to
the presence of a fluorine atom (1H, m, H-4), the other multiplet at 7.49-7.51 (3H, m, H-
5, H-3', H-7), and a doublet of tripplet at 7.21 (1H, dt, Je7 = 8.8 Hz, Js 4 = 2.4 Hz, H-6)
were assigned to the methine protons while the singlet at 3.88 was assigned to the six
equivalent methoxy protons (6H, s, 8'-OCHzs, 7'-OCHzs). The amine proton was not

captured.

The EI-MS spectrum (figure 4.174) reveals the molecular ion, M™ as the base peak at m/z
of 288 and a [M+1] peak at 289. Peaks at m/z of 273 and 257 correspond to [M*-CHjs]
and [M*-OCHzs] respectively. [M*-HF] resulted to m/z of 269 ion. Cleavage of the
imidazole ring yielded a m/z of 108 [CsH3sFN]*. The m/z 174 and 245 corresponds to the
fragments [CioH7FN2]* and [Ci3H10FN202]* respectively. The m/z of 288.0908
(calculated, 288.0910), obtained from the HREI-MS analysis, corresponds to the

molecular formula C1sH13FN2Os, and further confirms the compound.

The IR absorption spectrum (figure 4.175) shows the presence of O—Hstr, N—Hstr,
aromatic C—Hstr, aliphatic C—Hstr, two aromatic C=Cstr, C—Hp from OCHs, symmetric and
asymmetric C—Ostr Of ether and C—Fstr corresponding to 3516, 3375, =3050, 2937, 1612,
1510, 1477, 1232, 1112 and 1145 cm™ vibrational frequencies, © respectively. Figure
4.176 represents the UV spectrum of the compound with Amax at 316 and 217 nm
equivalent to n—n* and n—m* transitions respectively. Summary of the *H NMR spectra

is represented in table 4.28.
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Figure 4.174. EI-MS spectrum of AKS-1-55
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Figure 4.176. UV spectrum of AKS-1-55
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Table 4.28. Summary of the *H NMR spectra of AKS-1-55

Position & *H [mult., Jun (Hz)] (ppm)
1 -
2 -
3 -
4 7.68-7.64 [m]
5 -
6 7.21[dt], Jo7 = 8.8, Joq = 2.4]
7 7.51-7.49 [m]
8 -
9 -

1-OH 9.29 [br 5]
1’ -
o -
3 7.51-7.49 [m]
4’ .
5 7.51-7.49 [m]
6’ -

7"-OCHs 3.88 [s]

8'-OCHs3 3.88 [3]
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4.1.29 Characterisation of 4'-(5-chloro-1H-benzo[d]imidazol-2-yl)-2',6'-
dimethoxyphenol (AKS-1-56)

g
. OCH;
Cl; 9 _N 32
N4 1' OH
6 2
TN,
7 H 5o\ 7
OCH;

The dark-brown solid compound, AKS-I1-56 has a yield of 83.0% (0.253 g), m.pt. range
of 284-286 °C and a R value of 0.45 (hexane/ethyl acetate, 7:3).

The 'H NMR spectra (400 MHz, DMSO-ds) (figures 4.177 and 4.178) revealed six
resonance peaks. The 6 (ppm) 9.24 was assigned to the hydroxyl proton at position 1’
(1H, brs, 1'-OH). The methine protons resonated at 7.68, 7.64, 7.49 and 7.32 representing
(1H, s, H-4), (1H, d, J76 = 8.4 Hz, H-7), (2H, s, H-3’, H-5") and (1H, dd, Js7 = 8.4 Hz,
Js.4 = 2.0 Hz, H-6) respectively. Furthermore, 3.88 (s, 6H, 7'-OCHs, 8'-OCHj3) describes
the methoxy protons. However, the highly deshielded amine proton was not captured.

Fragmention patterns spaced two mass units apart due to the presence of a chlorine atom
was observed in the EI-MS spectrum (figure 4.179). The m/z of the molecular ion, M*
and [M*+2] peak were seen at 304 (base peak) and 306 (isotope peak) respectively. The
m/z of 289 and 273 resulted from fragmentations by loss of CH3 and OCHa radicals
respectively. M*-CHs-CH>=CH> fragmentation corresponds to the ion with a m/z of 261
[C12H6CIN203]*. Successive loss of OCHs radical, HCI and H>O molecules suggest the
peak at m/z of 218 corresponding to [C14HsN20]" fragment. Cleavage at the imidazole
ring, alongside the loss of two H radicals is indicative of a fragment ion with m/z of 177.

Also, [C2HeN]* fragment ion is indicative of m/z 44.

The IR absorption spectrum (figure 4.180) shows vibrational frequencies, ® (cm™) of
bands assigned as =3450, <3200, 3114, 2941, 2844, 1504, 1467, 1234 and 1118 cm™
corresponding vibrational bonds of O—Hstr, N—Hstr, aromatic C—Hstr, aliphatic C—Hasy str
and C—Hsym str, aromatic C=Cstr, C—Hp of OCH3s, symmetric and assymetric C—O-Cs of
ether respectively. The UV spectrum (figure 4.181) shows wavelenghts of maximum
absorptions (Amax) at 319 and 222 nm dipicting n—7* and n—n* transitions. Summary

of 'H NMR spectrum is represented in table 4.29.
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Figure 4.177. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-56
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Table 4.29. Summary of the *H NMR spectra of AKS-1-56

Position & H [mult., Jun (Hz)] (ppm)
1 -
2 -
3 -
4 7.68 [s]
5 -
6 7.32[dd, Jo7 = 8.4, Jo.s = 2.0]
7 7.64 [d, J76 = 8.4]
8 -
9 -

1-OH 9.24 [br 5]

1’ -
2! -
3 7.49 [s]
4’ -
5 7.49 [s]
6’ -

7"-OCHs 3.88 [s]

8'-OCHs 3.88 [s]
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4.1.30 Characterisation of 4'-(5-fluoro-1H-benzo[d]imidazol-2-yl)benzene-1',2",3'-
triol (AKS-1-57)

4 3 56

FS 9 _N
6 < 8 El =

HO OH

The compound, AKS-1-57 is a brown solid with a 0.237 g (91.0%) yield, m.pt. of 287-
288 °C and a Ry value of 0.64 (hexane/ethyl acetate solvent system, 7:3).

Figures 4.182 and 4.183 represent the *H NMR spectra (400 MHz, DMSO-ds), and the
chemical shifts, 6 (ppm) values recorded for eight resonance peaks are assigned as ~13.90
(br s, 1H, -NH) to amine proton, 9.61 (1H, br d, 3'-OH), 8.58 (br s, 2H, 1’-OH) to two
hydroxy protons (a third exchangeable hydroxy proton was not seen). The methine
protons resonate at 7.56-7.62 (1H, m, H-4; most deshielded methine proton observed as
a multiplet due to ortho coupling with fluorine), 7.43 (1H, d, J7s = 8.0 Hz, H-7), 7.35
(1H, d, Js,¢ = 8.8 Hz, H-5"), 7.14 (1H, dt, Je4 = 2.0 Hz, Js 5 = 8.8 Hz, H-6; presenting
further splitings as a result of ortho coupling with fluorine) and at 6.49 (1H, d, J¢.s = 8.4
Hz, H-6").

