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ABSTRACT

Imidazo[1,5-a]pyridines are an important and velesatass ofN-heterocyclic compounds due
to their stability, unique biological, and photoatieal properties. Due to the conjugation and
charged structure, their properties are extendeaotnducting electricity and also have
electronic properties. They can be used for chejdtiansition metals especially heavy metals

that can be harmful to living things (including ham).

The aim of this research was to develop more useifiglazo[1,5-a]pyridines which are stable
in both free and complexed state. A variety of iazio[1,5-a]pyridyl compounds was
synthesized following three useful methods namilylte first route includes the isolation of
imine intermediates which were then treated witlogpiorus oxychloride in one case and
hydrochloric acid in another case as catalystsh Baises resulted in the yield of the same
imidazo[1,5-a]pyridyl compounds. (i) The secondited was the development on the first
route for those imine intermediates that could betisolated and only hydrochloric acid
catalyst was used. In both the first and secontesyyparaformaldehyde was used for the ring-
closure step of the reaction. The last route far formation of imidazo[l,5-a]pyridyl
compounds did not involve the use of the parafodetayde reagent. The suitable routes were
followed depending on the nature of the targetendpets and the reaction yields were

moderate to excellent.

viii



CHAPTER 1 INTRODUCTION

1.1. Definition of microbes as problematic organisis

Microbial organisms may be problematic or lead touge damage to human beings, either
directly or indirectly. The term direct, is refedréo the situation whereby a human being is
affected by micro-organisms causing sickness asrdes. The indirect infection refers to a
scenario whereby humans are not affected direEtly.instance, the situation where micro-
organisms affect living or non-living things thateaessential for sustainance of life. For
example, micro-organisms can affect our live stidak cattle and crops that we grow. Micro-
organisms are very small in a way that some camaasieen with naked eyes, that makes them
more problematic. Therefore, it is very importaat &cientists to do more research about
controlling these problematic micro-organisms.
Antibiotics can be classified in four ways:

» Based on their chemical structure and their bidsstit pathway.

» According to the class of antibiotic producing argan.

» Based on the manner in which they target pathogens.

» Lastly, according to their mode of action towardl$heir target.
In this research, however, antibiotics are clasdibn the bases of their chemical structure as

well as their mode of action.

1.2. Silver nitrate as solution to microbial damage

Silver nitrate has been a solution to this problénhas been used as an antimicrobial agent
back in 17" century. In 1880, Crede, reported the usage gilpiactic 2% silver nitrate eye
solution which was used as a prevention of an @bimia neonatorum in newborn mammals,
and the method is still used today. Due to its pey, silver nitrate ended up being used as a

treatment of open wounds, chronic skin ulcers ampsrating wounds in early 190 the



20" century, it was realized that silver nitrate carirbitative which led to the discovery of the
usage of colloidal silver solutions. Silver-basetdtiraicrobials lost favor after the second
world war following the emergence of penicillin anther new antibiotics.However, some
micro-organisms such aBroteus morgani Proteus mirabilisand P. aeruginosabecame
resistant to these new emerging antibiotics whedulted in the revival of silver nitrate by
Moyer in 1965. As a result, the true revival ofveil antimicrobial came following the

introduction of silver sulfadiazind. (1) (figure 1.1) by Fox in 1968.

<|3| /‘%9 N=—
H,N s—N—<
i < > I \ />
o)
1.1
Figure 1.1: Structure of silver sulfadiazine

1.3. Silver complexes as solution to problematic eriobes

The closer view of silver sulfadiazine that makethé most important and effective antibiotic
and remains as a widely used topical antibiotic barn treatment is explained beldw.
Kascatan-Nebiglet af explain the usage of silver sulfadiazine as a uwnnds’ treatment
and that was designed to combine silver with thégtic sulfonamide sulfadizine, in order
to attain a wide spectrum antibiotic. In the sddihte, sulfadiazine is a polymeric water
soluble complex. Silver sulfadiazine is commergiavailable as a water soluble cream,
Silvadene cream 1%, and has also been provendoctive against a number of gram-positive
and gram-negative bacteria. It remains one of tbstmffective, widely used antimicrobial for

topical burn infections.
1.3.1. Mode of action of silver complexes
Silver is considered as an effective antibioticiagiaa broad range of gram-positive and gram-

negative bacteria, yeast and fungi. Silver metahagstive on its own but in the presence of

2



moisture, silver cations (AY are formed which are active against microbes.r&@hare
different ways of the mechanism of actions of titees ions that were suggested by different
researchers depending on the study that was domes Imot well understood. The mode of

action by silver is still debated as discussedwelo

One way that was suggested by Feng and co-workehai silver cations attack the bacterial
cell wall and cause a significant change on thesrphology, the studies were observed on
transmission electron microscope (TEM) and X-ragroanalysis. They further described that
silver cations attack cytoplasmic membrane withdemsed DNA, thus stops condensed DNA
from replicating and this results in the cytoplasmmiembrane detachment from the cell wall
due to its shrinkage.

Another proposed mechanism is that silver catians bo the surface of bacteria cell and
interfere with proteins and enzymes that are resiptenfor cell wall synthesis. On the same
hand, silver cations also affect respiratory etattransport chain and thus depriving the cell
of the energy currency, ATP. It also affects the¢abelism, RNA, DNA as well as subcellular
organelle structure leading to cell death.

The mechanism of silver complexes is that, silvations are released slowly. It was
discovered that, even though silver sulfadiazing sitver nitrate have been observed to Kkill
bacteria quickly but their effectiveness does met for long time, leading to the reinfection of
the wounds. Furthermore, the problem continuesesiother microbes are known to be
resistant to silver. In order to overcome this peoh NHC ligands with strong binding to
silver need to be synthesized and thus releassiltrex even more slowly, thus increasing its
bioavailability. Hopefully, this research meetsthkse requirements, that is, our ligands bind

strongly to silver, thus form more stable complex.

1.4. Uses of quaternary ammonium compounds

Silver complexes were not the only chemical compisuhat were or are still used for treating

microbial infections. There were other chemicahtneents which will be covered in the next



chapter, however, in this research we will restaat discussion to quaternary ammonium
compounds (QAC). They are commercially availablejmy as environmental disinfectants

and in hospitals as medicinal equipment disinfestan

1.4.1. Historical background of quaternary ammoniumcompounds

The discovery of the first QAC known as Zephirds{diectant) was by Domagk in 1938. In
1926 Browninget al explained the activity of heterocyclic QACs detivas towards bacteria
and fungi. Preston in 1983, pointed the efficiemfydialkyl QACs with the effect of the
structural features, and hence QACs with 22-24 ararstoms were expected to be highly
active. In 1996, Pernak reported the quantitativenalysis for quaternary
alkylthiomethylimidazolium chlorides, that is theslationship between critical micellar
concentration (CMC) and minimum inhibitory conceitn (MIC) against bacteria and the

hydrophobicity index (HI).

1.4.2. Mode of action for quaternary ammonium componds

Quaternary ammonium compounds are rated as on@eoimbst important and powerful
antimicrobials because of their ability to interagth cytoplasmic membrane of bacteria
which results in the lost of permeability propestiof the membrane. In adequate
concentrations, QACs impede with ATP synthetic pescand respiration process, and can
result in membrane leakage and liberation of tHiellee constituents resulting in cell dedth.
Quaternary ammonium compounds antimicrobial arerted to have close related properties
to surfactants. The number of carbon atoms in &yl athains is crucial. Quaternary
ammonium compounds with shorter alkyl chain thartage length will not have strong
surfactant properties, and thus, appear as aniveaanhtimicrobial agent. furthermore, the
amphiphilicity of quaternary ammonium compounds nieve a great influence on its

microbial efficiency. Quaternary ammonium compounds are widely usedntimiarobial



because of wide spectrum of their bioactivity prtipe and relative safety even on direct
applications. Despite all the above mentioned advantages ofgugiraternary ammonium
compounds as antimicrobial, microbes developedta@sie against them. Due to the increase
in the resistance phenomenon, Demberelnyamba anwrkers proposed new potential
antimicrobials: 1-alkyl-3-methylimidazolium halid¢1l.2) and 1-alkyl-3-hydroxyethyl-2-
methylimidazolium chloride 1(3® which firmly attach to the cell wall, thus improgj

bioactivity.

—\ CI
/\/\/\/\/\/\ +
HaC NN CHs
1.2
— cl
H C/\/\/\/\/\/\N N+
3 Y ~ OoH

13 HaC

Figure 1.2: Structures of 1-alkyl-3-methylimidazolium chloridd.2) and 1-alkyl-3-
hydroxyethyl-2-methylimidazolium chloride3)

1.5. Research objectives

Commercial antimicrobials are not sufficiently efige against all kinds of micro-organisms
since there are bacteria which are reported toebistant to most antimicrobials. Therefore
there is a need to develop a significant varietyneiv compounds with unique chemical
structure in order to defeat this drastic incregsisistance phenomenon. More research has
been done, aiming to formulate studies of new actwtimicrobial by introducing new
molecular parameter such as heteroatoms, aromatidschemical functions in order to
improve the performance of antimicrobial agents.this research, we propose new and
potential antimicrobial agents that are imidazolisinuctured with aromatic groups substituted
on both nitrogen atoms, and one of the nitrogematds quaternary, that is speculated to
enhance the antimicrobial activity. By looking &etgeneral structurel @) in figure 1.3,

suggests that the conjugation, quaternary nitr@gehthe aromatic group that is substituted to
5



the quaternary nitrogen would improve the antintgab activity. A series of this kind of

compounds were synthesized in this research.

14

Figure 1.3:General structure of the series of synthesizedamatum salts (counter ion is Tl
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CHAPTER 2 MICROORGANISMS AND ANTIMICROBIALS

2.1.Definition of micro-organisms

Microbes are the main causes of sickness to mdstid organisms. This is a global problem
and has cost many lives. The term microbe is redeto fungi, bacteria, parasites and viruses
which cause infectious diseases. Fistteal defines bacteria and viruses as microorganisms
that are diverse and are able to adapt and repeoolu@ flush. They can succeed under
conditions that we regard as harsh, such as higbdetures and in the absence of oxygen.
Ages ago, microbes were not known, until they wer@wn they were untreated. That is when
the ongoing antimicrobial research started. Back#h century, silver was introduced as an
active antimicrobiaf. Many other antimicrobials were introduced mainlgcause some
microbes tend to be resistant against silver treatsa Lately, new classes of natural
antimicrobials such as penicillin were introducedowvercome this resistance phenomenon.
The mechanism of antibiotic resistance in bact@tiacussed in the next section) had to be

known in order to be overcome.

2.1.1. Mechanism of antibiotic resistance in bactex

Generally bacteria are frequently referred to asmgeesistant to antibiotics, but the
biochemical meaning of resistance is rarely comsileEven the bacteria that are referred to
to be the most resistant ones can be killed byicserfitly high concentration of antibiotiés.
However, highly concentrated antibiotics can notubed because it may have exceeded the
level that human body can take. For example, minains of Streptococcus pneumonae
inhibited by the minimum concentration of 0.01 magflbenzylpenicillin of which the body
can manage, whereas, fBscherichia coli a minimum of 60 mg/l is required, which has

exceeded the level the human body can take, asddsistance is called a clinical resistance.

The other aspect of the antibiotic resistance isrefy a microorganism’s cellular physiology
and the structure of the microorganism change dwdtérations in its usually genetic makeup

leading to the protection of the bacteria from #etion of an antibiotic drug, and the
7



mechanism is called a microbial resistahc€here are four main principles in which

microorganisms may acquire the ability to resisteffect of a microbial agent:

» Extrusion of the antibiotic agent (active efflux)efore it can damage the

microorganism.

» Alteration in the drug target for antibiotic actianutations in the target, production of
alternative targets or protection of the targetudteading to the ineffectiveness of the

drug.

» Inactivation of the antibiotic drug. This is wheyethe microorganism produces a

drug-inactivating enzyme that destroys the dru@istg to kill the microorganism.

» Changed access: alteration in the bacterial ouganionane, making it hard for a drug

to bind to the exterior of the microorganism.

Microorganisms can also acquire resistance to aibiaiic drug to which it was sensitive
before. This can be due to the results of thesehamesms resulting from genetic mutations,
the acquisition of resistance genes from the oth@roorganisms via gene transfer and
combination of both evenfsThe strive has been ongoing towards the synthafsisew

antibiotics and the development on the modificabbexisting drugs to solve this problem.

2.2. ANTIBIOTICS (ANTIMICROBIALS)
2.2.1. Discovery of Antibiotics

Since the discovery of antimicrobial agents, thesms been a substantial reduction of threat
posed by infectious diseases. The history of astitbiagents started with Ehrlichs research
and development of the magic bullet, an arsenitve@érdrug (Salvarsan) in 1967n 1928,
Alexander Fleming discovered the effect of penitiffom fungusPenillium notatum but it
was not known that it can be used as therapeuéintamtil 194 The discovery of penicillin
drew the attention to nature as a source of biolly active agents. As a result, more

investigation about microorganisms as source ofdiive pharmaceutical compounds was



done. Many new antibiotics were then quickly dism@d including: sulfonamides (1933},
lactams, aminoglycosides, chloramphenicol, ceplpaloss, tetracyclines, macrolides,
lincosamides, streptogramins, glycopeptides, rifemy nitroimidazole, quinolone and
trimethoprim  (1968). Twenty two years later, oxazolidinones, lipopegsid and
glycylcylinones were introduced in 2000. The reskdor new and more effective antibiotics
is still on today.

2.2.2. Definition of antibiotics

Antibiotics (antimicrobial) are any kind of chemiicaompounds that kill or inhibit
microorganisms by any kind of action. Back thertjaotics used to be defined as chemical
compounds produced by microorganisms whereby iahaability to kill or inhibit the growth

of the other microorganisms even in small concéotma.

In 1978, Hammonrl and coworkers defined antibiotics as substancesdused by
microorganisms antagonistic to the life or growtli ather microorganisms at low
concentrations. While Hutteand coworkers defined antibiotics as the prodattsecondary
metabolites with an incidental action on growthgasses even in high dilution. The mode of
action of most antibiotics is almost the same a4 df silver. They affect the metabolism,
RNA, DNA,; also affect respiratory electron trandpdnain and thus depriving the cell of the
energy currency, ATP; inhibit the cell wall syntlseand cell membrane synthesis, thus affect
its permeability. In this chapter we will look airse of the above mentioned antibiotics; their

chemical structures and mode of action.

2.2.3. Classification of antimicrobials

In the previous chapter, it was stated that artitsoclassification can be achieved by four
methods namely:
» Chemical structure and biosynthetic pathway.

» The class of antibiotic producing organism.

9



» The manner in which they target pathogens.
» The mode of action towards to their target.
In this research, however, we will restrict ourgshon classifying antibiotics mostly on the

bases of chemical structure as well as their mdaetmn.

2.2.3.1p-Lactam Antibiotics

The p-Lactam antibiotics are characterized by their mofiaction which is inhibition of cell
wall synthesis and their chemical structure whiek b Lactam rings-Lactam antibiotics are
widely used because of their high effectivenessinmal side effects, low cost and easy to
deliver. g-Lactam antibiotic class is one of the three laggeups of antibiotics that play an
important role in saving people’s lives. The othew large classes of antibiotics are
fluoroquinolones and macrolideg-Lactam antibiotic class, initially, was limited tihe
penicillin (sulfur-containing penams) and then tephalosporin (sulfur-containing cephems).
But now g-Lactam family includes natural and synthetic momtic f-Lactams, oxapenams,
carbacephems, carbapenems and oxaphenems (see Eig)irThere has been a significant
improvement on the properties of these antibiasiesply by the chemical addition of side

chains to their ring structures.

10
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Figure 2.1: Examples of-Lactam antibiotics

The bacterial cell wall is composed of a tightlpss-linked peptidoglycan net (see scheme
2.1) that prevents the cell wall from osmotic ptees Thep-Lactam antibiotics turn this

cross-linked peptidoglycan net into their bindintgs (see scheme 2.2) and inhibit enzymes
involved in the synthesis of this composed striectirthe cell wall. This causes the lyses of

the cell and eventually the cell dies.

