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1. Introduction to cancer treatment

1.1 Background information

The existence and endeavour of finding the curecémrcer dates back to 3000 Bbe
initial signs of cancer were detected in the barsfesncient Egyptian and Peru mummies,
who lived in the 3000 B&.The high mortality rate associated with cancerlawide is
the reason for the ongoing search for the curéhierdisease. Four methods of treatment
have been discovered; these are: surgery, radagierhormonal therapy and
chemotherapy. Surgery has been the most popular dbtreatment, but over the last five
years there has been an increase in the use ofotherapy. Surgery involves careful
removal of the malignant cells from the patientedp and have been reported very
effective for removal of small tumours. Surgeryatraent has also shown effectiveness

when used in combination with radiotherapy or cheéra@py*

Radiotherapy, which involves destroying cellulamgonents of tumour cells by high
energy waves, has also been reported highly effedtr cancer treatment though it is
limited to treating small tumours. Another form @dncer treatment is hormonal therapy
which involves starving tumour cells of hormonashsequently inhibiting cell growth of
small tumour cells compared to large oheSthough cancer can be treated by one or
combination of the above methods, chemotherapytiils tse most effective line of

treatment.

1.2 Chemotherapy

1.2.1 Introduction

The use of chemicals to kill malignant cells ddiesk to 1946. Nitrogen mustard was the
first chemathepeutic agents discovered by LouisdBwm® Research conducted on the
mode of action of these drugs, led to their diwsioto eight main categories. These are

alkylating agent, antimetabolites, antitumor artilosis, topoisomerase inhibitors, spindle



inhibitors, miscellaneous agents, biological resgomodifiers and hormon@sigure ()

shows the site of activity of some of these groups.

DNA SYNTHESIS

a— Antimetabolites

benzimidazole

] Nitrogen mustards
¢ A kylating Agents<

Platinums

DNA TRANSCRIPTION DNA DUPLICATION

AVARR

Intercalating Agents I

Spindle Inhibitors

Figure 1:* Sites of action of cytotoxic agents.

Notably, the group names of these chemotherapagénots are derived from their mode of
action. For example, the antimetabolite 5-fluoraurgl) inhibits DNA synthesis by
mimicking the structure of uracil, a pyrimidine baquired for DNA replicatiofIn this

thesis, alkylating agents will be discussed in itketa

O
F
HN |
O N
H
1

1.2.2 Alkylating Agents

Alkylating agents are the oldest group of chematheutic drug$. Nitrogen mustards,
ethylenemines, alkylsulfonates, nitrosourea, amakzdés are all members of alkylating

agents For the purposes of this study, we will focus dftogen mustards. Nitrogen



mustards and other alkylating agents damage the DiNAttacking oxygen or nitrogen
atom of the nucleobases and phosphodiester bordedre base$ However, limitations
such as, toxicity and low drug efficacy lowers thee of nitrogen mustard. Many studies
have been conducted to develop nitrogen mustaigati®es showing high efficacy and
low toxicity. Derivatives were synthesized by chiaggthe alkylating portion or the carrier

of the alkylating portion of the mustard.

Inspired by the structural similarity between bemdiazole nucleus and the purine bases
of the DNA, Hirschberget al studied the use of benzimidazole as carrierstlier
alkylating portion in the synthesis of nitrogen niawd derivatives. The hypothesis behind
this study was that the cellular uptake of thesg cempounds will increase as a result of
the benzimidazole nucleus. Benzimidazole musté&edi-(2-chloroethyl) aminomethyl]
benzimidazole hydrochloride2) was synthesized. This compound was found to inhib
mammary Adenocarcinomas 755, E 0771, and Sarcofavh®n tested against various

mouse tumours.

H _,CH,CH.CI
N AN HCI
©i />_/ CH,CH,CI
N

2

Recently, the wide spectrum of biological actistiassociated with benzimidazole has
been of huge interest. This include activity aghimsuses such as HIV, human
cytomegalovirus (HCMV), herpes (HSV-1), RNA, andlienza®® These compounds
have also been reported to act as anti-inflammat@mythelemintic, antiparasite,
topoisomerase inhibitors, selective neuropeptidel Y&ceptor antagonist, 5-lipoxygenase
inhibitors, and factor Xa inhibitors® These properties, coupled with the findings that
benzimidazole mustard compounds show antitumowiagtiinspired more research to

design benzimidazole derivatives and test thenamditumor activity.

Pyrazino[1,2-a]benzimidazole derivativ@) (as shown anti-cancer activity whanvitro

tests were done against 60 human tumour cell fines.
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1.2.3 Benzimidazoles and Platinums

Although benzimidazole compounds have proven a@ganst various cancers, there are
recent reports on their combinatorial use with iplans to treat cancer. Platinums are
chemotherapeutic drugs consisting of platinumddiplexed with various donor ligands.
Cisplatin €is-diamminedichloroplatinum(l1)¥) is one of the platinums that has gained
worldwide popularity since 1978<Cisplatin is reported active against testiculagrian,
bladder, head and neck canc%B;espite these antitumor activities, neurologidgabrdlers,
such as, nephrotoxicity, mylosuppression, ototoxigreatly limit the use of cisplatif.
Moreover, it has been reported that various caceks become resistant to this drug, for

instance, murine ADJ/PC6 plasmacytota.

For more than three decades, many research grawvesfocused on developing cisplatin

analogues with less toxicity, improved activity aactive on cisplatin resistant tumours.

In a collaborative study between the Institute a@in€er Research, Sutton, and Johnson
Matthey, two cisplatin analogues were discoveredt is, JM8 (diamine (1,1-cyclobutane

dicarboxylate) platinum (ll), carboplati®)( and JM9 (cis- dichlorérans-dihydroxo-cis-

bis (isopropylamine) platinum (1V), iproplati6)® These were both reported less toxic

than cisplatin; but carboplatin was the most actinalogue.
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Regardless of the antitumor activity of compoun8$ &nd @), resistance to these
compounds is a problem. Studies conducted on ditiexgnthe factors that results into
cisplatin resistance showed five factors. Thesetheedecreased drug transport, increased
cellular detoxification, changes in DNA repair maolsms, increased tolerance of DNA
adducts and changes in apoptotic cell death pathWag idea of using sterically hindered
N-containing ligands instead of the previously uddid; came along this time. It was
hypothesized that the sterically hindered ligandt lve less susceptible to attack by the
thiol molecules in the cytoplasiin this way, decreasing cellular detoxification the
drug.

Cisplatin analogues, such as, JM 335trar(sammine (cyclohexylamine-
dichlorodihydroxo) platinum (1V)4) and ZD0473 ¢is-amminedichloro(2-methylpyridine)
platinum (I1) @) were synthesise€tlJM 335 tested positive for antitumor activity ausi
human ovarian carcinoma xenografts, cisplatinstast murine ADJ/ PC6 plasmacytoma
and L 1210 leukaemia modéig?

NH
3\P/CI
t
OH 7N
H,N —N
<:>7 2 \F|)t/C| \ Cl
CI/Cl)H\NHg VY CH,
7 8

Recently, the development of cisplatin analogudhl Wiheterocyclic non-leaving ligands,
such as, benzimidazole, benzoxazole, benzithiseotkimidazole have gained enormous
interest While these ligands provide a more sterically kiedl environment around the

platihum centre, their biological properties are afreat interest. 2-[Di-(2-



chloroethyl)aminomethyllbenzimidazole9)( have shown activity against mammary
Adenocarcinomas 755, E 0771 and Sarcoma 180 wiségdtén vitro in a mousén vitro

test on compoundL(Q) has shown relatively high activity against humh&@F-7 and HelLa

cell lines.
H—N\(N—Ptﬂz 20H, H—N._ __N—PtCl,.2DMF
CH,OH CH,OCOCH,
9 10

1.2.4 Research Aims and Thesis Arrangement

To the best of our knowledge, no literature is ¢ on the use of 2-aryl-substituted-1
benzimidazole, 2-aryl-1-arylmethyHtbenzimidazole and bisbenzimidazole as ligands for
complexation to platinum (ll) and testing these ptares for antitumor activity. Four
objectives guided this research. The first objectias to synthesize a small library of 2-
substituted-H-benzimidazole with the common nucleus shown 14).( The second
objectivewas to synthesize a group of 2-aryl-2-methiiHienzimidazole with the general
structure as shown ir?). The third objective was to prepare a small lijpraf novel
bisbenzimidazole derivatives as showni8)( The final aim of the study was to complex

the synthesized benzimidazole and bisbenzimiddigzsiads with platinum (II).
Ar
: I
/
N N
Clpw g
N N

11 12
H
H\N N
/IQN N)\AI’
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13




The thesis is arranged in chapters, with the intctidn in chapter one and the literature
review in chapter two. Results and discussion & flynthesis of 2-substitutetdd
benzimidazole and 2-aryl-1-arylmethyiHdbenzimidazole are contained in chapter three.
Chapter four contains the results and discussiothef synthesis of bisbenzimidazole
derivatives. The synthesis of platinum (lI) com@sxof benzimidazole derivatives is
discussed in chapter five. The final chapter (chiaf) constitute the experimental section
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2. Benzimidazole and its derivatives

2.1 Introduction

The literature is reviewed in five different seco The first section covers the historical
background to benzimidazole in general and theogioll importance of various types of
benzimidazoles. The second section focuses on &itutbd-H-benzimidazole, their
biological importance and the synthetic methoda@egiised to obtain these compounds.
Section three will constitute an in depth discussion 2-aryl-1-arylmethyl-H-
benzimidazoles, that is, their biological actistias well as useful synthetic procedures to
obtain these compounds. The fourth section willrd@ewing synthetic procedures and
biological activities of symmetrical bisbenzimidézoThe last section will be a review of
benzimidazole as platinum complexes, in particulag, activities of these complexes and

reported synthetic methods.

2.2 Background information

The history of benzimidazole dates back to more Btayears ago when these compounds
were used as fungicidé®enzimidazole gained a increased popularity inelsead other
countries worldwide in 1970s, when they were usedtfe control of scrab disease caused
by Venturia Pirina Aderhin pear orchard5? Benzimidazole compounds, such as, methyl
[1-[(butylamino) carbonyl-1H-benzimidazol-2-yl] d@mate, thiophate-methyl (dimethyl
4, 4-o-phenyl-enebis (3-thiollophanate)] and methyl-2:bemdazole-carbamate
hydrochloride were used extensively for scrab a@dftt Fungal resistance to these
compounds posed threats to the agrochemical indistthe development of new type of
fungicides® This lead to the synthesis of libraries of bendiazile derivatives which were

explored for fungal activity.

The structural similarities of benzimidazole nuslé¢a biological compounds, such as, the
purine base of the DNA and the occurrence of thisleus in vitamin B, have been of
great interest to pharmaceutical industry. Thisilamity is believed to enable easy

recognition of benzimidazole by biological systes.a result, benzimidazoles have been



termed ‘privileged structures’ for drug design. Mover it is reported that benzimidazole
exhibit high affinity for enzyme and protein receqst Thus, as a continuation of their
reported fungicidal activity, more research hasnbdene aimed at synthesising various

derivatives of benzimidazole and testing them foldgical activities.

2.3 Applications of Benzimidazole

2.3.1. Metal Chelation

The ability of benzimidazole and its derivativesf@om complexes with transition metals
has been widely reported in literature. Studiesgoered on the complexes of this nature
have confirmed a wide variety of biological propest associated with them. These
include, cytotoxicity, antiviral, antiamoebic, anicrobial and DNA cleaving properties.
For example, the Ruthenium (1) and Zinc (ll) conxgle of 2,6-bis (benzimidazole-2-yl)
pyridine (L4) have shown DNA cleaving abilifyOn the other hand, copper complexes of
2-(4'-thiazolyl) benzimidazolelf) have been reported to display antimicrobial yti¥/
Also, the chelation of benzimidazole to iron hasmbstudied and the complexes formed
showed variety of biological activities. For exampthe tetranitrosyl iron complex with
benzimidazole-2-thiolyl, [F€SCGHsN2)2(NO),].2C3HO, showed antiproliferative activity
on human ovarian carcinoma cell lifes.

7N\
zI

H
N
N S
T L=
15
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Of interest in the present study is the platinuralation ability of benzimidazole and its
derivatives. Examples and biological properties sme benzimidazole-platinum

complexes are discussed in the general introduction

10



2.3.2 Other biological activities

Antimicrobial activity against various types of beta has been reported, however the
activity of 2-Benzylsulfanyl derivative of 5-metipgnzimidazole X6) against
mycobacteria strains is very interesting. Tubersiglas one of the leading causes of death
worldwide, resulting into 3 million people deathsryear according to the World Health
Organisation (WHO) reporfs.Nowadays, there has been tremendous increaseein th
numbers of people affected by this disease, mdiabause of its relation to poverty and
HIV infection. The reported activity of benzimiddeaderivatives to this bacterium is of
great significance due to the drug-resistant andtimwg-resistant of this bacteriufh.
This is because, a library of compounds can behsgiged based on the benzimidazole

nucleus.