Fragmentation partern from EI-MS spectrum (figure 4.184) shows the molecular ion, M*
peak with m/z of 260 as the base peak and a prominent [M*+1] peak at m/z of 261. M*-
CHO suggests an ion with m/z of 231. Fragment ions with m/z of 203 and 187 indicate
the loss of [HF+2H,0] and [HF+3H20] molecules from the molecular ion respectively.
Cleavage at the imidazole ring yields an ion with m/z of 150 [C7H4NOz3]*. The m/z of 175
and 161 correspond to [CoH4FN20]"* and [CoHsFN2]"* fragments.

Figure 4.185 is the IR absorption spectrum indicating some vibrational frequencies, v at
~3400, 3240, 3066, 1624, 1494, 1143 and 1110 cm?, corresponding to N—Hstr, O—Hstr,
aromatic C—Hstr, C=Nstr, C=Cstr, C—Fstr and C—Ostr Of hydroxy respectively. The spectrum
from UV analysis (figure 4.186) shows maximum absorptions (Amax) at 327, 315, and 222
nm corresponding to n—n* and n—n* transitions. Summary of the *H NMR spectrum

is presented in table 4.30.
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Figure 4.182. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-57
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Figure 4.184. EI-MS spectrum of AKS-1-57
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Figure 4.185. IR spectrum of AKS-I-57
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Figure 4.186. UV spectrum of AKS-1-57
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Table 4.30. Summary of the *H NMR spectra of AKS-1-57

Position & *H [mult., Jun (Hz)] (ppm)
1 ~12.90 [br s]
2 -
3 -
4 7.62-7.58 [m]
5 -
6 7.14 [dt, Js 5 = 8.8, Js4 = 2.0]
7 7.43 [d, J76 = 8.0]
8 -
9 -
1-OH 8.58 [br s]
2'-OH Exchangeable
3-OH 9.61 [brd]
4’ -
5’ 7.35[d, Js.¢' = 8.8]
6’ 6.49 [d, J¢.s' = 8.4]
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4.1.31 Characterisation of 4'-(5-fluoro-1H-benzo[d]imidazol-2-yl)-2'-methoxy-
phenyl acetate (AKS-1-59)

4 , \
F 9 N 9 0
N\ 4 %
T o,
NN =K, O
OCH,

The brown solid compound, AKS-1-59 was obtained with a 55.0% (0.164 g) yield, a m.pt.
range of 124-127 °C and a Rt value of 0.36 (in a hexane/ethyl acetate solvent system,
1:1).

The chemical shifts, 6 (ppm) obtained from *H NMR spectra (400 MHz, DMSO-ds)
(figures 4.187 and 4.188) are assigned to protons as 7.89 (1H, d, J;.s» = 1.6 Hz, H-3'),
7.75 (1H, dd, Js.¢ = 8.4 Hz, Js'3' = 1.6 Hz, H-5"), 7.60-7.63 (1H, m, H-4), 7.44 (1H, dd,
J7e5=2.0 Hz, J76 = 9.2 Hz, H-7), 7.29 (1H, d, Js.5 = 8.0 Hz, H-6") and 7.12 (1H, dt, Je4
= 2.4 Hz, Js7 = 9.2 Hz, H-6) representing the methine protons, 3.89 (3H, s, 7'-OCHz)
representing the methoxy protons and 2.29 (3H, s, 9'-CHj3) representing the methyl
protons of the acetate functional group. The amine proton was not captured. The effect

of fluorine (further splittings) were also observed for H-4 and H-6 resonance peaks.

The molecular ion, M* and M*+1 peak from EI-MS analysis (figure 4.189) have m/z of
300 and 301 respectively. The characteristic elimination of the neutral molecule
CH2=C=0 (a ketene) from M* gave rise to the base peak at m/z of 258 [C14H11FN202]*
while the peaks at m/z 215, 200 and 187 correspond to the fragments [C14H11FN202]",
[C12HoFN2]* and [C11HsFN2]* respectively. Loss of CH30 and CHsC=0 radicals from
the molecular ion is indicative of the fragment ion with m/z of 228 [C13H9sFN20]*. Also,
a prominent peak at 43 is suggests the cation [CH3C=0]*. Further confirming the
compound from HREI-MS analysis, the m/z found corresponding to the molecular
formula, C1:H7CIN20 is 300.0903 (calculated 300.0910).

The IR spectrum (figure 4.190) reveals the presence of amine N—Hst, aromatic C—Hsr,
aliphatic C—Hasy str and C—Hsym str, C=Ostr Of ester, C=Nstr, C=Cstr, C—Hp, C—Ostr Of ester
and C—Fs corresponding to 3415, 3079, 2932, 2854, 1761, 1633, 1603, 1475, 1207 and
1139 cm vibrational frequencies, © respectively. The UV spectrum (figure 4.191) shows
wavelenghts of maximum absorptions (Amax) at 310 (n—m* transition) and 214 nm

(m—m* transition). *H NMR spectra is summarised in table 4.31.
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Figure 4.187. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-59
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Table 4.31. Summary of the *H NMR spectra of AKS-1-59

Position & *H [mult., Jun (H2)] (ppm)
1 -
2 -
3 -
4 7.63-7.60 [m]
5 -
6 7.12 (dt, Js7 = 9.2, Jou = 2.4]
7 7.44[dd, J76 = 9.2, J75.5 = 2.0]
8 -
9 -
1’ -
2! -
3 7.89[d, J3.5 = 1.6]
4’ -
5’ 7.75[dd, Js¢ = 8.4, Js3 = 1.6]
6 7.29[d, Js.s = 8.0]
7"-OCHs 3.89 [s]
9'-CHs 2.29[s]
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4.1.32 Characterisation of 4'-(5-chloro-1H-benzo[d]imidazol-2-yl)-2'-methoxy-
phenyl acetate (AKS-1-60)

4 3 56
Cls 9 _N o)
\©: ) 24 I O%'
SN K . O
OCH;
The compound, AKS-1-60 was obtained as a dark-brown soild ina 61.9% (0.196 g) yield.

Its m.pt. ranges between 128-129 °C and has a Ry value of 0.38 from a hexane/ethyl
acetate (1:1) solvent system.

The 'H NMR spectra (400 MHz, DMSO-ds) of the compound is represented in figures
4.192 and 4.193. The chemical shift values, ¢ (ppm) obtained are assigned as 7.89 (1H,
d, 3.5 = 1.6 Hz, H-3"), 7.76 (1H, dd, Js3 = 1.6 Hz, Js'¢ = 8.4 Hz, H-5"), 7.66 (1H, s, H-
4),7.63 (1H, d, J76 = 8.8 Hz, H-7), 7.29 (1H, d, J¢5s = 8.4 Hz, H-6) and 7.26 (1H, dd,
Js,7 = 8.8 Hz, Js.4 = 2.0 Hz, H-6) to six methine protons, 3.90 (3H, s, 7'-OCHj3) to three
methoxy protons, and 2.29 (3H, s, 9’-CHz) to the methyl protons of the acetate functional
group. The amine proton was not captured on the spectrum.