11



NH3

co,
o)
NHM NH_ D-Ala
I NH /ﬁ\ H
co, o) / NH D-Ala
D-Glu DAP 9 \[| _
E-OH CO,
PBP acylation
N

O HgC
NH _CO,
NH \(
(e} NH 0] CHgz
o
Cross-linking of two
strands of peptidoglycan NH COZ_
+
NH3
Cco,
(e}
NH\/\/U\ NH
Y NH " H O HiC
= - Vi -
CO, (e} / N NH CO,
NH Y
o)
co, ©O NH o) CHs
0]
NH™ Sco,

Scheme 2.1Biosynthesis of bacterial cell wall.

12



|IIO

o

E-OH H CooH o CH3

O

HsC NH/\COZ_

Protein Binding peptide
}W O HC
NH .

NH
NH/\H/
0

COOH O
\

O

HsC NH/\COZ_

Scheme 2.2Incorporation of cephalosporin onto the bacteriallavall.

2.2.3.1.1. Carbapenems

Carbapenems such as imipenghv), meropenem2.8) and panipenen®2(9) are groups of-
lactam antibiotics. They have a broad-spectrumvisgti including antimicrobial activity
against gram-positive, gram-negative, and anaetmduiteria® Imipenem and meropenem are
the very bioactive primary carbapenems and areoappr for clinical usage as parenteral
antimicrobials. Panipenem is the most importantbastic but it has been approved for the
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usage only in Japan. Carbapenems target microbebifming to the penicillin-binding
proteins and inhibit bacterial cell wall biosyntlsgghus the cross linking step in cell wall

biosynthesis fails.

o

,7  COOH ,g  COOH

Imipenem Meropenem

Panipenem H5;C

Figure 2.2: Examples of Carbapenems

2.2.3.2. Quinolones

This class of antimicrobial agents is among thegsdlrthat drew most attention in the anti-
infective chemotherapy field. Different kinds ofigqolones’ derivatives have been introduced
into clinical use, and each derivative comes wihoivn biological activity® That resulted in

the achievement of significant improvements in ramdrobial spectrum and activity. The
introduction of norfloxacin, fluoroquinolones retad in a drastic change in the landscape of
antibacterial chemotherap§. Although fluoroquinolones are reported to have liaical
important activity against gram-positive pathogeth®ir activity is relatively moderate. In
addition, due to the extensive use of fluoroquinely some pathogens became resistant. Due

to this resistance phenomenon, new quinolones thd#hdeveloped structures to enhance the

14



antimicrobial activity of this class, including dhixacin (2.10, gemifloxacin 2.117),
sitafloxacin @.12), moxifloxacin €.13 and BMS-284756 (T-38112(14) were introduced’
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Figure 2.3: Examples of quinolone antimicrobials

The quinolones’ targets in microbial cells are iageterial topoisomerase IV and DNA gyrase,
enzymes responsible for regulation of super coilamgl decatenation of bacteria DNA.
Before the introduction of quinolones, there wetleeo compounds with similar activity that
were used such as nalidixic acid. They had a lon#etivity and poor systemic distribution,
and were used mainly for gram-negative urinary ttradfections. Fluoroquinolones
(norfloxacin, ciprofloxacin and ofloxacin) were iotiluced as next generation which actively

15



act on DNA topoisomerase, were more readily abshriecreased activity against gram-
negative bacteria. Moxifloxacin and levofloxacineanew fluoroquinolones with highly

improved activity against many gram-positive anangimegative bacteria.

Since moxifloxacin and levofloxacin are effectivgamst chlamydia, mycoplasma and
legionella, are therefore, used for treatment gpiaal pneumonia. Ciprofloxacin is widely
used mainly for upper tract urinary infections axécerbations of chronic bronchitis both in
hospital and ambulatory settings.

2.2.3.3. Glycopeptides and Lipoglycopeptides antitiics

Vancomycin 2.15 and teicoplanin4.16 are the most important glycopeptides antibiotics
that are approved for human therapy (see strucinrfégure 2.4). Micro-organisms are hardly
becoming resistant to these two glycopeptides, ldhbthappen, it would pose a serious threat
to human health. These antibiotics are widely usshecially to gram-positive bacterial

infections that are resistant against other arttitsidike f-Lactam antibiotics?

Vancomycin and teicoplanin are both natural proslueitracted from soil bacteria.
Vancomycin isolated fromAmycolatopsis orientalisn 1950s and teicoplanin was isolated
from Actinoplanes teichmyceticia 1980 The structure of vancomycin is very complex
which made it difficult for its structure to be eidated. The elucidation process of
vancomycin’s structure started in 1965 and was autieved until 1996 when Sheldrick

completed it®

2.2.3.3.1. Mode of action of Vancomycin and Teicogohin

Glycopeptide antibiotics target bacterial peptigogh biosynthesis pathway which is
essential for the survival of micro-organisms. Mos$tthe antibiotics that target bacterial
peptidoglycan biosynthesis are derived from natprabucts which are produced by micro-
organisms.” Glycopeptides antibiotics (including Vancomycirdaheicoplanin) are cell wall

active and inhibit the last steps of peptidoglyt@émsynthesis pathway. It has not been clear
16



why these antibiotics inhibit the final steps, hoee Kahneet al, stated that the possible
reason could be that, because the extracellulayneez involved which makes them easy
targets for compounds that would not penetrate#iienembrané? These antibiotics inhibits
bacterial peptidoglycan biosynthesis pathway bydinig to the substrateD{Ala-D-Ala
terminus) of transglycosylases and transpeptid@seshown in figure 2.5). This results in the
inhibition of the transglycosylation and transpdation stages of peptidoglycan synthesis,
weakening of the peptidoglycan layers causing #leto be susceptible to lyses because of

the change in its osmotic pressure.

OH
HoN

HO 2.15
0 OH

Vancomycin
HO OH
NH
0o OH
O

OH cl

HO

OH
OH

HO

2.16
Teicoplanin

4

Figure 2.4: Examples of a glycopeptide and a lipoglycopeptiotibintics?
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NHCOCH,

Figure 2.5: Binding of vancomycin with N-acplAlas-D-Alas termini: five hydrogen bonds
between the underside of the glycopeptide andilepen-dipeptide moiety®*°
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2.2.3.4. Imidazolium antimicrobials
2.2.3.4.1. Imidazolium compounds: Background

The other group of antimicrobial agents that wal thscussed in this thesis is imidazolium
compounds (that are biological active). Imidazofd]pyridines are an important and versatile
class ofN-heterocyclic compounds due to their stability ythéso have their unique biological
(antimicrobial), and photochemical propertf&4® The beauty about this type of compounds is
that they can be converted into many differentcstmal compounds with different properties.
For example, the imidazolium compounds can be atvedanto imidazolium carbenes (as
shown in scheme 2.2), which have a wide range eimstry and properties. They can also be
used for chelating transition metals especiallyvigemetals that can be harmful to living
things (including humans) or metals that have atmbial properties like silver. Some
imidazolium compounds are antimicrobial themselN@se to the conjugation and the charge
on their structure, their properties are extendedcanducting electricity and electronic

properties.

N-Heterocyclic carbenes (NHC) are a group of hetgrlic compounds which are proven to
have a very important and unique chemistry. They @yclic carbenes that contain two
electron donors. They are derived from the depution of imidazolium salt (as shown in

scheme 2.2§%%

R R
/ /
N ut N
[+ =~ [
N N
\ \
R R

2.17 2.18

Scheme 2.2:General representation of deprotonation of imidarol salts to form NHC

carbene.
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The resonation of the nitrogen electrons (showscimeeme 2.3) around or towards the carbene
carbon is the main key for the stabilization of &tdrocyclic carben&. These kind of N-
heterocyclic carbenes are imidazolium compoundschvhiave their unique reactivity,

stability, function and properties.

R R R R h
N N " N N
Cy —Cp —~ 0
N : N+ N: N N
\ \ \ \ b

R R R R

2.18

Scheme 2.3The representation of the resonation carbene stirestand the aromaticity.

In spite of the fact that the free N-heterocydarbenes are stable due to the resonation of
their structure, they are also stable in their cemgd form. N-heterocyclic carbenes
(imidazolium carbenes in particular) are strongleoghiles and often complex to transition
metals to form stable complex than phosphffidéascatan-Nebiglet af reported that the
stabilization energy of the carbene carbon atom-bkterocyclic compounds due to themp
electron donation of the two adjacent nitrogen @&amapproximately 70 kcal/mol. Kascatan-
Nebiglu et af also stated that the stabilization energy thathmcontributed as an additional
energy by an unsaturated aromatic systems is dbvalgfigure 2.6). The lone pair electrons
of the carbene carbon is being stabilized by tdective effect of the adjacent nitrogen atoms.
Kascatan-Nebiglu and Hindi reported that N-hetecbcycarbenes are not just sigma donors
but are alsar-back acceptors for certain metal centres. Hetdl also stated the quantitative
analysis of the metal-ligand donor-acceptor intéoas using charge decomposition analysis
(CDA) which is measured a¥b, whered is an estimate of the degree of NHC to metal
donation and is metal to NHCr-back-donatiorf? For the effectiver-donation ligand thel/b
ratio is big whereas a smallb ratio suggests the greater metal to NiHBack-donation.

Hindi et al reported the following observation ofb ratio for some metals: i) Pd-NHC
20



complexes ranging from 2.59 to 3.99 which are v@nall, ii) for Au-NHC complexesi/b
ratios range between 5.23 and 5.88 and iii) forlNW€ complexes have/b ratios range from
7.81t0 12.68.

2 — QD
@Og

Figure 2.6: Orbital diagram of bonding of NHCs to metal cerftté?
2.2.3.4.2. Applications of imidazolium compounds

As stated above, imidazolium compounds can haveyragplications such as chelating to
metals and/or as antimicrobial agents. One exaropltheir applications is as shown in
scheme 2.4., 2,6-pyridyl-bisimidazolium sé®19) is a stable ligand and is complexed to
ruthenium metal to form very stable catalySt€omplexe.20and2.21 were reported to be

good catalysts for the hydrogenation of carbonybugs; alkyl and aryl ketones were

hydrogenated into their corresponding alcoRdls.
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Jij\ jz(Br )

9 /N N -

/ Ru \
R 7 ‘ R
PhsP
cl
2.20 2.21
R = 2,2-iPr,Cqg R = nBu

Scheme 2.4:Complexation of 2,6-pyridyl-bisimidazolium saZ10) to Ruthenium to form
2.20 and2.21.”’

Another example of complexed imidazolium compoundrnidazolium-silver complexes such
as complex2.23) It is proven to be a good antimicrobial agentduse of its stability. The
reason for its good antimicrobial activity is thtte imidazolium ligand2.22) strongly binds
the silver metal to form a stable complex that slamly release silver ions. It thus remains an
effective antimicrobial for a long tinfelt is thus active against a broad spectrum of gram
positive and gram-negative bacteria.

[
=<3 0 s D LT

/ \
(HC (CHa) (HZClZ (CHz)z(HZQ2 (CHz)z
OH HO OH HO OH Hd

2.22 2.23

Scheme 2.5Synthesis of an antimicrobial imidazolium-silvengaex @.23).
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Despite the fact that the imidazolium compoundsga@d ligands, they are also active against
micro-organisms in a non-complexed form. Some imda antimicrobials like nagstatin
(2.29) are naturally occurring. The structure of nagstatas elucidated by Aoyagi, Aoyama
and coworkers in 1992, they also showed the potehtlyis imidazole sugar in the inhibition
of some glucosaminidase¥ The discovery of nagstatin triggered the interestmany
researchers on exploring the chemistry of imidaaolémicrobials’®

HO

HO
TN
~

HO : N OH

NHAGC
2.24

Figure 2.7: Structure of Nagstatin.

As a result, different kinds of imidazolium antimobials were discovered, however, we will
discuss about the imidazolium compounds with astleme nitrogen atom of the imidazole
ring is quaternary. 3-Butylthiomethyl-1-ethylimiddzmm (2.25 is one of the earliest reported
quaternary imidazolium antimicrobials by Pernak aS#rzypczak in 1998 This
antimicrobial .25 was found to be active against various micro-oigyas such as fungi,
rods, cocci and bacilli. 1-Alkyl-3-hydroxyethyl-2ethylimidazolium 2.26) was reported by
Demberelnyamba and coworkers and was found to leffactive antimicrobiaf® Kanjilal et
al® reported the structure and the activity of 1-(depamoyl)-3-methyl-1H-imidazol-3-ium
bromide 2.27). This antimicrobial was reported to be activeiagfavarious micro-organisms
such asC. rugosa, Candida albicans, A. niger, Aspergilfia/us, Saccharomyces cerevisiae

and many other mico-organisms.
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Br O

B [—\ Br / \
/—_—\ Br N+ N _—N @ N\/U\ ~C1oH21
Y N Hi7Cs5~ Ny~ CHaCH,OH  HsC™ N~ NH
HsC
295 2.26 2.27
Figure 2.8: Examples of quaternary imidazolium antimicrobidksa

The number of multi-drug resistance microbes isaasing day by day and this is a global
problem?® This clearly shows that commercially availableimitrobials are not keeping up
to the demand. There is a need of developing afisignt variety of new compounds with
unique chemical structure in order to defeat thisstic increasing resistance phenomenon
possible working through mechanisms of actions #ratknowr®* More research has been
done, aiming to formulate studies of new activamaiecrobial by introducing new molecular
parameter such as heteroatoms, aromatics and cdefarctions in order to improve the
performance of antimicrobial agents. Imidazoliunassl of compounds is among those
antibiotics that have gained synthetic interestecent years due to their wide spectrum of
biological activities. In this research, we propossv and potential antimicrobial agents that
are imidazolium structured with aromatic groupsssiilited on both nitrogen atoms, and one
of the nitrogen atoms is quaternary. It is hopedlt ttinis will enhance the antimicrobial
activity. By looking at the general structurk.4) in figure 1.3, the conjugation, quaternary
nitrogen and the aromatic group that is substittibetthe quaternary nitrogen can improve the
antimicrobial activity. A series of this kind of mpounds were synthesized in this research, to
some compounds the sulfonamide group was incogubnahich will hopefully enhance the

biological activity since sulfonamide group is lagical active on its own.
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CHAPTER 3 REVIEW FOR THE SYNTHESIS OF IMIDAZOLES

3.1. Introduction

Some imidazolium derivatives have interesting ljatal and photochemical propertie§put
our interest lies mainly in their antibiotic actyi Their synthesis is thus of ever growing
importance with the intension of improving the bigical activity on the already existing
antibiotics or discovering new imidazolium compouwith high biological activity. For
example, some imidazole compounds are antimicrgbthls means that they kill or inhibit
microorganisms by some kind of action. Historicaiytibiotics were defined as chemical
compounds produced by microorganisms whereby tiiegrkinhibit the growth of the other
microorganisms even in small concentrations. Anbgotic is preferred when it is effective at
very low concentrations, lasts longer and haséhstlor no side effects. Therefore, the aim of

this research was to meet these requirements.

However, in this chapter, we will explore the diffat methods reported in the literature on
the synthesis of the imidazolium compounds. Imidlaro compounds are grouped into two
categories which are non-pyridyl fused imidazoli{gl) and pyridyl fused imidazolium
compounds3.2 and3.3) as shown in figure 3.1. The pyridyl fused imidaam compound is
referred to the structure whereby the imidazole thredbenzene rings are fused together in a
manner so that one nitrogen atom and one carban ate being shared by both rings as
represented by structuBe2 and3.3. Section 3.2 will focus on different synthetic apgches
for the formation of the non-pyridyl imidazoliur8.Q). Secondly, we will briefly discuss the
synthetic pathway for the imidazo[1,2-a]pyridinestm @.2) which is one kind of the pyridyl
fused imidazolium compounds in section 3.3. Our rmaiterest, however, is in the
imidazo[1,5-a]pyridine systen8(3) which is discussed in more details in section Baktly,
we will interrogate the synthesis of quaternarydazio[1,5-a]pyridyl compounds in section
3.4.
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3.1 3.2 3.3

Figure 3.1: Structure of non-pyridyl imidazole.l) and pyridyl imidazole compound3.Z
and3.3)

3.2. Non- pyridyl fused imidazoles

Non-pyridyl fused imidazoles3(1) are any compounds with an imidazole ring as atfanal
unit without be pyridyl imidazole ring system. Thesompounds have a wide range of
applications that have been reported such as acwibacterial, antitumour® corticotropin
relaxing hormone receptor antagoristyclin-dependent kinase inhibitdtssanthine oxidase
inhibitors? anticonvulsar and anti-rhinovirus agent$.They also appear in cofactors and
nucleic acids that play a vital role in the modiaat of protein function and signal
transductiort? There are many other non-pyridyl imidazole defixeg @.1) with various
substituents R and their chemical synthetic patisveag entirely different.