H
H,C N CSNH,
Lo
N

16

Another example of antimicrobial activity is thahosvn by some phenyl and
benzimidazole substituted benzyl ethers, suchl@sgnd @8). These compounds have
been tested active against Gram-positive drugteeidacterid. Gram-positive bacteria,
such as,Staphylococcus aureuss the bacterium responsible for skin and mucous
infections in human¥’ The drug vancomycin is the only drug reportedvactigainst this
bacterium, however, cases of resistanc&.alireusare reported. For example, derivative

of 1,2-disubstituted--benzimidazole-N-alkylated-5-carboxyamidines, sash(l9). *°

11
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The benzimidazole nucleus is also reported todmgained in molecules active against
viruses such as, HIV, human cytomegalovirus (HCMWgrpes (HSV-1), RNA,
influenza'*™* For instance, various types of 2-aryl-1-benzylimitazole, such as that
shown in R0) have been reported to exhibit anti-HIV activitthis compound is reported
to be a non-nucleoside reverse transcriptase tohifNNRTI). Therefore, it inhibits HIV-

1 reverse transcriptase enzyme by changing theoooation of the polymerase active site

as the benzimidazole derivative bind to the poaleatr the active sité*

20

Benzimidazole compounds are also reported as topesase inhibitor, antitumor,

selective neuropeptide YY1 receptor antagonismp&xgenase inhibitor, and factor Xa

12



inhibitors** Benzimidazole uses also extend to their inclusiothé preparation of anti-
inflammatory, anithelemintic and antiparasitic dsu@hese compounds are also reported

to inhibit photosynthesis and exhibit herbicidaperties-

2.4 2-Substituted-phenyl-1H- benzimidazole

A variety of synthetic methodologies have been regabfor the synthesis of 2-substituted-
1H- benzimidazoles. Recently, methods such as, cdioveth methods using strong acids
as oxidising agents, methods using transition mse#dis as catalysts and microwave
assisted methods have been reported. The condansagaction betweeno-

phenylenediamine and aldehydes in a 1:1 ratio kas bbeported to yield benzimidazole.
However, long reaction times and occurrence of sekections, such as, schiff base

formation posed a need for a continued researehonate these limitations.

2.4.1 Conventional method

The condensation a¥-phenylenediamine with carboxylic acid and its datives in the

presence of strong acids as oxidising agents haee known since 198088 Acids such

as, polyphosphoric acid (PPA), polyphosphoric aadters, hydrochloric acid,
hydrobromic and boric acids were the reported cosdigon agents, however,
polyphosphoric acid and its esters were the moshnoon reagents used for the
condensation reactions. This was because of theyédds of 2-substitued benzimidazole
obtained when polyphosphoric acid was used. Thage Yields were attributed to the

neutralising effect of polyphosphoric acft.

Although the use of polyphosphoric acid and iteeshad gained popularity during 1980,
five years later, a better oxidising agent compaied®PA was reported. Phosphorus
pentoxide/ methanesulfonic acid, commonly knowPBMA, was reported to give higher
yields and requires mild reaction conditions fore tlsynthesis of 2-substituted
benzimidazole compared to PPASchemel below shows the synthesis of 2-substituted
benzimidazole from the condensationogbhenylenediamine and aromatic carboxylic acid

in the presence of PPMA.

13



Scheme 1% The condensation of o-phenylenediamine with cafimacid in the

presence of PPMA

Other strong acids, such as, hydrochloric acid jH@ve also been used in conjunction
with PPA. However, the use of strong acids is kdity generation of aqueous waste
when a base, such as ammonia, is used to neutthizecid. Nevertheless, cleaner
techniques have been reported for the synthesdssobstitued-#H-benzimidazoles. These

are solid phase and microwave assisted synthedithase will be discussed below.

2.4.2 Microwave- assisted synthesis

The aim behind microwave synthesis is to enhaneesgieed and reproducibility of the
reaction. Microwave synthesis has also been reghamntecial for scaling up procedures.
Microwave has been used in the synthesis of 2-guedtlH-benzimidazoles and this
gave high yields. After optimization of reactionnditions, 2-pyridine-H-benzimidazole

was formed in a 100 % conversion, 58 % isolateddyfeom a microwave assisted
condensation ob-phenylenediamine and 3-pyridine carboxylic aciché&ne2). Pyridine

was found to be a better solvent and acids weredyddguch as glacial acetic acid,

hydrochloric, sulfuric and polyphosphoric actds.

NH,
HO.C

— - N\ 7/

NH, N N N

H

(i) P(OPh), uM; (ii) 220°C, 10 min

Scheme 28 Microwave-assisted synthesis of 2-substituted-&hizlmidazole
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2.4.3 Metal salt catalysts

Limitations, like low yields, long reaction timedifficult work-up, occurrence of side
reactions, non reusability of the catalyst and tiranditions all resulted into a pursued
search of a better catalyst for the synthesis sfitgstituted-H-benzimidazoled®? The
reported use of transition metal triflate saltscatalysts for the synthesis of 2-substituted
benzimidazole stems from their ability to addrebe tabove mentioned problems.
Transition metal triflates, such as, Sc(QTfyb(OTf); and indium triflate [In(OTH)] are
the preferred catalysts. This is also reportedetalipe to their commercial availability and

stability in various solvents, especially the sigbof [In(OTf)4] in water®

Recently, the reaction betweamphenylenediamine and aromatic and heteroaromatic
aldehydes, schem8)( has been reported to give higher yields of trwelpct, much faster
and require milder reaction conditions when ammioninetavanadate (NNMO3) is used

as a catalyst. The high yields from this reacttbat is 79-91 % as shown in scheme 2, are
as a result of the activation of the aldehyde hy ¢htalyst. The vanadium atom (V) of
NH4VOs; is reported to pull electrons from the oxygen atafrthe aldehyde into its vacant
d-orbitals thus the aldehyde carbon become mormrefghilic enhancing the attack by

NH. group ofo-phenyldiamine®

NH, R
R
N
©i . NH,VO, , EtOH \
NH, r.t. 20-40 min N
(@] H

(79-91%)

Scheme 3% Synthesis of 2-substitued benzimidazole using/Rkicatalyst.

2.5 Synthesis of 2-aryl-1-arylmethyl-1H-benzimiddzo

The importance of benzimidazole nucleus in drugalisry is the reason for the intense
research conducted to find a synthesis methodabatd be simpler, faster, reproducible,
cheap and produce high yields of the product. Epented synthetic methods for 2-aryl-1-

arylmethyl-H-benzimidazole will be discussed in this sectiomaditional synthesis
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towards 2-ary-l-arylmethylH-benzimidazole is the reaction betweero-
phenylenediamine and carboxylic acid and its déries, like, nitriles, amidates and
orthoester at increased temperatures. Procedwes,as, solid-phase synthesis and acid-
catalysed reactions are also repofted.

2.5.1 Direct condensation

The condensation reaction between o-phenylened&anaind aliphatic or aromatic
aldehydes requires the use of 2 equivalents oalidehyde molecule. As shown in scheme
(4), this reaction proceeds through the formatiora @chiff base intermediat@l); this
subsequently undergoes intramolecular cyclisatioring the required product2p).
Although this is a one-pot synthesis procedure fonmation of the side produc2g) has
been a drawback to the use of this metHodfter the addition of aldehyde unit to the
phenylenediamine, the formed Schiff base is veagtiee toward nucleophilic attack, thus

the competitive ring closure reaction occurs resglin the formation of compoun@3).

" 2|\ p (O
o S O OO

\

l
Q\

NH2

Scheme #* Synthesis of 2-aryl-1-arylmethyl-1H-benzimidazole
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2.5.2 Solid phase support

For many years, drug discovery has evolved arooidisn phase synthesis. Recently, a
better method for library synthesis is reportedidSphase synthesis is reported to require
less demanding synthetic conditions compared tatisol phasé®? This is because of the
flexibility, maximal use of commercially availabiaputs, mild reaction conditions and
readily adaptability to polymer support and autedadperations of this methét The
conditions provided by the use of solid phase supg@ crucial for acceleration of lead
generation and optimisation phases of drug disgo??&r Although the solid phase
synthesis is not well developed for a majority ygtems, there are a lot of reports on solid
phase synthesis of benzimidazoles due to theirlpdpuin drug discovery®?° However,
the method reported by Mayer and coworkers wilubed as an example (scherbesnd

6). Schemes shows the coupling of 4-fluoro-3-nitrobenzoic a€#) to Wang or Rink
resin using diisopropylcarbodiimide (DIC) and Ndimethylaminopyridine (DMAP?

(Wang Resm OH j{@i

25

(ii)
F

(Rlnk Resm’/
0/ NO,

O 26

Legend:(i) 4.0 eq. 4-fluoro-3-nitrobenzoic acid, 2.0 &C, 0.1 eq. DMAP in DMF, 12 hours, (ii) 3.0 eq. 4-
fluoro-3-nitrobenzoic acid, 1.5 eq. DIC in DMF, 8urs.

Scheme 5% DIC/DMAP promoted coupling of 4-fluoro-3-nitrobefzacid to the Wang

or Rink resin

The treatment of the polymer supported prodid) (and @6) with primary amine
followed by reduction of nitroaniline2f) by tin (Il) chloride afford for solid supportes
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phenylenediamine2@). This is then reacted with aldehydes and thenrelsiaved resulting
to the required product&9) in excellent yields, 69-99 % (Sche®)*

NH

F
(i) X
= 4 NO
./Xj(©iNoz o 2 2
0

25126

(i)
Ffl
R, NH
N>7R (iii), (iv) o
XH N/ - [ NH,
O 28

O 29

Legend (i) 5.0 eqg. amine, 5% DIEA in NMP or DMF, (ii)BM SnC} in DMF, 5 hours, (iii) 4.0 eq.
aldehyde, 2.0 eq. DDQ in DMF, 5 hours, (iv) 50%udroacetic acid in DCM, 2 hours

Scheme 62° Synthesis of 2-substituted benzimidazole on d sopport

2.5.3 Acid-Catalysed synthesis

There are various reports on the acid-catalysedhsgis of 2-aryl-1-arylmethylH-
benzimidaozole. All of these papers depict no fdioma of 2-substitutedH-
benzimidazole as a side product. There has alsa beeincreasing interest in acid-
catalysed reactions towards benzimidazole in aguewediunt’ This is because, water is
an environmental friendly solvent and high yields abtained when used as a solvent. An
article by Pawaret al®’ describes the use of glyoxylic acid as a catallysaqueous
medium. According to this paper, only the N-metkgthproduct 30) is formed at 95 %
yield when the reaction is in water at 25°C (sch&jfé
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0
NH,
N
@ + 0 H CHOCOOH(5 mol%) ©i >_©
4
NH, N
30

Scheme 72" Glyoxalic acid catalysed synthesis of 2-aryl-1iamgthyl-1H-benzimidazole

It is also reported in this article that when otaeids, such as-TsOH were used, very low
yields were obtained (tabi1).

Table 2.1: Effect of acid catalyst on the reactionf o-phenylenediamine and benzaldehyde in
water at 25° C¥

Catalyst Time (min) Yield (%)
p-TsOH 180 55
Silica sulphuric acid 150 65
P 90 55
Glyoxylic acid 20 95

The results shown in table 1 are in good agreemithtthose reported by Salelsit al'?

This article reports the use of silica sulphuricdags a catalyst at room temperature and
using water as a solvent. After 2 hours, 50 % af\y-1-arylmethyl-H-benzimidazole is
formed, however if LiCl is added, 85 % of the prodis isolated. This is reported to be

due to the increase of dielectric constant of wiayekiCl salt!?

Recently, the use of heptasulfonic acid sodium (&) as a catalyst has been repoftéd.
Scheme8 shows the activation of the carbonyl carbon of aldehyde by heptasulfonic
acid and the formation of subsequent benzimidazeldhavet.al *® reported this reaction
results into 82-92 % of desired product when penfedt at room temperature using 8:2
ratio of acetonitrile: water as a solvent for 40#6. It is also reported in this article that
the side product, 2-substituteti-benzimidazole was formed as a major product when 1

equivalent of aldehyde was us&dThis paper also confirms the formation of 2-aryl-

" Isolated yields based upon startmghenylenediamine.
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larylmethyl-H-benzimidazole as a major product when 2 equivalefitthe aldehyde
were used32).

H2N
Ar-CHO
Ar H
* Ar /r Ar
H Nj@ <—N HZO \:N
-~ -
/=N N
H Ar N
Ar OH

32
Scheme 8&° Acid-catalysed synthesis of 2-aryl-1-arylmethyl-iéhzo[d] imadazoles

Microwave promoted organic reactions have attraatéat of attentions nowadays. This is
because of the advantages associated with microvfaaeis, shorter reaction time, high
yields, mild reaction conditions and environmeii@hign of these methods. Another acid-
catalysed method is reported, though it is perfarmeder microwave irradiation (MWI).
According to literature, this reaction is performeeht in the presence of montmorillorite
K-10.* Montmorillorite K-10 serves as an acid catalystilsththe MWI shorten the
reaction time. The condensation betweephenylenediamineofPD) and benzaldehyde
resulted in 90 % of the required product in 10 rtesé’

20



2.5.4 Other catalysts

Other methods involving the use of catalyst, likgroline, BR.ELO, SiG/ ZnChL and
bismuth (Ill) have been reportedproline is a cheap and commercially available amin
acid. Excellent yields, 72-95 % of 2-aryl-1-arylimgt1H-benzimidazole is reported to be
obtained when 10 % mol af-proline in chloroform at room temperature is u&&d.
Literature reports-proline to act via two pathways, shown in schen@ath | involves
the formation of dibenzylidene-PD 33) followed by ring closure and hydride transfer to
afford the required product. In similar manner asd acatalysis,L-proline can form
hydrogen bonding with the oxygen atom of the aldehyhus enhancing nucleophilic

attack byo-phenylenediamin& Path Il in schem® shows this acid catalysis reaction.

Scheme 92 L-proline catalysed synthesis of 1,2-disubstitutedzimidazole
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Regardless of the excellent yields obtained froevtproline catalysed synthesis, the use
of chloroform as a solvent has triggered more metet find an alternative environmental

11* have reported the use of Zn

benign solvent for this reaction. In another papavi, et a
(proline) complex as a catalyst in water at ambient tempezator the condensation of
benzaldehyde95 % of benzimidazole was obtained after 5 hourgmnhproline was

employed as catalyst. In contrast, after 2 hou2€%f the product was obtained when Zn
(Pro)x was used as a catalyst. This shows that the Zm),(Bnhances the yields whilst

environmental friendly reagents are uséd.