From EI-MS analysis (figure 4.194), peak patterns spaced two mass units apart were
observed due to the presence of a Cl atom. The m/z of 316 and 318 connote the molecular
ion, M* and isotope, [M*+2] peaks. The fragmentation, M*-H.C=C=0 produced the base
peak at m/z 274 and a corresponding isotope peak at m/z 276. Loss of CH>=0 from the
base peak yielded a fragment at m/z of 245. Loss of CH3-CH=0 from m/z 245 is
suggestive of the peak at 203 while m/z of 231 indicates the fragment [C12HsCIN2O]"*.
Peak with a m/z of 90 corresponds to [CsHsN]*, and on further fragmentation, losses
HCN to produce an ion with m/z of 63 corresponding to [CsHs]*. HREI-MS analysis
further confirmed the compound whereby the m/z obtained at 316.0621 (calculated,

316.0615) corresponds to the molecular formula C16H13CIN203.

Vibrational frequencies, b (cm™) of some typical bonds from the IR spectrum (figure
4.195) are 3076 (C—Hstraromatic), 2935 (aliphatic C—Hstr), 1758 (C=0Osr Of ester), 1656
(C=Nstr), 1600, 1500 (aromatic C=Cst), 1431 (C—Hp of CH3/OCHz), 1204 (C—Ostr of
ester) and 1060 (C—Clstr). The UV spectrum (figure 4.196) showed maximum absorptions
(Amax) corresponding to n—m* and m—n* transitions at 312, 247 and 222 nm.

Represented in table 4.32 is the summary of *H NMR spectra.
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Figure 4.192. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-60
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Figure 4.196. UV spectrum of AKS-1-60
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Table 4.32. Summary of the *H NMR spectra of AKS-1-60

Position & H [mult., Jun (Hz)] (ppm)
1 -
2 -
3 -
4 7.66 [s]
5 -
6 7.26 [dd, Jo7 = 8.8, Jo.s = 2.0]
7 7.63 [d, J76 = 8.8]
8 -
9 -
1’ -
2! -
3 7.89[d, J3.5 = 1.6]
4’ -
5’ 7.76 [dd, Js6 = 8.4, J53 = 1.6]
6 7.29[d, Jo.s = 8.4]
7"-OCHs 3.90 [s]
9'-CHs 2.29[s]
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4.1.33 Characterisation of 2'-methoxy-4'-(5-nitro-1H-benzo[d]imidazol-2-yl)-
phenyl acetate (AKS-1-61)

4 3 ' "
O,N_5 9o N 9 0
\ 4 8{'
C[ N
6 2 8 1;111 N\ 7 3
OCH,

The yellow compound, AKS-I-61 was obtained as a solid substance in a yield of 70.6%
(0.231 g), m.pt. of 203-207 °C and a Ry value of 0.31 (hexane/ethyl acetate, 1:1).

Represented in figures 4.197 and 4.198 are eight signals from the *H NMR (400 MHz,
DMSO-ds) spectra. 6 (ppm) values were assigned as 13.61 (1H, br s, —NH; most
deshielded) to the amine proton, 8.15 (1H, d, J7s = 8.4 Hz, H-7), 8.50 (1H, br s, H-4),
7.94 (1H, s, H-3"), 7.83 (2H, d, Js.¢ = 8.4 Hz, H-5"), 7.77 (1H, br s, H-6), 7.34 (1H, d,
Je' s = 8.4 Hz, H-6") to the methine protons, 3.91 (3H, s, 7'-OCH3) to the methoxy protons
and 2.29 (3H, s, 9'-CHa) to the upfield methyl protons of the acetate functional group.

The molecular ion, M* peak from EI-MS spectrum (figure 4.199) was obtained at a m/z
of 327. Characteristic M*-NO yielded the peak with a m/z of 297 and a further loss of
CH,=C=0 fragment produced the peak at 255 which corresponds to [C14H11N203]*. The
base peak at m/z of 285 resulted from a characteristic loss of CH,=C=0 from M*
corresponding to [C14H11N3O4]*. The m/z of 238 is suggestive of the fragment
[C13HgN302]*. Peaks at m/z 90 and 63 correspond to [CeHsN]* and [CsH3]* fragment ions
respectively. Further confirming the compound from HREI-MS analysis, the m/z found
corresponding to the formula C16H13N3Os is 327.0856 (calculated 327.0855).

The IR spectrum (figure 4.200) shows characteristic vibrational frequencies, v for amine
N—Hstr, aromatic C—Hstr, aliphatic C—Hstr, C=Ostr Of ester, two aromatic C=Cstr, N=Osym
str Of nitro group, and C—Ost of ester corresponding to 3315, 3101, 2959, 1760, 1598,
1501, 1338 and 1214 cm™ respectively. The maximum absorption wavelenghts (Amax) at
330, 269 and 213 nm were obtained from the UV analysis (figure 4.201) indicating n—n*

and m—m* transitions. Table 4.33 represents the summary of *H NMR spectra.
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Figure 4.197. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-61
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Figure 4.201. UV spectrum of AKS-1-61
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Table 4.33. Summary of the *H NMR spectra of AKS-1-61

Position & H [mult., Jun (Hz)] (ppm)
1 13.61 [br s]
2 -
3 -
4 8.50 [br s]
5 -
6 7.77 [brs]
7 8.15[d, J76 = 8.4]
8 -
9 -
1’ -
2! -
3 7.94 ]
4’ -
5 7.83[d, Jsis = 8.4]
6 7.34[d, Jos = 8.4]
7"-OCHs 3.91 [s]
9'-CHs 2.29[s]
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4.1.34 Characterisation of 2-(2’-bromo-4',5’-dimethoxyphenyl)-1H-benzo[d]
imidazole (AKS-1-63)

The brown solid compound, AKS-1-63 was obtained in a yield of 61.6% (0.205 g), having
a m.pt. of 186-188 °C and a 0.34 Rr value obtained a hexane/ethyl acetate(1:1) solvent

system.

Figures 4.202 and 4.203 show six *H NMR resonance peaks (400 MHz, DMSO-de) in 6
(ppm) units and are assigned as 12.55 (1H, s, -NH) to the amine proton, 7.67 (1H, d, Ja5
= 7.6 Hz, H-4), 7.20 (1H, t, Js6 = 7.2 Hz, H-5), 7.24 (1H, t, Js5 = 7.2 Hz, H-6), 7.53 (1H,
d, J76 = 7.2 Hz, H-7), 7.30 (1H, s, H-6") and 7.33 (1H, d, H-3") to the methine protons,
with protons at positions 5 and 6 exhibit ortho coupling (J = 7.2 Hz). The two methoxy
protons resonate at 3.85 and 3.81, both represented as (3H, s, 8'-OCH3) and (3H, s, 7'-
OCH3) respectively.