Imidazole compounds are also considered as ong afdseterocyclic compounds which have
a wide range of applications such as being precsirfar the formation of heterocyclic
carbenes. Most of these carbenes and imidazole momis are used as ligands for chelating
metals. For example, when chelated to heavy metaih as silver (which is known to be
active against micro-organisms), the activity ih\amced because some of the imidazolium
compounds are biological active themselves. Theyadso used as ligands in organometallic
chemistry and transition metal catalydt§ and as organocatalysts by themsefidsowever,

in this chapter, we will focus on different syntlbebutes for the formation of the imidazolium

compounds.
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We will start by showing the disconnection of th@dazolium ring as shown in scheme 3.1
(Retrosynthesis). Out of all routes shown in sch@ne the routes that are widely used are
routesA andD. RouteA is one of the standard routes for the formatioimoflazolium salts
which is the alkylation of imidazoles. Various dllgroups have been used to make various
analogues of imidazolium salts. The other route i@opular is rout® which involves the
alkylation-cyclization of 1,2-bisimineS. However, there are some limitations with these
approaches and they generally do not allow the rfo@é formation of differently 4,5-
disubstituted or 1,3-diaryl-substituted imidazolitsalts'’ These limitations were recently
overcome by Furstnet al by developing a new procedure, ro@eThis procedure allows the
formation of variety of imidazolium compounds wshbstitution pattern such as differently
1,3-diaryl-substituted imidazolé& However, there is a huge drop in the overall ieagield

for the formation of imidazolium salts via this telbecause its step count is quite high.

Scheme 3.1Retrosynthesis for the imidazolium compounds

More research was done in order to come up withhighly developed methods. That
includes some reports such as Bertrand and cowsirkeport which describes their
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retrosynthetic disconnection of imidazolium compdsinand their preparation involving
alkylation of lithiated formamidines. Subsequently, Grubbs and others reported powerful
method for the formation of imidazolium compounds doupling 1,2-dichloroethane with

formamidine<?°

Lastly, retrosynthetic disconnecti@ has also been done, for example by Gloausal who
reported the synthesis of various imidazolium seilésrouteD as shown in scheme F2.
They started by reactindN,N-dimesithylformamidine with commercially availabl&-
chlorobutan-2-one in polar aprotic solvents suclaetonitrile (MeCN) at 110 °C to afford a
hydroxyimidazolidinium intermediate, and diisoprégihtylamine (NEt{Pr)) was used to
optimize the yield of the product. The last stegswee dehydration of the intermediate using
acetic anhydride and elimination of acetic acidhie presence of hydrochloric acid in toluene
at 90 °C to give the producd.@).

R \/ ~R A , R R
R R
o T NEL(i Pr), OH Ac,0,XH =
+ (f) 1/N\ N\ 2
X MeCN,110°C NS N2 toluene,90C R~ TR
RS R N R X
R X=ClI Br X 3.4

Scheme 3.2Synthesis of highly substituted imidazolium salts.

The other example of non-pyridyl fused imidazoliwompounds is 4,5-bis-(2-pyridyl)-2-
phenylimidazolidine .5 and derivatives as shown in scheme 3.3 whichallyitwas formed

as a side product. However, Wang and coworKedgcided to optimize its yield. Treatment
of 2,2’-pyridyl and benzaldehyde with ammonium atetin the presence of acetic acid was
carried at 118 °C and was optimized to 41% when rdteo of pyridyl, aldehyde and

ammonium acetate is 1:1:8.
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CHO \N / —\
— 7 = NH,OAC
N NH
+ —_— AN
\ N/ \N / HOAC (41%)

3.5

Scheme 3.3:Synthesis of 4,5-bis-(2-pyridyl)-2-phenylimidazioled3.5).

3.3. Synthesis of imidazo[1,2-a]pyridine system (3.

In this section, we considered two kinds of synth#ésat have been reported in the literature
allowing the formation of imidazo[1,2-a]pyridin8.9). The first one involved the reaction of
2-aminopyridine and aldehyde/isonitrife?® The second one is with the use of
benzenesulfinate as a traceless lifRexfter these methods were established, a varietjisf
kind of imidazoles with various biological actis such as antiulcét antifungal, antiviraf’
antibacteriaf® herbicidal, have been reported. More recently, affou and coworkef$
described 2-arylimidazo[1,2-a]pyridines as ligarols detecting Amyloid (AB) plagues in

the brain, whose production is essential in th@glagy of Alzheimer’s disease.

Kazzouli and coworker8 described the new method of synthesizing imida2eflpyridine
(3.6) from an a-bromoketone 3.6b) bound to solid support used for thiazole anald¥s.
shown in scheme 3.2, theebromoketone was generated from an aromatic iodd=®) bound

to polystyrene. The-bromoketone 3.6b) intermediate further reacted with 2-aminopyridine
at 50 °C to yield3.6¢ Imidazo[1,2-a]pyridine 3.6) was obtained from the cleavage of resin
3.6¢c by transesterification with NaOMe in a mixturelgfi-dioxane and methanol. There are
many other imidazo[1,2-a]pyridine compounds thawehdeen reported with different
synthetic approaches but we limited ourselveséties discussed above.
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3.6¢ 3.6 (80%)

Scheme 3.4:Synthesis of Imidazo[1,2-a]pyridine3.§)*.. Reagents and conditions(i)
tributyl(1-ethoxyvinyl)tin (2 equiv.), PiAs (0.4equiv.), Pgdba} (2 equiv.), 1,4-dioxane,
50°C, 24 h (x2); NBS (2.5 equiv.) in THFR@ (4/1), 1 h (ii) 2-aminopyridine(6 equiv.) or 2-
aminopyrimidine derivatives, DMF, rt, 72 h or EtO5Q°C, 48 h.

3.4. Synthesis of imidazo[1,5-a]pyridine (3.3)

Imidazo[1,5-a]pyridines are heterocyclic compoundsch are fused imidazopyridine ring
systems that represent a good potency from a platotacal point of view. These
compounds are known to be selective inhibitors obnmtase estrogen production
suppressor¥. HIV-protease inhibitors, platelet aggregation ahtbmboxane A synthetase
inhibitors®™ and are potential positive inotropic agelftShe structure of these compounds is
known to form part of the skeleton of natural atkas playing a role in short-acting
neuromuscular blocking agerifsof reversible inhibitors of the K H"-ATPase enzyme with a
antisecretory activitt/ and of potent of sedative-hypnotics of the nerveystem. In addition,

they have been investigated from a photophysicadtpaf view and found to have potential
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applications in organic light-emitting diodes (OLED in organic thin-layer field effect
transmitters (FETS and as precursors fbkheterocyclic carbenes.

The first synthesis of an imidazo[1,5-a]pyridir87 was carried out by Bower and Ramage
in 1955. They first formylated 2-aminomethylpyridirusing Friedel-Crafts conditions and

then cyclised the resulting product with phospheroxychloride*

N
\N\/

3.7

N

Figure 3.2: The first synthesized structure of imidazo[1,5-aighiye (3.7)

20 years after the first imidazo[1,5-a]pyridir@ 4 was synthesized, Fuentes and Padtller
reported an improved synthetic method for the fdiomaof imidazo[1,5-a]pyridine3.8), as
shown in scheme 3.5. They treated aldehyd@&g with NH,OH to form an oxime, followed
by the reformation of an aldehyde with an extrdboaB.8b. The last step was the ring closure
of 3.8b to form imidazo[1,5-a]pyridine 3(8) in the presence of phosphorus oxychloride
(POCE).

o)
X NH  POCI s
X H 1.NH,OH | T8 o /N
_—
2. H,PdIC =N /K XN~
__N H o)
3. HCO,H

Scheme 3.5Synthesis of imidazo[1,5-a]pyridind.§)
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3.4.1. Direct synthesis of imidazo[1,5-a]pyridine
3.4.1.1. System 1

Palacios and othefs prepared imidazo[1,5-a]pyridine 3.0) by reacting
benzyldenetriphenylphosphorane (Wittig reageBilf) and 2-cyanopyridine3(9g and yield
phosphazene intermediat® 9d) which further reacted with aldehyde as showreseh 3.6.
The imidazo[1,5-a]pyridine 3(9 was formed via the imidazo annelation of imino-
functionalised pyridine 3.10¢ generated in situ from Aza-Wittig reaction of gpbazene
(3.9d) and aldehyde. The reaction betweefie and an aldehyde to for.9 is called 1,5-
electrcyclic ring closure process and is very intgatrr in heterocyclic chemistry for the

synthesis of five membered heterocycles.

Ph
|l [ N—~<PPh, | N
D Phep? N
PPh, N\
N+l N > | PRl =
=
_ ] ] | P
3.9a 3.9b 3.9c 3.9d
Ph
Y Ph
O:< A NP~ N
R — U]
- > R
NN N |
| P “~
3.9e 3.9

Scheme 3.6Aza-Wittig reaction to form imidazo[1,5-a]pyridinéx9)

Crawforth and Paoleffi reported the synthesis of imidazo[1,5-a]pyridi&$) starting from
carboxylic acids and 2-methylaminopyridines usingpane phosphoric acid anhydride
(T3P") (which acts as a water scarvenger) in ethyl &eetsa shown in schen®e7. In general

terms, this reaction can be regarded as an amidefmn followed by dehydration.
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R
T3P ,EtOAC or n-BuOAc =~ —
N NH, RTtoreflux N
2 > N Y,
N R°CO,H N
3.10a 310 R?

Scheme 3.7 A one-pot synthesis of imidazo[1,5-a]pyridin@4.Q)

Wang and coworkef$ reported the synthesis of 1-(2-pyridoyl)-3-phemjtiazo[1,5-
a]pyridines 8.11) and 4,5-bis-(2-pyridyl)-2-phenylimidazole (R = (3.5). 3.5was formed as

a side product as described abo8€.1 was obtained by the treatment of 2,2’-pyridyl and
benzaldehyde (R = H) with ammonium acetate in tlesgnts of acetic acid. The reaction was
carried at 118 °C and was optimized to 68% when rdteo of pyridyl, aldehyde and
ammonium acetate is 2:1:2. It is worth noting thath products can be optimized depending
on the reaction conditions and the ratio of pyriégytlehyde and ammonium acetate. When the
ratio of pyridyl to aldehyde to ammonium acetaté:k&8,3.5was produced in greater amount

and when the ratio was changed to 2:3:21was optimally produced.

HOAC

3.11

Scheme 3.8:Synthesis of 1-(2-pyridoyl)-3-phenylimidazo[1,5yajdines @.11).
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Bu and coworkefé reported the synthesis of 1-(2-pyridyl)-3-phenytiazo[1,5-a]pyridine
(3.12 which involved the reaction of benzaldehyde vi®'-dipyridyl ketone and ammonium
acetate in acetic acid with the yield of 69 %. Aiee of benzaldehyde derivatives with
different substituents were also used to yield esponding imidazole compounds. To
optimize reaction yields, reaction conditions sashketone, aldehyde and ammonium acetate

molar ratios were varied to give yields varyingnfré5 % to 90 %.

©)‘\\ H,0Ac  NH h—cﬁ _NYNH

Ph
7\ l
N~ @W
@N 7 X’

Scheme 3.9:Synthesis of 1-(2-pyridyl)-3-phenylimidazo[1,5-ajdine (3.12).

b4

Shibaharaet af*® reported the synthesis of 2-azaindoliziBel® following the method called
iodine-mediated, oxidative desulfurization promotesgiclizations of N-2-pyridylmethyl
thioamides. This was achieved by reactiNg2-pyridylmethyl thioamides with iodine (3
equivalents) in the presence of pyridine (3 eqeintd) in 0.5 M THF and stirred for 15 min at
room temperature to give a yield of 89 %. Varioesithtives of this kind of products were
also synthesized in this manner where R group wagsd to afford yields ranging from 59 to
95 %.
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N - N |
R 3.13 3

Scheme 3.10:Synthesis of 2-azaindolizing 13)

Shibahara and coworkéfsdescribed the oxidative condensation-cyclizatiéram aldehyde
(3.149 and aryl-2-pyridylmethylamine3(14Db in the presence of elemental sulfur. Sulfur was
used as an oxidant in the absence of catalyst. Tingtyy did this reaction in dimethyl
formamide (DMF) solvent and two products were fodmg-(4-tolyl)-3-phenylimidazo[1,5-
a]pyridine @.14 and N-(2-pyridyl-4-tolymethyl)benzenecarbothiodmi3.15 in yields of 46

% and 33 %, respectively. When the solvent was gdito DMSO, only the desired product
(3.14) was formed in 64 % yield.

CHs

CH, CHs

o)
Sg(l.leq) + s
H+ 80°C, DMSO I\/l N

NH X

HoN | N N\ |
N _—

3.14b N~ A a4 S 3.15

3.14a

Scheme 3.11:Synthesis of a 1,3-diarylated imidazo[1,5-a]pyreli.14)
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Recently, Shen and cowork&rsynthesized imidazo [1,5-a]pyridin&.16) by reacting methyl
4-(2,2-dibromovinyl)benzoate8 (169 with 2-aminomethylpyridine3;160). The reaction yield
was optimized to 86 % by heating the reaction upd3C in DMF in the presence of sodium
carbonate (N£Og).

_DMF Na,COy
“s0%C 20h
MeO,C MeO,C

3.16a 3.16b (86%)

Scheme 3.12:Synthesis of methyl 4-(imidazo[1,5-a]pyridine-3-gthyl)benzoate3(16)

Yet and othe® have reported a microwave-assisted synthesissofb3tituted imidazo[1,5-
a]pyridines 8.17) from methyl picolinate 3.179 and a series of substituted benzylamines.
Methyl picolinate was firstly converted to the asponding picolinamides3(17b and
subsequently cyclized to the required productshim presents of phosphorus oxychloride
(POCE). This reaction similar is to that followed by Fues and Paudl&r35 years ago but
the reaction time is considerably reduced.

POCI, _—
/
1R4C:2NH2 1500C, 45 nim /N
,4-dioxane .
200°C. 12h NH__R or180°%, 10 min X N\<
microwave irradiation microwave irradiation R

3.17a (o 317b 0 3.17

Scheme 3.13:Synthesis of 3-substituted imidazo[1,5-a]pyridi{®%7)

3.4.1.2. System 2

Beebe and coworkefd however, decided to use a multi-component reacttostegy which
uses a sequential Leusen/intermolecular Heck @gtabz to give the fused imidazo[l,5-
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alpyridines 8.18. The van Leusen imidazole synthesis involved gisam appropriate
aldehyde 8.189 containing a vinylogous bromide and condensivgtih an amine containing
a double bond to give an imine which was treatedh wiosylmethyl isocyanides
(TolO,SCHNC) in the presence of base. All these cyclizatoourred at room temperature.
The resulting imidazole 3(18b was further subjected to Heck cyclization whictasw
palladium catalyzed to give the desired imidazoH]@yridine 38.18.

O Br

ToIOZS — _Pd(OAc),

3.18a
3. 18b (7%) 3 18 (57%)

Scheme 3.14Synthesis of fused imidazo[1,5-a]pyriditlg)

Katrizky and Qiu synthesized imidazo[1,5-a]pyridinfom the addition of 2-
pyridinecarboxaldehyde3(199 and benzotriazole with 2-oxazolidinon8.19b to yield
Mannich adduct3.199 which further reacted with aliphatic cyanide$@t°C in the presence
of TiCl, to give3.19

_ H Refl g N/
N
N X\ : f
3.19a Qo 3.19b 3.1%¢ Bt 0
X

— = N N \—N o)
Ticl, 60°C gﬁB& \{ ):N \”/

O (R=CyHyy) R

Scheme 3.15Synthesis of 1-amino-3-alkylimidazo[1,5-a]pyridif{849)
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3.4.2. Indirect synthesis of imidazo[1,5-a]pyridins

Imidazo[1,5-a]pyridines have also been synthesimddectly, for instance, Manivannan and
coworkers® heated a neat 1: 2 mixture of 2-picolylamine anrdy@nopyridine and then
treated the resulting red gummy substance with@mpotassium hydroxide to get 2,4,5-tris-
(2-pyridyl)imidazole 8.209 (70 %), 3.20b (20 %) and N-(3-(2-pyridyl)imidazo[1,5-

a]pyridine)picolinamidine3.20 in a minor yield of 5 %, as a side product.