The use of bismuth (Ill) triflate (Bi(OT4) as a Lewis acid has gained considerable interest
in many organic reactions. This is because of dmepatibility of Bi(OTf); in water, cheap

and easily prepared compared to lanthanide triflav@adav,et al®

reported the use of
Bi(OTf)3 as a catalyst in the synthesis of 2-aryl-1-aryhyelH-benzimidazole. Excellent
yields (75-97 %) are reported when 10 mol% of thtalyst at room temperature was

employed®

Recently, Si@ ZnCk has been reported as an efficient catalyst fosyimthesis of 2-aryl-
1-arylmethyl-H-benzimidazole. Si& ZnCl is used under solvent free conditions at room
temperature, however, microwave irradiation wase alsployed. The applicability of this

method to aliphatic aldehydes is the reason fohibk interest’

Other methods have employed cyclodehydration re¢agdar example, BEELO, as

shown in schemel ().*?

NH, H
(i) RCOCI
(i) BF,EtO /: R
R NH, &b . N
R2 Rz
92-98%

Scheme 10% BF:.Et;O promoted one pot synthesis of 2-substituted bedarole

The above reaction is reported to proceed via toemdtion of N-acyl-1,2-
phenylenediamine intermediate from the reactior,@fphenylenediamine with the acid

chloride (1 equivalent). Subsequent addition 0t.BEO to this intermediate result into
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92-98 % yield of several benzimidazoles. Tandon ldachar have reported this to be an
efficient method based on these high yields, ortegymthesis and tolerance of the

BFs.EtO reagent to various types of aldehytfes.

2.6 Bisbenzimidazole

2.6.1 Introduction

Chemotherapeutic drugs are divided into variousigsp as discussed in the introduction.
Regardless of the different modes of actions ofséhdrugs, they are all aimed at
destroying the double stranded DNA molecule of thenour cells. For example,
antimetabolites damage the DNA as they get incatpdrinto the growing DNA strand.
This is because the insertion of the antimetahditeh as, fluorouracil instead of uracil
disrupts the sequence and the DNA replication @siteOn the other hand, the alkylating
agents damage the DNA by binding into the N7 andpOS§itions of guanine and 3-
position of adenine. This blocks the pairing ofdsa®or the formation of a double-stranded

DNA molecule333°

Recently, an additional group of chemotherapeutjena is reported. These drugs are
reported to bind to the minor groove of the DNA ewlle and recognise a specific base
sequence. The first drugs discovered with this mafdaction were the natural occurring
Netropsin 84) and Distamycin35). Later, a synthetic bisbenzimidazole, Hoechst5832
(36) *29 was found to exhibit the same properties as etnd®“*? This thesis will focus

on Hoechst, in particular, the synthetic procedtwasrds its analogues.
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2.6.2 Mode of Action of Hoechst 33258

The mechanism of action (figu2 of the DNA minor groove binding agents involvest
steps. Initially, the binding agent is hydrophollicaransferred from solution into the
DNA minor groove. The second step involves the faion of H-bonding or van der

Waals interactions between the binding agent aagpecific sequence in the DNA.

:«-).l—_‘“@-l-l’h\‘l+

1=

Figure 2:*' Hypothetic representation of mechanism of actiothe DNA minor groove.

24



As mentioned above, Hoechst 33258 has high affifityDNA sequences rich in A/T
bases®*% “**However, in some studies, this molecule has beparted to also bind to
sequences rich in G/C bases. Hoechst has integgstoperties which facilitate its DNA
binding. These include, (i) crescent shape matctiiegshape of the minor groove walls,
(i) H-bonding between the drug and DNA nucleobases (iii) the positive charge which

ensures attraction towards negatively charged prumpster backbone of the DN& *4

2.6.3 Biological properties

In many reports, Hoechst 33258 have mainly beewortep as a DNA minor groove
binding agent®3® 4941 43 “ngpired by this DNA binding property, various dies have
been conducted to determine anticancer activitthisf compound. Hoechst was found to
be active against L1210 murine leukaemia. Unfortelgathis compound never succeeded
clinical trials because of its toxicity leveéfsThe toxicity and difficult multistep synthesis
towards Hoechst motivated research groups to ssistheimpler analogues of this
compound and test them for biological activity. Syetrical bisbenzimidazole, such &3,
have been synthesised and tested active agairetietyvof cultured human cancer cell

lines®

H

X N

N

37 OR
RO

37a R=H, 37b R=Me, 37c R=(CH,),NMe,

Symmetrical bisbenzimidazoles have also been usellug delivery agents. For example,
the anticancer agent chlorambucil was attached ¢mtobisbenzimidazole core. The
resulting compound3@) was found to show anticancer activity against M&&ast cancer
with an 1G of 0.47uM.*
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Hoechst 33258 has also been reported as a chromestaiming agent and has showed

antihelmintic activity™

2.6.4 Synthetic Approaches

The synthetic approach reported for the synthes$isyonmetrical bisbenzimidazole
involves the condensation of 3, 3', 4, 4'-tetraabiphenyl 89) with aromatic or
heteroaromatic aldehydedlOj in the presence of an oxidising agéhtin a study
conducted by Neidle and coworkers, nitrobenzene wsesl both as a solvent and an
oxidising agent. In addition, this reaction took®@-hours at 150°C while 25-40 % of the
required product was obtainddOn the other hand, Sann and coworkers reportedtag
obtained excellent yields of bisbenzimidazole wbgane was used as an oxidising agent
(schemell).

H,N NH, i
H
H2N|\|H2 4HCI20H, + ﬁ
X
39 40

Oxone
NaOH
DMF/OH,

N
\>—®7x 41: x=NO,, 83%
42: X=F, 84%

N
H

2

Scheme 11* Synthesis of bis-benzimidazole using Oxone axiglising agent.

26



In particular, Sann and coworkers reported that 88% 2-(4'-nitrophenyl)-bis-
benzimidazole 41) was obtained when 4'-nitrobenzaldehyde was usednaaldehyde.
Alternatively, the use of 4-fluorobenzaldehyde e into 84% vyield of 2-(4'-

fluorophenyl-bis-benzimidazole®) was obtained®
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CHAPTER 3 RESULTS & DISCUSSION

3. Synthesis of Benzimidazole derivatives

3.1 Introduction

A vast majority of procedures have been reportediHfe synthesis of benzimidazoles and its
derivatives. The details of the methods have bé&susgsed in chapter 2. Nevertheless, there is
still an ongoing search for better synthetic meghtmivards these compounds. This is because
of the diverse structural differences of these wdeites. As a result, one method may be
highly efficient for a particular type, while lese for another structurally different derivative.
Likewise, one of the major objectives of this wavks to determine the suitable method for
the synthesis of novel bisbenzimidazole derivati&g, first, the synthesis and the reaction
mechanism of closely similar derivatives reported literature had to be understood.
Therefore, the synthesis of a small library of #2-dH-benzimidazole and 2-aryl-1-
arylmethyl-H-benzimidazoles will be discussed in the followsggtion.

3.2 Synthesis of 2-substituted-1H-benzimidazole

3.2.1 Introduction

The study conducted by Ueda and coworkers on th&hegis of 2-substituted-t
benzimidazole in 1985 was amongst the first studgu$ing on the synthesis of these
compounds. All recently reported metho@i$ are modification of this procedure. These are
discussed in details in chapter 2. Noteworthly, nodshese methods rely on the use of strong
acids or metal based Lewis acids as catalysts. f@nother hand, some researchers have
reported the use of metal based catalyst to be ersotme because of their high costs, non-
stability in some organic solvents and non-reuggiiilAlso, the difficulties in the work-up
procedure when strong acids have been used agstgiegsent a need for a continued search

for a better synthetic procedure towards 2-sulistitdH-benzimidazoled. Direct
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condensation of 1, 2-phenylenediamine and hetemuatro aldehydes, which is previously
reported®, still seems to be the only one pot synthetic metihat does not require catalyts.
> In this work, we therefore, decided to exploris fioute in the preparation of 2-substituted-

1H-benzimidazole.

3.2.2 Synthesis and General Characterization

As expected, the treatment ofphenylenediamineo{PD) (43) with equimolar amount of
heteroaromatic aldehydd4) resulted into 2-substituteddtbenzimidazole46). As observed
from table3.1, the yields obtained depend on the heteroaronaddiehyde used. In order to
understand the reasons behind the isolated yiglesnechanism for this reaction is discussed.
The mechanism (schem&?) is comprised of two major steps. The first stepolves
nucleophilic attack of the primary amine (WHf o-phenylenediamineo¢PD) on the partially
positive carbonyl carbon of the heteroaromatic lde. This ultimately results in the
formation of a schiff baselb). The second step then involves intramoleculay dllosure, as a
result of the nucleophilic attack of the second,Mid the slightly positive imine carbon. The

subsequent loss of a hydrogen atom results intéotingation of the required productq).

0
I
Ar/ H 44 H‘(B /H
vy Ar O Ar
NH
i +’\{A<H NZKMH
NHZ NH2 . NH
43 : 2
l-HZO
H : AT
N N N
pump— e A S
N -2H Ny NH
/X 2
46 H H - 4

Scheme 12Direct condensation of o-phenylenediamine an@toetromatic aldehydes.
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With respect to the vyields, the use of 2-pyridinboayaldehyde resulted into the highest
yield (79 %). Conversely, the use of 2-furancarlaaghyde resulted into the lowest yield of
44 % while thiophene containing benzimidazole wataimed in moderate yield. In other
words, nucleophilic attack is enhanced in the pgadtcontaining system. These findings were
not surprising since pyridine is known to be ancet; deficient heteroaromatic ring
compared to thiophene and fufaitherefore, the carbonyl carbon in takha position of
pyridine is more positive compared to the one adfghene and furan. As a result, nucleophilic
attack is more favoured when 2-pyridinecarboxyaydieh is used. The use of 2-
thiophenecarboxyaldehyde also results into betieedd ythan 2-furancarboxyaldehyde (table
3.1). This can be explained in terms of electron diogadbility of oxygen compared to sulfur
into the alpha carbonyl carbon. Both oxygen and sulfur posseslome pairs of electrons.
While these are in the 2p orbital for oxygen, iffiauthey are in the 3p orbital. Since the
vacant orbital for carbon is 2p, the overlap betwearbon and oxygen is more favoured
compared to sulfur. Consequently, the carbonyl@aih position 2 of furan is more positive
than that of thiophene. The result of this is thhamcement of nucleophilic attack in
thiophene containing system compared to furan syste

Table 3.1 : Synthesis of 2-substitutedH-benzimidazole

Aldehyde Product Yields (%)

S\,_-CHO §
@/ ©i/>_(/j 65
N s
46a
OL_cHo %
U Co<) -
N 0
46b
Ng_-CHO o __ .
| = OiN)_@
46¢
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'H and®®C nuclear magnetic resolution spectroscopy (NMR)itl-chromatography coupled
mass spectroscopy (LCMS) and infra-red (IR) spsctspyand melting points were used to
characterize compoundd6a-qQ. IR spectra were firstly used to confirm the doup of o-
phenylenediamine to the aldehyde. The aromatic gasimamine (NH) and aldehyde
stretching signals were not observed at approxima®878 and 1667 cih respectively.
Similarly, using théH NMR spectrum, the primary amine and the aldetsigeals were both
absent at 3.5-4 and 9-10 ppm, respectively. Tlopqeed structures of products were also
confirmed by LCMS spectra. For all the compountig, found masses were in very good
agreement with the calculated masses. Also, thénmgegloints of all the synthesized products

were in good agreement with the reported values.

3.3 Synthesis of 2-aryl-1-arylmethyl-1H-benzimiddzo

3.3.1 Introduction

Similarly to the synthesis of 2-substituted-benzimidazole, the use of acid catalyst is the
most common procedure for the synthesis of 2-atylmethyl-H-benzimidazol€. The use

of acids, such as, glyoxylic, Bi(OTf)p-toluenesulfonic acid pfTsOH) and heptasulfonic
acid have been reportedThe mechanism for each type of acid is discussetapter two. It

is important to point out here that acid catalysise gained increased popularity because (i)
one step is required to obtain high yields of thedpct, (i) mild reaction conditions are
employed, (iii) the acid tremendously reduces ieadime® '° Inspired by these advantages,
we wanted to explore the use of acid catalyst & dinthesis of 2-aryl-1-arylmethyH1
benzimidazole. However, our success in the syrghesi2-substitutedH-benzimidazole
using direct condensation motivated us to initiglysue this route before the addition of an

acid catalyst.
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3.3.2 Direct Condensation

As discussed in chapter 1, Knodler and coworkeve maported the synthesis of 2-pyridyl-1-
pyridylmethyl-1H-benzimidazole by direct condensation. In thisisectthe applicability and
efficiency of this procedure when different heteawaatic aldehydes are used is investigated.
Accordingly, the treatment @-phenylenediamine (1mmol) with aldehydes (2 mméirded
the required productgt9a-g in moderate yields. As reported by Knodler, 2stitbted-H-
benzimidazoles46a-g were also isolated. The formation of these prtgloan be accounted
for by the mechanism described in sche(@8). Similarly to the mechanism of direct
condensation using 1:1 equivalent of the startiagemals (described in schert8), the first
step of this mechanism involves nucleophilic attatlone NH to the carbonyl carbon of the
aldehyde. Following the loss of water, the Schdbé intermediate4?) is formed. Because
excess aldehyde was used, two routes are posseibtbe consumption of intermediat#7y.
The first route is the nucleophilic attack of tleeend NH on the second aldehyde molecule
resulting into intermediate48). This intermediate then undergoes intramolecuitey closure
followed by 1, 3- hydride transfer, subsequentluigng into the formation of the required 2-
aryl-1-arylmethyl-H-benzimidazole 49). Alternatively, intermediate 47) can undergo

intramolecular cyclisation by the attack of the et NH into the imine carbon. 2-

substituted-H-benzimidazole46) is formed from this process.