The fragmentations obtained from EI-MS analysis (figure 4.204) gave peak patterns
spaced two mass units apart due to a bromine atom. The molecular ion, M* and the
isotope, [M*+2] peaks were obtained at m/z of 332 (base peak) and 334 respectively. The
peak with m/z of 319 corresponds to [M-CHs]*, while that of 303 is suggestive of a
cleavage due to loss of CH,OH from M*. Removal of CH3zO and CHs radicals in
succession is indicative of the fragment with m/z of 288 [C13H7BrN2O]". Loss of Br
radical from M~ yielded the ion with m/z of 254. The m/z of 195 and 167 correspond to
the fragment ions [C13H10N2]* and [CeHBrO]* respectively. Further confirming the
compound, HREI-MS analysis yielded the m/z of 332.0144 (calculated, 332.0160)

corresponding to the molecular formula, C1sH13N202Br.

The IR spectrum (figure 4.205) depicts vibrational frequencies, v at =3300, 3053, 2959,
2840, 1598, 1501, 1441, 1210 and 866 cm™ corresponding to N—Hsr of 2° amine,
aromatic C—Hsr, aliphatic C—Hasy str and C—Hsym str, two aromatic C=Cstr, C—Hp of OCHg,
C—Ostr of ether and C-—Brsr respectively. The UV spectrum (figure 4.206) gave
wavelenghts of maximum absorptions (Amax) at 291 and 222 nm corresponding to n—n*

and m—m* transitions. The summary of *H NMR spectra is represented in table 4.34.
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Figure 4.202. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-63

343

mar09-16
12
20160309
14.31
spect

5 mm SEI 1H-13
zg30
65536
DMSO

64

0
8012.820
0.122266

4.0894966
512

62.400
6.50

300.0
2.00000000
1

CHANNEL £f1
H

10.80

3.00
400.0332002

32768
400.0300041
EM

0
0.30
0
1.00

AVANCE AV-400 MHz
Lab # 115 |



—T7:673
—7.654
—7.534
—17.516
—7.336
—=7.301

AKANDE/DR.KHALID/AKS.I.63A
1H

673 *

=—17.654
5
7.186

7.204

7

—3.857
—~3.814

§7.

NE Q\\

AKANDE/DR.KHALID/AKS.I.63A
1H

Ko

s e W ﬁ T T F ﬁ 3 \7"*

T L 7 ¥ T T T
Ly o s - o5 pie P & o 765 760 755 750 745 740 735 730 7.25 7.20 g

Figure 4.203. *H NMR (400 MHz, DMSO-ds) spectra of AKS-1-63 (Expanded)

344



File: AKS-1-63
Sample: AKANDE / DR. KHALID
Instrument: JEOL MS 600H-1

HEJ-ICCBS
3/9/2016 12:25:07 PM

Date Run: 03-09-2016 (Time Run: 12:19:33)

Ionization mode: EI+

Scan: 7

Base: m/z 332; 99.5%FS TIC: 9393118

"]

R.T.:.53

2.0

80
4
1 5
6
60
%
40-
303.0
1951 319.0
20
167.0
288.0
- 2740
571 i 180.1
5.0 105.0 1191 2101 J Y
1445 :
mz 50 100 150 200 250 300 350

Figure 4.204. EI-MS spectrum of AKS-1-63
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Figure 4.206. UV spectrum of AKS-1-63
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Table 4.34. Summary of the *H NMR spectra of AKS-1-63

Position & *H [mult., Jun (H2)]

(ppm)

1 12.55 [s]

2 -

3 -

4 7.67 [d, Jas =7.6]

5 7.20 [t, Js6 = 7.2]

6 7.241t, Jo5 = 7.2]

7 7.53[d, J76=7.2]

8 -

9 -

1’ -

91 -

3 7.33 [s]

4’ .

5 -

6' 7.30 [s]
7'-OCH3 3.81[s]
8'-OCH3 3.85 [s]
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4.1.35 Characterisation of 2-(2’-bromo-4',5’-dimethoxyphenyl)-5-fluoro-1H-
benzo[d] imidazole (AKS-1-64)

The brown solid compound, AKS-I-64 was obtained in a yield of 69.8% (0.245 g), a
m.pt. range of 115-118 °C and a Ry value of 0.44 in a hexane/ethyl acetate (1:1) solvent

system.

Eight resonance peaks ¢ (ppm) were recorded from the *H NMR spectra (500 MHz,
DMSO-dg) (figure 4.207 and 4.208) and are assigned as 12.73 to the amine proton (1H,
br d, -NH). Peaks for the methine protons were at 7.40 (1H, br d, J76 = 8.5 Hz, H-7), 7.59
(1H, brs, H-4), 7.33 (1H, s, H-3"), 7.30 (1H, s, H-6') and 7.09 (1H, dt, Js.7 = 9.0 Hz, Js 4
= 2.0 Hz, H-6; coupling effect of fluorine with proton at position 6 observed). The
methoxy protons resonated at 3.85 and 3.81 represented as (3H, s, 8'-OCH3) and (3H, s
7'-OCHj) respectively.

Figure 4.209 shows peaks of fragment ions with the molecular ion, M* and the isotope,
[M*+2] peaks at m/z of 350 and 352 (base peak) respectively. [M-CHs]" is indicative of
the fragment ion with m/z of 335, which on further cleavage at the imidazole ring
produced the ion with m/z of 228 [CsHs®'BrNO]*. The m/z of 321 suggests a loss of
CH3O radical from the [M*+2], which corresponds to [CiaHo®'BrFN.O]*. The
fragmentation, M*-CH,=0-CHs suggests the ion with m/z of 307 [C1sH/*'BrFN.O]*.
Peaks with m/z of 213 and 185 correspond to the fragment ions [C7H22'BrNO]* and
[C11HeFN2]*. HREI-MS analysis further confirmed the compound revealing a m/z of
350.0063 (calculated, 350.0066) corresponding to the formula, C1sH12N202BrF.

Spectrum from IR analysis (figure 4.210) shows vibrational frequencies, © (cm™)
assignable to some functional groups such as 3568, 3004, 2953, 2836, 1633, 1602/1504,
1443, 1267/1035, 1136, and 900 corresponding to (N-Hstr), (sp? C—Hstr aromatic), (sp®
C—Hasy str aliphatic), (sp® C—Hsym sir aliphatic), (C=Nstr), (C=Csr aromatic), (C—Hp), (C—
Ostr), (C—Fstr) and (C—Brstr) respectively. Figure 4.211 represents the UV spectrum,
presenting wavelenghts of maximum absorptions (Amax) at 296, 222 and 214 nm
indicative of n—n* and n—n* transitions. Table 4.35 shows the summary of the H

NMR spectra.
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Figure 4.207. *H NMR (500 MHz, DMSO-ds) spectrum of AKS-1-64
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Figure 4.208. *H NMR (500 MHz, DMSO-ds) spectra of AKS-1-64 (Expanded)
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Figure 4.209. EI-MS spectrum of AKS-1-64
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Figure 4.211. UV spectrum of AKS-1-64

354



Table 4.35. Summary of the *H NMR spectra of AKS-1-64

Position & *H [mult., Jun (H2)] (ppm)

1 12.73 [br d]
2 -
3 -
4 7.59 [br s]
5 -
6 7.09 [dt, Jo7 = 9.0, Je = 2.0]
7 7.40 [br d, J76 = 8.5]
8 -
9 -
1’ -
2! -
3 7.33[s]
4 _
5/ -
6 7.30 [s]

7-OCHs 3.81 [s]

8'-OCH3 3.85 [s]
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4.1.36 Characterisation of 2-(2’-bromo-4',5’-dimethoxyphenyl)-5-chloro-1H-
benzo[d]imidazole (AKS-1-65)

The brown solid compound, AKS-1-65 was obtained in a 58.8% (0.216 g) yield, m.pt.
range of 113-115 °C and a R value of 0.46 (hexane/ethyl acetate solvent system, 1:1).