Py Py Py
N X
N Py
AN \ NH _
P
Y\ + | -
NH, | + N| NN
S " 1L
Py
3.20b
3.20a N\ /
3.2

Scheme 3.16Synthesis of N-(3-(2-pyridylimidazo[1,5-a]pyrid)pecolinamidine 8.20) as a
side product

3.5. Synthesis of quaternary imidazo[1,5-a]pyridine

Lassaletta and coworketsdeveloped the synthesis of quaternary imidazodlpgridines
(3.2]) via two routesA andB, as shown in scheme 3.17. Ro&tenvolves the alkylation of
pyridyl imidazole through tertiary nitrogen atom ¢ive the desired product. The second
(route B) was accomplished by cyclization of formamide {BP in the presence of
phosphorus oxychloride (POfIto give N-alky/aryl imidazo[1.5-a]pyridinium salts3(21).
They found the rout8 to be the most versatile method with fewer restms. But their aim

was to synthesize NHC carbenes which they usechiglating metals.
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AN

/ - N/
Pt RX . N—R POCIy/KkPFg || )\
THF Nz -~ N
H CH
CHs 3214 CH3 5399 3 321p

Scheme 3.17Synthesis of N-alky/aryl imidazo[1.5-a]pyridiniuts @.21)

Chattopadhyay and othe¥ssynthesized aryl imidazo[1.5-a]pyridinium sal&2Q) as side
products from refluxing ruthenium (Ru(bypXcivith N-(aryl) pyridine-2-aldimine 3.229 in
methanol. They further explained the mechanisnmoohétion of aryl imidazo[1.5-a]pyridine
as that, the ruthenium complex oxidizes the solvaathanol to formaldehyde which then

\ \ //< (CIO,),

react withN-(aryl) pyridine-2-aldimine3.229 to give3.22

N——70 R0
N N=—
R@—N\ N— 72BN
\_/ =/ \/
3.22a Reflux, MeOH
+ > 3.22b
NaClO, sol
Ru(byp)Cls +
H .
R = Me S \ C|O4
R N
,c::l \/N Z
3.22

Scheme 3.18Synthesis of N-aryl imidazo[1.5-a]pyridinium sg[822)
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Mashima and coworker, reported a two-step synthesis aryl imidazo[1.5/adlinium salts
(3.23 as shown in scheme 3.19. The first step invotlilescondensation of 2-formylpyridine
with aniline in toluene to give 2-pyridy-(phenyl)methylimine 3.239. The second step
involving the cyclization of the imine was achievdyy treating imine 3.239 with

paraformaldehyde in the presence of hydrochlorigd ctoluene.

O

X H

N Toluene /7 '\ Toluene "N
+  HoO \ CH,0, HCl sol N R

Scheme 3.19Synthesis of N-aryl imidazo[1.5-a]pyridinium s&t43)

As shown above, there are different kinds of imadazn compounds with different synthetic
methods, however, our interest is in imidazo[1ydatline compounds. Though, there are
quite number of imidazopyridinium compounds thavéhdeen reported so far bbkaryl
imidazo[1.5-a]pyridinium derivatives are rare. Maraidazolium compounds of this kind
were synthesized following the procedure where phosis oxychloride (POg) and
hydrochloric acid (HCI) were used separately. lis froject, we did a comparative study of
both Chattopadhyay method and the Mashima methbd. résults and discussion of our

findings will be disclosed in the next chapter.
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CHAPTER 4 RESULTS AND DISCUSSION

4.1. Synthesis of the imidazo[1,5-a]pyridinium compunds

As mentioned in the previous chapters, the imidhseg]pyridine skeletons (2-
azaindolizines) have potential applications in matechemistry as organic light-emitting
diodes (OLEDs}, as organic thin layer effect transistors (FETahd as precursors of-
heterocyclic carbenes which not only have potenigd as therapeutic agents but also as
ligands to metals in catalysis. The pharmaceugagpglications include their use as aromatase
inhibitors in estrogen-dependent diseases, throarm¥ synthase inhibitor, and angiotensin

Il receptor antagonists.

A variety of methods have been reported in therditee for the synthesis of these
azaindolizines. Most of the methods used were tians of the traditional Vilsmeier-type
cyclization of N-2-pyridyl methyl amides or its carboxylic acid tetives with various

catalysts such as dicyclohexylcarbodiimide, mercusalts, and iodine/pyridine. These
methods generally give low to moderate yields, megbarsh conditions whilst giving tarry

products and require the use of environmentalljcteeagents.

In this chapter we will outline the synthesis o&zaindolizines by first reacting pyridine-2-
aldehyde with various amines to give the correspan&chiff's reagents. We will describe
the scope and limitations of this method. We wabadescribe the cyclization of 2-pyridi-
(phenyl)methylimine and their derivatives with garanaldehyde using first POg£and then
HCl as catalysts. Finally, we will attempt to syesize 2-azaindolizines directly from
pyridine-2-aldehyde, aniline derivatives and pama@dehyde without the isolation of the

proposed Schiff bases. All these procedures atmedtin scheme 4.1 below.

46



4.4

Reagents and conditions: (a) Pyridine-2-aldehyd®H: 41-92 %; (b) HCOH, POgl
toluene, 60-86 %; (c) HCOH, HCI, toluene, 66-97 @), i) Pyridine-2-aldehyde, EtOH, ii)
HCOH, HCI, toluene, 67-73 %; (e) Pyridine-2-alde@dy@eq), EtOH, HCI, 58-62 %.

Scheme 4.1Synthesis of the imidazolium compounds.

4.1.1. Synthesis of imines, the intermediates (4.2)

In the last decade, Schiff bases derived from 2dpy carbaldehyde have received much
attention, particularly in coordination chemistrydasupramolecular systems. In this thesis we
report the synthesis, and spectroscopic charaatens of Schiff base derived from 2-
pyridine carboxaldehyde and aniline derivatives.eWMh equivalent (1eq) of pyridine-2-
carbaldehyde4(58 was reacted with 1eq of anilind.2g under reflux in the presence of
methanol, 2-pyridyN-(phenyl)methylimine was obtained as a light brdignid as shown in

scheme 4.2. Characterization techniques such dsanunagnetic resonance (NMR), infrared
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(IR), mass spectra (LCMS) and ultra-violet absamp{iUV) were used to verify the formation
of 2-pyridyl-N-(phenyl)methylimine4.23).

4.1a 45a O
4.2a

Scheme 4.2Formation of 2-pyridyl-N-(phenyl)methyliminé.Za)

The completion of the reaction was confirmed by dmsappearance of the strong carbonyl
peak stretching at 1708 ¢&rin the IR spectrum shown in figure 4.3. The aldkbyC-H
moderate peak which resonates at 2907 amR spectrum also disappeared. The appearance
of strong peaks for C=N and C-N at 1627 tend 1346 cm respectively confirmed the

structure of4.2a

2/A ‘ A X + WO A =

N e D - | - -

1 \6 5 NG N~ N ; N
R R R

H

4.2a

Figure 4.1: Resonation of electrons on the conjugated struadfirmine §.2a).
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The protons in the pyridyl ring are more deshieldeah those of benzene ring, thus more
downfield on the NMR spectrum as in figure 4.4.9Tisi because of the inductive effect of the
nitrogen atom of pyridyl ring which tends to witlagr the cloud of electrons towards itself.
The closer view of the pyridyl ring protons revetils following: due to the mesomeric effect
on the ringH-2 (8.70 ppm) andH-4 (7.77 ppm) were shifted more downfield thdf8 (7.33
ppm). This was made possible by the ability ofagan atom to gain more electrons, thus
becomes negatively charged as shown in figureA)1This effect results in the formation of
partially positive centers ohl-2 and H-4. FurthermoreH-2 was shifted further downfield
than H-4 because of the additional inductive effect caubgdthe more electronegative
nitrogen atom which is adjacent@?2. Surprisingly,H-5 was shifted more downfield thadi

4 because of the anisotropic effect caused by th@ bisnd orH-5 as shown in figure 4.2. All
the protons in the shaded cone suchHas were deshielded, as a resHit5 was shifted

downfield.

4.2a

Figure 4.2: Anisotropic effect on the proton-5 on the structofémine 4.2a).
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4.1.2. Reaction of pyridine-2-aldehyde (4.5) witbrtho, meta and para substituted anilines
(4.1b-i)

The reaction of one equivalent (1eq) of pyridineaZbaldehyde4(5) with one equivalent
(1eq) ofortho, metaand para substituted aniline4(1b-) where R, R® or R® are electron-
donating or mildly electron withdrawing yielded oesponding imine intermediate$.2b-i) as

shown in scheme 4.3.

R2 | \
R R’ X _ L
N | R
__ H
+ N (a) N N R2
H,N >
4.1b-i 45 O .
4.2b-i 3

R

Scheme 4.3:Reaction of pyridine-2-aldehyde.%) with ortho, meta and para substituted
anilines @.1b-i)

Scheme 4.4 shows the mechanism of the formatiomiokes intermediatest(2a-i) following
the condensation of pyridine-2-carbaldehydeb)( with ortho, meta and para substituted
anilines @.1a-). Not all groups of the substituted anilines proehl intermediate4(2) but
only the groups where*Rs electron donating and mild electron withdrawiighen R is

electron withdrawing the formation of intermediafé<) was not possible.

When R is an electron donating group, the lone pair et&bns on the nitrogen of anilines
(4. is highly available for nucleophilic attack toethcarbonyl carbon of pyridine-2-
carbaldehyde4(5) to form4.6. The intermediate4(6) formed has a quaternary nitrogen atom
which leads to the proton transfer to fodn7. The imine intermediate is formed subsequently

from the dehydration of intermediai£. 7).
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i
4.5 o> H 41 \_4
B ¥
1 3
P 1 R R
N | R ) -H,0 X
| R <2 P H
N N
3 —V1
4.2 R OH'H 4.7

Scheme 4.4Proposed mechanism for the synthesis of iminernradrates4.2)

On the other hand, wher? & an electron withdrawing group, the lone paielgfctron on the
nitrogen of aniline 4.1) is less available for nucleophilic attack. Thatld be the reason as

why the intermediates for this kind of substituerdsld not be formed.

The first imine intermediatet(2a) was readily made following the condensation afigigie-
2-carbaldehyde 4(5) with aniline @.1). Various ortho, meta and para substituted imine
analogues 4.2b-i) were also synthesized in the same manner. Thid gk these imine
intermediates ranged from 41-92 % as shown in letadk figure 4.5. It is important to note

that the structures of these imine intermediatesanjugated.
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5.

4.2d (86%)

2
9
10
11

4.2f (85%)
4.2a (91%) (85%)

§

4.2b (90%)

4.2e (89%)

HO

4.2 (41%)

4.2g (91%)
4.2h (86%)

Figure 4.5: Various imine intermediated.@) synthesized and their yields in brackets

This is confirmed for example by the proton NMR cpem of 2-pyridyl-N-(m
methylphenyl)methylimine4(2f) in figure 4.6, wherein, a singlet pedKk-13) for the methyl
group appears upfield (2.41 ppm) verifying the mpooation of themetamethyl-substituted
aniline. For thepara substituted aniline the AA'BB’ system is obsenasishown in table 4.1
(AA'BB’ system indicates the symmetricphra substitution where the two substituents are
not the same). The protons in the pyridine ringaranged as in figure 4.4 and those of the
benzene ring their chemical shifts, splitting amdigling constants values are summarized in
table 4.1. A comparative study of the aromaticoagf various imine intermediates as shown
in table 4.1 indicates that there is no significaindnge in the chemical shift of the aromatic

protons. Any changes are due to the effect of tibstituents.

53



'H NMR (CDCL) 8y (in ppm) and J coupling (in Hz)
H-10 H-11 H-12 H-10’ H-11’ H-13
(4.2a) 7.28 d|741 dd | 7.29 tt Same as
H-10
Jo1n 86 |dio 86 |do1n 7.9
Jo1z 21 | 112 7.9 | Jp1o 21 -
(4.2b) |7.10 d|7.29 d _
Jor 86 |Jao 8.6
(4.2c) |7.24 d|7.37 d _
Jor 85 |Jawe 85
(4.2d) |[7.15 d|7.51 d _
Jo1n 82 | o 82
(4.2e) 7.03 d|7.24 d|7.17 t 7.24 d| 243 S
Join 7.5 [ 10 7.5 | Jiza1137.5 Jiz12 7.5
(4.2f) 7.11 t|7.31 t]7.12 d|7.13 S 241 S
\]10,11 7.4 Jll,(10,12)7-4 \]12,11 7.4
(429) |7.14 d|7.15 d _ 2.34 s
Joun 75 | J11w00 7.5
(4.2h) | 7.29 d|6.91 d 3.78 s
Joun 7.8 | J110 7.8
(4.2i) 7.41 d[6.95 t|7.26 t 7.05 d|1.78 br
Jour 7.8 | haoin?.8 | Joa113/-8 Jiz1» 7.8

Table 4.1:'H NMR spectral data of the benzene region of varimine intermediates.

The success of the reaction was also marked bgisappearance of the aldehydic proton at a

chemical shift § 9.7 ppm and the appearance of the imminium pra@bd 8.62 ppm.

However, a comparative study of the chemical shaftsthe various imminium protons,

CH'=N, are shown in the table 4.2. When the substitarrthe para position is a halogen, we
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can clearly observe a pattern emerging in the ahangchemical shifts. Bromine has the
greatest change in chemical shif6) of 0.04 ppm followed by chlorine withé of 0.02 ppm,
the imminium proton clearly shifts upfield as we vaofrom the more electronegative
(fluorine) to the less electronegative (chlorindhen the substituent on the aromatic ring is a
methyl group (4.2e, 4.2f and 4.2g) another trendldserved. The imminium proton is not
affected by methyl group at thgara andmetapositions. However, when the methyl group is
at the ortho position, a slight upfield shiftAp is 0.06 ppm) was observed. The most
pronounced change in chemical shift, however, iseoled with theortho hydroxyl group.
The imminium proton shifted fro 8.61 ppm ta 8.86 ppm Ad is 0.25 ppm). This chemical
shift may be due to the imminium proton formingramholecular hydrogen bonding with the

hydroxyl oxygen as shown in scheme 4.5.