O 0) Ar
Ar §<
— N=—
NH, N H
@ Ar H Ar H :
e >
-H.O -H,O — :
2 2 N
NH2 47 NH2 48 b Ar
oM I
Ar

/H r
N N

Clr (I~
N N

46
49

Scheme 137 Synthesis of 2-aryl-1-arylmethyl-1H-benzimidazolalibect condensation
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As shown in table8.2 the ratio of the yields of 2-aryl-1-arylmethyHibenzimidazole 49)
versus 2-substitutedHtbenzimisazole46) depends on the heteroaromatic aldehyde used. In
the case of furan and thiophene adducts, the giebdnzimidazole49) is double that of46).
However, these yields are closely similar for pyredand quinoline adducts. This is because
pyridine is an electron deficient system, therefané# retard the attack ofb) on @) in
intermediate 48). In contrast, thiophene and furan are electroressive; therefore donate

electrons into thalphaimine carbon. This enhances attacklmfdn @) in intermediate48).

Although furan and thiophene are electron excesshey are less so than pyrrole. Due to
electron-electron repulsions (shown in fig@)e the attack oflf) on @) is not possible in the
pyrrole containing system and intermediat8) (was isolated as the final product. Likewise to
the reported data, N,N’-Bis(2-pyrrolylmethylideneR-phenylenediaminel8a was obtained

in excellent yield (76 %)**°

AN

\ N
: :N_a H
48a I\L!J N/H

/

=

Figure 3: Schematic representation of electron-electrorutsion in N, N’-Bis (2-
pyrrolylmethylidene)-1, 2-phenylenediamid&4).
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Table 1.2: Synthesis of 2-aryl-1-arylmethyl-H-benzimidazoles by direct condensatian

Entry |Aldehyde Yields of 46 (%) | Yields of 49 (%) | Yelds of 48 (%)
H Ar Ar
/
O | S | 1
/ Ar
0 | e
N Ar
46/49a ®/CHO 29 54 -
@)
46/49D @/CHO 23 62
N CHO
| DN
44 51.3
46/49c P
49d Ny ~CHO 33 60 ;
=
7
48a ®/CHO - - 76
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Compounds49a-d) were characterized By, *C NMR, IR, and LCMS. The disappearance
of the primary amine (N} signal of phenylenediamine at 3.5-4 ppm and @833’ in the

'H NMR and IR spectrum, respectively, indicated ssséul coupling ob-phenylenediamine

to the aldehyde. Furthermore, the aldehyde prat®1® ppm in the NMR and the aldehydes
carbonyl stretch signal at 1667 ¢nn the IR spectrum also confirmed the successhef t
reaction.® Products 49a-d) exhibited a singlet signal at 5.50-7.00 ppm. W& assigned to
the two methylene protons. The chemical shift a§ thinglet is affected by the electron
withdrawing ability of the heteroatom involved. $hsinglet appeared at 5.73 and 5.63 ppm
for thiophene and furan adduc#&9é& and49b) respectively. On the other hand, for pyridine
and quinoline adductgl9c and49d), these protons resonate more downfield at 6.38{16a63
ppm, respectively. This is because thiophene arahfare electron excessive and therefore,

provide better shielding compared to pyridine anchgline systems.

Also when comparing thiophenel9a and furan 49b) adducts, the methylene protons
resonate more upfield for furan compared to thiogheThe reason for this is that the
oxygen’s lone pair of electrons is in the 2p oflatiad the vacant orbital of tle@phacarbon is
the 2p. Therefore, electron donation from oxygercadoon is facilitated by this match of
orbital. This is not the case with sulfur as itsdgair is in 3p orbital; therefore, donation to 2p
orbital of carbon is retarded. Also, the methylgmetons of the quinoline adduct9d) are
more deshielded than those of pyridine adduct. Ehattributed to the additional magnetic
field induced by ther electrons of the benzene ring in the quinoline.aAsult, protons in
quinoline adduct sense more effective magnetid figtich shifts them to higher frequency.

Except in the case of quinoline adduct9d), the imidazole protons for different
heteroaromatic adduct appear in closely similarirenments (table3.3). The numbering
system used for 2-aryl-larylmethyHidbenzimidazole is shown in figurd)( These findings
suggest that the electronic effect of sulfur, oxy@e nitrogen atoms is insignificant on the
imidazole protons. The observed deshielding inchee of quinoline can then be attributed to
ring effect (as described above). Imidazole pretoioser to quinoline substituent experience
more deshielding than those far away. For instawbéde H-7 of quinoline adduct resonates at
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7.95; H-7 of pyridine adduct appears at 7.39 ppncdntrast, H-6 of quinoline and pyridine
adducts appear at 7.36 and 7.32 ppm, respectively.

Ar
8
o
] 7a N
pA
2a N
3

4

Figure 4: Numbering system used in 2-aryl-1-arylmethyl-l¢tviimidazole49a-9

Table 3.3: The chemical shifts (in ppm) and J valuge(in Hz) of the aromatic region protons of
benzimidazole (49a-d).

Entry | 'H NMR (CDCI3) 6y (in ppm) and J (in Hz)
H-4 H-5 H-6 H-7

49a | 7.85 dd |7.32 m | 7.32 m | 7.39 dd
(Jas = 6.21, Wup = (J76 = 5.94, J;5 =
2.18) 1.98)

49b | 7.67 dd |7.32 m | 7.32 m | 7.35 m
(Jas = 1.83, Jus
=0.81)

49c | 7.89 dd |7.32 m | 7.32 m |7.39 d
(Jas = 7.10, Jup = (J76=7.73)
1.55)

49d |8.18 d |7.78 td | 7.36 td | 7.95 d
(J45= 8.55) (Js4 = 8.56, dg =| (Js7 = 7.41, Jo5 = | (Jr6=7.51)

8.56,J5 7= 1.56 7.41,J5 4= 1.02)

It is important to note that H-5 and H-6 appeamastiplets for benzimidazolest9a-499.
This is because of signal overlap as these pratomsn similar chemical environment. As
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discussed above, the ring current from quinoligmifcantly affect the imidazole proton and

therefore, they appear in different chemical shis shown in table.3 H-5 and H-6 of

quinoline adduct appear as triplets of doubletthag experience no overlap. In additiéf¢

NMR spectrum was used to confirm the proposed sires. This was done by compariig

NMR of each 2-aryl-1-arylmethylH-benzimidazole to the 2-substituteb-benzimidazole.

For instance*C NMR spectrum (figures) of benzimidazole 49¢) consists of 17 signals

corresponding to the number of carbons in this cmmg.

)
@
o
=
-

149.17
142.55
136.88
136.85
136.80
24,

T~ 148.65

157.43
150.30
149.81

HHHHHHH

4
—_—
—~—

—

7a 4,3

10 5

2 2 3a

8a

‘ \
SR L L

160 155 150 145 140 135 130 125 120 115 110 105 ppm

Figure 5: **C NMR Spectrum of 2-pyridyl-1-pyridylmethyl-1H-hieridazole 49¢c)
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In contrast, the spectrum of benzimidazealédj (figure 6) only consists of 7 peaks instead of
12 peaks. This was however expected as the cheemealbbnments forE-5 andC-6), (C-4
andC-7), (C-3a andC-7a), and C-2 andC-2’) are similar. Using LCMS spectra for these
compounds 49a-d), the proposed structures were confirmed to beecbias the calculated

masses were in good agreement with the experimerasses.

150.74
149.15
148.25
137.28
124.59
123.36
121.65

5 56
3a, 7a
2,2
W A
R T
155 150 145 140 135 130 125 120 115 ppm

Figure 6: *C NMR Spectrum of 2-pyridyl-1H-benzimidazaléd

Alternatively, using'H and*C NMR spectra (figure§ and 8) of pyrrole adduct48a), a
singletcorresponding to the schiff base proton and carbabserved at 7.76 and 150.5 ppm,
respectively. Moreover, sinc@8a) is symmetrical, half the number of signals shobédl
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observed ifH and**C NMR. As expected, 6 and 8 signals, which are thafsignal number,
are observed ifH and™*C NMR spectra, respectivelfhe appearance ¢H-2 and H-3) and
(H-1 and H-4) in the same chemical shift also aomdi that this compound is symmetrical.
The final evidence that the proposed structure488)(is correct was attained from LCMS

spectrum, which showed good agreement betweerxffee®d and the calculated mass.

6/ \8
H5| ’ l\\l
! 4a N Hg
2
L
4a N

JL R

78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 ppm

73ﬁ ﬁzﬁaﬁ T

Figure 7: *H NMR Spectrum of N, N-Bis (2-pyrrolylmethylideie R-phenylenediamine in
CDCls
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Figure 8 **C NMR Spectrum of N, N'-Bis (2-pyrrolylmethylidefie2-phenylenediamine in
CDCl;

Benzimidazoles49a-d were also analyzed by the UV/vis absorption gjpecfhese were
measured at room temperature in methanol. Figureepresents the combined UV/vis
absorption spectra of benzimidazold94-d. The spectrum shows four moderately intense
absorption bands in the visible region at 332, 3@ and 283 nm corresponding to the
absorption bands of the quinoline addud®d). This shifting of 49d) towards longer
wavelength can be explained in terms of the amofiobnjugated systems in this molecfile.
This compound is highly conjugated as it contalms aromatic benzimidazole nucleus and
two quinoline systems. Also, shown in figu®as the absorption spectrum of benzimidazole
(49b). This is made up of an intense band at 307 amdvieak bands at 245 and 204 nm.
These absorption bands are of lower energy (asappgar at a longer wavelength) compared

to the thiophene4@a) and pyridine 499 containing benzimidazole. It is notable that both
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benzimidazolg49a) and @49¢ show an intense absorption band at 307 nm. Howé4®a)
shows another moderately intense band at 238 nnchwé of lower energy than the weak
unresolved band at 203 nm showed by benzimidaté$x). The reason behind these
observations is that furan and thiophene have one pairs of electrons; one is the part of the
conjugated system while the second is localizethen heteroatom. In this way, furan and
thiophene containing systems are more electronthah pyridine containing system49¢).
Hence, the absorption bands of benzimidazé®z)(appear at a shorter wavelength compared

to the other benzimidazoles, figude

1.0+
49a

49b
0.8+ 49c

49d

0.6

Abs

0.4+

0.2

0.0+

I I I I I |
200 300 400 500 600 700 800
Wavelength (nm)

Figure 9: UV/vis Absorption Spectrum of benzimidazd®@ald in methanol at room
temperature.

Although, the required benzimidazoled94-9 were successfully isolated using direct
condensation method, the formation of significanbants of the side productga-g was of
great concern. This was especially intriguing ia tlase of 2-pyridinecarboxyaldehyde where

the amounts of benzimidazole®6) and @9¢) were similar. Since at this stage the behaviour
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of the studied heteroaromatic aldehydes was uratetstthe use of acid catalysis was
explored merely to improve the yields of 2-aryliiAmethyl-1H-benzimidazole49).

3.3.3 Acid-Catalyzed Synthesis

In this section we describe the synthesis of 2-argtylmethyl-H-benzimidazole using acid
catalysts. The modification of a method reported Rgwar and coworkers (described in
chapter 2) was employed. The objectives of Paefaral, was to explore the efficiency of
glyoxylic acid, nonetheless, they also tested otwds, such ap-toluenesulfonic acidpf
TsOH). According to their findings, 55 % of 2-addarylmethyl-H-benzimidazole was
obtained wherp-TsOH was used as an acid catalyst in whter.the present study, we
decided to investigate the efficiency @iTsOH in ethanol as opposed to water. We envisage
that if ethanol, which unlike water, readily dissolthe starting materials, was used the yields

would improve.

Consequently, the treatment ofphenylenediamine (1 mmol) with aromatic aldehy@2s
mmol) in the presence of 5 mol% pPfTsOH in absolute ethanol resulted in the formatén
the required benzimidazole49a-d. The mechanism of the acid catalyzed synthesksanlyl-
1-arlymethyl-H-benzimidazole (schem®4) was proposed by Jadhav and coworkers and it
follows the same steps as that in direct condemsitiAs discussed for direct condensation,
intermediate 47) has a possibility of following two routes: (i) claophilic attack of second
NH, attack on a second aldehydes molecule, (ii) inbtaoular ring closure resulting into 2-
substituted-H-benzimidazole. In the presence of the acid, tloers® route is suppressed as
the carbonyl carbon of the aldehydes is more elpbtfic. ® & " Through the formation of
hydrogen bonding between the acid and the oxygam af the carbonyl, the carbonyl carbon
becomes more positive thus more susceptible toeppbilic attack. Therefore, formation of
intermediate48) is enhanced.

Intermediate 48) then undergoes ring closure by the attaclapb( ©). The required product
(49) is then isolated after 1,3-hydride transfer asishin schemel().®
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Scheme 14® Acid-catalyzed condensation of o-phenylenediamitte heteroaromatic
aldehydes.

The mechanism described above is supported by idt@syisolated for benzimidazoldg)

and @9). It can be observed from tale4 that the addition of an acid catalyst significgntl
increases the yields of benzimidazold94 49c and49d). This confirms the suppression of
the formation of 2-substituted-tbenzimidazoles 46). However, when 2-
furancarboxyaldehyde was usetPl), yield stayed the same as in the direct condemsat
This is attributed to the fact that furan is a gaéctron donor to thalpha carbon even
without the acid. For all the heterocycles, thevation of carbonyl carbon by the acid, satisfy
two roles: (i) suppression of the formation of bstituted-H-benzimidazoles, (ii) lowering
the activation energy thus increasing the reactite. In the case of furan adduct, the
formation of 2-furanyl-H-benzimidazole 46b) is suppressed by oxygen's electron donating
ability. As a result, addition of the acid incresgeaction speed. This was proven by the fact
that acid catalysed reactions were stirred at re@mperature for approximately two hours.

Contradictory, direct condensation reactions wefkixed overnight.
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Table 3.4: p-TsOH catalyzed synthesis of 2-aryl-1-arylmethyl-H-benzimidazoles.