The following five signals in ¢ (ppm) units were obtained from *H NMR spectra (400
MHz, DMSO-ds) (figures 4.212 and 4.213): the peaks at 7.62 (1H, d, J76 = 8.4 Hz, H-7;
ortho coupled with proton on position 6), 7.26 (1H, dd, Js.7 = 8.4 Hz, Js4 = 1.6 Hz, H-6;
ortho coupled with proton on position 7), 7.66 (1H, s, H-4), 7.31 (1H, s, H-6"), 7.34 (1H,
s, H-3") all represent the methine protons while 3.86 (3H, s, 8'-OCHj3) and 3.81 (3H, s,
7'-OCHBg) represent the methoxy proton peaks. The amine proton was not captured.

From EI-MS spectrum (figure 4.214), isotope peaks which include [M*+2] and [M*+4]
peaks were obtained alongside many other fragment ion peaks, both ascribed to the
presence of Cl and Br atoms. The m/z of 366, 368 and 370 were obtained for M* peak,
[M*+2] (isotope and base peak) and [M*+4] (isotope peak) respectively. The peaks at
m/z of 353 (M*-CHjs), 337 (M*-OCHzs) and 322 (M™-OCHs-CHs) correspond to the
fragment ions [C14Ho®BrCIN202]*, [C1aHo®'BrCIN2O]* and [CisHe®BrCIN.O]*
respectively. Loss of Br radical from M* suggests the m/z of 288. Fragmentation via the
imidazole ring coupled with loss of a CHs radical from M™ is indicative of the fragment
with m/z of 229, corresponding to [CsHs®'BrNO]* while a m/z of 201 corresponds to
[C11H6CIN2]*. The m/z deduced from HREI-MS analysis is 365.9804 (calculated
365.9771) corresponding to the molecular formula C15H12N2O2BrClI.

The IR spectrum (figure 4.215) indicated frequencies of vibration, v at =3350, 3092,
2939, 2840, 1602, 1497, 1435, 1257, 1213, 1028 and 989 cm™, assigned to N—Hsr,
aromatic C—Hstr, aliphatic C—Hasy str and C—Hsym str, aromatic C=Cstr, C—Hp, C—Ogr Of
ether, C—Clsyr and C—Brstr respectively. The maximum absorptions (Amax) at 298 and 222
nm resulting from the UV analysis (figure 4.216) were due to n—n* and n—mn*

transitions. Table 4.36 represents the summary of *H NMR spectra.
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Figure 4.212. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-I-65
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Figure 4.214. EI-MS spectrum of AKS-1-65
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Figure 4.216. UV spectrum of AKS-1-65
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Table 4.36. Summary of the *H NMR spectra of AKS-1-65

Position & H [mult., Jun (Hz)] (ppm)

1 -
2 -
3 -
4 7.66 [s]
5 -
6 7.26 [dd, Js7 =8.4,J64=1.6
7 7.62 [d, J76 = 8.4]
8 -
9 -
1’ -
2! -
3 7.34[s]
4’ -
5 -
6 7.31[s]

7"-OCHs 3.81 [s]

8'-OCHs 3.86 [s]
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4.1.37 Characterisation of 2-(2’-chloro-3',4’-dimethoxyphenyl)-5-fluoro-1H-
benzo[d]imidazole (AKS-1-73)

3 -
FOACN 7 g
" n
6 ) N1 o 3! -
c  OCH,

The compound, AKS-1-73 is a brown solid with a yield of 62.3% (0.191 g). It has a m.pt.
range of 142-145 °C and a R value of 0.38 (hexane/ethyl acetate, 1:1).

Eight resonance peaks from *H NMR spectra (500 MHz, DMSO-ds) (figures 4.217 and
4.218) in o (ppm) units are 12.72 (1H, br s, -NH) assigned to the amine proton, 7.57-7.60
multiplet peak (1H, m, H-4) assigned to proton on position 4, a 7.63 resonance peak (1H,
d, Je.s» = 9.0 Hz, H-6") represent proton on position 6’, 7.23 (1H, d, Js.¢ = 8.5 Hz, H-5"),
7.39 (1H, d, J76 = 8.5 Hz, H-7) and 7.08 (1H, dt, Js7 = 9.0 Hz, Js4 = 2.5 Hz, H-6),
assigned to the remaining methine protons. The methoxy protons are at 3.91 (3H, s, 7'-
OCHj3) and 3.80 (3H, s, 8'-OCHz3) chemical shifts. The broad multiplet observed for H-
4, the doublets of triplet for H-6 as well as the broad doublet for H-7 are due to coupling

of these protons with fluorine.

From EI-MS spectrum (figure 4.219), the m/z of 306 and 308 were obtained for both the
molecular ion, M* and the isotope, [M*+2] peaks. The fragmentation [M*-CHs] produced
the radical cation with m/z of 291. Loss of ethene molecule and CH3 radical from M™ is
suggestive of the fragment with m/z of 263 [C12HsCIFN20.]*, and a further loss of O
radical produced the fragment with m/z of 248. Cleavage on the imidazole ring and a
subsequent loss of CHs radical from M* yielded a m/z of 185 fragment. The base peak at
m/z of 83 and peak at m/z of 44 correspond to [CsH7O]* and [C2HeN]* respectively.
Confirming the compound from HREI-MS analysis, a m/z 306.0571 (calculated,
306.0566) was found corresponding to the formula C1sH12CIFN2O».

Absorption bands that emanated from IR analysis (figure 4.220) show vibrational
frequencies, v assignable to aromatic C—Hstr, aliphatic C—Hasy str and C—Hsym str, C=Nstr,
aromatic C=Cstr, C—Hp of CH30, asymmetry and symmetry C—Os of ether and C—Fstr
corresponding to 3151, 2945, 2845, 1630, 1596, 1460, 1284, 1041 and 1136 cm
respectively. The UV spectra (figure 4.221) shows maximum absorption wavelenghts
(Amax) at 298, 248 and 213 nm corresponding to n—n* and t—n* transitions. Table 4.37

represents the summary of *H NMR spectra.
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Figure 4.218. *H NMR (500 MHz, DMSO-ds) spectra of AKS-1-73 (Expanded)
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Figure 4.219. EI-MS spectrum of AKS-1-73
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Figure 4.221. UV spectrum of AKS-1-73
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Table 4.37. Summary of the *H NMR spectra of AKS-1-73

Position & *H [mult., Jun (Hz)] (ppm)
1 12.72 [s]
2 -
3 -
4 7.60-7.57 [m]
5 -
6 7.08 [dt, Jo7 = 9.0, Je = 2.5]
7 7.39[d, J76 = 8.5]
8 -
9 -
1’ -
2! -
3’ -
4’ -
5 7.23[d, Js.s = 8.5]
6 7.63[d, Js.s = 9.0]
7"-OCHs 3.91[s]
8'-OCHjs 3.80 [s]
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4.1.38 Characterisation of 2',4'-dichloro-6'-(5,6-dimethyl-1H-benzo[d]imidazol-2-
yDphenol (AKS-1-98)

Cl
10
4 3 ,
H;C 5 9_N >l
\_§ N
U N )
H;C Z a2
HO Cl

The yellow compound, AKS-1-98 is a solid obtained in a 98.0% (0.301 g) yield, with a
m.pt. of 305-308 °C and a Rt value of 0.69 (hexane/ethyl acetate, 1:1).