H-7 ( 12

‘ H-10,10',12

L=E)

‘N

Figure 4.6:'H NMR spectrum of 2-pyridyl-N-(m-methylphenyl)miattipe @.2f)

&
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4.2

Phenyl substituents

Chemical shift§, ppm)

Change in chemical shift for
H’ (AS, ppm) (No.-4.2a)

No. R R R for H’

4.2a H H H 8.61 0
4.2b H H F 8.60 -0.01 upfield)
4.2¢c H H Cl 8.59 -0.02 (upfield)
4.2d H H  Br 8.57 -0.04 (upfield)
4.2e Me H H 8.55 -0.06 pf{ald)
4.2f H Me H 8.62 0.01 (doveid)
4.29 H H Me 8.61 0
4.2h H H OMe 8.60 -0.01 (upfield)
4.2i OH H H 8.86 0.25 (dovwidi)

Table 4.2:Chemical shifts for H' on different R substituents
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Hydrogen bond

X
X / | §
. N
) VIR
4.2i-A 4.2i-B

Scheme 4.5: Tautomerism and intramolecular hydrogen bonding 2Apyridyl-N-(o-

hydroxyphenyl)methylimind.@i)

The disappearance of an aldehydic C-H stretchimgl lad 2730 cifl in the infrared spectrum
confirmed the successfulness of the reaction. ffiared spectrum also showed the stretching
frequencies of various functional groups such all Ghown in table 4.3), C-N and that of the
aromatic region. The stretching frequencies vawél the substituents. For imines, the C=N
stretching band occurs in the region 1690 — 1620 (5192 — 6.17 um), but the closeness of
this bond to C=C conjugated system presents diffesi Conjugated cyclic systems
containing C=N have variable intensity due to ttretshing-vibration in the region 1660 —
1480 cm' (6.02 — 6.76 pm). A comparative study of they stretching frequency of these
Schiff bases shows very small derivations from tfat.2a v is1627 crit. However, that of
4.2i shows movement to smaller wavenumber (1585, cAivc-y is 24). This indicates that
there must be a group that is pumping electrorie {D=N. This observation supports the idea
that there is intramolecular hydrogen bondingsithe oxygen of the hydroxyl group that is
pumping in electrons as shown in scheme 4.5. Ttranmlecular hydrogen bonding is also
confirmed by the observation of a broad O-H peaR3at3 cni'in the IR spectrum in figure
4.7. This phenomenon of Schiff base constitutintamolecular hydrogen bonding and
tautomerism of the structure forming endlZj-A) and ketone4.2i-B) as shown in scheme
4.5 has been reported before by Helreeraf and Ledbetter, 3r They had a structure similar
to ours which was\-aryl imine of o-hydroxybenzenaldehyde and they observed a peak at
1513 cmt' that they assigned to the C=N stretching vibratibrihe conjugated imine. This
peak agrees with our observation of C=N peak a6158". They also observed a carbonyl
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(C=0) peak at 1635 cwhich is close to our observed weak peak at 1653 which
confirms the tautomerism of the structure to foretoke 4.2i-B).

The high resolution mass spectra (HRMS) were absp th determining the mass of each

compound as proof of the incorporation of anilin@lagues to pyridine-2-barbaldehyde.

Phenyl substituents Wavenumber (ci) and change in C=N stretch

No. R R R C=N stretch Av (C=N) stretch
42a H H H 1627 ~

4.2b H H F 1627 0

4.2c H H Cl 1623 -4
4.2d H H Br 1622 -5

4.2e Me H H 1631 4

4.2f H Me H 1629 2

429 H H Me 1625 -2

4.2h H H OMe 1624 -3

4.2i OH H H 1585 -24

Table 4.3: The effect of the substituents on the energy (meéamber) of the C=N functional
group
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cm-1

Figure 4.7:1R spectrum of 2-pyridyl-N-(o-hydroxyphenyl)metimye @.2i)

However, not all reactions for the formation of imaiintermediates4(2) that were carried out
were successful. Some of the failed reactions wheeereaction of pyridine-2-carbaldehyde
(4.5 with aniline derivatives4.1i-m) shown in figure 4.8. As it is stated earlier listsection
that, when R is an electron withdrawing group, the imine intetfiates 4.2) were not
isolated, and the reason could be either becautbe déss availability of the lone pair electron
of the nitrogen group for the nucleophilic attackthe carbonyl carbon @f.5 as shown in
scheme 4.4. Different techniques such as Dean @tatlcatalyst were tried and did not work
still. Because these imine intermediatés2ick) could not be isolated so the imidazole
compoundg4.3i-k) could not be formed following the method showrsettion 4.1.2.1 and
4.1.2.2 where POglnd HCI, in the presence of the parafomaldehyde wsed respectively
to catalyze the reaction of formation of the imiolazm compounds4.3). Then we had to
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develop new methods to overcome this problem ancawee up with one method that is
described in section 4.1.3.

Aniline derivatives that could not be isolated msie intermediatesi(2)

4.1 41j g7 NH;

S
/NN [/ "NH__N

/7 NH
| | 41m N
4.1k N _~ 4.1 N~ \%

Figure 4.8: Aniline derivatives that failed to react to formiima intermediates4(2)

4.1.3. Synthesis of the imidazole pyridinium compauls (4.3) (forR? is electron donating
group)

4.1.3.1. The use of POGlas a catalyst (refer to route b in scheme 4.1)

The synthesis of imidazo[1,5-a]pyridines are weltuimented as discussed in chapter 3. Most
methods involve reaction of 2-picolylamine with aneecarbon unit. Acylation of 2-
piconylamine followed by cyclization with phospheroxychloride (POG) or phosphoric
acid gives the required product. Ramage and Bbimel955 reported the first synthesis of
imidazopyridine, formed by reaction of 2-picolylarai with formic acid in the presence of
POCE. More recently, Chattopadhyay and coworkerseported the synthesis of

imidazopyridine from 2-pyridyN-(phenyl)methylimine and formaldehyde in the preseaf
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ruthenium catalyst and sodium perchlorate. In tbport we investigated this later reaction in

the absence of ruthenium and sodium perchlorate.

The reaction of imine intermediate$.2) with formaldehyde in the presence of P@gelded
the corresponding imidazolium compounds (whetésRelectron donating group). PQ®Vas
added to catalyze the reaction by activating thdarayl carbon of formaldehyde for the
nucleophilic attack as shown in scheme 4.6. Usihg fcatalyst, the yields of the

imidazopyridinium derivatives ranged from 60 to%6

O
Il
— C|- P\
Rl \ C|/ \OHCI
+ \ +
Ry N
\ Ri
R, N
R
C|/F{\\g R3 4.3
Cl Rs

Scheme 4.6:Mechanism for the synthesis of imidazolium compsu@®) using PO

catalyst.

The reaction was successful as marked by not dmdyincrease in the number of proton
signals but also the number of carbon signals énNMR spectra. For example, in figure 4.9,
we can observe an additional deshielded singlek pgfaH-7" at 10.1 ppm and the
reappearance of a singlet peak of the imminiumapr¢CH’=N, H-7) at relatively upfield
8.53 ppm.
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Figure 4.9: *H NMR spectrum of Pyridyl[1,5-a]-4-(m-methyl)phémjtlazolium chloride
(4.3f).

The change in the stretching frequencies from iefisspectra of the C=N functional group is
recorded in table 4.4. If the change on the stime¢clirequency is negative (as shown in
column 3 of table 4.4), implies a drop on in enefgym that of its corresponding imine
intermediate. However, all imidazoles showed arregase in C=N stretching frequencies
ranging from 25 to 33 cth) except ford.3awhich decreased by 13 &nand4.3b remain the
same. This increase in energy implies the elededitiency in the structure that is caused by
the positive charge in the imidazolium ring becaofsthe quaternary nitrogen atom. The C=N
stretching for imidazolium pyridine (fo4.39 is at 1614 wavenumbers (&n When R is
fluorine @.3b), the wavenumbers for the C=N stretching changedgmally to 1627 cm.
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However, the rest of the substituents had more thase-fold change in wavenumber as
shown in column 4 of table 4.4.

Mass spectrum (HRMS) for Pyridyl[1,5-a]-dxmethyl)phenylimidazolium 4.3f) in figure
4.11 for example, the calculated mass (209.1078)experimental mass (209.1080) showing
good agreement. For all imidazolium compounds #leutated mass and experimental mass
have a good agreement, thus confirming the suadesst of the reaction and the structure of
the compounds.

94.5_
> 2.2er (3'M
o vmz-62.2er (3'Me)
88|
86
84 91318
82
80
1274.
78] 1386.44
1466.16 1357.91
1046.85  880.4]
76
1336.44
74
724 1656.64
%T 1613.9 1002.13
704 1505.99 1153.32
68 1246.17
66 684.36
64) 1548.27 825439)
62
60 335945 oo o
58
56|
54
52
760.68
50 790.67
480 T T T T T T T T T T T 1
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 0.065

cm-1

Figure 4.10:IR spectrum of Pyridyl[1,5-a]-4-(m-methyl)phenyldazolium 4.3f).
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisctopic Mass, Even Electron lons

3 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

Co10-15 H:10-15 Mo 0-5

Vuyisa Mzozoyana

VIMZ_G2_2er 13 (0.203) TOF M3 ES+
3.11e+002
100, 209.1080
1 237.0422
%_
2101117
] 233.0459 o
0l,.203.0914 |_ 213.0824 2150588 2079749 220.0528 2310558 . 245.0705 253.0177  250.0283 261.0133
UAAEA BADAN RARAN RARRN RARLS LARAA RARAS RRALNRRARS LARAN ULRRD RANAN RRALE LALAN LS LA REALE LRSS IARAN RS RRRAN LR LR RS R
200.0 205.0 2100 2150 2200 2250 230.0 2350 2400 2450 250.0 2550 260.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
208.1080 208.1079 0.1 0.5 9.5 189.5 0.0 Cl4 H13 Nz

Figure 4.11:Mass spectrum HRMS of Pyridyl[1,5-a]-4-(m-methy@pylimidazolium4.3f).

Phenyl substituents Wavenumber and change relative to imine 422 (cnmi’)
C=N stretch Av Av
No. R R R (Ref. imine int.) (relative t04.23)
42a H H H 1614 -13 _
42b H H F 1627 0 13
42c H H Cl 1656 33 42
42d H H Br 1655 33 41
42e Me H H 1656 25 42
4.2f H Me H 1656 27 42
429 H H Me 1655 30 41
4.2h H H OMe 1656 32 43

Table 4.4:The effect of the imidazole cycle on the energyMavenumber) of C=N functional

group and change relative to the imine intermedatd4.2a.
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4.1.3.2. The use of HCI as a catalyst (refer to roeic in scheme 4.1)

The yields obtained using PQGIs catalyst as already mentioned ranged from 86%. We,
however, wanted to investigate whether we couldrawp the yield further by using
hydrochloric acid (HCI). Mashima and coworket®nducted the cyclization of these imines
with paraformaldehyde in the presence of HCI ireetéplvents. The absence of both heavy

metal catalyst and the oxidant would surely reisuét more environmentally friendly reaction.

The use of the HCI catalyst for the same reactions instead of PO©Eme with a good
improvement in the reaction yield, by at least 68shown in table 4.5. The aim of the
addition of the catalyst was to activate the caybaarbon for the nucleophilic attack by
nitrogen lone pair of electrons (as shown in schduig. In scheme 4.7, the last step of the
mechanism is the removal of hydronium ion from ithtermediate4.10. In both scheme 4.6
and 4.7, the counter ion (anion) for the intermeid?.9 and4.10 and the product.3 was
chlorine ion (Cl). Imidazolium compounds that were synthesized qusr®©OCf and HCI

catalysts are shown in figure 4.124a8a-h

—_—
~= cl
LA
N R
R 1
\\/N ! R,
R
43 R3
R3

Scheme 4.7:Proposed mechanism for the synthesis of imidazotiampounds4(3) using

HCI catalyst
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Phenyl substituents Catalyst used, percentage yield and change in {#e)d
POCE yield HCl yield Change in yield

No. R R R
43a H H H 86 97 11
43b H H F 83 93 10
43c H H Cl 84 95 11
43d H H B 86 96 10
43e Me H H 84 96 12
4.3f H Me H 60 66 6
439 H H Me 83 96 13
4.3h H H OMe 82 91 9

Table 4.5:The effect of the catalyst on the yield of reacion

4.1.4. Synthesis of the imidazolium compounds (4.8)a route d as in scheme 4.1, where

R?is an electron withdrawing group

As shown in scheme 4.1, routeinvolves the direct synthesis of imidazolium compds
(4.3) without isolating imine intermediate4.9). The imine intermediate$.2 where R is an
electron withdrawing group could not be isolatederéfore a new method had to be
developed. One reason speculated to be the caudesqgiroblem was that the lone pair of
electrons on the nitrogen atom of anilindsl) (for R® being an electron withdrawing group)
is less effective for the nucleophilic attack. Teemcome this problem, HCI was used to
catalyze the reaction by activating the carbonybor for the nucleophilic attack as in scheme
4.8. However, the imine intermediate was still isotated.

The other speculation we made was that, intermesia6, 4.7and4.2 are at an equilibrium
state and the formation of imine4.2i-k) are not favored because of their instability, #nd
tend to hydrolyze to form the starting materialisThroblem was overcome by pushing the

equilibrium forward simply by moping all the imir§é.2i-k) molecules that were produced by
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quickly reacting them with the activated formaldééybefore it hydrolyses back to fody.
In so doing, we synthesized the imidazolium compisunhere Ris an electron withdrawing

group. The use of POgtatalyst also did not work.

The synthesis of the imidazolium compounds3) via routed was successful as described
above with good vyield ranging from 67-73 %. Varioaealogues of the imidazolium

compounds4.3i-k) with different electron withdrawing substituemts their benzene ring (as
shown on figure 4.12) were synthesized followings timethod. All these imidazolium

compounds were positively charged because nitrogethe pyridine ring is quaternari1)

and the counter ion was chlorine.

Relevant characterization such as NMR, IR, HRMS &hd absorption spectra for these

imidazolium compounds were curried out to verifyaod confirm the successfulness of this

R, Rs X ., Sl Rs
- N r|\1+
B,
+H,0 N R, Ry
| H
-H,0 =
N N

~= cr

method.

Scheme 4.8Mechanism for the synthesis of the imidazolium @amg @.3) where R is an

electron withdrawing group.
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Method used Aniline substituents in the formation of imidazehuicompoundgl.2

according to the )
(% yield, rounded brackets — PQQquare brackets — HCI)

figure 4.1 and

catalyst
4
5
3
‘ . A
g 10 § O § 5 g
11
1) LT
b andc o AL Nl
11

4.3a(86%) [97%)] 4.3b(83%) [93%)] 4.3c (84%) [95%] 4.3 (86%) [96%]

§ g g

436 (84%)[06%)]  4.3f (60%) [66%] 4.3 (83%)[96%]  4.3h (82%) [91%]

(POCE and HCI)

(0]
% //
11 T
// 13 NH X
© |
N~

4.3k [71%]

10

d (i and i) £ O

(HClI only)

4.3i [67%] 4.3j [73%]

Figure 4.12:Various analogues of imidazolium compounti8)(synthesized with their yield.
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In figure 4.9, the'H NMR spectrum of Pyridyl[1,5-a]-4a¢methyl)phenylimidazolium
chloride @.3f) is shown to represent the imidazolium compour®®ton H-7') is most
deshielded, resonates at 10.1 ppm and is a dodiéeto its long rang coupling t#-2, J 1.2
Hz. The next proton that is downfieldhks2 in the pyridyl ring, and the rest of the protoms o
the pyridyl ring are in the same order as in tleeiresponding imine intermediates4) but

the chemical shift changeH;5, H-4 andH-3 at 7.9, 7.4 and 7.3 ppm respectively. The strong
inductive effect of the quaternary nitrogeM-{) is more pronounced #t-2. H-2 is getting
more deshielding which can be explained in ternesniesomeric effect which results in the
creation of partially positive centre @2 andC-4 and negative centers @3 andC-5. As a

resultH-3 is more upfied followed bif-4.

The inductive effect of the imidazole ring had eosy influence on the benzene ring as a
result its protons were shifted downfield. As shdwthe'H NMR in figure 4.9, the inductive
effect is more pronounced &10, 10’ (7.67 and 7.73 ppm respectively) as they are diose
the imidazole ring. Since the inductive effect getsaker with the distancel-11 followed at
7.60 ppm therH-12 at 7.52 ppm. The chemical shifts and coupling tamts for the protons

in the benzene ring are summarized in table 4.6.
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'H NMR (MeOD)éy (in ppm) and J coupling (in Hz)

H-10 H-11 H-12 H-10’ H-11' H-13

@33 |791 dd7.78 dd 736
Jo2 1.8/ Ji110 86 | J210 1.8

@3p) |790  d749
Jo11 8.5 Ji1,10 8.5

@3c) |792 d 775 d
Jo1r 88| 110 8.8

@3d) [7.90 d 783 d
Jioa1 8.8| 110 8.8

(4.3e) |7.61 m| 7.61 m| 7.52 t 7.61 m| 2.33 S

Ji2,11,13)7 .1

@30 |7.67 { 7.60 {752  d|7.73 s 253 5
Joa1 7.6 h1,10127.6| 211 7.6

@39 |7.75 d 754 d 250 s
Joar 8.3| 110 8.3

@3h) [779  d722 d 393 s
Jo1r 8. |10 8.6

@3) 855 dsi9 d
Jioa1 8.0 Ji110 8.0

4.3) |8.20 d 8.15 d
Jl(_)’]_]_ 89 Jll’]_O 89

4.2k) | 8.25 d| 8.04 d
J10,11 8.7 J11,10 8.7

Table 4.6:'"H NMR spectral data of the aromatic region of vasamidazolium compounds.
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4.1.5. Synthesis of 5-substituted imidazolium compads (4.4) (via route e)

This route (e) for the synthesis of 5-substituteddazolium compounds4(4) involved the
condensation of pyridine-2-aldehyde in the abseotegaraformaldehyde. In this route,
pyridine-2-carbaldehyde4(5) was added twice as shown in scheme 4.9. Thedidition of
pyridine-2-carbaldehyde resulted in the formatibmuones @.2) as described in section 4.1.2.
Pyridine-2-carbaldehyde was activated by HCI catadynd react with imine nucleophilek3)

to form 4.11 The imidazolium compoundst.d) were formed from the ring closure of
intermediategl.12

Scheme 4.9Mechanism for the synthesis of the 5-sustitutedamalium compound4.4)
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Figure 4.13: Two analogues of imidazolium compourdldd and4.4b) synthesized.