Aldehyde Product Yield® (%) | Mp (°C) found | Mp (°C) lit.
S
Q/CHO "N\ /7
\ N S 64 151-152 150-152
S
|
49a
O.__cHo N/ |
@/ \ o 62 88.4-89.3 88-89
(@]
|
49b
N CHO N —
X A\
| @[ N\ 60 127-129.8 123-128
4 N N
N
| N
=
49c
N CHO
S N\>_<“jQ 72 172-175 No lit.2
pZ N N\ /
N
| N
=
49d

? Isolated yields
% No literature value
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3.3 Conclusions

The direct condensation ofphenylenediamine (1 mmol) and appropriate heteroatic
aldehydes (1 mmol) gave the required 2-aipHienzimidazoles46a-g in 44-79 % yields.
When direct condensation procedure was employethésynthesis of 2-aryl-1-arylmethyl-
1H-benzimidazoles, both the required produd&atd) and 2-aryl-H-benzimidazoles46a-qg
were isolated in 51-62 % and 23-44 %, respectivéiglds of 2-aryl-1-arylmethyl-H-
benzimidazoles were successfully improved to 6047y the use gb-toluenesulfonic acid
as a catalyst.
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CHAPTER 4 RESULTS & DISCUSSION

4. Synthesis of Bisbenzimidazole

4.1 Introduction

In the previous section, it was discovered thaeaticondensation is efficient for the
synthesis of 2-substituteddibenzimidazole. Therefore, in this work the usedwéct
condensation of 3, 3'-diaminobenzidine is usede#st of o-phenylenediamine is
investigated. In addition, the effect of acid cgdéd is also investigated. Literature
available on the synthesis of bisbenzimidazolagsu$sed in chapter 2. Noteworthly, all
these procedures require harsh reaction conditonsthe use of oxidizing agents. For
instance, in the method reported by Sann and cawerloxone is used as an oxidizing
agent. Other groups have reported the use of eitrmdne. Safety concerns and high
boiling points make the use of these reagents ctsnbe!? The methods proposed
here, which are: direct and acid catalyzed condemsarequire mild reaction conditions,

environmentally friendly and low boiling point sekts.

4.2 Synthesis and Characterization

As expected, direct condensation of 3,3-diaminadine 60) (Immol) and 2-
thiophenecarboxyaldehyde 51) (2mmol) in methanol afforded the required
bisbenzimidazole5?) in 65 % vyield.

H,N NH, 0
S MeOH
50 51

Scheme 15Synthesis of 2, 2’-di-2-thienyl-5, 5-Bi-1H-beniarole 62) by direct
condensation.
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Characterization of the product was achieved By *C NMR, IR and LCMS
spectroscopyH NMR spectrum of §2) (figure 10) shows the disappearance of the
primary amine (NH) of o-phenylenediamine and the aldehyde signals at Z8e49-10
ppm, respectively. This was supported by IR spettmhere no signal at 1667 and 3378
cm™ corresponding to the carbonyl group and the prinzanne stretching frequencies
were observed. Also, the number of signals obseoretH and**C NMR (figure 11)

spectra corresponds to the signals in the propstsecture.

“““““ I B e I R A R A RSN AN AR
7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 ppm

3 TE

Figure 10: *H NMR Spectrum of 2, 2'-di-2-thienyl-5, 5-Bi-1H-kénidazole %2) in
MeOD.
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Figure 11: **C NMR Spectrum of 2, 2-di-2-thienyl-5, 5'-Bi-1H-k&nidazole §2) in

MeQOD.

Inspired by the good yield &f, 2'-di-2-thienyl-5, 5-Bi-H-benzimidazole §2), various

aldehydes, such as, 2-furan, 2-pyrrole and 2-pyeictirboxyaldehydes were individually
used under the same reaction conditions. Afterra¢attempts and modifications of the

reaction procedures, we were unsuccessful in iagléhe required products. Reasons for

this behavior were not clear to us.

Since we were able to achieve 2:1 addition of tbelgyde to 3, 3'-diaminobenzidine, we

envisaged that if 4 equivalents of the aldehydeevastded, 1, 2-di-2-arylmethyl-2-aryl
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benzimidazole would form. Our findings from prevsostudy, confirmed acid catalyzed
condensation to be more efficient for the synthesfs 2-aryl-1-arylmethyl-H-
benzimidazole. Structural similarities between freposed bisbenzimidazoles and 2-
aryl-1-arylmethyl-H-benzimidazole encouraged us to explore acid caalin the
present work. Accordingly, the stirring of 3, Jadhinobenzidine (1 eq.), 2-
furancarboxyaldehyde (4 eq.) and catalytic amounp-dsOH in methanol at room
temperature resulted into 53 % of light-brown maystalline solid of the desired
product 63) (schemel6).

H,N NH, O
+ @)
4 H
VY
p-TsOH,
MeOH, stir, rt

Scheme 16Acid-catalyzed synthesis of 1, 2- di- 2-furanytimpe 2, 2- di- 2-furanyl
benzimidazole53) in methanol at room temperature.

Initial identification of the product was achievied*H and**C NMR spectra (figure$2
and 13). The singlet assigned to the two methylene ptand carbon is observed at
5.87 ppm and 41.3 ppm, respectively. Since the quep structure of 5Q) is
symmetrical, 11 signals i"H NMR and 16 signals in th&®C NMR spectra were
expected. Hence, the expected number of signalsolasrved in the NMR spectra.
Furthermore, the number of signals in bisbenzimota$3) shows that the two furanyl
groups on each half of the molecule are in a diffechemical environment. This is true
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for N-alkylated compounds since the bridging meghgl group between furanyl and the
imidazole ring donate electrons into the imidazofey. As a result, H-10 and H-11
appear more upfield compared to H-3' and H-4'. &itds is closer to H-10 and H-11,
these protons will be more shielded than H-3' artl.Ht should also be noticed that H-9
and H-5' appear more downfield compared to thergth&ons in the same ring. This is

because of the electronegativity of oxygen atom.

11 10
Cf

e

Figure 12 *H NMR spectrum of 1, 2-di-2-furanylmethyl-2, 2-eiiPanylbenzimidazole
(53) in acetone-d6.

m

Using LCMS, the difference between the calculated Bound mass of the product is
0.0003. This confirms that the proposed structarmdeed the structure of the isolated

bisbenzimidazole53d).
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Figure 13 *C NMR Spectrum of 1, 2-di-2-furanylmethyl-2, 2-disanyl benzimidazole
(53

2-Thiophene, 2-pyrrole and 2-pyridinecarboxyaldehyeere also used under the same
reaction conditions. Surprisingly, for all of thedbe heteroaromatic aldehyde added
three times on 3, 3’ diaminobenzine. Yields obtdimethese reactions are shown in table
4.1 Note; 2-pyrrolecarboxyaldehyde resulted into deoe¢ yield, 85 %. These results
are contradicting our findings from previous wodksgussed in chapter 3). According to
our previous discussion, the highest yields shobé&lve been obtained when 2-
pyridinecarboxyaldehyde was used. This is becaug@lipe is the most electron
deficient heterocyclic ring. Therefore, the imingrtwon close to pyridine will be more
positive and more susceptible to nucleophilic &ttddowever, the more electron-rich
heterocyclic system; pyrrole, resulted into highaslds of the N-alkylated product. Low
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yield was also obtained when 2-thiophenecarboxyside was used. At this stage we are
uncertain of the reasons behind these yields.
Table 4.1:p-TsOH catalyzed synthesis of bisbenzimidazole degtives (55-57)

Aldehyde Product Yields %
p
N 85
Do | e OO "
N~ CHO N
| S \N N =
H " N/
\H H
54
[ N\
Qoo | 5O | 7
H N
g~ TCHO N\ ;\O
RS N N =
\_4 s/
55
]
X SN 10
| 0
N~ “CHO Sy NS
‘ _N N~
56

Because of low yields of bisbenzimidazd¢& and56), we attempted to optimize the
reaction conditions. The reaction of 2-thiophenkoayaldehyde (4 eq.) with 3, 3'-
diaminobenzidine was repeated over 24 hours inxef) methanol. However, the yields
were not improved.

The three times addition of the heteroaromatictalde was confirmed b{H, **C NMR
and LCMS spectra. The aromatic regiontdfNMR spectrum of bisbenzimidazde is
shown in figurel4. According to the integration analysis frofd NMR spectrum,
compound %4) has 17 signals. This is in agreement with the lmemof signals in the
proposed structure. For 1:2 and 1:4 additions of33diaminobenzidine to the
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heteroaromatic aldehyde (discussed above), thaiptedre symmetrical and the number
of signals is 7 and 11, respectively. Therefore, gtiucture of34) is clearly not similar
to bisbenzimidazole$p) and 63). In terms of"H NMR spectrum, it should be noted that
H-11 and H-12 appear more upfield compared to H43’,3"” and H-4". This is
because of the electron donating ability of thehylehe group which is closer to H-11
and H-12. It is also important to realize that HaBid H-4' appear more downfield
compared to H-3"" and H-4"". This is because dfet additional electron withdrawal
experienced by H-3' and H-4’ from the N-1 bound rpje& ring. On the other hand,
protons closer to the pyrrole nitrogen; H-10, Hasid H-5"" appear in closely similar

chemical environment.

12
Y
r 6 6 ! 8 sa N
e " \
1" \N 5" 5 Nl H 9
" T 4 3 ’
a N~ 2 ) — .
Y
-
H.

4.9 10, 5™
6" '
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Figure 14 'H NMR Spectrum of 1, 2- di- 2-pyrrolylmethyl-2 d2-2-pyrrolyl
benzimidazole54) in MeOD.
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Furthermore, 27 signals observed'd@ NMR spectrum (figurd5) of bisbenzimidazole
(54), confirms that the required product, 1, 2- dipyarolylmethyl-2, 2- di- 2-pyrrolyl
benzimidazole was isolated. For final characteioratproduct $4) was submitted for
LCMS analysis, where the calculated and experichemé@ses of the product were found
to be 0.0001 apart. This is a very good indicatiwat the proposed structure is correct

structure for the isolated product.

147.54
142.71

solvent

WMJJJJMM«WWMM
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Figure 15:°C NMR Spectrum of 1, 2- di- 2-pyrrolylmethyl-2g2-2-pyrrolyl
benzimidazole54) in MeOD.
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4.3 Conclusions

2, 2'-di-2-thienyl-5, 5-Bi-H-benzimidazole §2) was successfully prepared from the
direct condensation reaction of 3,3-diaminobenmdi (1Immol) and 2-
thiophenecarboxyaldehyde (2 mmol). However, thettsgis of the bisbenzimidazole
derivatives derived from 2-furan, 2-pyridine ang\rolecarboxyaldehyde proved to be
difficult. p-Toluenesulfonic acid catalyzed condensation of3’3jiaminobenzidine (1
mmol) and 2-furancarboxyaldehyde (4 mmol) afforde@- di- 2-furanylmethyl-2, 2- di-
2-furanyl benzimidazole5Q) in 53 % yield. On the other hand, 1:4 ratio of 33;
diaminobenzidine to 2-pyrrole, 2-thiophene and B¢pgecarboxyaldehyde gave
unexpected novel 1, 2-di-2-pyrrolylmethyl-2, 2-dpgrrolyl; 1, 2-di-2-thienylmethyl-2,
2- di- 2-thienyl; and 1, 2-di-2-pyridylmethyl-2,d-2-pyridyl benzimidazoless@-56).
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5. Synthesis of benzimidazole platinum (1) compleas

5.1 Introduction

Platinum (II) complexes of benzimidazoles have gdionsiderable attention recently.
This is due to their wide variety of propertie;linding, antitumor activity. Examples of
these complexes and their properties are discussauhpter 1. At this point, it should be
noted that in all reported complexes, platinuraderdinated to the benzimidazole through
one nitrogen atom (N-1). It is also mentioned ia general introduction that the recent
interest towards Pt (II) complexes of benzimidag@e chemotherapeutic agents, is due to
their structural characteristics. Of utmost impoce is the steric hindered environment
provided by these ligands, which reduces the e&geptacement by sulfur containing
molecules in the cell.in this section, the synthesis of tridentate deelaplatinum (11)

complexes of benzimidazoles is reported.

Although no literature was available to us on thetisesis of tridentate Pt (II) complexes
of benzimidazoles, some research has been condaststiucturally related ligand, such
as, terpyridine. The synthesis of terpyridine-platn (II) complexes, includings?) has

been widely studied’

The first study was conducted by Morgan and Burgtal 930s. In this study, the target
complex, [Pt(terpy)CI]CI. 2KD, was obtained from refluxing 2;:@, 2'-terpyridine with

potassium tetrachloroplatinaté.Over the last decade, research conducted inigisled
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to the discovery of a synthetic approach involvimgunter-ion metathesis on
[Pt(terpy)CI|CI to obtain complexes of the formulgRt(terpy)CI]X, where X=Sbf,
CR:SOs, PR ® In this study, the modification of both methodeisployed.

5.2 Results and Discussion

The mechanism towards the synthesis of platinufh ddmplexes of benzimidazole
involves two steps (schenid). ’ The first step is the displacement of one chlogitten in
[Pt(PhCN}Cl;] (58) with  equimolar amount of AgShF to form
[Pt(PhCNYCNCHsCI|SbFs (59). The driving force for this reaction is the patation of
silver chloride salt (AgCl). Since Sphs a non-coordinating ligand, the acetonitrileduse
as a solvent also serves as a coordinating ligankdydrous conditions were also crucial
for this step as silver salts are moisture sergsifihe significance of equimolar quantities
of [Pt(PhCN)Cl,] and AgSbk is that the second chlorine is easily replaceahnirexcess of
silver salt. Note, in this study we used §l#s a counter-ion because of its big size which
stabilizes the metal complex more than smaller.iofite second step of this synthesis
entails the reaction of equimolar amount of thaurig and [Pt(PhCNENCH;CI] SbFs
(59). In this case, both PhCN and CNgHre displaced by the ligadd2-quinolyl-2-
quinylmethyl-H-benzimidazoles49d) was used as ligand. The required proda6j yas

obtained as brownish sticky solid.