Represented in figures 4.222 and 4.223 are the 'H NMR spectra (400 MHz, DMSO-ds)
showing five resonances, ¢ (ppm) assigned as 13.71 to the amine proton (1H, br s, -NH),
8.11 to the most deshieded methine proton corresponding to (1H, d, Js;3r = 2.0 Hz, H-5"),
7.46 to the methine protons on the benzimidazole ring corresponding to (2H, s, H-4, H-
7),and 7.65 (1H, d, J3 5 = 2.4 Hz, H-3’) to the methine proton at position 3'. The singlet
at 2.34 which corresponds to (6H, s, 11-, 10-CHs) was assigned to the six chemically
equivalent dimethyl protons. However, the resonance peak expected for the

exchangeable hydroxyl proton was not seen.

The fragmentation pattern from EI-MS analysis is characteristic of a molecular ion, M*
peak and two isotope [M*+2] and [M*+4] peaks, as shown in figure 4.224. The M*,
[M*+2] and [M*+4] peaks have m/z of 306 (isotope peak), 308 and 310 respectively. M*-
CHjs and M*-CI fragmentations correspond to m/z of 291 and 271 respectively. Loss of
two CHs radical together with a Cl radical is suggestive of a m/z of 243 [C13HsCIN20]*.
Cleavage on the imidazole ring followed by loss of Cl radical from M™ yielded the ion
with m/z of 153, and the m/z of 91 fragment is typical of tropylium ion [C7H7]*. From
HREI-MS analysis, the m/z found corresponding to the molecular formula,
C15H12N20Cl> is 306.0334 (calculated, 306.0327), and it further confirms the compound.

The IR spectrum in figure 4.225 shows the absorption bands of IR active bonds. Some
vibrational frequencies, v assigned as 3071, 2970, 1618, 1485, 1416 and 1260 cm™
correspond to aromatic C—Hsr, aliphatic C—Hstr, two aromatic C=Csr, C-Hy of CH3z and
hydroxy C-Ostr respectively. Figure 4.226 represents the UV spectrum showing
maximum absorptions (Amax) at 346, 334, 307 and 230 nm corresponding to n—n* and

n—m* transitions. The summary of *H NMR spectra is represented in table 4.38.
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Figure 4.222. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-98

371



T V VI
A?(HANDE/UR.K“ALTD/AKSA:.93 X —_ TA’ q
é ' r\.‘(r -~ r
H g) .;HHANLF,/UR<K"(ALTF‘//‘\VHAI.3'?

3 ]

i’x

|
11 1

H;C | !‘

: (l

" , ‘ [

! “! 1

| -

. | [

1

| | | /|

e : | I /‘ A
: — J —}/ "‘\, B ‘_ﬁW,A,,,,M.j/ \\“ _W~ﬁ_:\-/~f T

AN M|

3 3

e B A ~ - S S

’ - —— T v

. y ‘ T TY e Erey o oD B G B
140 138 129 125 129 ns e 105 160 b o 835 %0 PPN 820 815 810 805 800 7.95 790 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 ppm
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Figure 4.224. EI-MS spectrum of AKS-1-98
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Figure 4.226. UV spectrum of AKS-1-98
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Table 4.38. Summary of the *H NMR spectra of AKS-1-98

Position & *H [mult., Jun (H2)]
(ppm)
1 13.71 [s]
2 -
3 -
4 7.46 [s]
5 -
6 -
7 7.46 [s]
8 -
9 -
1'-OH -
1’ -
2! -
3 7.65[d, J3s = 2.4]
4’ .
5 8.11 [d, Js.3 = 2.0]
6 -
10-CHs 2.34s]
11-CHs 2.34[s]
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4.1.39 Characterisation of 4'-(5-fluoro-1H-benzo[d]imidazol-2-yl)benzene-1",3’-

diol (AKS-1-99)
Fs A0 _N -
\>2—©—0H
4 I
6 N
7 H! 3 2
HO

The compound, AKS-1-99 is a brown solid. It was obtained in a yield of 65.6% (0.160
g) with a m.pt. range of 260-263 °C and a Rt value of 0.70 in a hexane/ethyl acetate (1:1)

solvent system.

The 'H NMR spectra (400 MHz, DMSO-ds) in figures 4.227 and 4.228 show eight
resonances assigned as o (ppm) 13.06 to the highly deshielded amine proton (1H, br's, -
NH) and 10.14 to hydroxy proton on carbon-3’ (1H, s, 3’-OH; the other exchageable
hydroxyl proton has its resonance peak missing). Also, the peaks at 7.84 (1H, d, Js¢' =
8.4 Hz, H-5"), 7.44 (1H, dd, J7r.5 = 1.2 Hz, J76 = 8.8 Hz, H-7), 7.59-7.62 (1H, m, H-4),
7.15 (1H, dt, Js 4 = 2.0 Hz, Js 7 = 8.8 Hz, H-6), 6.47 (1H, dd, J¢2' = 1.6 Hz, Js 5 = 8.8 Hz,
H-6") and 6.43 (1H, s, H-2") were deduced for the six methine protons. Further splitting
of peaks was observed for protons at positions 7, 6 and 4 due to the presence of fluorine
in ortho or meta position these protons.

The EI-MS spectrum (figure 4.229) shows mass-to-charge ratios, m/z peaks for the
molecular ion, M* and M*+1 at 244 (base peak) and 245. The m/z of 215 corresponds to
M*-CHO while a further loss of an ethene molecule yielded the fragment with m/z of 187
[C10H6FN2O]*. Cleavage on the imidazole ring of M* produced the fragment with m/z of
108. The peak at m/z 174 is suggestive of the fragment ion [CoHeN202]*. Further
confirming the compound from HREI-MS analysis, the m/z of 244.0651 (calculated,
244.0648) was found corresponding to the formula, C13H9N20F.