Compounds4.4a and 4.4b were successfully synthesized following the abowentioned
method with the yield of 62 and 58 % respectivBlglevant characterization such techniques
as NMR, IR, HRMS and UV absorption spectra for éhessubstituted imidazolium
compounds were carried out to verify or/and conftha successfulness of this method. The
calculated mass and the experimental masé.4d are 343.1923 and 343.1920 respectively
(see HRMS in figure 4.16) which are in good agresnasd thus confirming the success of

the reaction method.

In both structures4(4aand 4.4b), H-2 was found to be the most deshielded proton {ske
spectrum in figure 4.14). This is because of theigdly positive charge oC-2 as a result of
the mesomeric effect. The next protorHi2’ and the reason is the same asHe2 but in a
different approach. The imidazole ring for thisusture @.4) is not as cationic as that @f.8)
because the pyridyl ring donates electrons to thielazole ring. Thus the ring is partially

neutralized.

72



H-4,10,10',12

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 ppm

o o ©|o| (o) o
| @ S b B “!
—lo [} <l [l =l ™

Figure 4.14: '"H NMR spectrum of pyridyl[1,5-a]-4-(m-methyl)pheBupyridylimidazolium
chloride.
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Figure 4.15. Infrared
pyridylimidazolium chloride.

spectrum  (IR)

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 PPM [
Element prediction: Off
Number of isotope peaks used for I-FIT = 3

DBE: min =-1.5, max = 50.0

Manoisotopic Mass, Even Electron lons

3 formulale) evaluated with 1 results within limits (all results (up to 1000 for each mass)
Elements Used:

C:20-25 H:20-25 N:0-5

Vuyisa Mzozoyana

WIMZ_G0_2ch 3 (0.024)

T T T T T

1600 1400 1200 1000 800 0.065

of  pyridyl[1,5-a]-4-(m-metjpheny-5-

Page 1

TOF M3 ES+

9 34e+002
100 333.0638 343.1920
%
344 1990
334 0680 3550482
e 3532722 o .
100 3151517 3177273 ..3.3.2'8‘?1.5..t?."‘?‘.””‘“?..L.... T i e
I 31-IZI.C I 32ID.D I 33&.0 I 34|D.Cl I 35&.0 I 3B-|:l.C I 3?ID.D I 38&.0 I SQID.CI N
5.0 5.0 =2 C
Mass Calc. Mass mDa PPM DEE i-FIT i-FIT (Nerm) Formula
343.1%20 343.1923 -0.3 -0.9 13.5 92.3 Q.0 c22 H23 N4
Figure 4.16: Mass spectrum (HRMS) of pyridyl[1,5-a]-4-(m-methkBny-5-

pyridylimidazolium chloride.
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CONCLUSIONS

A variety of imidazo[1,5-a]pyridyl compounds wergnghesized following three basic
methods which included the condensation of pyridirearbaldehyde with anilined.Q) with
different substituents on ortho YRpara (R) and meta (B positions. Each substituent has its
own specific effect on the aromaticity of the rinfanilines and thus the reactivity of the
nitrogen group of aniline. Depending on the natofehe substituents on aniline {RR?,
or/and R), different methods were followed to give the esponding imidazolium products.

The first route included the isolation of imineannhediates4.2a-i, yield ranging from 41 to
92 %) which were then treated with phosphorus oboyate (POC}) in one case and
hydrochloric acid (HCI) in another case as catalyBbth cases resulted in the yield of same
imidazo[1,5-a]pyridyl compoundgl3a-h) with the reaction yields ranging from 60-86 % and
66-97 % for POGland HCI respectively. The imine intermediatd2( with R® an electron

withdrawing group could not be isolated.

The second route was the development of the faster for those imine intermediates that
could not be isolated (where®*Rvas an electron withdrawing group) and only hytitodc
acid catalyst was used to yield3i-k with the reaction yield range of 67-73 %. In bditist
and second routes, paraformaldehyde was used darirtg-closure step of the reaction. The
last route for the formation of imidazo[1,5-a]pyicompounds 4.4) was carried out in the

absence of paraformaldehyde reagent and the reagélus were 58 % and 62 %.
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FUTURE WORK

Some reactions such as the reaction of anilidesl-(n), were unfortunately unsuccessful,
therefore future studies should be directed towatds development of new methods.
Expansion of the existing methods is also necessavyder to produce a wide variety of this
kind of imidazolium compounds. The other study sticiocus on the chelation of these
imidazoles, their imine intermediates and theirbeae forms to metals and test for their
relative biological activities. Some imidazoliumnepounds are used as catalysts in both neat

and complexed form, therefore, study of their gaitalctivity should also be investigated.
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CHAPTER 5 EXPERIMENTAL

5.1. Instrumentation and General Experimental condions

Unless otherwise stated, all reagents (includingess) were purchased from the chemical
suppliers such as Aldrich and Fluka and used withather purification.

Flash column chromatography was carried out usimgcklKieselgel 60 which was put in a
glass column (5 cm diameter). The amount of theas{iMerck Kieselgel 60) could be varied
depending on the amount of the sample as wellaspurities. The crude was put on top of
the column and allowed to adsorb to the silicaagmdf the column. Various ratios of elution
solvents (ethyl acetate or methanol to distilleddme) were applied to the column; purified
compound was collected from the bottom.

Preparative scaled thin layer chromatography (Tla@p conducted using Merck Kieselgel
60,54 Which was coated onto 20 x 20 cm glass plategaSgel (200 g) was homogeneously
suspended in 500 ml of water to make up TLC witickimess of 2 mm (silica gel). These
plates were kept in a draft free place overniglmbam temperature and subsequently activated
overnight at 120 °C.

Quialitative thin layer chromatographies were usednbnitor the reaction and to determine
the purity. These TLC plates (Merck Kieselgebf@luminum backed TLC) were bought
ready for use. Visualization of the TLC plates washieved using iodine tank and/or

fluorescence on exposure to short wave length vitdat light (254 nm).

Melting points (Mp) were determined using Stuartitmg point apparatus with open ended

capillary tubes and are uncorrected.

Nuclear magnetic resonance (NMR) spectra were decoon a Bruker 400 MHz spectrometer
machine at the frequencies 399.995 MHz and 100.428& for protons {H) and carbon
(**C) respectively. Chemical shifts)(are reported in parts per millions (ppm) and dimgp

constants (J-values) were measured in hertz (H®.sblvents used were deuteriochloroform
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(CDCl3) and deuteriomethanol (MeOD). In all spectra, ititernal reference was done using

the residual protio solvent resonance. Multiplestivere abbreviated as follows:

Abbreviation

Signal multiplicity

Abbreviation

Signal multiplicity

br

singlet
doublet
triplet
quartet

broadened

dd

ddd

dt

tt

td

doublet of doublets

doublet of doublets of doublet
doublet of triplets

triplet of triplets

triplets of doublet

)

Table 5.1: Abbreviations and their description ¢ NMR signal multiplicities.

Infrared (IR) spectra were recorded on a Weldextspmeter as neat solid or liquid (the

samples were put on the IR machine lens).

Electronic spectra were recorded on a Varian UVNIR spectrometer between the

wavelengths of 250 nm and 850 nm at room temperaMethanol was used as a solvent to

prepare samples with the concentration varying eetwl®’ and 10° mol/L. Quartz cells with

the optical length of 1 cm were used to hold sohsi
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5.2.  Synthesis of imine and imidazole compounds

Synthesis of 2-pyridyl-N-(phenyl)methylimine (4.2a)

2

4
\5
N/6 Y
1

| 10

eN_o 11
12
10

11

Procedure “A”

Pyridine-2-aldehyde (1.071 g, 10.0 mmol) and a&il{8.931 g, 10.0 mmol) were refluxed in
absolute ethanol (20 ml) for 3 hours. The mixtues\iltered under vacuum and washed with
minimal amount of cold absolute ethanol. The bramnde product was purified using 20 by
20 cm TLC plate (1:1 ethyl acetate in petroleumeeths an eluting solvent) to give light
brown liquid of 2-pyridyl-N-(phenyl)methyliming¢4.2a) (1.6 g, 91 %). TLC R0.61 (UV-
active, EtOAc / PE, 1:1); NMRy, (400 MHz, CDC4) 7.29 (3H, m, 10, 1#), 7.33 (1H, ddd,
J347.7,3324.8,1351.2, 3H), 7.41 (2H, m, 1H), 7.77 (1H, td s 357.7,d221.8, 4H), 8.20
(1H, dt, J547.7,J531.2, 35 0.9, 5H), 8.61 (1H, s, H), 8.70 (1H, ddd,),34.8,J24 1.8, 25
0.9, 2H).

Sc 121.1 (10€), 121.9 (5€), 125.1 (3€), 126.7 (12€), 129.2 (11€), 136.6 (4€), 149.7 (2-
C), 151.0 (9€), 154.6 (6€), 160.6 (7€).

IR (neat)vmax (cm?): 3054 (s, Ar C-H stretch), 2902 (s, alkyl C-Hesth), 1627 (s, C=N
stretch), 1529 (s, Ar C=C stretch), 1485 (s, alByC stretch), 1346 (s, C-N stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of 2-pyridyl-N-p-fluorophenyl)methylimine (4.2b)

B!
2 N/6 7
1 | 10
aN_g 11

10 F

2-pyridyl-N-(p-fluorophenyl)methylimine 4.2b) was produced following procedurd™ by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmahd 4-fluoroaniline (0.931 g, 10.0 mmol)
in absolute ethanol (20 ml) and reflux for 4 houdrse product (£b) was obtained as a light-
brown semi-solid compound (1.8 g, 90%); TLE®65 (UV-active, EtOAc / PE, 1:1); NMR,
81 (400 MHz, CDC}) 7.10 (2H, m, 10H), 7.29 (2H, m, 1H), 7.38 (1H, dddJs 4 7.7,J524.9,
J351.2, 3H), 7.82 (1H, tdJs(357.7,J421.9, 4H), 8.20 (1H, dddJs47.7,3551.2, J521.1, 5-
H), 8.60 (1H, s, H), 8.73 (1H, dddJ),34.9,J,41.9,J,51.1, 2H).

8¢ 115.7 (10€), 121.9 (5€), 122.8 (11€), 125.1(3€), 136.6(4€), 147.0(12€), 149.8(2€),
154.6 (6€), 160.4 (7€), 160.6 (9€).

IR (neat) vmax (cm™): 3053 (s, Ar C-H stretch), 2915 (s, alkyl C-Hesth), 1627 (s, C=N
stretch), 1499 (s, Ar C=C stretch), 1465 (s, alRyC stretch), 1347 (s, C-N stretch), 1091 (s,
C-F stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of 2-pyridyl-N-p-chlorophenyl)methylimine (4.2c)

B!
2 N/6 7
1 | 10
aN_g 11

10 Cl

2-pyridyl-N-(p-chlorophenyl)methyliming4.2c) was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmeatd 4-bromoaniline (1.720 g, 10.0 mmol)
in absolute ethanol (20 ml) and reflux for 4 hodrse produc(4.2c)was obtained as a light-
orange/yellow amorphous solid (2.0 g 92%), Mp —768-C; TLC R 0.61 (UV-active, EtOAc

/ PE, 1:1); NMR 34 (400 MHz, CDC}) 7.24 (2H, dJ1018.5, 10H), 7.34-7.42 (3H, m, 3,11-
H), 7.82 (1H, tdJs 35 7.7,J421.6, 4H), 8.19 (1H, ddJs47.7,J531.9, 5H), 8.57 (1H, s, 7-
H), 8.70 (1H, ddJ,34.9,J,4 1.6, 2H).

8¢ 122.0 (5€), 122.4 (10€), 125.3 (3€), 129.4 (11€), 132.3 (12€), 136.7 (4€), 149.4 (9-
C), 149.8 (2€), 154.4 (6€), 161.0 (7€).

IR (neat) vmax (cm™): 3049 (s, Ar C-H stretch), 2916 (s, alkyl C-Hesth), 1623 (s, C=N
stretch), 1566 (s, Ar C=C stretch), 1478 (s, alRyC stretch), 1349 (s, C-N stretch), 832 (s, C-
Cl stretch).

UV (MeOH): Anax307, 245, 204 nm
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Synthesis of 2-pyridyl-N-p-bromophenyl)methylimine (4.2d)

B!
2 N/6 7
1 | 10
aN_g 11

10 Br

2-pyridyl-N-(p-bromophenyl)methylimine4(2d) was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmatd 4-bromoaniline (1.720 g, 10.0 mmol)
in absolute ethanol (20 ml) and reflux for 4 houdrse product4.2d) was obtained as a light-
orangel/yellow amorphous crystals (2.2 g, 86%), Mp0-72 °C; TLC R 0.62 (UV-active,
EtOAc / PE, 1:1); NMRpy (400 MHz, CDCY) 7.15 (2H, m, 1@H), 7.35 (1H, dddJs; 4 7.7,
J324.9,351.6, 3H), 7.51 (2H, m, 1H), 7.78 (1H, td s (35 7.7, 22 1.9, 4H), 8.17 (1H,
ddd,Js47.7,J531.6,J5,1.0, 5H), 8.57 (1H, s, H), 8.70 (1H, dddJ,34.9,3,41.9,J,5 1.0, 2-
H).

Sc 121.9 (5€), 122.8 (10€), 125.4 (3€), 132.7 (11€), 136.6 (4€), 147.0 (12€), 149.8 (2-
C), 150.0 (9€), 154.4 (6€), 161.2 (7€).

IR (neat) vmax (cm™): 3050 (s, Ar C-H stretch), 2925 (s, alkyl C-Hesth), 1622 (s, C=N
stretch), 1563 (s, Ar C=C stretch), 1476 (s, alByC stretch), 1346 (s, C-N stretch), 828 (s, C-
Br stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of 2-pyridyl-N-0-methylphenyl)methylimine (4.2e)

10

2-pyridyl-N-(o-methylphenyl)methylimine4(26 was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmaid o-toluidine (1.071 g, 10.0 mmol) in
absolute ethanol (20 ml) and reflux for 5 hourse Tmoduct 4.28 was obtained as a light-
brown/orange liquid (1.74 g, 89%); TLC: R.60 (UV-active, EtOAc / PE, 1:1); NMRy
(400 MHz, CDCH); 2.43 (3H, s, 154) 7.03 (1H, d, Jo11 7.5 10H), 7.17 (1H, t,
J12,a1,137.6,12H), 7.24 (2H, m, 11,184), 7.31 (1H, ddJ347.9,J324.9, 3H), 7.75 (1H, td,
Ja35y,9,d221.3, 4H), 8.26 (1H, dJs4 7.9, 5H), 8.55 (1H, s, H), 8.70 (1H, dJ,3 4.9, 2-
H).

Sc 18.0 (15€), 117.5 (10€), 121.6 (5€), 124.9 (3€), 126.4 (12€), 126.8 (13€), 130.4
(11-C), 132.3 (14€), 136.6 (4€), 149.6 (2€), 150.2 (9€), 154.9 (6€), 160.0 (7€).

IR (neat) vmax (cm): 3053 (s, Ar C-H stretch), 2911 (s, alkyl C-Hesth), 1631 (s, C=N
stretch), 1567 (s, Ar C=C stretch), 1486 (s, alByC stretch), 1345 (s, C-N stretch).