Product 60) was characterized by“Pt, *H, *C NMR and UV spectroscopy®Pt NMR
spectrum (figurel6) of this complex shows three singlets at -226GLE2 -2416 ppm. At
this point, it became clear to us that three irttiiai Pt (Il) complexes were present in the
mixture. According to the reportédd®Pt NMR spectrums of tridentate N, N, N-bound Pt
(1) , the typical region where Pt (Il) resonase-2300 to -2400.Therefore, the signal at -
2416 ppm &) was assigned to the Pt (Il) signal for the expeéqgtroduct §0). However,
this is not the major product in the mixture. Aragat -2310 ppmh() corresponds to the

major product, and there is an additional minodpai €) at -2260 ppm.
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PhCN SbFe

| CH,CN PhCN
PhCN—I'I’t—CI + AgSbF, T’ PhCN—Fl’t—CNCH3

Cl AgCl Cl
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N\Pt Cl
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Scheme 17 Synthesis of Pt(Il) complex of 2-quinolyl-2-quirioiethyl-1H-benzimidazole
(60).

j T j j j j T j j j j T j j j j T j j j j T j j j
-2250 -2300 -2350 -2400 -2450 ppm

Figure 16: *Pt NMR spectrum of Pt (Il) complex of 2-quinolyty@inolylmethyl-1H-
benzimidazole in methanol.
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The first step of this synthesis involved the us@me equivalent of AgSkFRo displace
one chlorine atom. Excess AgSbEsults into the removal of both chlorine atombilevif
less amount is used, a mixture of products rethat, is, one with one chlorine displaced
and others where no displacement took place. Aitiaddf benzimidazole ligand to this
will result into a mixture of products, as obsenwedhis study. The major signal at -2310
ppm is assigned to comple&l). This is proposed to be the most stable prodaceshe
Pt (II) coordination site is less sterically hinder On the other hand, a third minor product
at -2260 ppm was assigned to the sterically hirdlemmplex 62). The chemical shift
values for complexe${ and62) were expected based on the data for similar comg®
reported in literature. For example, Vollano andvarkers reported thaf®Pt spectrum of
[Pt(DACH)CL,], where DACH=1, 2-diaminocyclohexane, shows aaigi -2287 ppni:*°

Ch_ P
Pt N N
/N |
N\ N— ©i N —
\ / N— t/N

P
N c”
N —N
| AN
P \
61 62

In order to eliminate the formation of a mixture mfoduct, the reaction (described in
schemel7) was repeated using exactly equimolar amount®PhCN)CI,] and AgSbk.
Only one signal at -2407 ppm 1Pt NMR spectrum was observed. The similarity in the
shape of this peak to the peak at -2410 ppm inrdig@ confirmed these two signals to
result from the same complex. The slight differenicechemical shift can be associated to
the use of different solvents for recordifigPt NMR spectrum*®Pt spectrum in figuré6

was run in methanol, while, the spectrum in figlifavas recorded in dimethylformamide.
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Figure 17: 1Pt NMR spectrum of Pt (Il) complex of 2-quinolyty@inolylmethyl-1H-
benzimidazolegQ) in DMF.

Motivated by these results, 2-pyridyl-2-pyridylmgthand 2-thienyl-2-thienylmethyl#-
benzimidazoles were also used as a ligand. Howdwemethod reported by Morgan and
Burstall was employeti® As expected, a singlet peak at -2458.3 ppm cooreding to
complex 63) was observed. As discussed above, this is the @geaegion for a
tridentate-N, N, N-bound Pt (Il) centre. Moreowvtintis chemical shift is closely similar to
the one for complex6Q). This was expected since there is no signifiadifierence in

electron withdrawing or donating ability of pyridirand quinoline systems.

63

The comparison betweéh and**C NMR spectra of the free ligands and produéésand
63) also confirmed platination. Figurd8 and19 shows the aromatic region of 2-pyridyl-
1-pyridylmethyl-H-benzimidazole49¢) and its platinum (lI) complex6@). It is observed

from these figuresl@ and 19) that all signals corresponding to complé®)(are shifted
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upfield. For instance, while the methylene protgdHs8) resonate at 6.41 ppm in the
complex, in the free ligand these appear at 6.5@.pphis means that platinum (II)
chelation provides an electron rich environmenis™an be accounted for by two factors:
() Pyridine is am-accepting ring system and, therefore, acceptdrelex from the metal
into its emptyn* orbitals; (i) Dimethylformamide (used as a sattecan coordinate to
platinum (1) and donate electrons towards thistmenNotably, pyridine accepts-
electrons through-backbonding. This implies that, although pyridadmnatess electrons
to the Pt (Il) for the bond formation, it also apteelectrons via backdonation after bond
formation. Since DMF was used for recording the NMPBectra, backdonation is

enhanced. This is because of the electron donabiiigy of DMF.
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Figure 18 *H NMR Spectrum of Pt (Il) complex of 2-pyridyl-Irigylmethyl-1H-

benzimidazole6d) in DMF.
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Figure 19: *H NMR Spectrum of 2-pyridyl-1-pyridylmethyl-1H-biemidazole 49¢) in
DMF.
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In contrast to the observed similarities betweemmex G0 and63), the Pt (II) complex
of 2-thienyl-2-thienylmethyl-H-benzimidazole @4), showed a singlet peak at -2322 ppm.
According to literature, a signal expected for SSNand one halide coordinated Pt (11)
should appear at -3000 to -4000 pprithis is because the thienyl group is an electicin r
system; therefore, the Pt (II) nucleus is moreldbi However, based on the observed
chemical shift, the isolated compledd is also attached to an electron withdrawing group
We propose that only two CI of potassium tetraabptatinate were displaced by the
ligand and the observed downward shift is as atre$aleshielding by the remaining two
Cl atoms.

Cl

Ch.
/Pt\

(=T
S

|

64
In contradiction to the observed (il NMR) shielding effect as a result of platinum) (Il
complexation, when 2-thienyl-1-thienylmethyHdbenzimidazole was used as a ligand;

the complex signals are shifted more downfield carag to the free ligand (tab#el)

Table 5.1: Chemical shifts (in ppm) of the protonsn 2-thienyl-1-thienylmethyl-1H-
benzimidazole and its Pt (II) complex (64)

Protons Ligand (49a) | Complex (64)
H-8 6.21 6.25
H-10 7.63 8.34
H-11 7.28 8.22
H-12 7.18 8.20
H-3’ 7.89 8.31
H-4' 7.52 8.43
H-5' 7.96 8.43
H-4 8.04 8.54

H-5&6 7.44 8.39
H-7 7.89 8.49
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The significant change in chemical shift obsen@dafromatic protons can be attributed to
the fact that thiophene is an electron rich systemlike pyridine, thiophene donates
electrons to Pt (I). As a result, protons in tlenplex are more deshielded than in the free
ligand. Since in this case, the Pt (II) centrelésteon rich, electron donation from DMF is

not accepted.

The effect of Pt (II) chelation was also observemhf the UV/visible spectra. All UV/vis
absorption spectrum of the free ligands were coetparith their Pt (II) complexes (table
5.2). The high energy peaks were assigned-to* transitions of the benzimidazole ligand.
On the other hand, the broad low energy peakseamegion of 300-400 nm were assigned
to MLCT transitions (metal-to-ligand charge tramsf&otable, the MLCT bands are only
observed for pyridine and quinoline Pt (II) comm@exat 352 nm and 372 nm respectively.
This is attributed to the fact that thiophene isetectron rich system and therefore, does
not participates im-backbonding. These assignments of peaks were inaskd on the
available literature of the UV/vis absorption spest analysis of terpyridine Pt (Il)

complexes?

Except in the case of pyridine Pt (II) complex tiands corresponding to the complexes
are shifted towards lower wavelength compared ¢oftbe ligand. Also, this shift is more
pronounced for thiophene Pt (Il) complex. As diseuk earlier, pyridine has vacat
orbitals and thus accepts electrons from the ntletaligh backdonation. As a result, there
is no significant difference in conjugation betweka free ligand and the Pt (II) complex.
In contrast, thiophene is an electron rich systewh @ complexation, its conjugation is
disrupted as it donates electrons to the metateemhis causes an increase in the energy
gap between HOMO and LUMO. Since higher energy Wél required for electronic

transitions, the absorption bands appear at a laxagelength.

Besides the shift in the absorption region of ¢henplex peaks as a result of disrupted
conjugation, the complex peaks are also weak amdsolved compared to the ligand.
Quinoline Pt (1) complex&0) shows greater disruption compared to compleg8satd
64).
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Table 5.2: UV/vis Absorption Spectra of the ligandsnd their Pt (1) complexes (60, 63 and 64) in

methanol at room temperature.

Entry UV/vis Absorption Spectra
1.0+
60 0.8 Ligand (494d)
Complex (60)
0.6+
®
2
0.4
0.2
0.0
T T T T T 1
200 300 400 500 600 700 800
Wavelength (nm)
1.54
Ligand (49c)
1.04
Complex (63)
[
63 2
0.5+
0.0+
T T T T T 1
200 300 400 500 600 700 800
Wavelength (nm)
1.0+
0.8
Ligand (49a)
0.6 Complex (64)
2
64 < 0.4
0.2
0.0+
200 360 460 560 660 760
Wavelength (nm)
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5.3 Conclusions

This work describes the successful synthesis oéethnovel Pt (Il) complexes of
benzimidazoles. These are the complexes of 2-qui@edjuinolylmethyl 60), 2-pyridyl-
2-pyridylmethyl 63) and 2-thienyl-2-thienylmethylH-benzimidazoles64). Based on the
reported data for Pt (Il) complexes containing plaaromatic ligands, these complexes
have a potential of acting as DNA intercalating arditumor agents against various

cancerg®1®
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6.1 Instrumentation and General Experimental Conditons

Anhydrous reaction conditions were achieved byt firying glassware overnight in an oven
at 120 °C, assembling it while hot; remove any ezcmoisture with a hot air gun and
allowing it to cool under nitrogen. Anhydrous soit® were collected from the drying and
distilling apparatus, rapidly closed with rublsaptaand stored over molecular sieves until
use.

Preparative thin layer chromatography was carrigdom glass plates (20 x 20 cm) coated
with silica gel Merk Kieselgel 60, using the following procedure. Silica gel (200vggs
homogeneously suspended in water (480 ml) in addusttom flask. After swirling the
contents of the flask, this was allowed to standlfbiour before it was spread on clean grease
free plates with a spreader. These plates weredstio a draft free place for 48 hours at room
temperature and subsequently activated for 2 hooroven before use. Thin layer
chromatography was carried out using Merk Kieset§eFs, aluminium backed TLC plates.

Visualization was achieved using short ultra vidigit (254 nm).

NMR spectra were recorded on Bruker Avance Il 49@+ T) and Bruker Avance Ill 500
(11.7 T) spectrophotometers. All NMR spectra were recordedbarts per million (ppm)
relative to the residual protonated solvent indkaterated solvent fdH and**C and relative
to hexachloroplatinic acid in £ (external) for'*Pt. *H, *C and'®Pt NMR spectra were
recorded at 400, 100 and 107 MHz, respectively, &n80°C . The coupling constants were
measured from the spectra and are expressed im (). The multiplicities are abbreviated
as: (s) singlet, (d) doublet, (t) triplet, (q) quedr (dd) doublet of doublet, (ddd) doublet of
doublet of doublet, (dt) doublet of triplet, (tfjplet of triplet, (br.s) broad singlet and (m)

multiplet.

Infra red spectra were recorded neat from the SnidentifylR spectrophotometer. Melting
points were determined from Stuart SMP3 meltinqipapparatus using open ended capillary
tubesand from the Koefler hot stage melting point apparalow and High resolution mass
spectra were obtained from Waters LCT Premier. Bp&gere obtained using electron impact
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mode (El) or chemical ionization mode (CI). UV aNkible Absorption Spectra were
recorded from Cary 100 Bio. Samples for UV/Vis gs& were prepared by dissolving 1 mg
of each compound in methanol (10 ml) and this wheedl further to get absorbance reading

between 0-1.

6.2 Experimental for Chapter 3

Synthesis of 2-thienyl-1H-benzimidazole (46a)

Procedure A A mixture of o-phenylenediamine (0.496 g, 5 mmol) and 2-
thiophenecarboxaldehyde (0.733 g, 5 mmol) was xefluin absolute ethanol at 75°C for 2
hours. The mixture was concentratedvacuoand the crude product was obtained as dark
brown crystals. This was purified with column chettography using petroleum ether/ ethyl
acetate (7: 3), /0.23. The titled compound was obtained as browa €rystals (0.653 g, 65
%); mp 327- 330 °C (lit. 329- 331 °t)

ou (MeOD, 400 MHz): 7.22 (1H, mi= 3.77, 3.79H-4), 7.26 (2H, 4 lines) = 3.24,H-5 & 6),
7.57 (2H, 4 lines) = 3.21,H-4 & 7), 7.64 (1H, ddJs 4 = 4.73,J3 5 = 0.97,H-3"), 7.78 (1H,
dd,Js 4 =3.76,J5, 3 = 0.98,H-5")

dc(MeOD, 100 MHz): 122.6 (C-4), 126.8 (C-5 & 6), 127C-4 & 7), 128.2 (C-3' & 5’)

IR (neat):vmax3064, 1422, 745 cih

HRMS (ESI+); Found [M+HT, 201.0488; @HyN, SCalc. Mass, 201.0486.