The IR absorption spectrum (figure 4.230) shows vibrational frequencies, v assignable
as 3347, 1617, 1492, 1145 and 1110 cm™ to N-Hs of amine, two aromatic C=Cgr,
phenolic C—Ostr and C—Fstr respectively. The broad-band in the region of 3400-29000 cm®
1'is due OH-hydrogen bonded stretching vibration. The wavelenghts of maximum
absorptions (Amax) from the UV analysis (figure 4.231) were obtained at 316, 293, 245
and 215 nm indicative of n—n* and n—n* transitions. Table 4.39 represents the

summary of *H NMR spectra.
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Figure 4.227. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-99
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Figure 4.229. EI-MS spectrum of AKS-1-99
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Figure 4.231. UV spectrum of AKS-1-99

382



Table 4.39. Summary of the *H NMR spectra of AKS-1-99

Position & *H [mult., Jun (Hz)] (ppm)
1 13.06 [br s]
2 -
3 -
4 7.62-7.59 [m]
5 -
6 7.15[dt, J67 = 8.8, Js.s = 2.0]
7 7.44 [dd, J76 = 8.8, J7r5 = 1.2]
8 -
9 -
1’-OH Exchangable
3’-OH 10.14 [s]
1’ -
2' 6.43 [s]
3’ -
4’ -
5’ 7.84 [d, Js.6 = 8.4]
6’ 6.47 [dd, Je¢.s = 8.8, Je2 = 1.6]
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4.1.40 Characterisation of 2'-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)benzene-
1',4'-diol (AKS-1-100)

10

4
H;C s 9

1 1]@[
H3C 6 8

7

The compound, AKS-I1-100 is a brown soid obtained with a yield of 84.2% (0.214 g). It
has a m.pt. range of 315-317 °C and a Rt value of 0.67 (hexane/ethyl acetate, 1:1).

Figures 4.232 and 4.233 show signals obtained from *H NMR analysis (400 MHz,
DMSO-de) and six resonance peaks, o (ppm) were obtained. The peak at ~12.80 was
assigned to the amine proton (1H, br s, -NH) while the hydroxyl proton on carbon 1’
resonated at 9.11 (1H, s, 1’-OH; the other hydroxy proton has its resonance peak missing
due to an exchange effect). The resonances at 7.42, 7.38 and 6.85 were assigned to the
methine protons corresponding to (2H, s H-4, H-7), (1H, s, H-3"), (2H, s, H-5', H-6")
respectively. The peak at 2.33 represents the six chemically equivalent dimethyl protons
which corresponds to (6H, s, 5-CHs, 6-CH3).

Electron impact-mass spectrometry (EI-MS) analysis resulted in a spectrum (figure
4.234) with many fragmentation patterns. The m/z at 254 (base peak) and 255 both
represent peaks for the molecular ion, M* and a [M*+1] radical cations respectively. The
fragmentation, M*-CHjs refers to a m/z of 239, and further loss of CH.=C=0 is indicative
of am/z 197. The m/z of 225 is suggests a loss of CHO radical from the molecular ion.
Typical of a tropylium ion is the peak at m/z of 91. Further confirming the compound
from HREI-MS analysis, the m/z of 254.1065 (calculated, 254.1055) was found

corresponding to the molecular formular, C15H14N20o.

The IR spectrum (figure 4.235) indicated vibrational absorption frequencies, v at 3481,
3260, 2920, 2856, 1626, 1561, 1503 and 1098 cm™ corresponding to N—Hsr, OHsr,
aliphatic C—Hasy str and C—Hsym str, C—Nstr, two aromatic C=Cstr and phenolic C—Ost
respectively. The UV spectrum in figure 4.236 shows absorption wavelenght maxima
(Amax) at 339, 307, 298, 228 and 222 nm corresponding to n—7n* and n—n* transitions.

Table 4.40 is the summary of *H NMR spectra of the compound.
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Figure 4.232. *H NMR (400 MHz, DMSO-ds) spectrum of AKS-1-100
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Figure 4.234. EI-MS spectrum of AKS-1-100
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Figure 4.235. IR spectrum of AKS-1-100
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Table 4.40. Summary of the *H NMR spectra of AKS-1-100

Position & *H [mult., Jun (H2)]

(ppm)

1 12.80 [br s]

2 -

3 -

4 7.42 [s]

5 -

6 -

7 7.42 [s]

8 -

9 -
1'-OH 9.11 [s]

1’ -

2! -

3’ 7.38 [s]
4'-OH Exchangeable

4’ -

5’ 6.85 [s]

6’ 6.85 [s]
10-CH3 2.33[s]

11-CHs 2.33 [s]
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4.2  Anthelmintic activity

The in-vitro egg hatch inhibitory assay was employed, using gastro-intestinal nematode
eggs of cattle, to determine the anthelmintic efficacy of five representative, synthesised
benzimidazoles namely 2-(3'-(benzyloxy)-4'-methoxyphenyl)-5-fluoro-1H-benzo[d]
imidazole  (AKS-1-35), 2-(3'-(benzyloxy)-4'-methoxyphenyl)-5-nitro-1H-benzo[d]
imidazole (AKS-1-37), 3'-bromo-2’-(5-chloro-1H-benzo[d]imidazol-2-yl)-6’-methoxy
phenol (AKS-1-52), 4’-(5-fluoro-1H-benzo[d]imidazol-2-yl)benzene-1',2",3'-triol (AKS-
I-57) and 2-(2'-bromo-4',5-dimethoxyphenyl)-1H-benzo[d]imidazole (AKS-I-63).
These compounds were utilised based on the type of substituents attached to the

benzimidazole pharmacophore at 2- and 5-positions.

Table 4.41 shows the mean percentage egg hatch inhibition (%EHI) and ICso values
obtained for these compounds. The mean percent egg hatch inhibition increased with
increasing concentrations. All the compounds subjected to egg hatch inhibition test
showed potent inhibitory effect, except AKS-1-52 and AKS-I1-35 which exhibited low
and no inhibitions, respectively. The highest mean percent egg hatch inhibition was
observed for AKS-1-63 at 100 ug/uL (80.47+5.42) while at 50, 25 and 12.5 pg/uL, the
percent inhibitions were at 75.36+5.92, 62.50+7.22 and 40.99+2.84, respectively. A high
percent inhibition was also recorded at 100 ug/uL for AKS-1-37, however, inhibition
dropped drastically at lower concentrations. The mechanism involved in inhibiting eggs
from hatching and larvae from developing in the developmental phases of many parasites
could be linked to the disruption of cell division, while the formation and development
of important structures will be hindered as well (Ferreira et al., 2013). Thus, from this
study at higher doses of 100 and 50 ug/mL, most of the tested compounds presented high
to moderate level of egg hatch inhibition (i.e. most eggs did not hatch), and at these
concentrations as observed for AKS-1-57 and Albendazole (the standard drug used), eggs
either contain inactive/dead larvae within the shells or seen to have completely
disintegrated (egg cell division altered and none of the eggs hatched) when viewed under

an inverted light microscope.
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Table 4.41. Mean percent inhibition and ICsg values

Sample Concentration Mean %EHI+SEM 1Cso0 UCL LCL
Code (ng/mL)

100 pg/uL No Inhibition

AKS-1-35 50 g/l No Inhibition - - -
25 pg/ul No Inhibition
12.5 pg/pL No Inhibition
100 pg/uL 74.23+7.26

AKS-1-37 50 pg/pL 14.97+3.99 70.25 81.76 61.28
25 ng/ul 3.50+0.00
12.5 pg/pL 1.85+0.00
100 pg/uL 14.56+1.51

AKS-1-52 50 ug/pL 13.20+1.08 1594.63 251890.00 398.73
25 ug/ul 6.84+1.52
12.5 pg/pL 4.86x1.50
100 pg/uL Disintegration of egg cells