UV: Amax307, 245, 204 nm

84



Synthesis of 2-pyridyl-N-m-methylphenyl)methylimine (4.2f)

| B
6
/
2 7
N | 15
1 14 CH,
sN~¢

10

2-pyridyl-N-(m-methylphenyl)methyliming4.2f) was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmat}d m-toluidine (1.071 g, 10.0 mmol) in
absolute ethanol (20 ml) and reflux for 7 hourse Tinoduct(4.2f) was obtained as a light-
brown semisolid (1.66 g, 85%); TLC; R.60 (UV-active, EtOAc / PE, 1:1); NMRy (400
MHz, CDCk); 2.41 (3H, s, 154), 7.07-7.15 (3H, m, 10,12,14), 7.31 (1H, t,J11,1012) 7.4,
11-H), 7.36 (1H, dddJ347.9,J325.0J351.1, 3H), 7.75 (1H, td)s357.9,J421.7, 4H), 8.21
(1H, dd,J547.9,J551.1, 5H), 8.62 (1H, s, H), 8.72 (1H, ddJ,35.0,J241.7, 2H).

Sc 21.0 (15€), 118.0 (10€), 121.8 (5€), 121.9 (14€), 125.0 (3€), 127.5 (12€), 129.0
(11-C), 136.7 (4€), 139.1 (13€), 149.6 (2€), 151.0 (9€), 154.7 (6€), 160.5 (7€).

IR (neat) vmax (cm™): 3051 (s, Ar C-H stretch), 2922 (s, alkyl C-Hesth), 1678 (s, C=N
stretch), 1585 (s, Ar C=C stretch), 1488 (s, alByC stretch), 1377 (s, C-N stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of 2-pyridyl-N-p-methylphenyl)methylimine (4.29)

X5
Byt
NN
N
1 | 10
sN<_g 11
12
10 CH3
11 13

2-pyridyl-N-(p-methylphenyl)methyliming4.2g) was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmaid p-toluidine (1.071 g, 10.0 mmol) in
absolute ethanol (20 ml) and reflux for 8 hourse Tinoduct(4.2g) was obtained as a light-
brown/ semisolid (1.8 g, 91%); TLC;R.62 (UV-active, EtOAc / PE, 1:1); NMRy (400
MHz, CDCk); 2.34 (3H, s, 134) 7.14-7.32 (5H, m, 3,10,18), 7.73 (1H, tdJ 4,357.9, Js.
1.8, 4H), 8.17 (1H, ddJs 4 7.9,J5 2.0, 5H), 8.61 (1H, s, H), 8.67 (1H, ddJ,35.2,J,41.8,
2-H).

§c 21.0 (13€), 121.1 (10€), 121.7 (5€), 124.9 (3€), 128.8 (11€), 136.6 (4€) 136.7 (12-
C), 148.4 (9€), 149.6 (2€), 154.7 (6€), 159.7 (7€).

IR (neat) vmax (cm™): 3005 (s, Ar C-H stretch), 2916 (s, alkyl C-Hesth), 1625 (s, C=N
stretch), 1504 (s, Ar C=C stretch), 1465 (s, alByC stretch), 1349 (s, C-N stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of 2-pyridylN-(p-anisiphenyl)methylimine (4.2h)

B
6
/
N 7
1 | 10
sN<_g 11
12
CH
—H3
10 07 43

2-pyridyl-N-(p-anisiphenyl)methyliming(4.2h) was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmaid 4-anisidine (1.231 g, 10.0 mmol) in
absolute ethanol (20 ml) and reflux for 9 hourse Tinoduct(4.2h) was obtained as a dark-
brown liquid (1.8 g, 86%); TLC R0.68 (UV-active, EtOAc / PE, 1:1); NMRy (400 MHz,
CDCl) 3.78 (3H, s, 134), 6.91 (2H, m, 1H), 7.29 (3H, m, 3,1(4), 7.73 (1H, td)s357.8,
4-H), 8.15 (1H, dJs 4 7.8, 5H), 8.60 (1H, s, H), 8.65 (1H, dJ,35.0, 2H).

8¢ 55.7 (13€), 114.4 (11€), 121.6 (5€), 122.6 (10€), 124.8 (3€), 136.5 (4€), 143.7 (12-
C), 149.6 (2€), 154.9 (6€), 158.2 (7€), 158.9 (9€).

IR (neat) vmax (cm™): 3051 (s, Ar C-H stretch), 2903 (s, alkyl C-Hesth), 1624 (s, C=N
stretch), 1579 (s, Ar C=C stretch), 1503 (s, alByC stretch), 1346 (s, C-N stretch), 1297 (s,
C-O stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of 2-pyridylN-(o-hydroxyphenyl)methylimine (4.2i)

10

2-pyridyl-N-(o-hydroxyphenyl)methyliming4.2i) was produced following procedure “A”, by
refluxing pyridine-2-aldehyde (1.071 g, 10.0 mmahdo-aminophenol (1.091 g, 10.0 mmol)
in absolute ethanol (20 ml) and reflux for 14 hodrse produc{4.2i) was obtained as a dark
red powdered solid (0.8 g, 41%), Mp — 97-102 °CCTR 0.66 (UV-active, EtOAc / PE, 1:1);
NMR, &y (400 MHz, CDC}); 1.78 (1H, br, ®) 6.95 (1H, t,J11,(10,127.8 11H), 7.05 (1H, d,
J13127.8, 13H), 7.26 (1H, tJi2a1137.8 12H), 7.41 (2H, m, 3,104), 7.85 (1H, tds357.7,
4-H), 8.22 (1H, dJs4 7.7, 5H), 8.74 (1H, d,J, 34.8, 2H) 8.86 (1H, s, H).

Sc 115.4 (13€), 116.2 (10€), 120.3 (11€), 121.6 (5€), 125.2 (3€), 129.9 (12€), 134.6
(14-C), 136.7 (4€), 149.8 (2€), 152.8 (7€), 154.4 (6€), 157.3 (9€).

IR (neat)vmax (cmi™): 3373 (br, OH), 3053 (s, Ar C-H stretch), 2921 gyl C-H stretch),
1585 (s, C=N stretch), 1521 (s, Ar C=C stretch)3414s, alkyl C-C stretch), 1321 (s, C-N
stretch), 1243 (s, C-O stretch).

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of pyridyl[1,5-a]-4-phenylimidazolium chbride (4.3a)

10

Procedure “B”

A mixture of 2-pyridyl-N-(phenyl)methylimine (0.9%, 5.0 mmol) and paraformaldehyde
powder (0.15 g, 5.0 mmol) in toluene were stirredaom temperature for 12 h. A white
suspension formed. 1 M HCI in diethyl ether (8.0 Bi0 mmol) was added dropwise to the
mixture and stirred for 7 h. The solvent was desdrdnd the precipitate was washed with
diethyl ether. The residue was dissolved in methand then filtered to remove the unreacted
paraformaldehyde and other unwanted solids. Thatil@lsolvents were removed in vacuo to
give a dark yellow semisolid which was then pudfen a silica gel column and then on the
TLC plate to give the desired produet.33. Pyridyl[1,5-a]-4-phenylimidazolium chloride
(4.39 was obtained as a light brown amorphous solig5®@, 97%), Mp — 229-233 °C (Lit.
ref. 82-86 °C); TLC R0.4 (UV-active, EtOAc / MeOH, 1:1).

Procedure “C”

A mixture of 2-pyridyl-N-(phenyl)methylimine (0.9%, 5.0 mmol) and paraformaldehyde
powder (0.15 g, 5.0 mmol) in toluene were stirréedaom temperature for 12 h. A white
suspension formed. POQIL.1 ml, 8.0 mmol) was added dropwise to the mixtand stirred
for 7 h. The solvent was decanted and the pretgpitaas washed with diethyl ether. The
residue was dissolved in methanol and then filtéoe@move the unreacted paraformaldehyde

and other unwanted solids. The volatile solventeewemoved in vacuo to give a dark yellow
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semisolid which was then purified on a silica gguen and then on the TLC plate to give the
desired product4(3a). Pyridyl[1,5-a]-4-phenylimidazolium chlorid&l.33 was obtained as a
brown amorphous solid (0.82 g, 86% {P@&GIMp — 229-233 °C (Lit. ref. 82-86 °C); TLC:R
0.4 (UV-active, EtOAc / MeOH, 1:1).

The products obtained were the same when both metfmoceduréB” and“C”) were
followed, NMR; 8y (400 MHz, MeOD) 7.28 (1H, tdls 4.2 7.3,J35 1.1, 3H), 7.36 (1H, tt,
J12119.2,J12101.8, 12H), 7.65-7.78 (3H, m, 4, 11H), 7.86-7.98 (3H, m, B, 10H), 8.60
(1H, dd,J»57.3,3,4 1.0, 2H) 8.77 (1H, s, H), 10.39 (1H, s, 7H).

Sc (400 MHz, MeOD), 112.7 (G), 118.6 (3€), 118.8 (5€), 123.4 (10€), 124.7 (2€),
125.8 (12€), 126.4 (7'C), 130.2 (6€), 130.8 (11€), 131.0 (4€) 145.6 (9E).

IR (neat) vmax (cm™): 3063 (s, Ar C-H stretch), 2912 (s, alkyl C-Hesth), 1614 (s, C=N
stretch), 1573 (s, Ar C=C stretch), 1510 (s, alByC stretch), 1301 (s, C-N stretch).

HRMS (ESI+); Found [M+H], 195.0922; gzH1;N, Calc. Mass, 195.0922.

UV (MeOH): Amax307, 245, 204 nm

Synthesis of pyridyl[1,5-a]-4-p-fluoro)phenylimidazolium chloride (4.3b)

10

11 =

Pyridyl[1,5-a]-4-p-fluoro)phenylimidazolium chloride 4¢(3b) was obtained following the

procedure“B” and“C” starting from 2-pyridyl-N4-fluorophenyl)methylimine (1.0 g, 5.0
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mmol) and stirred for 12 h. The produet3b) was obtained as a dark brown amorphous
solids (0.96 g, 93%; 83% {PO&), Mp — 70-72 °C; TLC R 0.41 (UV-active, EtOAc /
MeOH, 1:1); NMR 8y (400 MHz, MeOD) 7.28 (1H, tdlz 42 7.0,J350.9, 3H), 7.39 (1H, dd,
J459.6,0437.0, 4H), 7.49 (2H, tJ11108.5, 11H), 7.88-7.95 (3H, m, 5-H, 109, 8.50 (1H, s,
7-H), 8.57 (1H, d,J,3 7.0, 2H), 10.04 (1H, s, 7H).

Sc (400 MHz, MeOD) 112.7 (G), 117.0 (4€), 117.2 (12€), 118.1 (5€), 118.4 (3€),
123.8 (2€), 125.4 (11,7°€), 125.5 (10€), 130.8 (6€), 162.5 (9€).

IR (neat) vmax (cm): 3066 (s, Ar C-H stretch), 2912 (s, alkyl C-Hesth), 1627 (s, C=N
stretch), 1545 (s, Ar C=C stretch), 1509 (s, alByC stretch), 1344 (s, C-N stretch), 1081 (s,
C-F stretch).

HRMS (ESI+); Found [M+HT, 213.0827; @H1oN, FCalc. Mass, 213.0828.

UV (MeOH): Amax307, 245, 204 nm

Synthesis of pyridyl[1,5-a]-4-p-chloro)phenylimidazolium chloride (4.3c)

10

11 Cl

Pyridyl[1,5-a]-4-p-chloro)phenylimidazolium chloridg4.3c) was obtained following the
procedure’B” and“C” starting from 2-pyridyl-N4¢-chlorophenyl)methylimine (1.1 g, 5.0
mmol) and stirred for 12 h. The prodidt3c)was obtained as a light brown amorphous solid
(1.1 g, 95%; 84% {POG}), Mp — 254-256 °C; TLC R0.41 (UV-active, EtOAc / MeOH,
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1:1); NMR, 8 (400 MHz, MeOD) 7.29 (1H, tls4.2 7.0, 3H), 7.39 (1H, dd))s59.6,J435 7.0,
4-H), 7.75 (2H, dJi1108.8, 11H), 7.88-7.94 (3H, m, B+, 10H), 8.54 (1H, s, H), 8.59
(1H, d,J,37.0, 2H), 10.11 (1H, dJ; 1.2, 7'H).

Sc (400 MHz, MeOD) 112.4 (T), 118.1 (5€), 118.5 (3€), 123.8 (2€), 124.5 (10€),
125.3 (7'C), 125.4 (4€), 130.4 (11€), 130.9 (6€), 134.0 (9€), 136.5 (12€).

IR (neat) vmax (cm™): 3056 (s, Ar C-H stretch), 2912 (s, alkyl C-Hesth), 1656 (s, C=N
stretch), 1546 (s, Ar C=C stretch), 1504 (s, alRyC stretch), 1343 (s, C-N stretch), 1091 (s,
C-Cl stretch).

HRMS (ESI+); Found [M+H], 229.0533; gH1oN, Cl Calc. Mass, 229.0533.

UV (MeOH): Amax307, 245, 204 nm

Synthesis of pyridyl[1,5-a]-4-p-bromo)phenylimidazolium chloride (4.3d)

10 12

11 Br

Pyridyl[1,5-a]-4-p-bromo)phenylimidazolium chloridé€4.3d) was obtained following the
procedure’B” and“C” starting from 2-pyridyl-N+4-bromophenyl)methylimine (1.3 g, 5.0
mmol) and stirred for 12 h. The proddt3d) was obtained as a brown amorphous solid (1.3
g, 96%; 86% {POG}), Mp — 320-322 °C; TLC R0.47 (UV-active, EtOAc / MeOH, 1:1);
NMR, d4 (400 MHz, MeOD) 7.28 (1H, tl3,4,26.9, 3H), 7.38 (1H, dd )1 58.9,J436.9, 4H),
7.83 (2H, d,J11108.8, 11H), 7.87-7.93 (3H, m, B, 10H), 8.54 (1H, s, H), 8.58 (1H, d,
J»36.9, 2H), 10.11 (1H, s, 7H).
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Sc (400 MHz, MeOD) 112.4 (T), 118.1 (5€), 118.5 (3€), 123.8 (2€), 144.4 (12€),
124.7 (11€), 125.4 (4,7°C), 130.9 (6€), 133.4 (10€),134.4 (9€).

IR (neat) vmax (cm™): 3063 (s, Ar C-H stretch), 2914 (s, alkyl C-Hesth), 1655 (s, C=N
stretch), 1545 (s, Ar C=C stretch), 1416 (s, alByC stretch), 1341 (s, C-N stretch), 744 (s, C-
Br stretch).

HRMS (ESI+); Found [M+HJ, 273.0031; @H1oN, Br Calc. Mass, 273.0027.

UV (MeOH): Amax307, 245, 204 nm

Synthesis of pyridyl[1,5-a]-4-0-methyl)phenylimidazolium chloride (4.3e)

10

Pyridyl[1,5-a]-4-0-methyl)phenylimidazolium chloridg4.3e) was obtained following the
procedure’B” and“C” starting from 2-pyridyl-N-¢-methylphenyl)methylimine (1.0 g, 5.0
mmol) and stirred for 12 h. The prodydt3e)was obtained as colorless brittle solid (1.0 g,
96%; 84% {POG}), Mp — 154-155 °C; TLC R0.41 (UV-active, EtOAc / MeOH, 1:1);
NMR, 64 (400 MHz, MeOD) 2.33 (1H, s, 18), 7.30 (1H, tJ324)6.7, 3H), 7.42 (1H, t,
Ja35)6.7, 4H), 7.52-7.67 (4H, m, 16+, 11H, 12H, 13H), 7.95 (1H, dJ546.7, 5H), 8.34
(1H, s, 7H) 8.67 (1H, d ), 36.7, 2H), 9.93 (1H, s, 7H).

Sc (400 MHz, MeOD) 16.6 (18), 115.2 (7€), 118.4 (5€), 118.4 (3€), 124.2 (2€), 125.5
(4-C), 126.6 (13€), 127.2 (7°C), 127.4 (12€), 130.5 (6€), 131.2 (10€), 131.8 (11€),
133.7 (14€), 134.9 (9€).