76



CHAPTER 6 EXPERIMENTAL

2-furanyl-1H-benzimidazole (46b)

H.

v / s

] 7a N / "
VoGl

° 3a N O °

4 3 1'
Procedure A was followed using 2-furancarboxaldeh{@49 g, 5 mmol). The pure product
was obtained as yellow- brown crystals (0.407 g¥&4mp 284.5- 287.2 °C (from methanol),
(lit. 287-288 °Cjy after purification on the column chromatographytiely with petroleum
ether/ ethyl acetate (50 %); ®13.
on (CDCl3, 400 MHz): 6.57 (1H, mH-4"), 7.24 (1H, dJs 4 = 3.47,H-5’), 7.30 (2H, mJ =
3.18,H-4 & 7), 7.52 (1H, mH-3’), 7.65 (2H, mJ = 3.15H-5 & 6 )
3¢ (CDCls, 100 MHz): 110.8¢-4"), 112.5 C-3'), 115.2 C-5&6), 123.2 C-4 &
7),138.4 C-2&2'),143.8C-4 & 7), 145.3 C-3a & 7a)
IR (neat):vmax1597, 731 cnt
HRMS (ESI+); Found [M+HJ, 185.0713; @HyN,O Calc. Mass, 185.0715

2-pyridyl-1H-benzimidazole (46c¢)

Procedure A was followed using 2-pyridinecarboxgalgte (0.536 g, 5 mmol). The solid
residue was washed several times with water thethyliether then redissolved in methanol
and purified by column chromatography eluting wethyl acetate/ petroleum ether (9:1); R
0.60. The required product was obtained as broww fiee light-brown crystalg0.858 g,
78.7 %), mp 218-219°C (from methanol), (lit. 218*C

o (CDCls, 400 MHz): 7.31 (2H, mH-5 & 6), 7.39 (2H, ddJ; 6= 4.73,J;5= 1.02,H-7), 7.39
(1H, dd,Js5= 6.03,J56= 1.15,H-4), 7.69 (1H, br.sH-1), 7.88 (2H, tdJy 3 = 7.81,Jy5 =
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7.81,dy5 = 1.72,H-4& 5'), 8.47 (1H, dtJs 4 = 7.81,J35 = 1.07,J3.¢ = 1.02,H-3"), 8.65
(1H, dt,Jg.5 = 4.87,J¢ 4 = 1.72,J5-3 = 1.28,H-6")

8c (CDCls, 100 MHz): 121.7¢-5 & 6), 123.4 C-4 & 7), 124.6 C-5'), 137.3 C-3'), 148.3
(C-3a & 7a) 149.2 C-6"), 150.7 C-2 & 2")

HRMS (ESI+); Found [M+HJ, 218.0695; @HyNsNa Calc. Mass, 218.0694.

IR (neat):vmax3057, 1598, 1318, 1278 ¢m

Synthesis of 2-thienyl-1-thienylmethyl-1H-benzimiiale (49a)

Procedure B A mixture of o-phenylenediamine (1.08 g, 10 mmol), 2-

thiophenecarboxaldehyde (2.93 g, 20 mmol) grluenesulfonic acid (5 mol %) was
refluxed in absolute ethanol at 75°C for about AreoThe crude product was purified with
column chromatography using hexane/ ethyl acefa®,(R 0.73. The desired product was
obtained as light yellowish orange shiny cryst@l®$43 g, 64 %); mp 150.5-151.6 °C (from
methanol) (lit. 150-152 °€)

84 (CDCls, 400 MHz): 5.73 (1H, br.¢4-8), 6.89 (1H, mH-12), 6.96 (1H, mJ = 4.26,J =
4.29,H-11), 7.17 (A1H, mJ = 4.39, 4.46H-4"), 7.26 (1H, ddJip11= 4.26,J101.= 1.08,H-10),
7.32 (2H, m,H-5 & H-6), 7.39 (1H, ddJ;6= 5.94,J75= 1.98,H-7), 7.51 (1H, ddJsz 4 =
3.77,J3 5= 0.94,H-3" ), 7.54 (1H, ddJs 4 = 5.18, J5 3 = 0.94,H-5"), 7.85 (1H, ddJs5=
6.21,J46= 2.18,H-4)

d¢c (CDCl, 100 MHz): 44.1 €-8), 109.9 C-12), 119.9 C-11), 123.0 C-4"), 123.4 C-10),
125.5 C-5 & 6), 127.2 C-7), 127.9 C-3'), 128.2 C-5"), 128.9 (C-4),131.8 (C-8a), 135.9
(C-2), 138.8 C-2'), 142.9 C-7a), 147.6 C-39)

HRMS (ESI+); Found [M+HJ, 319.0340; @GH1.N, S, Calc. Mass, 319.0340.

IR (neat):vmax3077, 1461, 1416,71 chn
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UV: Amnax304, 238 nm

2-furanyl-1-furanylmethyl-1H-benzimidazole (49b)

11

\

O

6 “ N 3' 4
CLody

; A T
Procedure B was followed using 2-furancarboxaldeh§ld96 g, 20 mmol). The pure product
was obtained as yellowish brown crystals (1.0262)%); mp 88.4-89.3 °C (from methanol)
(lit. 88-89 °C} after purification by column chromatography elgtiwith petroleum ether/
ethyl acetate (50 %),:R.26.
dn (CDCl3, 400 MHz): 5.68 (2H, $1-8), 6.26 (1H, ddJi1=3.48,J12.10= 0.71,H-12), 6.31
(1H, m,J = 2.46, 2.68, 1.4H-11), 6.64 (1H, 4linesH-3' & 4’ ), 7.32 (2H, mH-5 & 6), 7.35
(1H, m,H-7), 7.52 (1H, mH-10), 7.67 (1H, ddJs5= 1.83,J46= 0.81,H-4), 7.81 (1H, mH-
5)
3¢ (CDClg, 100 MHz): 41.7 C-8), 108.4 C-12), 110.0 C-11), 110.5C-3' & 4’), 112.1 C-5
& 6), 113.1 C-8a), 119.8 C-7), 123.2 C-10), 135.4 C-2 & 2'), 142.7 C-4), 144.0 C-5'),
149.6 C-3a &7a)
HRMS (ESI+); Found [M+HJ, 287.0797; @H1.N» O, Na Calc. Mass, 287.0796.
IR (neat):vmax3139, 1389, 750 cih
UV: Amax307, 245, 204 nm
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2-pyridyl-1-pyridylmethyl-1H- benzimidazole (49c)

Procedure B was followed using 2-pyridinecarboxgaigle (2.14 g, 20 mmol). The mixture
was extracted with dichloromethane and the orgaricact combined. This was dried over
anhydrous magnesium sulphate and the solvent eatsglin vacuo The crude product was
obtained as dark- brown sticky crystals. This wasified with 20 x 20 cm thin layer
chromatography plates using ethyl acetate/ethyhar(®:1) as an eluting solvent. The desired
product was obtained as yellow sticky crystals 12.@, 60 %), R0.54; mp 127-129.8 °C
(from ethyl acetate), (lit. 123-128 )

dn (CDCls, 400 MHz): 6.31 (2H, $-8), 6.93 (1H, dJi312= 7.74,H-13), 7.16 (1H, mH-11),
7.32 (3H, mH-5", 5 & 6), 7.39 (1H, dJ;6= 7.73,H-7), 7.51 (1H, tdd1213= 7.74,d1211=
7.74,31113= 1.89,H-12) , 7.86 (1H, tdJ)s 5 = 7.80,J4 3= 7.80,d4 ¢ = 1.73,H-4’), 7.89 (1H,
dd, Js5= 7.10,d46= 1.55,H-4), 8.51 (1H, dtJ; 4, = 7.81,J3 5,1.00,J3 ¢ = 1.00,H-3"), 8.59
(2H, m,H-10 & H-6")

d¢c (CDCls, 100 MHz): 51.1 €-8), 110.8 C-13), 120.1 C-11), 120.9 C-6), 122.3 C-5),
123.0 C-5'), 123.8 C-7), 123.9 C-12), 124.7 C-4’), 136.79 C-7a), 136.84 C-4 & 3),
142.6 C-8a), 148.7 C-10), 149.2 C-6’), 149.8 C-3a), 150.3 C-2), 157.4 C-2)

HRMS (ESI+); Found [M+HJ, 287.1297; GH1sN4 Calc. Mass, 287.1297.

IR (neat):vmax 3058.3, 1586.0, 1442.4, 737.0¢tm

UV: Amax306, 204 nm
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2-quinolyl-1-quinolylmethyl-1H-benzimidazole (49d)

Procedure B was followed using 2-quinolinecarboghidie (3.14 g, 20 mmol) instead of 2-
pyridinecarboxaldehyde. The product was obtainebragn fine crystals (2.78 g, 72 %); mp
171.3-174.7°C (from methanol) after purificationthvcolumn chromatography eluting with
ethyl acetate/ ethylamine (9:1); R77.

81 (CDCls, 400 MHz): 6.68 (2H, sH-8), 7.24 (1H, dJ = 8.52, H-14), 7.33 (1H, tdJi13=
7.41, Jip11= 7.41,31210= 1.02,H-12), 7.36 (1H, tdJs 7= 7.41,Js5= 7.41,J4= 1.02,H-6),
7.50 (1H, mJy31o= 7.41,H-13), 7.54 (2H, m)=7.46, 1.36H-6' & 7’ ), 7.63 (1H, tdJ11 1=
7.62,J1110=7.62,J1113= 1.53,H-11), 7.77 (1H, dJs ¢ = 7.78,H-5"), 7.78 (1H, td Js 4=
8.56, 36= 8.56,J57= 1.56,H-5), 7.85 (2H, ddJg » = 8.56,J3¢ = 1.04,H-8 & 10), 7.95
(1H, d,J76= 7.51,H-7), 7.99 (1H, dJi514= 8.51,H-15), 8.18 (1H, dJs5= 8.55,H-4), 8.33
(1H, d,Js 3 = 8.34,H-4"), 8.68 (1H, dJs 4 = 8.34,H-3’)

d¢c (CDCls, 100 MHz): 52.3 €-8), 110.9 (C-13), 119.0 C-14), 120.3 C-7), 121.7 C-3'),
123.2 C-6), 124.2 C-12), 126.4 C-6'), 127.3 C-7"), 127.5 C-5' & 5), 127.6 (C-8’), 128.9
(C-4), 129.6 C-10), 129.7 (1), 136.8 C-4’), 137.1 C-15), 137.3 C-133), 147.1 C-4a)),
147.6 C-7a), 149.7 C-3a), 150.0 C-2 & 2"), 158.1 C-8a’ & 9a)

HRMS (ESI+); Found [M+HJ, 387.1608; gsH1dN4 Calc. Mass, 387.1610.

IR (neat):vmax3053, 2994, 2956, 1329, 739 ¢m

UV: Amax332, 316, 303, 283 nm
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N, N’- Bis (2-pyrrolylmethylidene)-1, 2-phenylenadnine (48a)

Procedure B was followed using 2-pyrollecarboxyhide (0.095 g, 1 mmol) and-
phenyldiamine (0.0541 g, 0.5 mmol). The product olaisined as light yellowish orange very
fine crystals (0.100 g, 76 %), mp 191.4- 197.3 fiénd methanol), (lit. 172 °CY; Ry 0.69 in
hexane/ ethyl acetate (7: 3).

on (CDCls, 400 MHz): 6.06 (2H, td,7$= 3.00,J;¢= 3.00, J = 0.90,H-7), 6.32 (2H, br.sH-
6), 6.45 (2H, ddJs 7= 3.74,Js6= 1.17,H-8), 7.11 (2H, 4 lines) = 4.55, 4.55H-2 & 3), 7.27
(2H, 4 linesJ=4.56, 4.63H-1 & 4), 7.76 (2H, sH-5)

3¢ (CDCls, 100 MHz): 109.7¢-7), 117.3 C-6), 118.9 C-8), 123.9 C-2 & C-3), 126.6 C-1
& C-4), 130.9 C-4a), 145.6 C-5a), 150.5 C-5)

LRMS (ESI+); Found [M+H], 263.1409; GH14N, Calc. Mass, 262.312.

IR (neat):vmax3077, 1334, 1302, 737 ¢n
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6.3 Experimental for Chapter 4

Synthesis of 2, 2'-di-2-thienyl-5, 5-Bi-1H-benzinadole (52)

Procedure A A mixture of 3, 3’diaminobenzidine (0.5 mmol, 07 g) and 2-
thiophenecarboxaldehyde (0.0981 g, 1 mmol) wagestiin methanol (5 ml) at room
temperature overnight. The completion of the reactwas monitored by thin layer
chromatography and the mixture was extracted withldromethane. The crude product was
purified by column chromatography using ethyl awdtdichloromethane (50%). The product
was obtained as light brown sticky solid (0.258% %); mp 188.7-193.5 °C.

oy (MeOD, 400 MHz): 6.85 (1H, dgJ = 8.82,H-3), 7.24 (1H, tJy 3 = 4.27,Jp 5 = 4.27,
H-4"), 7.38 (1H, d, J5',4'= 8.8X1-5’), 7.61 (1H, ddJs7= 8.29,J64= 1.76,H-6), 7.65 (2H,
m, H-7 & 1), 7.82 (2H, mH-4)

dc (MeOD, 100 MHz): 115.5G-3’), 122.9 C-4'), 127.8 C-5’), 128.3 (C-6), 131.8 C-7),
132.5 C-5), 137.2 C-3a & 7d), 148.0 C-2 & 2').

HRMS (ESI+); Found [M+H], 399.0735; @H;sN, S, Calc. Mass, 399.0738.
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Attempted synthesis of 2, 2’-di-2-furanyl-5, 5-BHtbenzimidazole (52a)

Procedure A was followed using 2-furancarboxaldeh{d mmol, 0.0981 g). A light brown
sticky solid was obtained, purified by column chedography using ethyl acetate/ petroleum

ether (8:2) and submitted for analysis

Attempted synthesis of 2, 2-di-2-pyrollyl-5, 5’-BH-benzimidazole (52b)

Procedure A was followed using 2-pyrollecarboxaiakh (1 mmol, 0.0981 g). A reddish
brown solid was obtained, purified by column chroogaaphy using ethyl acetate/

dichloromethane (50 %) and submitted for analysis.
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Attempted synthesis of 2, 2’-di-2-pyridyl-5, 5-BHibenzimidazole (52c)

Procedure A was followed using 2-pyridinecarboxhjdke (1 mmol, 0.107 g). A light brown
sticky solid was obtained, purified by column chedography using ethyl acetate/

dichloromethane (1:1) and submitted for analysis.