AKS-1-57 50 ug/uL Disintegration of egg cells  34.11 44.63 18.71
25 ng/ulL 46.19+4.37
12.5 pg/pL 37.00£3.12

AKS-1-63 100 pg/uL 80.47+5.42
50 pg/uL 75.36+5.92 17.49 24.01 11.51
25 pg/ul 62.50+7.22
12.5 pg/ul 40.99+2.84
100 pg/uL Disintegration of egg cells

Albendazole 50 pg/ulL Disintegration of egg cells 1738 13.84 6.72

E:%?]St':g{)e 25 jg/ul 87.27+6.39

12.5 pg/uL 62.74+13.20

Key: EHI = egg hatch inhibition
UCL = Upper confidence limit

SEM = Standard error of mean
LCL = Lower confidence limit

ICs0 = concentration required to inhibit 50% of eggs from hatching
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According to the guidelines adopted by the World Association for the Advancement of
Veterinary Parasitology (WAAVP) for evaluating anthelmintic drug efficacy in vitro, an
egg hatching inhibition >90% is considered effective while between 80-90% is termed
to be moderately effective (Ferreira et al., 2013). Thus, from the results obtained, two of
the five tested compounds can be classified as effective and moderately effective

compounds.

Moreover, the compound AKS-1-63 presented a 50% hatching inhibition of eggs (ICso)
at 17.49 ug/uL, a close value when compared with the standard drug, Albendazole (ICso
= 11.38 pg/uL). This is the lowest ICso value among the tested compounds, thus
indicating that AKS-1-63 exhibits the highest inhibitory effect on nematode eggs. The
ICso for AKS-1-37, AKS-I-52 and AKS-I-57 however, are 70.25, 1594.63 and
34.11 pg/uL respectively. According to Le Jambre (1995), an ICso of more than 0.12
ug/mL (120 pg/uL) was reported for resistant nematode strains. Thus, from the 1Cso
values obtained in this study, it can further be inferred that AKS-1-63, AKS-I-57 and
AKS-1-37 exhibited high inhibitory activities and potent efficacy. Also, high
susceptibility of nematode eggs to these three compounds has been established, by
relating their ICso values to what was reported according to the WAAVP’s guideline of
susceptibility range whereby 1C50<0.100 pg/mL (100 pug/uL) means high inhibitory
potentials (Belew et al., 2012).

The change in the effect of a stressor (usually a chemical/compound) on an organism
caused by varying the levels of exposure (i.e. dose or concentration level), after a certain
exposure time and route, can be described as a dose-response relationship (Crump et al.,
1976). This relationship, often expressed by a sigmoidal dose-response curve on a simple
X-Y graph, describes the connection between the response to drug treatment (stressor)
and drug dose (expressed as logarithm of concentration). The dose-response curves are
usually interpreted by parameters such as the baseline response that is commonly referred
to as the threshold dose (bottom), the maximum response (top), the slope, and the drug
concentration that provokes a response halfway between baseline and maximum (1Csg or
ECso) (Motulsky and Christopoulos, 2002).

The shape of slope from the dose-response curve obtained from this study (figure 4.237)
describes the change in the percent inhibition as concentration increases. The dose-

response curve for AKS-1-37 suggests that the initial wide increase in concentration at
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the threshold point (bottom) implies a relatively minimal inhibition/response effect, until
a point when the slope began to steepen indicating a significant impact on egg inhibition
even with small increase in dose/concentration. However, the dose-response curve for
AKS-1-52 and AKS-1-63 exhibited a gradual response relationship with an increase in

concentration.

Many synthesised benzimidazole analogs from literature have been reported to
demonstrate anthelminthic activities (Rajamanickam et al., 2015; Alam et al., 2014;
Babu and Selvakumar, 2013; Sawant and Kawade, 2011; Lingala et al., 2011). Ouattara
et al., 2011 synthesised a series of benzimidazolyl-chalcone derivatives from 2-
acetylbenzimidazole. The preliminary structure-activity relationship studies carried out
established an increased nematicidal activity against Haemonchus contortus, several
times more than the standard chalcone (1,3-diphenylprop-2-en-1-one) utilised when the
phenyl group of the standard chalcone was replaced by 2-benzimidazolyl group as well
as an activity of about five times higher than ivermectin. They further concluded that the
2-(arylpropenone) benzimidazoles synthesised could be a new pharmacophore for
nematicidal activity against eggs and larvae of H. contortus.

Munguia et al., 2013 evaluated the in vitro and in vivo anthelmintic potentials, as well as
an ex vivo intraparasitary diffusion studies of Valerolactam-benzimidazole hybrids
against the rat parasitic nematode, Nippostrongylus brasiliensis. From the in vitro
studies, three of the synthesisd benzimidazole hybrids demonstrated better activity than
the reference drugs Albendazole, Febendazole, and Levamizole. However, among the
treated groups of rats, the in vivo studies exhibited very low efficacy at the assayed doses,
coupled with a non dose-dependent effect on efficacy. Also, some benzimidazoles with
1,2,4-triazole moity at 2-position were evaluated for their in vitro anthelmintic activity
against the earth worm, Pheretima posthumous, from which most of the synthesised
compounds indicated potent activity compared to Albendazole and Piperazine (Kumar
and Sahoo, 2014).
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

A number of public health issues of humans and problems of livestock production are
often caused by helminthiasis, majorly in places where adequate sanitary facilities and
practises are lacking. A number of helminth infections are gradually becoming resistant
to many drugs frequently employed to eradicate or ease the burden of these infections.

A library of synthesised benzimidazoles, which include new derivatives, of high purity
and moderate to high yields were reported. This was achieved by reacting o-
phenylenediamines and substituted o-phenylenediamines with various aldehydes under
oxidative condition through a one-pot cyclocondensation reaction pathway. The pathway
was presumed to include the formation of metasulfite adducts and a further
cyclodehydrogenation of the subsequently generated aniline Schiff’s bases, in situ. Two
classes of benzimidazoles — 2-furanyl- and 2-phenylbenzimidazoles — with derivatives
bearing substituent(s) such as chloro-, fluoro-, nitro-, and methyl moieties at 5 and/or 6
positions were synthesised and are additions to the library of synthesised organic
compounds. Most of the compounds tested for their inhibitory activity showed dose-
dependent egg hatch inhibition against gastrointestinal nematodes of cattle, with the
highest mean percent egg hatch inhibitory potential exhibited by 2-(2’-bromo-4',5'-
dimethoxyphenyl)-1H-benzo[d]imidazole. = Three new  2-phenylbenzimidazoles
exhibited the most promising anthelmintic activity at varying concentrations when
compared with Albendazole and their biological efficacy established. Thus, they could
serve as leads to developing drugs essential for managing helminthiasis both in human

and veterinary medicine.

However, there is a need to further determine the efficacy of these compounds in vivo
since in vitro study may not be able to estimate the value of in vivo activity in a biological
system, due to factors such as differentials in bioavailability (i.e. absorption and
metabolism), biotransformation and drug interaction. Also, the pharmacokinetic,
structure activity relationship (SAR) and toxicological profile of these compounds could

further be carried out in order to explore their possibility in clinical use.
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