93



IR (neat) vmax (cm): 3056 (s, Ar C-H stretch), 2912 (s, alkyl C-Hesth), 1656 (s, C=N
stretch), 1545 (s, Ar C=C stretch), 1458 (s, alByC stretch), 1349 (s, C-N stretch).

HRMS (ESI+); Found [M+HT, 209.1077; @H1aN, Calc. Mass, 209.1079.

UV (MeOH): Amax307, 245, 204 nm

Synthesis of pyridyl[1,5-a]-4-(n-methyl)phenylimidazolium chloride (4.3f)

Pyridyl[1,5-a]-4-n-methyl)phenylimidazolium chloridg4.3f) was obtained following the
procedure’B” and“C” starting from 2-pyridyl-N4f+methylphenyl)methylimine (1.0 g, 5.0
mmol) and stirred for 12 h. The produyét3f) was obtained as brown brittle solid (0.69 g,
66%; 60% {POG]}), Mp — 121-126 °C;TLC R 0.4 (UV-active, EtOAc / MeOH, 1:1); NMR,
8u (400 MHz, MeOD) 2.53 (1H, s, 14), 7.27 (1H, tJs(247.0, 3H), 7.38 (1H, ddJ; 9.4,
J437.0, 4H), 7.52 (1H, dJ12117.9, 12H), 7.60 (1H, tJ11 (1013 7.9 11H,), 7.67 (1H, dJi011
7.9, 10H), 7.73 (1H, s, 154), 7.91 (1H, dJs549.4, 5H), 8.52 (1H, s, H), 8.59 (1H, dJ. 3
7.0, 2H), 10.08 (1H, s, 7H).

Sc (400 MHz, MeOD) 20.0 (1€), 112.4 (7€), 118.1 (5€), 118.3 (3€), 119.7 (10€),
123.1 (15€), 123.8 (2€), 125.0 (7'C), 125.2 (4€), 130.0 (11€), 130.8 (6€), 131.2 (12-
C), 135.3 (13€), 141.1 (9€).

IR (neat) vmax (cm*): 3065 (s, Ar C-H stretch), 2916 (s, alkyl C-Hesth), 1656 (s, C=N
stretch), 1548 (s, Ar C=C stretch), 1466 (s, alByC stretch), 1336 (s, C-N stretch).
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HRMS (ESI+); Found [M+H], 209.1080; @H:sN, Calc. Mass, 209.1079.

UV (MeOH): Anax307, 245, 204 nm

Synthesis of pyridyl[1,5-a]-4-p-methyl)phenylimidazolium chloride (4.39)

10

Pyridyl[1,5-a]-4-p-methyl)phenylimidazolium chloridg4.3g) was obtained following the
procedure’B” and“C” starting from 2-pyridyl-N4§-methylphenyl)methylimine (1.0 g, 5.0
mmol) and stirred for 12 h. The prody{dt3g)was obtained as light brown brittle solid (1.0 g,
96%; 83% {POG{}), Mp — 92-94 °C; TLC RO0.4 (UV-active, EtOAc / MeOH, 1:1); NMRy
(400 MHz, MeOD) 2.50 (1H, s, 189, 7.27 (1H, tJs 2.4 7.0, 3H), 7.38 (1H, ddJ)s59.6,J43
7.0, 4H), 7.54 (2H, d)11108.3, 11H), 7.75 (2H, dJ1011 8.3, 10H), 7.89 (1H, dJ5.9.6, 5-
H), 8.49 (1H, s, H), 8.56 (1H, dJ,37.0, 2H), 10.04 (1H, s, 7H).

Sc (400 MHz, MeOD) 19.7 (1%), 112.3 (7€), 118.0 (5€), 118.2 (3€), 122.5 (10€),
123.8 (2€), 125.0 (7'C), 125.2 (4€), 130.7 (11€), 130.8 (6€), 132.9 (9€), 141.5 (3€).

IR (neat)vmax (cm?): 3067 (s, Ar C-H stretch), 2903 (s, alkyl C-Hesth), 1655 (s, C=N
stretch), 1567 (s, Ar C=C stretch), 1454 (s, alByC stretch), 1379 (s, C-N stretch).

HRMS (ESI+); Found [M+H], 209.1078; @H1sN, Calc. Mass, 209.1079.

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of pyridyl[1,5-a]-4-p-anisy)phenylimidazolium chloride (4.3h)

10

12 13
11 o—CHgs

Pyridyl[1,5-a]-4-p-anisy)phenylimidazolium chloridg4.3h) was obtained following the
procedure“B” and “C” starting from 2-pyridyl-N+{§-anisiphenyl)methylimine (1.1 g, 5.0
mmol) and stirred for 12 h. The proddt3h)was obtained as dark brown brittle solid (1.0 g,
91%; 82% {POG]}), Mp — 98-100 °C (Lit. ref. 218-220°C};LC Rf 0.5 (UV-active, EtOAc /
MeOH, 1:1); NMR,34 (400 MHz, MeOD) 3.93 (1H, s, 18), 7.21-7.29 (3H, m, 34, 11-H),
7.37 (1H, ddJs59.4,J43 6.8, 4H), 7.79 (3H, d 1011 8.6 10H), 7.88 (1H, dJs4 9.4, 5H),
8.44 (1H, s, M), 8.55 (1H, dJ,37.1, 2H), 9.98 (1H, s, 7H).

Sc (400 MHz, MeOD) 55.3 (1%), 112.6 (7€), 115.2 (11€), 118.0 (5€), 118.2 (3€),
123.8 (2€), 124.3 (10€), 125.2 (4,7°C), 128.4 (9€), 130.9 (6€), 161.9 (12€).

IR (neat) vmax (cm*): 3069 (s, Ar C-H stretch), 2910 (s, alkyl C-Hesth), 1656 (s, C=N
stretch), 1547 (s, Ar C=C stretch), 1443 (s, alByC stretch), 1352 (s, C-N stretch), 1298 (s,
C-0 stretch).

HRMS (ESI+); Found [M+H], 225.1027; gH13N,0 Calc. Mass, 225.1028.

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of pyridyl[1,5-a]-4-p-nitro)phenylimidazolium chloride (4.3i)

10

11 N02

Pyridyl[1,5-a]-4-p-nitro)phenylimidazolium chloride(4.3i) was obtained following the
proceduré’A” (refluxed for 12 h, 4-nitroanaline as a startingenal). Crude 2-pyridyl-N-p-
nitrophenyl)methylimine was treated as in procedi@e and stirred for 16 h. The product
(4.3i) was obtained as a light brown brittle solid (67%p — 102-209 °C; TLC R0.55 (UV-
active, EtOAc / MeOH, 1:1); NMRy+ (400 MHz, MeOD) 7.32 (1H, tls,2) 7.2, 3H), 7.41
(1H, dd,J;59.8,J437.2, 4H), 7.94 (1H, dJ5 4 9.8, 5H), 8.19 (2H, dJ11,108.0, 11H), 8.55-
8.65 (3H, m, 24, 10H), 8.68 (1H, s, H), 10.27 (1H, s, 7H).

Sc (400 MHz, MeOD) 112.6 (), 118.3 (5€), 118.9 (3€), 124.0 (2€), 124.3 (11€),
125.5 (3€), 125.7 (10€), 126.0 (7'C), 131.1 (6€), 139.6 (9€) 148.9 (12€).

IR (neat) vmax (cm): 3064 (s, Ar C-H stretch), 2923 (s, alkyl C-Hesth), 1653 (s, C=N
stretch), 1593 (s, Ar C=C stretch), 1527 (s, alByC stretch), 1342 (s, C-N stretch), 1306 (s,
C-O stretch).

HRMS (ESI+); Found [M+HJ, 240.0772; @H10N3 O, Calc. Mass, 240.0773.

UV (MeOH): Anax307, 245, 204 nm
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Synthesis of pyridyl[1,5-a]-4-sulfanilamidylimidazdium chloride (4.3))

10

Pyridyl[1,5-a]-4-sulfanilamidylimidazolium chloride(4.3]) was obtained following the
proceduré’A” (refluxed for 12 h, sulfanilamide as a startingt@nial). Crude 2-pyridyl-N-p-
sulfanilamidyl)methylimine was treated as in praoedB” and stirred for 18 h. The product
(4.3j) was obtained as a light brown amorphous solid (/Mp — 271-272 °C; TLC R0.53
(UV-active, EtOAc / MeOH, 1:1); NMR3yy (400 MHz, MeOD) 4.81 (2H, br, Nji 7.30 (1H,

t, Js,4,2)7.0, 3H), 7.40 (1H, ddJs59.4,J43 7.0, 4H), 7.95 (1H, dJs 4 9.4, 5H), 8.16 (2H, d,
J11,108.9, 11H), 8.20 (2H, dJ;018,9, 10H), 8.63-8.70 (2H, m, M, 7H), 10.30 (1H, s, 7’-
H).

Sc (400 MHz, MeOD) 112.3 (T), 118.3 (5€), 118.7 (3€), 123.6 (10€), 124.0 (2€),
124.3 (7'C), 125.6 (4€), 128.2 (11€), 131.0 (6€), 137.6 (9€) 145.5 (12€).

IR (neat) vmax (cm™): 3091 (s, Ar C-H stretch), 2912 (s, alkyl C-Hesth), 1656 (s, C=N
stretch), 1593 (s, Ar C=C stretch), 1424 (s, alRyC stretch), 1336 (s, C-N stretch), 922 (s,
N-H (NH,) stretch).

HRMS (ESI+); Found [M+HJ, 274. 0651; @&H1,N:0,SCalc. Mass, 274.0650.

UV (MeOH): Amax307, 245, 204 nm
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Synthesis of pyridyl[1,5-a]-4-sulphapyridylimidazolum chloride (4.3k)

5 6 7 10 11 o)
4277 =N\ 12 || 14
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Pyridyl[1,5-a]-4-sulphapyridylimidazolium chloridd.3k) was obtained following procedure
“A” (refluxed for 12 h, sulphapyridine as a startingtenial). Crude 2-pyridyl-N-p-
sulphapyridyl)methylimine was treated as in procedB” and stirred for 18 h. The product
(4.3k) was obtained as a light brown amorphous solid (7Mp — 121-124 °C; TLC R0.51
(UV-active, EtOAc / MeOH, 1:1); NMRyn (400 MHz, MeQOD) 4.81 (1H, br, NH), 6.9 (1H, t,
Ji8,17.19)6.0, 18H), 7.28 (1H, tJ3 42 7.0, 3H), 7.33-7.41 (2H, m, &, 20H), 7.81(1H, dd,
J19209.2,J1018 7.0, 19H), 7.90 (1H, dJs4 9.4, 5H), 7.96 (1H, dJ:17156.0, 17H), 8.04 (2H,
d, J11,108,7, 11H), 8.25 (2H, dJip118.7, 10H), 8.56-8.60 (2H, m, M, 7H), 10.16 (1H, s,
7'-H).

Sc (400 MHz, MeOD) 112.3 (T), 114.7 (18€), 115.6 (20€), 118.1 (5€), 118.6 (3€),
123.4 (11€), 123.8 (2€), 125.5 (4,7°C), 128.7 (10€), 130.9 (6€), 137.6 (9€), 140.1 (17-
C), 141.9 (19€), 144.8 (12€), 154.0 (15€).

IR (neat) vmax (cm): 3058 (s, Ar C-H stretch), 2917 (s, alkyl C-Hesth), 1614 (s, C=N
stretch), 1537 (s, Ar C=C stretch), 1463 (s, alkyC stretch), 1347 (s, C-N stretch), 770 (s,
N-H stretch).

HRMS (ESI+); Found [M+HJ, 351.0919; ggH1sN,O,SCalc. Mass, 351.0916.

UV (MeOH): Anax307, 245, 204 nm

99



Synthesis of pyridyl[1,5-a]-4-(n-methyl)pheny-5-pyridylimidazolium chloride (4.4a)

Pyridyl[1,5-a]-4-n-methyl)pheny-5-pyridylimidazolium was produced Iéo¥ing procedure
“A” by refluxing pyridine-2-aldehyde (2.071 g, 20rmol) andm-toluidine (1.071 g, 10.0
mmol) in an absolute ethanol (20 ml) with HCI (50, 4 M) and reflux for 24 hours. The
product (4.4a) was a brown semi-solid (62%, vyield); TLC B.35 (UV-active, EtOAc /
MeOH, 1:1); NMR 8 (400 MHz, MeOD) 2.43 (1H, s, 18), 7.31-7.37 (3H, m, 34, 11H),
7.40 (1H, dJs 4 8.0, 5'H), 7.43- 7.52 (4H, m, &, 10H, 12H, 14H), 7.63 (1H, ddJs »
7.9,J32 4.8, 3'H), 7.91 (1H, tdJ 7.9,Jd4 2 0.9, 4'H), 8.04 (1H, dJs 4 9.1, 5H), 8.50 (1H, s,
7-H), 8.91 (1H, dJ» 3 4.7, 2'H), 8.96 (1H, dJ,37.3, 2H).

Sc (400 MHz, MeOD) 20.2 (1€), 116.3 (7€), 118.5 (5€), 119.0 (3€), 123.2 (11€),
123.3 (2€), 126.0 (12€), 126.1 (3'C), 126.5 (4€), 127.2 (5'C), 129.7 (15€), 130.4 (6€),
130.6 (10€), 135.4 (6'C), 137.6 (4'C), 140.9 (7°'C), 141.9 (9€), 150.6 (2'C).

IR (neat) vmax (cm?): 3058 (s, Ar C-H stretch), 2913 (s, alkyl C-Hesth), 1624 (s, C=N
stretch), 1548 (s, Ar C=C stretch), 1432 (s, alByC stretch), 1362 (s, C-N stretch).

HRMS (ESI+); Found [M+H], 272.3381; gH16N3 Calc. Mass, 272.3380.

UV (MeOH): Amax307, 245, 204 nm

100



Synthesis of pyridyl[1,5-a]-4-p-N,N-Diethyl)pheny-5-pyridylimidazolium chloride (4.4b)

Pyridyl[1,5-a]-4-0-N,N-Diethyl)pheny-5-pyridylimidazolium  chloride wa produced
following procedure “A”, by refluxing pyridine-2-déhyde (2.142 g, 20.0 mmol) and N,N-
Diethyl-p- phenylenediamine chlorohydrate (2.007 g, 10.0 thmmoan absolute ethanol (20
ml) with HCI (5.0 ml, 4 M) and reflux for 24 hour¥he product4.4b) was a dark-brown
semi-solid (58%, yield); TLC R0.34 (UV-active, EtOAc / MeOH, 1:1); NMRBy (400 MHz,
MeOD) 1.23 (3H, tJ 7.1 15H, 15'-H), 3.78 (2H, qJ 7.1, 14H, 14'-H), 7.40 (1H, tJ 5.7, 3-
H), 7.54 (1H, ddJ;59.8,J436.7, 4H), 7.60 (1H, dJs 4 7.6, 5'H), 7.68 (1H, ddJs 4 7.9,
J3 2 5.0, 3'H), 7.91 (2H, dJ11,108.6, 11H), 7.95-8.03 (3H, m, 4H, 10H), 8.10 (1H, dJs 4
9.3,5H), 8.67 (1H, s, H), 8.88 (1H, dJ» 3 4.5, 2'H) 8.92 (1H, dJ,36.3, 2H).

Sc (400 MHz, MeOD) 9.6 (15,15G), 53.3 (14,14°€), 116.3 (7€), 118.7 (5€), 119.5 (3€),
123.1 (2€), 124.2 (4'C), 126.3 (4€), 126.5 (3'C), 127.5 (5'C), 128.9 (11€), 130.6 (6€),
132.0 (6'C), 136.2 (7'C), 138.0 (10€) 140.0 (9€), 141.4 (12€), 151.0 (2'C).

IR (neat) vmax (cm): 3107 (s, Ar C-H stretch), 2917 (s, alkyl C-Hesth), 1653 (s, C=N
stretch), 1516 (s, Ar C=C stretch), 1452 (s, alByC stretch), 1358 (s, C-N stretch), 1154 (s,
N-H stretch).

HRMS (ESI+); Found [M+H], 343.1920; gH,3N4Calc. Mass, 343.1923.

UV (MeOH): Amax307, 245, 204 nm
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