Synthesis of 1, 2- di- 2-furanylmethyl-2, 2- di-f@ranyl benzimidazole (53)

11 12
10 </ \ ’ 6 I \ 10
7 6 7 8a O

OSa

9

Procedure B A mixture of 3, 3'diaminobenzidine (0.5 mmol, 074 g) and 2-
furancarboxaldehyde (2 mmol, 0.196 g) g@nluenesulfonic acid (5 mmol %) was stirred in
methanol (5 ml) at room temperature overnight. Gtvpletion of the reaction was monitored
by thin layer chromatography and the mixture ex@dowith dichloromethane. The desired
product precipitated out of the stirring mixture dark brown powdery crystals. Further
purification of this on column chromatography uskettyl acetate/ dichloromethane (50 %)
afforded the pure product as light-brown microaiste solid (0.14 g, 53 %), mp 194.3-
198.6 °C, R0.31 .

dn (acetone, 400 MHz): 5.87 (2H,14;8), 6.39 (1H, 4 lines)o, 9= 2.27,J10, 11=2.73,H-11),
6.49 (1H, ddJi1 10= 2.93,J11 o= 0.48,H-12), 6.76 (1H, 4 lines)y 5 = 2.51,Js 3 = 2.74,H-
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4), 7.28 (1H, ddJs, 4 = 3.24,33 5 = 0.70,H-3), 7.48 (1H, mH-10), 7.68 (1H, ddJs, ¢=
8.49,Js, 4= 1.75,H-6), 7.79 (1H, dJs 5= 8.49,H-7), 7.92 (1H, mH-5), 7.96 (1H, dJs 5=
1.74,H-4)

Sc (acetone, 100 MHz): 41.3¢8), 108.5 C-11), 110.5 C-12), 110.8 C-4’), 111.9 C-3"),
112.8 C-10), 117.7 C-6), 122.9 C-7), 135.1 C-8a), 136.8 C-3a), 142.9 (C-5), 143.95 C-
7a), 144.4 C-5), 144.5 C-4), 145.9 C-2), 150.3 C-2')

IR (neat):vmax3101, 2931, 1655, 1422, 750 ¢m

HRMS (ESI+); Found [M+H], 527.1716; GH,3N4 O, Calc. Mass, 527.1719.

Synthesis of 1-pyrrolylmethyl-2, 2- di- 2-pyrrolgkenzimidazole (54)
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Procedure B was followed using 2-pyrollecarboxyhigke (2 mmol, 0.192 g). The crude
product was purified by column chromatography ustiy| acetate/ dichloromethane (50 %)
as an eluting solvent. The titled compound wasinbthas reddish brown very fine crystals
(0.214 g, 85 %), mp 200.5- 206.3°G,(R65

dn (MeOD, 400 MHz): 5.64 (2H, nH-8), 5.92 (1H, mH-12), 6.05 (1H, mH-11), 6.33 (2H,
m, H-3" & 4™ ), 6.73 (2H, mH-10, & 5™, 6.92 (1H, mH-4"), 7.09 (2H, mH-3’ & 5'),
7.24 (1H, ddJs 7» = 8.16,J6" 4~ = 0.75H-6"), 7.44 (1H, ddJs 7= 8.20,Js, 4= 3.69,H-6),
7.49-7.61 (3H, mH-7, 7",1"' & 1), 7.67- 7.78 (2H, mH-4" & 9 ), 7.88 (1H, mJ, = 3.68

, H-4)

8c (MeOD, 100 MHz): 42.1G-8), 106.4 C-12), 107.7 C-11), 109.3 8" & 4™ ), 109.7 C-
10), 110.3 C-5"), 111.1 C-4'), 115.9 €-3"), 117.7 C-5'), 120.1(C-8a), 121.4 C-6" & 6),
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121.8 (C-3a”, 3a, 7a” & 7a) 121.9 C-7), 122.2 C-7"), 125.6 C-4"), 125.9 C-5 & 5"),
128.4 C-4), 142.7 C-2" & 2" ), 147.5C-2 & 2')

IR (neat):vmax3064, 1599, 1398, 724 ¢m

HRMS (ESI+); Found [M+H], 444.1936; GH,,N; Calc. Mass, 444.1937.

Synthesis of 1-thienylmethyl-2, 2’- di- 2-thienyEhzimidazole (55)

Procedure B was followed using 2-thiophencarboxXatde (2 mmol, 0.293 g). The
completion of the reaction was monitored by thigelachromatography and the mixture
extracted with dichloromethane. The crude produas wurified by column chromatography
using 50% ethyl acetate/ dichloromethane (50%). pitoeluct was obtained as light brown
sticky solid (0.030 g, 11.6 %), mp 145.5-1470) R 0.79.

dn (CDCls, 400 MHz): 5.78 (2H, $-8), 5.79 (1H, sH-12), 6.93-7.02 (4H, mH-11, 4™, 4',
3"), 7.19 (2H, mH-6"), 7.29 (1H, mH-10), 7.47 (1H, mJ = 7.28, 2.45H-5"), 7.56- 7.66
(6H, m,H-6, 7, 4", 7", 1", 3"), 7.91 (1H, m)) = 7.55, 2.60H-5’), 8.11 (1H, mH-4)

8¢ (CDCk, 100 MHz): 44.3 C-8), 108.6 C-12), 110.2 C-11), 118.1 C-4™), 118.4 C-4"),
119.8 C-3™), 119.9 C-6"), 123.0 C-10), 123.3 C-5"), 123.6 C-7"), 125.6 (C-6), 126.9
(C-7), 127.3 C-4"), 128.2 (C3' & 5'), 129.4 (C4), 133.1 (-84a), 135.2 C-3a"), 136.5 C-
7a"), 137.0 C-3a), 137.2 C-7a), 137.5 C-5), 138.7 C-5"), 142.3 C-2"), 143.3 C-2"),
143.6 C-2), 148.0 C-2)

IR (neat):vmax3095, 2925, 1605, 1360, 724 ¢m

HRMS (ESI+); Found [M+HJ, 517.0596; g;H1gN4 SsNa Calc. Mass, 517.0591.
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Synthesis of 1-pyridylmethyl-2, 2- di- 2-pyridylllemidazole (56)

Procedure B was followed using 2-pyridinecarboxghigie (2 mmol, 0.214 g). The crude
product was purified by column chromatography ustiyyl acetate/ dichloromethane (50 %)
as an eluting solvent. The titled compound wasinbthas brown wet solid (0.024 g, 10 %),
R 0.46.

84 (MeOD, 400 MHz): 6.27 (2H, nH-8 & 13), 7.05 (1H, mH-12), 7.24 (2H, mH-4™ &

7"), 7.40-7.74 (6H, mH-11, 5™, 3", 3', 4', 5'), 7.83 (1H, mH-10), 7.96-8.05 (2H, mH-6"

& 4"), 8.29 (2H, mH-6 & 7), 8.36-8.50 (2H, mH-6" & 6’ ), 8.55 (1H, mH-4), 9.44 (1H,
br.s,H-1")

8¢ (MeOD, 100 MHz): 50.0¢-8), 109.1 C-13, 12, 4™ & 7"), 110.9 C-11), 117.3 C-3" &
5"), 119.2 (C-4") 121.1 C-5'), 121.2 €-3), 121.3 €-10), 122.5(C-6"), 123.7 C-4"),
123.8(C-6), 124.3 C-7), 137.1 C-6"), 137.4 C-6'), 137.7 C-8a), 137.9 C-3a"), 141.2 C-
7a"), 141.3 C-3a), 142.4 C-7a), 142.5 C-5"), 148.8 (C-4), 149.5 (C-5), 156.9 C-2" &
2"), 169.5 C-2), 180.5 C-2)

HRMS (ESI+); Found [M+H], 480.1940; GH»,N; Calc. Mass, 480.1937.
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6.4 Experimental for Chapter 5

Synthesis of 2-quinolyl-1-quinolylethyl-1H-benzimagole Pt (I1) complex (60)

4a
3a
v /
7a

A solution of [Pt(PhCN)CI,] (0.050g, 0.1063 mmol) in acetonitrile was treatdth AgSbF
(0.0365g, 0.1063 mmol). The mixture was heatecktinix for about 24 hours at 65 °C under
nitrogen. The formed white precipitate was filtetewtler vacuum resulting into a clear yellow
solution. 1-(2-quinolylmethyl)-2-(2-quinolyl) bemmidazole (0.0396 g, 0.1063 mmol) was
then added to the solution. The mixture was furtsilred at 65 °C for 24 hours under
nitrogen. The resulting yellow solution was exteactwith dichloromethane, dried over
anhydrous magnesium sulphate and concentmteacuo The crude product was obtained as
a grayish- brown solid. This was purified by columimromatography using ethyl acetate/
dichloromethane (50 %) as an eluting solvent. Tihedtcompound was obtained as yellowish
brown sticky solid (0.054 g, 82 %); B.872.

84 (DMF, 400 MHz): 6.89 (2H, s$H-8), 7.54 (2H, mH-14, 13, 7.70 (2H, mH-12, 6), 7.81
(1H, td,J =7.27, 1.29H-6"), 7.86-7.99 (3H, miH-7", 11, 5"), 8.02-8.10 (3H, nmH-8’, 10, 5),
8.14 (1H, d, J = 8.4H-15), 8.52 (1H, mH-4), 8.77 (1H, dJ = 8.69,H-3")

8c (DMF, 100 MHz): 51.6 €-8), 111.3 C-14), 119.5 C-13), 120.1 C-12), 121.5 C-6),
121.7 C-6"), 122.8 C-7"), 123.9 C-11), 126.3 C-5"), 127.6 C-8"), 127.9 C-10), 128.0 C-

5), 128.8 (C-15), 129.2 C-4), 129.4 C-3"), 137.9 (C-13a), 140.9 C-4a’), 143.0 C-7a),
147.0 C-3a), 147.6 C-2), 149.8 C-2'), 150.6 C-8a), 158.4 C-99)

dpt(DMF, 107 MHz): -2406.9 (s)
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UV: Amax 372, 302, 281 nm

Synthesis of 2-Pyridyl-1-pyridylmethyl-1H-benzimale Pt (I1) complex (63)

An aqueous solution of Potassium tetrachloropl#tirgd) (0.0830 g, 0.20 mmol) was treated
with a solution of 1-(2-Pyridylmethyl)-2-(2-pyridybenzimidazole (0.0573 g, 0.20 mmol) in
methanol. The mixture was stirred at 65 °C for 48rk. The resulting yellow solution was
extracted with dichloromethane, dried over anhydrowagnesium sulphate and concentrated
in vacuo The titled compound was obtained as a yellovkgtgolid (0.077 g, 74 %), #0.44

in ethyl acetate/ dichloromethane (50 %).

81 (DMF, 400 MHz): 6.41 (2H, $4-8), 7.18 (1H, dJi31,= 7.74,H-13), 7.24 (1H, mH-11),
7.32 (2H, mH- 4 & 7), 7.51 (1H, ddd,sdy = 7.47, § ¢= 7.57, § 3 = 1.23,H-5"), 7.64 (1H,
m, H-6), 7.71 (1H, td, 13 10= 7.74,d1213= 7.74,J1210= 1.76,H-12), 7.82 (1H, mH-5), 8.05
(1H, td,J = 7.49, 1.78H-4"), 8.47 (1H, mH-10), 8.51 (1H, dtJz 4 = 7.78,J35 = 1.00,J3 &

= 1.00,H-3"), 8.68 (1H, mH-6")

dc (DMF, 100 MHz): 50.4¢-8), 111.3 C-6), 119.8 C-5), 121.3 C-13), 122.5 C-11), 122.6
(C-4), 123.5 C-7), 124.3 C-5"), 124.4 C-3’), 136.9 C-12), 137,4 C-4') 142.9 (C-8a),
148.8 C-6'), 149.3 C-10), 149.9 C-3a), 150.8 C-7a), 157.5C-2 & 2")

8pt(DMF, 107 MHz): -2458.3 (s)

IR (neat):vmax3056, 1594, 756 cih

UV: Amax352, 306, 203 nm
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Synthesis of 2-thienyl-1-thienylmethyl-1H-benzimizale Pt (II) complex (64)

An aqueous solution of Potassium tetrachloropl#tirgd) (0.0830 g, 0.20 mmol) was treated
with a solution of 1-(2-thienylmethyl)-2-(2-thienybenzimidazole (0.0413 g, 0.20 mmol) in
methanol. The mixture was stirred at 65 °C for 48rk. The resulting yellow solution was
extracted with dichloromethane, dried over anhydrmagnesium sulphate and concentrated
in vacuo The titled compound was obtained as a brown stsciid (0.0737 g, 63 %), ®.44

in ethyl acetate/ dichloromethane (50 %).

8 (DMF, 400 MHz): 6.25 (2H, sH-8), 8.20 (1H, mH-12), 8.22 (1H, mH-11), 8.31 (1H,
dd, Jz 4= 3.78, J3 5= 1.25,H-3'"), 8.34 (1H, ddJi0,11= 3.53, Jip,12= 1.18,H-10), 8.39 (2H,
m,H-5& 6 ), 8.43 (2H, mH-4' & 5'), 8.49 (1H, ddJ; 6= 5.06,J;51.27,H-7), 8.54 (1H, dd,
J45=5.18, J;6=1.01,H-4)

dpt(DMF, 107 MHz): -2322 (s)

UV: Amax 219.0 nm
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